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Introduction and overview of the thesis

INTRODUCTION

In 1977 Andreas Gruntzig introduced a catheter-based therapy for the percutaneous man-
agement of patients with coronary artery disease. This became known as percutaneocus
transluminal coronary angioplasty (PTCA). Initially there were many skeptics and pessimists.
The technology, however, evolved rapidly. With the advent of specialized catheters, guidewires,
stents, and adjuvant pharmacotherapy, the indications for PTCA have expanded to include
maore urgent, comorbid cases and complex coronary disease, Furthermore, these innovations
have largely solved earlier problems related to elastic recoil, dissection and restenosis of the
treated segment. In particular, the introduction of stents with the capacity to elute drugs to the
injured arterial wall has been shown to be an effective and overall safe approach to suppress
intimal hyperplasia. The excelient results of DES in clinical trials and everyday clinical practice,
in synergy with important improvernents in adjuvant drug therapy, have expanded the indica-
tions of percutaneous coronary interventions even further. Within 10 years of its introduction,
the number of PTCA procedures has surpassed the number of revascularizations accomplished
by coronary artery bypass graft surgery.

Nowadays, treatment of unprotected left main coronary artery disease, chronic total occlu-
sions, multi-vessel disease and the treatment of high-risk patients alike are considered the “new
frontiers” of PCI. Part of this thesis relates to clinical results from registries and trials conducted
in this subset of patients with complex coronary disease. The results demonstrate that PCl can
be performed with encouraging cutcomes both at short and long-term follow-up. However,
there’s still room for improvement — particular attention to techniques of intervention, materi-
als and devices is warranted.

The progress made in PCI has also stimulated the development of techniques for the treatment
of structural heart disease. New percutaneous techniques such as alcohol septal ablation and
septal coil embolization to treat patients with hypertrophic cardiomyopathy are progressively
entering clinical practice as safe and effective alternatives to surgery. Our results show that
the introduction of a limited “therapeutic” infarction as a resuit of ethancl injection or the
deployment of coils within the hypertrophied septal myocardium leads to localized thinning
and regional contractile dysfunction, which expands the left ventricular outflow tract and thus
reduces LVOT gradient and the resulting symptom.

Congestive heart failure treatment has today a “new frontier”: cell transplantation therapy. The
possibility of repairing and growing new myocardium within the necrotic tissue as a result of
cell transplantation has been widely studied in both experimental and clinical conditions, using
different types of cells with different delivery approaches. The characteristics of the ideal cell
still remain to be defined, but it appears clear that, among the cells efficient in the treatment
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of heart disease, cells that are autologous, nonembryonic, do not require culturing to obtain
a therapeutic dose. These can be administered during the same procedure and may be logisti-
cally easier 10 use. In this thesis we report our preliminary experience with transplantation of
autologous myoblast and adipose-derived stemn cell in patients with ischemic heart disease
and heart failure. '

Similar to the materials and techniques used for interventions, there have been important ad-
vances in adjuvant pharmacotherapy. In particular, with PCl emerging as the new gold standard
of care for ACS reperfusion therapy, new questions are arising about the best pharmaco-invasive
strategy to limit the amount of myocardial damage occurring during the ischemia and early
reperfusion periods. In this view, we tested a new type of hemoglobin-based oxygen carrier
(HBOQ) that, because of its ability to deliver oxygen directly to endothelium and tissues, may
help to restore tissue oxygenation in post-stenotic areas during PCL. In this thesis we report the
primary results of the proof-of-concept trial whereby HBOC was used in stable patients with
coronary artery disease 10 assess its safety.

OUTLINE OF THE THESIS

Thesis — Part 1

The first part of the thesis examines the safety and efficacy of drug eluting stent implantation
in patients with unprotected left main coronary artery disease, In chapter 2, we report the
results of the DELFT Registry, an international multicenter registry that enrolled 358 consecu-
tive patients with a minimum follow-up period of 3 years. Chapter 3 and 4 are sub-studies of
the DELFT Registry and focus on the impact of stent selection on clinical outcomes (SP-DELFT)
and on long-term clinical cutcomes of dizbetic patients with ULMCA disease treated with DES
{D-DELFT). The comparison between percutaneous and surgical treatment of patients with left
main disease is explored in chapter 5 while chapter 6 and 7 report findings on a limited and ret-
rospectively selected group of patients who underwent PCl with sirolimus-eluting stent (SES)
implantation and the comparison, in terms of clinical outcomes, between SES and bare metal
stents (BMS). Chapter 8 is a large multicenter registry that explores the long-term safety of drug
eluting stents and evaluates the occurrence of late and very late stent thrombosis following
elective DES implantation in ULMCA stenosis. Finally, by a meta-analysis on 1278 patients,
the risk-benefit balance of percutaneous DES implantation for ULMCA disease, in itself and in
comparison with BMS-based PCl and CABG has been analyzed in chapter 9.

Thesis - Part 2

This section of the thesis examines percutaneous treatment of chronic total occlusions (CTQ)
in the drug-eluting stent era. Chapter 10 reports the long term follow up results of saphenous
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vein graft recanalization compared to native vessel recanalization in a small population of
post-CABG patients, Chapter 11 focuses on percutaneocus retrograde approach, a novel and
interesting technique that appears to be promising. So far however only limited data are avail-
able on this strategy. Finally the role of CTCA in the treatment of patients with CTOs is explored
in chapter 12, a single center retrospective registry designed to identify potential predictors
of success and to measure the risk-benefit ratio of this imaging technique performed in this
particular subset of patients.

Thesis — Part 3

The safety and efficacy of DES in patients with high risk features has been evaluated in this
thesis section. In chapter 13 the immediate and long-term results (12 months foliow-up) of
paclitaxel-eluting stent implanted in a high cardiovascular risk population with complex
coronary lesions are reported while chapter 14 focuses on the short and long-term results
of mutivessel PCl performed in patients with severe systolic dysfunction. The safety of an
unrestricted use of DES has been questioned in several trials and independent meta-analysis,
leading however to unclear or conflicting results. Chapter 15 provides a critical appraisal of
recently pﬁbiished meta-analysis focusing on this issue. Finally, in chapter 16, the role of the
Tandemheart (a percutaneous trans-septal ventricular assist device} in the context of high-risk
percutaneous coronary interventions has been tested in a small population of emergent and
elective patients.

Thesis — part 4

This section of the thesis focuses on the acute and chronic effects on left ventricular haemody-
namics of percutaneous septal ablation for obstructive hypertrophic cardiomyopathy (HCM).
The changes of left ventricular funcion were assessed by pressure-volume loops, dynamic data
acquired by online pressure-volume signals obtained by a combined pressure-conductance
catheter introduced into the left ventricle. Chapter 17 reports the acute changes in systolicand
diastolic left ventricular function after alcohol induced septal myocardial ablation (PTSMA)
and shed a light on the complex series of events that follow the procedure and that result
in a new haemodynamic status. The chonic effects that PTSMA determines on systolic and
diastolic left ventricular function are assessed and reported in chapter 18, while chapter 19
reports the acute results obtained in a patient with HCM treated with the novel method of
septal ccil embolization. '

Thesis — part 5

This section describes cell characteristics, traditional and experimental delivery techniques and
first clinical outcomes of cell transplantation performed in patients with cardiac heart failure
secondary to ischemic heart disease. Chapters 20 and 21 describe characteristics, capabilities
and the results derived from in-vitro and in-vivo studies of adipose-derived stem cells {ADSCs),
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a new promising source of multi-potent stem celfls. The APOLLO study, first in man trial con-
ducted with ADSCs in patients with acute myocardial infarction is also described. Early clinical
results of autologous skeletal myoblast used in the treatment of post-infarction injuries are
reported in chapters 22 and 23 and 24 while chapter 25 focus on the early experience of cell
transplantation procedures using a magnetic navigation supported delivery system.

Thesis — part 6

This last section of the thesis describes the early results obtained from the clinical use of
Hemopure, an haemoglobin-based oxygen carrier that because of its ability to restore tissue
oxygenation might play an important role in the setting of acute coronary syndromes, Chap-
ter 25 describes the result of the COR-001 trial, a phase K, single center trial designed to test
haemodynamic effects, safety and tolerability of intra-venous administration of Hemopure in
patients scheduled for PCl. The encouraging results obtained in COR-001 trial led to the design
of the COR-002 pitot trial, a single center, placebo-controlled, single blind trial conceived to test
capabilities of Hemopure to restore and maintain myocardial oxigenation when injected in an
ischemic territory.

SUMMARY AND CONCLUSIONS

Taking into consideration the published fiterature to date, the use of drug-eluting stents (DES}
in patients with unprotected left main (ULM) coronary artery disease appears overall beneficial
in comparison with bare metal stents (BMS). In particular, the use of DES is associated with sig-
nificant reductions in target lesion revascularization, target vessel revascularization and MACE
{major adverse cardiac events). In unspecified lesions, in-stent restenosis has been linked to the
occurrence of acute coronary syndromes; but in the setting of left main restenosis, the risk of
sudden cardiac death becomes a concern., Thus, the antiproliferative action of DES is of para-
mount importance in ULM lesions, and to date, DES should likely be recommended whenever
percutaneous coronary interventions (PCl) for ULM js envisioned. Pooled analyses of registry
data confirmed the early and mid-term safety and efficacy of DES implantation over BMS, under
the premise that PCl is performed by experienced operators. Alsg, very-long-term foilow-up of
patients with ULM coronary artery disease treated with DES demonstrated a satisfactory rate in
both single and composite outcomes. The progressive reduction of adverse events over time
suggests

that DES are persistently effective. When PCl is performed electively, the event-free survival
over a period of 3 years is excellent. This is independent of lesion location, stenting technique or
type of drug-eluting stent used. When PCl is performed emergently, the favourable long-term
clinical outcomes are hampered by lower event-free survival at shorter term follow-up.
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Itis interesting to note thatin the in diabetic population with unprotected left main coronary
artery disease the efficacy of DES is significantly influenced by the use of insulin. [n fact, adverse
outcomes comprising cardiac death, myocardial infarction, need of re-intervention and MACE
was significantly increased in patients with insulin-dependent diabetes mellitus. The safety
profile of drug-eluting stents appeared overall consistent with what has been reported in
recent trials and registries focusing on selected patient/lesion subsets. The incidence of definite
acute, sub-acute, late and very late stent thrombosis was low and not significantly related to
cardiac death.

Notwithstanding the encouraging results obtained with DES for the treatment of ULM
coronary artery disease, current guidelines still recommend surgical revascularization as the
primary procedure. In all major institutions, current standard approach to patients presenting
with significant ULM coronary artery disease is to have them evaluated by both interventional
cardiologists and cardiac surgeons and to reach the decision to opt for PCl or surgery by con-
sensus, on the basis of hemodynamic conditions, vessel / lesion characteristics, the presence of
comorbidities and patient and/or referring physician preferences.

The results of the recently published SYNTAX trial represent a milestone and certainly will be
taken into consideration in the upcoming guidelines. Guidelines are dynamic and in constant
flux and have to be updated according to new evidences coming from dlinical experience.

New-generation DES approved for clinical use, new technical strategies, new adjuvant thera-
pies performed in the cath-lab, and prolonged dual antiplatelet treatment have significantly
decreased the risk of adverse events (including late in-stent thrombosis), making PCl a safe and
effective alternative to surgery in several high-risk subsets of patients.

tn the context of chronic total occlusions both sirolimus-eluting stents and paclitaxel elut-
ing stents have now been reported to be correlated with improved long-term clinical and
angiographic outcomes compared with their BMS counterparts. Several studies reported high
procedural success rates (particularly evident using the retrograde approach), single digit rest-
enosis rates and no increase in stent thrombosis or late occlusion after DES implantation. Good
clinical results were observed also in chronically occluded saphenous vein grafts. Though the
benefit of DES in this lesion subset has not been formally evaluated (SVG lesions have been
excluded from randomized trials), the available data coming from observational studies are
encouraging. Remaining issues are the long-term safety and efficacy of DES in SVG iesions,
considering that long-term events frequently result from the progression of other lesions in
the vein. Regardless of the future progress in this field, we think that DES treatment currently
is the best approach for SVG lesions. Despite extensive real-life use of DES in patients with
multivessel disease, we cannot deny that sufficient data are still lacking. Rather than looking at
the incidence of new revascularizations, which may be considered an acceptable“side effect”of
any PCl strategy compared with CABG, we need to demonstrate equivalency or superiority in
terms of M| and death evaluated no earlier than 5 years.
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Coronary artery disease aside, advances in cardiovascular interventional techniques have
allowed percutaneous treatment of conditions that either previously required open operations
or have not been amenable to treatment.

Hypertrophic obstructive cardiomyopathy is a relatively common condition (prevalence of
around 1 in 2000 persons) . The traditional method for the management of these patients has
been the use of beta-blockers or calcium channel blockers, dual chamber pacing or surgical
ventricular septal myectomy. Over the last decade, percutaneous approach to treatment of out-
flow tract gradient by ablating or creating a controlled infarction of the ventricular septum, has
also been shown to be safe and effactive. Percutaneous transluminal septal myocardial abla-
tion (PTSMA} as well as septal coil embolization acutely reduce systolic function and improve
diastolic function, maintaining cardiac output and stroke work. At long-term follow-up, the
effects on general haemodynamics improve; in fact, while the Lv-aortic gradient remaines low
and active and passive LV diastolic properties are stable, myocardial contractility and systolic
funcion improve. The indications for performing PTSMA are still being defined. Up to date, this
novel technique may be a particularly attractive alternative in the elderly or those who because
of significant co-morbidities cannot undergo /are refused by surgeons.

The enormous improvements in PCls led to excellent rates of survival after an acute
myocardial infarction, This increase has lead to 2 concomitant increase in the prevalence of
post-infarction heart failure (HF} with at least a third of patients manifesting HF symptoms
within a year. Currently, this increase is attributed both to limited efficacy of pharmacological
agents at reducing left ventricle remodelling and HF exacerbations, and to underutilization of
these drugs in general practice. Finally, post-infarction HF patients are surviving fonger, in part
because of a wider use of implantable cardioverter defibrillators. With the awareness that both
tissues and bone marrow (BM) contain undifferentiated immature ‘stem’ cells normally used to
replenish body tissues throughout life , and that these cells can be harvested and delivered to
sites of injury, a new therapeutic option has emerged: the transplantation of stem or progenitor
cells for functional repair or even regeneration of vasculature, acutely injured and/or failing
myocardium or previously irreversibly damaged heart — giving hope for cell-mediated preven-
tion, treatment and possibly even cure of CVD.Trials performed to date have focused on the use
of BM-MNCs, EPCs, MSCs and other cells throughout the continuum of cardiovascular disease,
from advanced coronary atherosclerosis to end-stage HF, with the most patients treated follow-
ing AMI. Three recent meta-analyses suggest that BM-MNCs provide statistically significant yet
small (in clinical terms) benefit when administered post-AMI, However, on close examination
of individual studies, the outcomes are discrepant. Whether the discrepancies represent differ-
ences in disease context, patient population, cefl type and dose or some other factors remains
to be resolved. In other words, 7 years after the inftiation of the first study we still have as many
(or more) questions as answers,

Among the varfety of cells studied, autologous skeletal myoblasts are one of the most
encouraging cell sources for cardiac repair. They are of their autologous origin, the ability to
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be amplified in vitro, and have high proliferative potential resistance to ischaemia and pre-
clinical efficacy. These characteristics have led clinical investigators to evaluate the effect of
transplanted autologous myoblasts in patients with post-infarction heart failure. Myoblasts
differentiate into myotubes and maintain muscle properties when transplanted into an infarct
area, The direct contribution

of these engrafted cells in improving systolic function was noticed in several studies that
indicated a

positive effect of skeletal myoblasts on myocardial contractility lasting over time and cor-
relating with the number of implanted cells.

Recently it has been shown that adipose tissue, in addition to committed adipogenic,
endothelial progenitor cells and pluripotent vascular porgenitor cells, contains multipotent
cells, similar to MSCs. ADSC have extensive proliferative capacity, are able to undergo differ-
entiation along both mesenchymal lineages and non-mesenchymal lineages, are known 1o
secrete a large number of angicgenesis-related cytochines and display and immunoprivileged
behavior.

This finding has generated major interest because, in contrast to bone marrow, large quanti-
ties of adipose tissue can be easily harvested with minimal morbidity, making it an appealing
source for cell therapy. The APOLLO trial will provide important data about the safety and
efficacy of these cells in humans, providing an essential insight on what could be their role in
the treatment of cardiovascular disease.
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Ohjectives The purpose of this study was to Investigate the long-term safety and efficacy of percutaneous coronary Interven-

tion {PCY) with drug-eluting stent (DES) Implantation for unprotected left main corenary artery (ULMCA} disease.

Background Longterm ¢linleal outcomes after DES Implantatlon for ULMCA disease have not vet been ascertained.

Methods From Aprlt 2002 to April 2004, 358 consecutlve patlents who underwent PCl with DES Implantation for de novo
lesions on ULMCA were retrospectively selected and analyzed In 7 European and U.S. tertiary care centers, No

patients were excludee from the analysls, and all patients had 2 minimum foliow-up of 3 years.

Results Technlcal success rate was 100%, Procedural success rate was 89.6%. After 3 years, major adverse cardlovas-
cular events (MACE)-free survival In the whole populatlon was 73,5%, According to the Academic Research Con-
sortium deflnltions, cardiac death occurred In9.2% of patients, and reinfarcton, target leslon revascularzatlon
(TLR), and target vessel revascularization {TVR} cccurred In 8.6%, 5.8%, and 14.2% of patients, respectively. Def-
Inite stent thramhasls occurred in 2 patients (speclfically at 4 and 439 days). In glective patients, the 3-year
MACE-free survival was 74,2%, with moztallty, relnfarction, TLR, and TVR sates of 6.2%, 8.3%, 6.6%, and 16%,
respectively. In the emergent group the 3year MACE-free survival was 68,2%, with mortallty, reinfaretion, TLR,
and TVR rates of 21.4%, 10%, 2.8%, and 7.1%, respectively.

Conclusions Routine DES Implantation In ULMCA disease seems encouraging, with favorable long-term dlinical

resuits. () Am Coll Cardiol 2008;51:2242-9} & 2008 by the American Cellege of Cardlology Foundation

Preliminary trial results confirmed that implantation of deug-
eluting stents (DES) to treat unprotected left main coronary
artery (ULMCA) lesions is a feasible and relatively safe
approach in appropriately selected patients (1-5). However,
coronaty artery bypass grafting (CABG) still remains the
wreatment of choice in this cohort {6,7). Lack of long-term
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Qupedale Civile di Legnano, Legmane (Miln) Imly,

Manusipt received November 6, 2007; revised manuscript received Februacy 28,
2008, accepted March 4, 2008.

follow-up (2 years) data and increasing awareness of the
potentially fatal consequences of stent thrombosis {$T) or
in-stent restenosis in this patient subset is proving a significant
deterrent to offer percutaneous coronary intervention (PCI)
with DES implanmtion in patients amemable to CABG
(8-12).

The main goal of this study was to generate the longest
available follow-up data and identify associated predictors for
adverse outcomes in patients undergoing intervention with
DES for ULMCA lesions in 2 “real-world” setting with an
international, multicenter, retrospective registry desion.

Methods

Population. Between April 2002 and April 2004, consec-
utive patients who underwent PCT with a sirolimus-eluting
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stent (SES) or paclitaxel-clating stent (PES) for de nove
lesions in the ostium, shaft, or distal ULMCA were iden-
tified retrospectively and analyzed in 7 European and ULS.
tertiary health care centers, All patients had confirmed
myocardial ischemia related to ULMCA disease.

Patients were stratified Into risk classes with the Ewropean
Systern for Cardiac Operative Risk Evahuation (EuroSCORE)
{13) (Table 1). Subjects with a EwroSCORE >6 were
defined a5 high risk, and those with a EuroSCORE >% a5
very high sk, Additional information about the risk of
mortality and morbidity was generated with the Sedety of
Thoracic Surgeons {STS) score. Data analysis was per-
formed with the approval of the institutional ethics com-
mittees of the hospitals and/or universities involved.
Procedures and medications. All interventions were per-
formed according to concurreat guidelines. Angioplasty
strategy, use of periprocedural glycoprotein IIb/IIa inhib-
itors, route of arterial access, pre-dilation devices, ineravas-
cular ultrasound guidance, and prophylactic intra-aertic
balloon pump use was at the discretion of the operator.

All elective patients were pre-treated with aspirin, clopi-
dogrel (75 mg/day 3 days before the procedure or 300-mg
loading dose), and low-molecular-weight or unfractionated
heparin {administered in the cath lab, before guidewire
insertion). Heparin was titrated to maintain an activated
clotting tme >250 5. In general, patients who underwent
emergent PCI received oxygen adjusted according to
blood saturation before cardisc catheterization, aspirin
100 to 160 mg chewed, a 300-mg loading dose of dopi-

Tho Addtivo EueSCORE System - -

Potlont fetors
Aga (yrs)
Gandar {fomala)
Chroric pulmonary disonse
Extracardlac artoriopathy
Nourglogical dysfunction
Provigus cardlnc surgery
Serum crootining >200 umol/t
Activg ondocarditls
Critical prosperstive state
Cardlac foctors
Unstabio anging
LV dysfunction moderate or LVEF 30%-50%
LV dysfunction poor or LVEF <30%
Recont myocartial Infarct
Puimonaty hypertension
Qporation factors
Emarfoncy
Other than fselnted CABG
Surgoty on thomacls norta
Postiatoret soptal rapture

mwmuwnw»i

RN O RN

s W NN

For more Information an the Europeen Systom for Capdlag Oporative fisk Evatuation (EuraSCORE)
300 Naghof ot ol. ¢£3).

CABG = coronary artary bypass profting: LV = Joft ventricular LVEF = iett ventricular ojection
fraction,

dogrel, and intravenous heparin
to maintzin the activated clotting
tme >250 s.

Complete revascularization
was zttempted in all patients at
the time of the index PCL Sig-
nificant lesions that were not
treated during the index proce-
dure were staged and treated
generally within 1 ronth.

After the procedure, all pa-
Tients were preseribed Lifelong as-
pirin (75 w0 100 mg/day), and
prolonged (at least 6 months)
dual antiplatelet therapy of aspi-
fin + dopidogrel or aspifin +
ticlopidine was recommended.
Repeated revascularization was
ondy performed if there was ei-
ther symptom recurrence or in-
ducible ischemia related to the
ULMCA disease.

Angiopraphic follow-up was

petformed according to institu-
tiona! guidelines, usually be-
tween 6 and 9 months after the
procedure,
Definitions. Technical success
was defined as the successful de-
ployment of the stent(s) in the
target lesion.

Procedural success was defined
as left main revascularization with
a =30% residual diameter stenosis
by quanttative coronaty anglogta-

AMI = aeusto myocardiat
infarctlon

BMS = haro-metal stont(s)
CABG = corgnary artory
byptss Bratting

€D = cardlae gpath

DES = dnrg-ofuting stont(s)
EF = ojection fraction

Euro$CORE = Exropoan
Syatom for Cardlac
Operative Rlsk Evaluntion

Hl = homodynamic
Instability

IBDM = Insulindopendont
dlabotes moflus

MACE = majer atvorso
coantlag gvontfs)

Wl = myoeardial Infarction
PCl = parcutangons
toronary Interveation

PES = gocltaxcholuting
stont(s}

SES = sirolimus-oluting
stont(s}

ST = gtant thrombosls

TLR = targot lesksn
roviscularization

TVR = target vossot
rovascularization

ULMCA = unprotectad faft
maln coronitry artery

phy, without major procedural or post-procedural adverse
events {death, myocardial infarction [MI], emergency target
vessel revascularization, o acute ST},

Hemedynamic instability (HI) was defined as the pres-
ence of hypotension (systolic blood pressure <%0 mm Hg)
assocated with signs of global or regional hypoperfusion,
without meeting all of the criteria for cardiogenic shock.

Emergeacy PCI was defined as a PCI in patients
treated before the beginning of the next working day with
cardiogenic shock, ST-segment elevation myocardial infare-
ton, or unstable angina associated with signs of progressive HI
unresponsive to standard medical wreatment.

Death was classified 45 either cardiac death (CD) or
noncardiac, according to the Academic Research Consor-
tum (ARC) definitions (14). Deaths that could not be
classified were considered cardiac.

Target lesion revascularization (TLR) was defined a5 any
repeat percwtancous intervention of the target lesion or
other complication of the target lesion. The tarpet lesion
was defined as the treated segment from 5 mm proximal to
the stent and to 5 mm distal to the stent.



Target vessel revascularization (TVR) was defined as any
tepeat PCI of any segment of the target vessel, defined a5
the entire major coronary vessel proximal and distal to the
target lesion, including upstream and downstream branches
and the target lesion itself.

A major adverse cardiac event (MACE) was defined as
the occurrence of CD, nonfatal MI, or TVR during the
follow-up period,

Definite, probable, and possible stent thromboses were
determined according to the ARC definitions (14), Stent
thrombosis was defined as acute, subacute, late, and very late
if the event occurred within 24 h, 30 days, <1 year, or >1
year, respectively, after the procedure.

Myocardial infarction was defined as 2 creatine kinase-MB
mass increase >3 times the upper limir of normal, associated
with chest pain lasting >>30 min or with new evident electo-
cardiographic changes.

Data collection and follow-up. All data relating to hospital
admissions, procedures, and in-hospital outcomes were col-
lected in each center with the hospital recordng network.
Information regarding clinical status was collected at clinic
visits and by telephone interview, When the patient was not
reachsble, the information was sought from the referring
physiciar, hospital electronic datsbase, or Municipal Civil
Registries. The data collection was carried out with a dedicated
electronic case report form (CRF), All of the explored variables
in the CRF were defined and number-coded before the CRF
was sent 1o cach participating center. Ar 3 years the clinical
follow-up was 1009%. This protocol was approved by the
hospital ethics committees and Is in accordance with the
Declaration of Helsinla, Written informed consent was ob-
tzined from every patient.

Statistical analysis. Continuous variables are expressed as
mean £ SD, and categorical variables are evpressed as
counts and percentages.

The MACEs are reported hicrarchically. Survival curves
were generated by the Kaplan-Meier method, and survival
arong groups was compared with the log-rank test.

Bivasiate and muitivariate analyses were performed 1o
identify independent predictors of adverse events. Specifi-
cally, all variables significantly associated with the clinical
event of interest on bivariate analysis {p < (.10} were
entered into subsequent models. After appropriate checks
for underdying assumptions, multiple vasiable Cox propor-
tional hazard analyses were then performed, with the enter
method for all pertinent covariates. Results of multiple
variable Cox analyses are reported as hazard ratios with 95%
confidence intervals and p values. All znalyses were per-
formed with SPSS version 12 statistical software (SPSS
Inc., Chicage, Illinois). A 2-miled p value < 0.05 was
considered significant for hypothesis testing.

Resuits
Baseline characteristics. Baseline clinical characteristics
are shown in Table 2.
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Basaine Cinleal Chiracteristics

661 £342

Age {yrs)
Man 2840737}
BMI (ke/m?) 26.7 =47
Artorlal byportenslon 238 {86.5)
Hypareholestorslermlt: 230 (64.2)
Lurrant smoking 120{33.5)
Diabatic patlents 108 (30.2)
1DDM 58 {16.2}
NDDM 50 {14)
Funiliul gk factor 93 {26)
Frevlous AMi 162{45.3)
Previous PCI 108(30.2)
Pravious CABG 66 (18.9)
Diognosls at admizslon
Stable anglna 158 (44.4)
Unstosle angina 150 (44,9)
Al 30(84)
ANl + shack 10(28)
Shent lschomia 1028}
LVEF 486 %128
EuroScare 64 =43
>6 T3(20.1}
>9 11431}
Avarogo eloctive 57+38
Average omorgont 99 %35
Voluos ghven os n (%),
AN = ncute = body moss indax; IDOM = Insull diabatos

meilitus; NIDDM = nonlnsylin-depandant dlabatos mallltus: PC1 = poreutancous coronory nter-
wantion; ether nhbrovintions os in Toble L

Patients (n = 358) of mean age 66.1 == 11.2 years and
mean body mass index 267 = 47 kg/er® weee weated for
ULMCA. stenosis with DES. During the same period, 2
total of 680 patients with significant ULMCA. disease
underwent CABG in the 7 participating centers. Men
comprised 73.7% of the cohort, One hundred eight patients
(30.2%) were diabetic. Of these, 58 (16.2%) had insulin-
dependent diabetes mellitus (TDDM) and 50 (14%) had
non-TDDM. Almost one-half of the padents {162, 45.3%)
had 4 prior history of acute myocardial infarcton (AMI),
108 (30.2%) had had a previous PCI, and 68 {18.9%) had
previously undergone CABG. The most common admis-
sion diagnosis was stable angina (158, 44.1%), followed by
unstable angina (150, 41.9%), AMI (30, 8.4%)}, cardiogenic
shock (10, 2.8%), and silent ischemia (10, 2.8%). The mean
ejection fraction {EF) was 48.6 + 12.8%, and the mean
EuroSCORE wus 6,4 £ 4.1,

In the emergent subgroup, mean EuroSCORE was 9.9 =
3.5, and the most common diagnosis on admission was
AMI (n = 31, 44.3%}, followed by unstable angina with HI
(n = 29, 41.9%) and cardiogenic shock (a = 10, 14.3%).

The risk of mortality and morbidity or morality czleu-
lated by Sodiety of Theracic Surgeons {STS) score were 16 %
0.7% and 13.5 = 4.1% in the elective group and 223 %
6.4% and 46 *+ 11,3% in the emergent group, respectively.
Procedural and angiographic characteristics. Procedural
and angiographic characteristics are shown in Table 3. In
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: Anglographic and Procedural Chamaeteristics. -

Emergent PC! T0(19.8)
UA with Hi 29 {414}
AMI 31{44.3)
ts 10 {14.5)

Lesion locaton
Ostium/shaft 94 (26.3)
Distal 26473.7)

DES
Cyphor 195 (54.5)
Taxus 163 (45.5)

Aporooeh
Single stont 203 (86.7)
Multiple stent 165 (43.3)

Stonting tochnique
Provislonal 203(56.7)
Vrstenting 20(8.3)
T-stenting 14(3.9)
Crushing 95 {26,5)
Culotto 16 (4.4)

Multivesso; treatment 182 (50.8)

Stonts/pations 1.47 (529/358)

Stentdlameter, mm 3B EG3L

Stont longth, mm 17367

Pro-dltatien 189 (47.2)

Thrombectomy S(Le)

Cutting 28(7.8)

Rotablator 8D

Atherectomy 51

Post<dllation 188 {52.5)

Maximal Inflation preasura, otm 16828

Finat Wssing 133 (37.2)

Blggor balloen sizo, mm 353 =055

lape S0{13.9)

Postprocadural VD, mm 371+ 054

Post-procedural MLD, mm 332 =057

TiMI flow at baseling
-1 BL{A7)

2 24(6.7
3 73783
Anglopraphic foliow-p ) 255 (74.2)
Velues given as n {%).
ANl = acute infaretion: €S = shock; DES = drugoluting stont; Hl =

hemedynam|c instabitity; IABP = Intre-aerte batleon pump; MLE = minimal lumen dlametar; RYD =
reference vousol diamator; TIM! = Thrambolysis in Myocordial Infarction; UA = unstable angine,

brief, elective PCls comprised 80.4%, and emergent PCls
comprised 19.6% of procedures. Sirolimus-eluting stents
were deployed in 54.5% of patients, and paclitaxel-cluting
stents were deployed in 45.3%. Baseline Thrombolysis In
Myocardial Infaretion (TIMI) flow assessment in the
ULMCA was ¢ to 1in 17% of patients, 2 in 6.7%, and 3 in
76.3%. Lesions were more frequendy distal (73.7%) than
ostial/shaft (26.3%). The ULMCA was treated with mul-
ple stents in 43.3% of cases, and crush stenting (26.5%)
was favored over V-stenting (8.3%), Culotte (4.4%), and
T-stenting (3.9%) rechniques, Mean stent diameter was
323 = 0,31 mm, mean stent length was 17.3 + 6.7 mm,
and the stents/patient ratio was 1.47. Mean post-procedural

reference vessel diameter was 3.71 % 0.54 mm, and mean
minimal lumen diameter was 3.32 *® 0.57 mm. Multivessel
treatment was performed in approximately one-half of the
population. (50.8%).

Procedural and in-hospital outcomes. Procedural and
in-hospital cutcomes are summarized in Table 4. Technical
suecess was achieved in 100% of cases and procedural
success in §9.6%. Overall, the in-hospital desth rate was 3%,
and the post-procedural MI rat¢ was 7.3%. Urgent TLR
was required in 0.3% and urgent TVR in 0.8%, and the
incidence of MACE was 11.1%. In-hospital death and
MACE were significantly more likely after ernergent rather
than clective procedures (12.8% vs. 0.7%, p < 0.001, and
22.8% vs. 8.3%, p < 0.001, respectively).

Incidence of Averse Events in the. Whole Population,
InEctv Patonts, andin Eergont Pty

Overall Elective Emargont
{n = 358) {n = 289) (=70 o Volue
In-hospital
0 113 2007} S{12.8) <0001
Ml 2612 20(6.9) 6{8.6) 039
TR 1(0.3) o 1(14) 0.£9
TR 3{08) 2.7 1{L4) 048
MACE 40(11.1) 24(8.3) 16 (22.8) <0.002,
30 days
o 12(3.3) 207 10 (14.3) <0,001
Ml 26(7.2) 20(6.9} 6 3.6} 039
TR 2(0:5) 1(0.3} 1.4} 0.35
WR 3(0.8) 2{¢T 144} 048
MACE 41.(31.4) 24(83) 17(24.3) <0.00%
& months
o 1740 5L 120174 <0.001
Ml 26{72) 20(6.9) 5(8:6) 0.39
R 925 827 A4 0.44
VR 21(58) 18(62) 343} 633
MACE 64 (17.8) 43 (14.9) 24,430 €.003
1y
=] 24187 11(3.8) 13 {18:6) <0.001
M 27(78) 2473 6{8.6) 043
TR 14(39) 13(3.5) 134 02
VR 36410) 32{114} 4157 (1553
MACE 87 (243} 64{22.2} 23(32.9) 0,045
3y
ch 3{82) 18{62) 15 (214} <0.001
Mt 31(8.6) 2483 TR 04
TR 21(58} 15(6.6) 2{28) 018
™R 51(14.2) 456.(18) 574 0637
MACE 118 (32.4) 88 (305 27 (38.5) 2326
>3yrs
b 38 (10.8) 20 (6.9} 18(25.7) <0004,
M 32(89) 2483} 8 (114} 2.27
TLR 22(8.1) 19 (6.8} 343 034
R 55(15.3) A7 (16.3) :JeL 0.2
MACE 125(34.9) 51(316) 35(48.5) 0.006

Velues ghven as n (%),
€D = cardlnc dovth; MACE = major adverse eardiae ovonts: M1 = myocardial Infarctiom; TLR =
total lesian revasculerzaten; TVR = tota] vessel ravosautarizotion,



Follow-up clinical outcomes. Follow-up clinical out-
comes at 30 days, 1 year, and 3 years are shown in Table 4
and in Figure 1, Patients were followed up for at least 36
months (range 36 to 60.2 months). Angiographic follow-up
was availzble in 71.2% of patients,

At 30 days, the incidence of CD was 3.3% and was
significantly higher in emergent procedures when compared
with elective (14.3% vs, 0.7%; p < 0.001). The incidence of
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MI, TLR, and TVR was 7.2%, 0.6%, and 0.8%, respec-
tively. A MACE ocenzyed in 11.4% and significantly more
frequently with emergent procedures compared with elec-
tive (24.3% vs. 8.3%; p < 0.001}.

Az 1 year, the incidence of CD was 6.7% and the incidence
of MI, TLR, and TVR were 7.5%, 3.9%, and 10%, respec-
tively. A MACE occcurred in 24.3% of padents. The assodia-
tion with CD and MACE remained significant for emergent
cases when compared with elective procedures (18.6% vs, 3.8%,
p < 0.001, and 32.9% vs. 22.2%, p = 0.046).

The 3-year incidence of CD was 9.2%, and the incidence
of MI, TLR, and TVR were 8.6%, 5.8%, and 14.2%,
respectively. A MACE occurred in 32.1% of cases, Oceur-
rence of CD (21.4% vs. 6.2%; p < 0.001) but not MACE
{38.5% vs. 30.5%; p = 0.126) remained significantly higher
in emergent cases relative to elective cases.

Data derived from the Kaplan-Meler survival curves are
reported in Figure 1. Of note, the great majority of events
cceurred within 1 year in both groups of patients {72.7%
and 85.4% in the clective and in the emergent group,
respectively), whereas the cumulative event rate tended to
stabilize over tme.

Stent thrombaosis. The ST cvents are described in Table 5.

Definite ST occurred in 2 (0.6%) patients at 0 and 439
days, Probable ST occurred in 4 (1.1%) patents, and
possible ST occurred in 16 (4.4%) patients. Concerning the
definite ST, acute ST occurred in 1 patent {0.3%) and very
late in 1 (0.3%). No subacute and late 5T occurred,

Acute ST occurred in 2 patent with acute coronary
syndromes who underwent emergent PCI and received a
single DES for a sigmificant ostial lesion. Very late ST
occurred in 2 patient with stable angina who underwent an
clective PCI and received 3 DES for a significant lesion
located in the distal left main. One-year dual antplatelet
therapy was recommended and thus, at the tme of the ST
event, was not ongoing. Both-events occwrred in patents
who were classified as very-high-risk patients {Euro-
SCORE 9 and 11). No case of definite ST resulted in CD.
Multivariable analyses. Results of multivariable analyses
are presented in Table 6 and Online Tables 1 and 2. Of
note, the following were identified as independent predic-
tors of cardiac death (CD}: age, shock, EuroSCORE, and
impaired EF («50%). The IDDM and EuroSCORE were
significant predictors of MACE and IDDM; impaired EF
and multple stenting predicted the need for TVR.

Discussion

The main findings of this report are the fellowing: there was
2 high clinical and procedural success rate associated with
DES insertion to treat ULMCA stenosis, Follow-up at 30
days, 6 months, and 3 years demonstrated a satisfactory rate
of MACE. Of note, the great majority of adverse events
occurred within the first year, whereas thereafter, the event
rate tended to stabilize over time, suggesting 2 prolonged
efficacy of DES over time, When elective and emergent PCI
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ST According to. ARG Defiaitlons. . - 11

Acuto Subacito Late Vozylate

(<24h) (<30days) (<iyn (>iw) ‘Total
Definite $T 1.403) o0} BI)] 1(03) 2{0.6)
Frobabio ST 1403) 2{0.6) o) 1(6.3) 4{14)
Posslble ST {0 ) 8(22) 8Q.2) 16{a.4)
Total 2{0.6) 2{0.6) 8{22) 10 22(64)
Values givan ob n (%),

ARC = Acodomic Rosaarch Sonsortium:, ST = stont thrombosts,

were compared, the former was asseciated with excellent
3-year event-free survival, whereas emergent PCI was asso-
clated with a lower but satisfactory clinical success rate. In
terms of safety, there were only 2 cases of definite throm-
bosis that occuzrred in 4 very-high-risk patient. Overall, the
ST rates were lower than in other lesion subsets (15},
General population and clective patients. Very-long-
term safety and efficacy data for DES used to treat ULMCA
disease in unselected consecutive padents are lacking, Thus,
it is difficult to put into perspective the results of our report.

Ta the bare-metal stent (BMS) exa, patients with ULMCA
disease treated percutancously were carefully selected. Lee
et al. {16) reported on S-year follow-up patients (n = 187)
with ULMCA disease that was treated percutancously with
BMS. All were elective and had normal EF and a low rate
of distal left main involvement [37%). Moreover, when
compared with our population, patients were significantly
younger (56 & 11 years vs. 66 * 11 years) and had a lower
incidence of hypertension (27% vs. 66%), hypercholestercl-
emia (30% vs. 64%), and dizbetes {20% vs. 30%), and
significantly higher post-procedural minimal lumen diame-
ter (4.1 = 0.7 mm vs, 3.3 = 0.57 mm). A crude comparison
of the 2 populadons after 3-year follow-up shows a higher
cumulztive incidence of CD (9.2% wvs. 2.3%) and lower
MACE-free survival (73.5% vs, 77.5%) in our series relxtive
1o that of Lee et al. (16}, After exclusion of emergent padents
{n = 70) and elective patients with an EF <50% {n = 80),
2 repeat comparison of our cchort with that of Lee et al. (16)
demonstrates a similar cumulative incidence of CD (1.2%
vs, 23%) and rate of MACE-free survival (77.7% vs.
77.5%). Thus, treatment of ULMCA in higher-risk popu-
lations with DES achieves results similar to hat of lower-
fsk populations treated with BMS,

Lee et al. {16) reported a cumulative incddence of TLR
after 1 and 3 years (TVR zate not reported) of 18.8% and
20.7%, respectively, whereas the incidence in our compara~
ble subpopulation was 2.9% and 6.7%, respectively. These
data are consistent with published results from DES versus
BMS randomized trials (17-20).

Recent reports (1,5} of DES use to treat ULMCA in
selected populatons showed considerable varability in the
incidence of CD (range 0% to 11%), TVR {range 6% to
15%), and MACE (range 2% to 26%) at I-year follovwe-up,
This variability most Lkely represents relative differences in
the inclusion and exclusion criteria applied and 2 lack of
long-term follow-up results and makes comparison difficult.
A study conducted by Sheiban et al, (3) reported excellent
results in terms of death, TVR, and MACE at 12 and 24
months in a population of 85 consecutive unselected pa-
tents who underwent ULMCA revascularization with
DES. Although from a small population derived from 2
single center, these results are in fine with ours and suggest that
DES implantation in “real-wordd” patents with ULMCA
disease Is both feasible and safe and effective over time.

The survival curve showed that the main occurrence of
zdverse events—in terms of CD, MI, and TVR—was
within the first 12 months, whereas thereafter, the curves
showed a progressive tendency to fatten. In the overali
population and in the clective subgroup, the 79.7% and
76.5% of all CDs and Mls, respectively, occurred within
the first year of follow-vp. Consisently, 70.9% (69.3% in the
clective subgroup) of all TVRs and 75.7% (72.7% in the
elective group) of all MACEs occurred within the first year,
suggesting that the enhanced antiproliferative effect of DES
is persistent and that, in this specific population, the
so-called “catch-up” phenomenon seems not to occur at this
point in time in this population. This is in line with the
2-year reports available so far (3),

In addiden, our results that treatment of elective
paticas with ULMCA disease with DES does not differ
significantly from treatment of those with multivessel disease
in terms of MACE. In fact, our findings are in line with those
reported by Morice et ak (21} in the REALITY (Sirolimus
versts Paclitaeel-elafing Stents in De Novo Coronary Artery
Lesions) trial in 2006. The nencumulative incidence of
MACE (marched for our definition of MACE} at L-year
follow-up in the REALITY trial was 14.75% (14.6% in the

MACE TVR
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SES group; 14.9% in the PES group) compared with 22.2% in
our cohort, Furthermore, the incidence of CD, MI, and TVR
(rnatched with our definition of TVR) was 1.25%, 5.55%, and
7.95%, respectively, in the REATITY trial {average of the SES
and PES groups) versas 3.8%, 7.3%, and 11.1% in our report.

Diabetes mellitus, multiple stenting, and impaired EF

were found to be independent predictors of TVR in our
population, which is consistent with a similar published
analysis in other coronary lesion subsets (22).
Emergency PCl. Percutaneous treatmnent of ULMCA dis-
¢ase in an emergent setting is not supported by current and
prior American College of Cardiology/American Heart
Association (ACC/AEIA) puidelines for pereutaneous cor-
orary interventon {7) and reflects the Jack of available data
for the acute and long-term safety and efficacy of PCI in this
partcular subset of patients,

In the present study, at 30 days the inddence of MACE was
significandy higher than in the elective group (24.3% vs. 8.3%,
p < 0,001). At 3-year follow-up, however, the difference in
MACEfrec survival between the clective and the emergent
group was only 6% (74.2% vs. 68.2%, respectively, p = 0.33).
It is noteworthy that although TVR was over-represented
among adverse events at 3-year follow-up in the elective group
{52.3% of all adverse events), CD represented the major
component in the emergent group (55.5% of all adverse
events). Thereby, the 3-year inddence of TVR was shown to
be significantdy lower in the emergent group (p = 0.04),
whereas cotversely the incidence of CD and MI at 3 years was
found 1o be significantly higher in these patlents when com-
pared with the elective group (p = 0.005).

As in the elective population, the survival curve showed that
the vast majority of adverse events occurred within the first year
of follow-up, In these patienss, 86.6% of all CDs and MIs,
$02% of all TVRs, and 85.4% of all MACEs occurred in the
fisst 12 months, The incidence of CD and MI ar 12 months
was significantly lower in the elective PCI population com-
pared with the emergent PCI population (dsk ratio 2.1, 93%
confidence interval 1.37 to 3.2), However, this eady difference
was no longer present after this point in time, This suggests
that the increased sisk is limited to the eady post-treatment
period and that patients who had an event-free survival at 1
year have comparable linical outcomes at 3 years.

Christiansen et al, (23) recently reported clinieal out-
comes among patients undergoing emergency PCI for AMI
in patieats with ULMCA. (o = 27). Compared with our
series, the population had similar baseline characteristics
and a similar surgical xisk score but did not receive DES
routinely, and in 1 patient plain old balloon angioplasty
alone was performed. The MACE rate at &-month
follow-up in. Christiansen's report and in our groupwas 41%
and 30%, respectively. Interestingly, CD was the most
prominent component of MACE, congistent with our
findings. In our series, the very-high-risk profile of patients in
whom CD occurred (EuroSCORE 13 * 3, mean EF 383 £
11%, C8 as diagnosis at admission in 8 of 13 patients) and
absence of procedure-related or ST-related CDs suggest
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that CD occurred owing to the clinical presentation and
comorbidities rather than the procedure or “performance” of
the device implanted.

Comparison with CABG. Current ACC/AHA guidelines
for PCI recommend surgical revascularization as the pri-
mary procedure for patients with ULMCA discase {6). The
main reason for this recommendation is that long-term
outcomes of surgical revascularization, including in the
subpopuladon with ULMCA disease, are available (24,25,26},
whereas few data exist to allow evaluation of long-term
safety and efficacy of PCI with DES for ULMCA
disease, and no randomized trial has been published that
compares the 2 treatments. Results of the ongolng
SYNTAX (8YNergy Between PCI With TAXUS and
Cardiac Surgery} and COMBAT (Comparison of Bypass
Surgery and Angloplasty Using Sirolimus-Eluting Stents
in Padents With Unprotected Left Main Coronary
Artery Disease) studies aze awaited.

Three-year cumulative survival of elective patients with
ULMCA disease enrolled in the CASS {Collaborative
Study in Coronary Artery Surgery) study was 91% for the
surgical group (24), which is in line with the cumulative
survival rare in our elective group (93.4%).

Recent retrospective studies (27,28) reported 1-year

follow-up outcomes of patients undergoing CABG for
ULMCA. disease. The range of incidence of death, M,
TVR, and MACE was 5.2% to 8.5%, 15% to 32.4%, 5.5%
10 5.7%, and 24.8% to 46.6%, respectively. Compared with
our population, this represents 2 similar incidence of death
and lower incdence of TVR bur an apparently higher
incidence of MI and MACE, In these studies, the average
tisk score and the proportion of patients stratified as at Jow-
or high-risk scores are simiiar to the population in our study.
However, because the assessment was performed with
different risk score systems, caution should be taken while
interpreting and comparing the outcomnes of the aforemen-
tioned studies. The 3-year follow-up outcomes of CABG in
elective patients with isolated ULMCA disease were re-
cendy described by d'Alionmes er al, (25). Ar 3 years,
comulative survival and freedom from MACE were 92%
and 87%, respectively. Compared with our series, survival
was compatable but our incidence of MACE was higher,
mainly owing to the higher rate of TVR.
Stent thrombosis. In this registry, the definite ST occurred
only in 2 cases. The patient in whom definite acute ST
ocourred was taking duzl antiplatelet therapy, whereas the
patient with very late ST was only taking aspirin at the time
of the adverse event, Index PCT was performed in the
context of acute coronary syndromes (unstable angina,
emergent PCI) in the acute ST case, whereas in the other
case the procedure was lective, performed in a patient with
stable angina.

In our study, definite ST was net associated with CD,
and the overall incidence was as low as in other high-risk
DES populations. Real-world DES registries with Jong-
term follow-up (15) have reported an overall incidence of
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mortality refated to ST of <10%, and most recently, in the
ERACT {Argentine Randomized Study: Coronary Angio-
plasty With Stenting Versus Coronary Bypass Surgery in
Multivessel Discase} IIT ST analysis (29}, death related to
“confirmed ST” occurred only in 1 of § patients (subacute ST
in 2 patient who stopped dopidogrel 3 days before the event),

Conclusions

Very-long-term follow-up of patients with ULMCA dis-
ease treated with DES demonstrated 2 satisfactory rate in
both single and composite outcomes. The progressive re-
duction of indidence of adverse events over time suggests
that DES are persistently effective, Elective PCI patients
had an excellent event-free survival over the 3-year period.
The PCls in emergent patients, although hampered by an
eatly Jower event-free survival, also had a faverable long-
term clinical suceess rate. In terms of safety, the definite ST
rate was lower than in other high-risk lesion subsets.
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Abstract

Afm: To compare the long-term relative efficacy and safety of SES and PES in patients undergoing percutancous coronary interventon (PCI) for
unprotected left main coronary artery (ULMCA) disease and to evaluate the role of lesion location and stenting technique in determining outcomes,
Methods and results: From April 2002 to April 2004, 288 consecutive patents who underwent elective PCI with DES implantation for de novo
lesions on ULMCA have been retrospectively selected and analyzed in seven European and US tertiary care senters, All patients had 2 minimum
follow-up of 3 years, SES was used in 152 patients while 136 received PES, Isolated ostial--shaft disease was present in 27% of patients, Distat LM
discase (73%%) was treated with single and double stent approach in 29.5% and 43.4% of pasients respectively. After 3 years, rtes of survival free
from any of the cvents investigated, were ndependent from lesion location and stenting approach and did not differ sipnificantly between SES and
PES groups. Freedom from MACE (SES vs, PES) was 76.3% vs. 83.1% in the ostisbshaft group. 80.3% vs. 72.8% in the distalsingle steat group
and 67.1% vs. 66.2% in the distal<Jouble stent group. Definite stent thrombosis occurred only in 1(0.3%) patient at 439 days.

Conclusions; Tn clettive patients whe underwent PC for de nove lesions in the ostium, shaft or distal ULMCA, long-term clinical outcomes with
SES and PES use were similar independently of lesion location and stenting technique,
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1. Introduction

Percutaneous coronary miervention (PCI) using drug-clu-
ting stents {DES) has become the preferred revascularization
strategy for unprotected left main coronary artery {ULMCA)
discase o paticmts at high risk for surgery, Recent stadics
report encouraging lonp-term clinical outcome [1-4]. How-
ever, Jesion Jocation and stenting technique ean influence the
incidence of adverse cvents. Presence of ostial and shaft
lesions is associated with favorable outcome and a low res-
tenosis rate [3,6]. In contrast, revascalarization of diswml
LMCA. lesions is associated with less favorable outcome,
particularly when a double stent approach is preferred 7).

The 2 moest widely used and studied drug-eluting stents are
the sirolimus-eluting stent {SES; Cypher, Johnson & Johnson
Cordis, Miami, Florida) and paclitaxcl-cluting stent (PES;
Tixxus, Boston Scientific, Natick, Massachusctts), Recent stu-
dics evaluating the relative safety and efficacy ofboth DESs in
a variety of patient subsets have shown inconsistent results
[8.9]. Troportantly, there is little date comparing clinical out-
come associated with use of SES and PES to treat ULMCA
disease, and smdies reporting very long-term data are notably
lacking. Thus, the aim of this study was to comparc the relative
cfficacy and safety of PCI with SES and PES in patients with
ULMCA disease. In addition, the role of lesion location and
stenting technique in determining outcome was evaluated.

2. Methods
2.1. Population

Consceutive patients who underwent clective PCIwith SES
or PES for de novo lesions in the ostium, shaft or distal
ULMCA between April 2002 and April 2004 in seven
Buropean and US tertiary health care centers, were identified
retrospectively and analyzed. Patients with acute myocardial
infarctions or cardiogenic shock were excluded from the ana-
Iysis, All patients had confirmed myocardial ischemia related
to ULMCA discase. Factors that determined choice of 2
percutancous approach over surgery included coronary ana-
tomy and lesion characteristics, patient preference, reforring
physician preference and surgical risk. Hiph surgical risk
was defined as 4 EuroSCORE (European sysictn for cardiac
operative tisk cvaluation) >6, All patients provided written
informed consent prior to the procedure. Data analysis was
performed with the approval of the institutional ethics com-
mittees of the hospitals and/or universities involved.

2.2, Procedures and medications

All PCIs were performed according to concurrent guide-
lines, Type of stent, stenting strategy, wse of periprocedural
ghycoprotein b/Mla inhibitors, route of arterial access, pre-
dilation devices, intravascular ultraspund guidance and pro-
phylactic intra-aortic balloon punap use was at the discretion of
the operator. The choice to use 2 single or double stent strategy

was driven by the anatomical location and extent of coronary
artery discase. In general, a single stent strategy was used
in igolated distal ULMCA stenosis (DISTAL-Single) and a
double stent stratepy in cases of distal ULMCA stenosis in-
volving both left anterior descending (LAD) and left cir-
curaflex (LCX) coronary artery ostia (DISTAL-Deuble) or in
cases where plaque shift occurred. All patierts were pre-
treated with aspirin, clopidogrel (75 mg/day 3 days prior to the
procedure or 3¢0-mg loading dosc) and low-molecular-weight
or unfractioned heparin (administered in the cathelab, before
guide-wire insertion). Heparin was titrated to maintain an
activated clotting time > 250 5. After the procedure, 2ll patients
were prescribed Lfelong aspirin (75100 mg/day) and pro-
longed (at least six months) dual antiplatelet therapy (DAT) of
aspirin 100 mg/day and 75 mgiday clopidogre] or 250 mg
ticlopidine twice daily. Repeated revascularization was only
performed if there was cither symptom recurrence or inducibie
ischemia related to the ULMCA disease,

2.3, Definitions

Technical success was defined as successful deployment of
2 stent(s) in the target lesion. Procedural success was defined
as ULMCA revascularization with £30% residual diameter
stenesis by quantitative coronary angiography, without major
procedural or post-procedural adverse events (death, myocar-
dial infarction, cmergency target vessel revascularization or
acute stent thrombosis). Death was classified as either cardiac
(CD) or non-cardiac, accerding 1o the Academic Rescarch
Consortiuzn (ARC} definition. Deaths that could not be clas-
sificd were considered cardiae, Target lesion revascularization
(TLR) was defined as any repeat percutancous intervention of
the target lesion or other complication of the target lesion. The
target lesion was defined as the treated segment from 5 mm
proximal to the stent to 5 mm distal to the stent. Targe? vessel
revascularizotion (TVR) was defined as any repeat PCI of any
segment of the target vessel, defined as the entire major coro-
nary vessel proximal and distal to the target lesion, including
upstream and downstream branches and the target lesion itself.
Major adverse cardice event (MACE) was defined as the
oceurrence of cardiac death (CD). nonfatal myocardial infare-
tion (MI) or TVR during the follow-up period.

Definite, probable and possible stent thromboses (ST)
were determined according to the ARC definitions. Stent
thrombosis was defined as acute, sub-acute, late and very late
if the event occurred within 24 h, 30 days, <1 year or>1 year
respectively, after the procedure, Myocardial infarction was
defined as creatine kinase-MB mass increase >3 times the
upper limit of normal, associated with chest pain lasting
>30 min or with new evident electrocardiographic chenges.

2.4, Data collection, and follow-up
All data relating to hospital admissions, procedures and in-

hospital outcomes were collected in each center using the
hospital recording network, Clinical follow-up was scheduled




for all patients every 6 months up to 48 months by office visit
or telephene interview. When the patient was not reachable,
the information was scught from the referring physician,
hospital clectronic database or Municipal Civil Registries. At
3 years the clinical follow-up was 100%. This protocol was
approved by the hospital cthics cormyttees and s in accor-
dance with the Declaration of Helsinki.

2.5. Statistical analysis

Normaily distributed variables were analyzed using
parametric tests and non-mormaily distributed data using
non-parametric tests. Continuous variables are expressed as
mean=SD or median+SD and differences were compared
using Student ¢ test or Mann Whitney test. Categorical
variables are expressed as counts and percentages, Differ-
ences between sub-groups were assessed by Fisher exact test
or chi-square test, as appropriate, Differences between the
SES and PES groups were also tested according to lesion
location, MACESs were reported hicrarchically, A propensity
score was construoted using logistic regression to control for
potential confounders. The propensity score addressed the
probability that a patient would receive cither & SES or a
PES and was computed using a logistic regression maodel,
into which all the baseline clinical and angiographic vari-
ables contained in Tables 1 and 2 were entered. To adjust for
possible confounders between the two groups. the resulting
score as well as clinical, angiographic and procedural vari-
ables with a p value <0.1, were included as covariates in a
Cox proportional hazards regression medel, Survival curves
were generated at mean of covariates and differences bet-
ween groups were evaluated and reported using hazard
ratios (HRs) with 95% CI and p values. Landmark analysis

Table I
Baselive clinical charncteristics, n (%)
SES (r=152) PES (r=136)  Pralue

Ape 65.7+113 65.6%11,1 0.94
Men 10 (723) 103 (75.7) 0.59
BMI 274441 265454 0.34
Arterial hypertension 107 (70.3) 85 (62.3) 0,16
Hypercholesteralemin 106 (65.7) 88 (64.7) 0.8
Current smoking 52{34.2) 46 (33.8) 0.99
Diabetics 35 36.1) 39 (28.6) 0.16

DM 24 (15.8) 28 (20.5) 035
Familiar rigk factor B[O 33279 034
Previous AMI 72 (413} 65 (48.5) 05
Previous PCI 53 (34.8) (323 2.7
Previous CABG 41027 35031 0.89
Diagnosis at admission

Stable angina 71 (473} 86 (63.2) 0.006

Unstable angina 75 (49.3) 46 (33.8) 0.007

Silent ischemia 533 429 0.86
LVEF 4042123 504117 0.7
EuroSCORE 6.1x4 5.3£3.5 0.07
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Table 2
Angiographic and procedural charscteristics, » (%)
SES (#=182)  PES (»=136) P value

Ostium/shaft lesions 37(24.3) 41 (30.1) 0.26
Digtal lesions 115 (75.6) 95 (69.8) 0.29

Single stent approach 48 (31.5) 37210 041

Multiple stent approsch 67 (44) 58 (@2.6) 0.9

¥ steating 13(8.5) 5 (6.6} 0.53

T stenting 19 (12.5) 2(14) <0.001

Crushing 3523 #0786 Q.25

Culotte 0 23(169) <0.001
Stents per patient 15 146 059
Stent diameter 3.18+0.32 331029 <(.001
Stent length 17475 18,6469 0.07
Pre-dilation 72 (47.3) 51 (37.5) 0.19
Thrombectomy 2(13 0 (0 0.5
Cutting 13 (8.5) 14 (10.2) 0.68
Rotblater 3(19) 09 071
Atherectomy 2013) 3022 0.67
Post-ditation 80 (58.5) 59 43.3) 0,005
Post prossdusi RVD 3.71%0.64 3744046 0.79
Post procedurl MLD 3.35+0.65 331£0.52 0.86
Other vessels treated 75 (48.3) 67 (48.2) 0.9%

DES, drug-cluting stent; RVD, reference vessel diameter; MLD, minimal
fumen dizmeters FU, fotlovw-up,

was performed with the landmark sct at 12 months to
provide scparate deseriptions of the early and late relative
risk of MACE in the SES and PES sub-groups. Outcomes
between the two sub-groups were compared using risk ratios
with 35% Cls. All analyses were performed using SPSS
version 12 statistical software (SPSS Inc., Chicage, Illnois).
A two-tailed p value <0.05 was considered significant for
hypothesis testing,

Table 3
Adjusted freedom from CD, ML TLR, TVR and MACE (%} a 3-years FU in
the ostial/shaft, distal-single stent and distal-multi steat groups

SES (n=152) PES (n=136) HRs 95%CI P value
Ostialishaft (=78}
D 98.7 99,3 127 0.56-28  0.62
M 93.8 96.7 357 036-89 027
TLR 96.1 963 1,03 0.06-141 086
TVR 94.1 853 04  0.63-253 033
MACE 763 83,1 178 0.55-394 034

Distal-single (n=83)

Cor 9.7 926 651 0.09-267 042
M 99.3 96.3 0.2 0,02-182 015
TLR 98.7 98.5 072 0.15-48 081
TVR 934 84.6 845 0iL-17 0.24
MACE 803 72.8 0.5 02-127 014
Distal-double {n= 125}

D 974 95.6 046 0.1-22 0.34
MI %0.1 868 076 0.25-23 063
TLR Bo.5 853 036 01521 035
TVR 86.2 83.8 054 0.07-1.67 028
MACE 671 66.2 061 03-121 015

BMJ, body mass index; IDDM, insulin dependent diabetes meilitus; AML
acute myocardial infarction; PCI, pereutaneous comonity intervention; CABG.
coronary artery by-pass grafi, LYEF, left venmmieular cjecion fiaction.

€D, cardiae death; M, myocardial infarction; TLR, target lesion revasculaziza-
tion; TR, tarpet vessel revaseularbzation; MACE, major adverse cardiovas-
cular svents.
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3. Results

3.1. Baseline clinical, angiographic and procedural
characteristics

Baschne clinical, angiographic and procedurat character-
istics of all patients (n=288) stratificd by DES type are shown
in Tables I and 2. During thesame petiod, & total of 680 patients
with significant ULMCA discasc underwent CABG i the 7
participating centers. The SES group (=152 patients) and PES
group (=136 patienis) were comparable in all beseline charac-
teristics with the exception of clinical presentation, the use of T
and culotie stenting techniques, mean stent diameter and use
of post-dilatation. Tn both groups. approximately 75% of
all Jesions were distal and 60% of these were treated with a
double stent approach, The favered stenting technique was
crush stenting. Differences depending on lesion Jocation were
tested and were not significant.

3.2, Follow-up clinical outcomes

Clinical outcome at 3 years is stratified by DES type,
lesion Tocation and stenting approach and shown in Table 3,

All patients were followed-up for at least 36 months (range:
from 36 to 60.2). Rates of survival free from any of the
events investigated were independent from lesion location
and stenting approach ind did not differ significandy bet-
ween SES and PES groups. In the DISTAL-double sub-
group, use of T-stenting technique was associated with a
significantly lower incidence of MACE (HR 0.21, 95%
CL: 0.05-0.97, p=0.046). Adjusted curves derived from Cox
survival analysis are displayed in Fig. 1. Freedom from MACE
(SES vs. PES) was 76.3% and §3.1% in the ostial/shaft group,
80.3% and 72.8% in the DISTAL-single group and 67.1% vs.
66.2% in the DISTAL-doubic group,

After pooling the DISTAL-singlc and DISTAL-double
sub-groups, 3-year freedom from MACE in the SES and PES
groups was 75.4% and 67.3% respectively (HR 0.65, 95% CI
0.37-1.15, p=0.15}.

Definite 8T ocewrred in 1 (0.3%) patients at 439 days (very
late ST). Probablc ST occurred in 1 (0.3%) patient and possible
ST in 12 {4.2%) paticnts. No acute, sub-acute and late ST
occurred. Very late ST occurred in a patient with stable angina
who underwent an clective PCI and received 3 PES for a
significant lesion located in the distal left main (EM). One-year
DAT was recommended and, thus, at the time of the ST event
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was ot ongoing, The event occurred In a patient who was
classified as very high-risk patient (uroSCORE=11). The 8T
event did not resuit in CD.

4. Discussion

The main findings of this study are the following: 1) at
3 years, paticnts treated with SES and PES had similar inci-
dence of CD, MI, TLR. TVR and MACE-free survival;
2) SES and PES performed comparzbly in bifurcation lesions,
independent of whether a single and double stent approach
was employed; 3) the majority of cvents in cither group
ocewrred within the first year, suggesting that the safety and
efficacy profile of the two stents remain unchanged at long-
term follow-up; 4) when compared to SES, PES was asso-
ciated with a higher incidence of MACE only within the first
year of follow-up.

Since their introduction into clinical practice, 3 number of
trials and meta-analyses have compared cfficacy and safety
of SES and PES. In some cases. the results indicated that
SES use was associated with a lower risk of MACE [10], re-
intervention and stent thrombosis [9] while other studics
demonstrated no differences in owtcome (8,11]. In addition,
others indicate that SES use may be associated with a lower
incidence of TLR when deployed in challenging/high-risk
lesions such as bifurcation lesions [12}, small vessel size
lesions [13] and long lesions [14].

Data comparing the relative safety and <fficacy of SES and
PES in paticats with ULMCA. disease arc lacking and when
available only provide short-mid term follow-up, A previous
stucy {15] reported no significant difference inangjographic and
clinical outcomes associated with SES and PES use for LMCA
PCI at a median follow-up of 22 months, However, long-term
data are not available and it is still unclear whether lesion
Jocation or complexity may have a differential affect on device
performance and result in 2 significant difference in clinical
outcomes. This has been shown in non-ULMCA. pepulations.

In our overall study cohort, adjusted frecdom from adverse
cvents at 3-year follow-up did not differ significantly between
the SES and PES groups. The presumed advantage of SES in
terms of TLR and MACE was not confirmed in this series of
patients, Our findings Indicate that performance of the two
stents varies over time but that 3 year outcome does not differ
significantly.

In patients with ostial/shaft lesions of an ULMCA, both
SES and PES were associated with excellent long-term clinical
outcome, Our results were i line with those recently reported
by Chicffo etal. ina similar population [51. Interestingly. in. our
study freedom from CD (98,7% SES vs. 99.3% PES, p=0.62),
TLR (96.1% SES vs. 96.3% PES p=0.86) and MACE (76.3%
SES vs. 83.1% PES. p=0.34) was comparable to that reported
in studics of highly selected populations with single de nove
Iesions that excluded patients with ULMCA discase [16,17]
Thus percutancous treatment for this type of lesion may have
the safety and efficacy requirements to be considered primary
therapy.
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In most non-left main randomized controlled trials, the
lower incidence of TLR for SES was mainly related to a
significantly lower in-stent late loss compared to PES. The
impact of late lumen loss on vesse] hacmodynamics in ostial
Teft main lesions may be less significant duc to the relatively
short stent length and bigger stent diameter. Thus, clinical
outcome may depend less on differences between the two
devices. Landmark analysis of the ostial/shaft sub-group sho-
wed that the two stents behaved similarly over time. Most
adverse events in either both groups occurred within the first
year (75% SES vs 82% PES). Thereafter the survival curves
flattened progressively, suggesting a persistent anti-prolifera-
tive cffect of DES through time,

Analysis of lestons invoiving the distal portion of TLMCA
revealed no significant difference between SES and PES in the
incidence of CD, ML TLR. TVR and MACE at 3-ycars. The
stents performed equally whether the lesion was treated witha
single or double stent approach. A previous study [12] with
shorter follow-up reported that the deformed stent structure
and overlapped struts may alter drug distribution and reduce
the efficacy of PES under these conditions, however this
finding was not replicated In our study. In fact, in both the
DISTAL-~single and DISTAL-double sub-groups, the land-
mark anatysis showed a significantly higher risk ratio in terms
of MACE associated with use of PES within the first year that
was not confirmed at the end of the follow-up period.

Effects of sample size on these results and the possibility of
introducing a type II error were tested by pooling the two
DISTAL sub-groups. In this setting the landmark analysis
again showed a significantly higher incidence of MACE
associated with use of PES only within the first year. [n line
with these results, long-term follow-up IVUS studies con-
ducted in paticnts treated with SES [18] and PES [19] show
that, after the st year, the increase of neointimal vohume was
still significant in the SES (84% increase between 1st and 2nd
year and an additional 37% increase between the 2nd and the
4th) while it held almost steady in the PES {<5% increase after
the lst year), suggesting 2 possible “catch-up™ phenomenon
over time with SES. It is interesting to note that, in the
DISTAL~double sub-group, the use of T-stenting technique
was significantly associated with 2 lower incidence of MACE
(HR 0,21, 95% CL 0.04-0.97, p=0.04), suggesting thata less
“aggressive”™ approach, when feasible, lead to better clinical
outcomes independent of DES type implanted,

In this registry, definite ST occurred only in 1 case. The
patient in whom definite ST occurred received 3 PES and
was only taking aspirin at the time of the adverse ¢vent, In
our study, definite ST was not associated with cardiac death
and the overall incidence was as low as in other kgh-risk
DES populations.

4,1, Limitations

The prosent study was designed as 2 retrospective multi-
center registry and therefore lacks randomization and inten-
Hon-to-treat data. Significant differences between the two sub-
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groups in terms of stent diameter, stenting technique and use of
post-dilation, though included in the Cox model, may have
influenced the results, Morcover, since no sample size calen-
lations were performed, we acknowledge that our results may
be affected by a type 1T error.

5. Conclusions

In elective paticnts who underwent PCI for de novo lesions
in the ostium, shaft or distal ULMCA, long-term clinical
outcomes with SES and PES use were similar and this finding
was independent of lesion location and stenting technique. The
proposed advantage of SES, reported in some non-left main
trials, was not confirmed in the present study. Our long-term
clinical data suggest that in ULMCA lesions, SES and PES
perform differently over time but ultimately are associated
with similar clinical outcome.
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coronary artery Aims: Diabetes mellitus (DM) plays an important role In the development of coronary artery dlsease.
disease, drug eluting Although previous studies have associated drug-eluting stent (DES) Implantation in dlabetic patients with
stents

favourable clinical and angiographic outcomes, the very long-ierm efficacy of these devices in diabetic
patients undergoing PCI for significant urprotected left main coronary artery (ULMCA) disease has not
heen established yeat,

Methods and reswits: Consecutive diabetic patients (n=100), who underwent elective PCl with DES for
de novo lesions in an ULMCA between April 2002 and Aprit 2004 in seven tertary health care centres, were
identified retrospectively and anzlysed, Consecutive non-diabetic patients (n=193), who underwent elective
DES implantation for unprotected ULMCA disease, were selected as a control group. All patients were
followeed for at least 36 months, At 3-years follow-up, freedom from cardiac death & myocardial infarction
{CDMI), target lesion revascularisation (TLR} and target vessel revascuiarisation {TVR) did not differ
significantly between groups. The adjusted freedam from major adverse cardiac events (MACE, defined as
the occurrence of CD, M| or TVR) was 63.4% in the DM groug and 77.6% in the controls (p<0.001), When
divided into 1DOM ang NIDDM sub-groups, insulin-dependent DM {IDDM] but nat non IDDM (NIDDM)
patients had significantly iower freedom from CDMI, TLR, TVR and MACE compared ta controls.
conctusions: These results suggest that major improvements in DES technology and pharmacotherapy are
still required to improve clinical outcome and that the decision to perform percutaneous revascularisation
in this subset of patients should be taken cautiously and on a case by case basis.
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Introduction

Diabetes mellitus negetively impacts clinical outcome in patients
undergoing surgical or percutaneous arterial revascularisation?<.
Proposed explanations for this increased vulnerability include
preater atherosclerotic plague burden, longer lesion length and
aberrant necintimal proliferation after stenting in diabetics. Several
trials conducted in diabetic patients determined that percutanesus
coronary intervention (PCl} with drug-eiuting stents (DES}
significantly reduced restenosis, resulting in superior long-term
cfinical and angiographic results, when compared with bare metat
stents (BMS)*S, Hawever, whether PGl with DES is a safe ang
effective alternative to CABG remains a matter of debate®?,
Impartantly, there Is [itie data that addrasses clinical outcorne
associated with DES use to treat unprotected left main coronary
artery (ULMCA) disease in diabetic patients, and studies reporting
very-fong term data are notably lacking.

Thus, the &im of this study was to report for the first time, very-long
term clinical outcome data for diabetic patients undergeing PCT to
ULMCA leslons with DES, and to identify potential predictors of
adverse events using an International, multicentre, retrospective
registry design.

Methods

Population

Conseciitive diabetie patients who underwent elective PCI with SES
or PES for de nevo lesions in an ULMCA between April 2002 and
April 2004 in seven European and US tertiary heaith care centres,
were identified retrospectively and analysed. Patients were eligible
for inclusion If they were undergoing pharmacelogical treatment
with either hypoglycaemic agents or insulin at the time of the index
procedure. Patients with acute myocardial infarction or cargiogenic
shock at the time of admission were excluded from the analysis,
Consecutive non-clabetlc patients, who underwent elective DES
implantation for unprotected ULMCA disease at the same centres
over the same time peried, were selected as a contral group. All
patients had confirmed myccardial ischaemia refated to ULMCA
disease. Factors that determined cholce of a percutanecus
approach over surgery included coronary anatomy and lesion
characteristics, patient preference, referring physician preference
and surgical risk. Patients waere stratified by risk class using the
European System for Cardiac Operative Risk Evaluation
{EuroSCCORE) {Table 1). Subjects with a2 EuroSCORE >6 were
defined as high-risk and those with a EuroSCORE »9 as very high-
risk. Data analysis was performed with the approval of the
institutional ethics committees of the hospltals andfor universities
nvolved,

Procedures and medications

Al PCls were performed according to current guidelines. Route of
arterial access, type of stent, stenting strategy, use of peripracedural
glycopratein lib/la inhibitoes, intravascular ultrasound guidance
and proghylactic intra-aortic balioon pump Lse was &t the discretion
of the operator,

Table 1. Baseline dlinical characteristics.

-
100);

Age {ysars) 66.519.6 65.4211.8 0.44
Men 72(72) 141(73.2) 0.79
BMI {Xg/m?) 27,7447 26.445 018
Arterial hypertension 71471) 124(54.2) 0.29
Hypercholesterolaemia  66(66} 127(65.8) 6.98
Current smoking 40(40} 59(30.6) 0.12
1IDDM 55(56) B()] NA
NIDDM 44{54) o(e) NA
Famitiar risk factor 30(30) 44(22.8) 0.18
Previots AMI 53(53) 86(44.6) 0.18
Previpus PCT 36(36) 62(32.1) 0.52
Previous CABE 19(19) 33{16) 0.52
Diagnosis at admission

Stable angina 50(50) 107(55.4) 0.37

Unstable angina 48(48) 77(35.9) 0.13

Silent ischaemia 1) 8{4.7) 0.09
LVEF (%) 5134126 48.7:12.2 0.1
EuroScore 6.243.74 5.66+3.96 0.26

DM; diabetic patients; nonBM: non diabetic patients (controt group); BMI:
body mass index; IDDM: insulin-dependent diabetes mellitus; NIDOM: non
insutin-dependent diabetes meltitus; AMI: acute myocardial infarction; PCI:;
percutaneous coronary intervention; CABG: coronary artery bypass grafty
LVEF: left ventricular ejection fraction

Alt patients received 325mg of aspirin, clopidegrel {75 ma/day three
days grior to the progedure or 300-mg Inading dose) and low-
molecularweight or unfractioned heparin titrated 10 maintain an
activated clofting time >250s. Complete revascularisation was
attempted in all patients at the time of the index PGL Significant
lesions that were not treated during the index procedure were
steged and treated generally within one manth. After the procedure,
all patients were prescribed lifelong aspirin (75-100 mg/day) and
proionged {at least six months) dual artiplatelet therapy (DAT) of
aspirin 100-325 mg/d and 75 mg/d clopidogrel or 250 mg
ticlopidine twice daily. Repeat revascularisation was only performed
if there was efther symplom recurrence or inducible ischemia
related to the ULMCA disease,

Definitions

Technical success was defined as successfui deployment of a
stent(s) in the target lesion,

Pracedural success was defined as ULMCA revascularisation with
<30% residual diameter stenesis by guantitstive coronary
angiography, without major procedural or post-procedural adverse
events (death, myocardial infarction, emergency target vessel
revascularisation or acute stent thrombuasis).

Death was classified as either cardiac (CD) or non-cardiac,
according to the Academic Research Consortium (ARC) definition®®,
Deaths that could not be classified were considerad cardiac,

Target lesion revascularisation {TLR) was defined as any repeat
percutanecus Intervention of the target fesion performed for
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restenosis o other complication of the target lesion. The target lesion
was defined as the treated segment from 5 mm proximal to the stent
05 mm distal to the stent,

Target vessel revascularisation (TVR) was defined as any repeat PCL
of any segment of the target vessel, defined as the entire major
coronary vessel proximai and distal to the target lesion, including
upstream and downstréam branches and the target lesion itself, In
the context of LMCA disease, the TVR definition comprises the
whoie [eft coronary system.

Major adverse cardiac event (MACE) was defined as the oecurrence
of cardiac death (CD3, nenfatal myocardlad infarction {M1) ar TVR
during the follow-up pericd.

Definite, probable and possible stent thrombases were determined
according to the ARC definitions, Stent thrombasis was defined as
acute, sub-acute, late and very late i the event occurred within
24 hr, 30 days, <1 year or »1 year respectively, after the procedure,
Myccardial infarction was defined as creatine kinase-MB mass
increase »3 times the upper Imit of narmal, assaclated with chest pain
lasting »30 min or with new evident electrocardicgraphic changes.

Data collection, and feliow-up

Information regarding clinical status was collected at clinic visits
and by telephene interview scheduled 30 days after the procedure
and then every six months. When the patient was not reachabls,
information were gathered from the referring physician, haspital
electronic database or Municipal Civil Registries. The data collection
wis carried out using @ dedicated electronic case report form
{CRF). Al the explored variables in the GRF were defined and
numbercoded before the CRF was sent to each participating
centre, At three years the clinical follow-up was 100%. This protocal
was approved by the hospital ethics committees and is In
accordance with the Declaration of Melsinkl, Written informed
cansent was obtained from every patient,

Statistical analysis

Normally distributed variables were analysed using parametric tests
and non-normally distributed data using nen-parametric tests.
Continuous variabies are expressed as mean =50 and differences
were compared using Student f test. Categorical variables are
expressed as counts and percentages. Differences between sub-
groups were assessed by Fisher exact test or chi-sguare test, as
appropriate. Blvarlate and muitiple variable analyses were
performed to identify Independent predictors of adverse events.
Specifically, all variabies significantly associated with the clinical
event of interest on bivariate analysis (p<.10) were entered into
subsequent models, After approprizte checks for underlying
assumptions, multivariate Cox proportional hazard analysis was
then performed, with the enter method for all pertinent covariates.
Resuits of multivariate Cox analyses are reported as hazard ratics
(HR) with 93% confidence intervals and p values. MACEs were
reported hierarchically. Sunvival curves were generated at mear of
covariates and differences between groups were evaluated and
reported using hazard ratios (HRs) with 95% Cl and p values,
Landrmark analysis was performed with the landmark set at 12 months

to provide separate descriptions ¢f the early and late relative risk of
MACE in the SES and PES sub-groups, Outcomas in the two sub-
groups were compared using risk ratios with 95% Gls, Al analyses
were performed using SPSS version 12 statistical software (SFSS
inc., Chicape, [L, USA) A two-tailed p value < 0,05 was considered
significant for hypothesis testing.

Resuits

Baseline clinical, procedural and angiographic
characteristics

Baseline characteristics are shown in Table 1 and 2. Baseline
characteristics were camparable in the study population (n=100)
and control groug (n=1S3). The majority of patients were male,
stightly overweight, with hypertension and/or hypercholesteralemia.
Nearly half of the population had had a previous Mi and were
admitted to the hospial with the diagnosis of stable angina. Among
DM patients, 56% had |0DM and mean SuroSCORE was 6.243.74,

Table 2. Angiographic and procedural characteristics, n(%)-
: (DM

Lesion location

QOstium,/shaft 21(21) 61{31.6) 0.56

Distal 79(78)  132(58.4) 0.07
DES

Cypher 61(61) 95{49,2) e.09

Taxis 39(39) 98(50.3) 0.09
Approach

Single stent 56(56) 114{5.1) 0.61

Multiple stent 44(44) 79(40.9) 0.61
Stenting technigue

Provisional 56(36)  114(56.1) 0.61

¥ stenting 3(8) 15(7.8) 0.94

T stenting 5(5) 7(3.5) 0.57

Crushing 25(25) 49(25.4) 0.9

Culotte 5(5) 8{4.1) 0.73
Multivessel treatment 50(50) 94{48.7} 0.86
Stents per patient 151+0.61  1.45£0.57 0.43
Stent diameter (mm) 3.2240.3 3.25+0,32 0.43
Stent length (mm) 18.447.1 17.347.2 0.2
Pre-dilation 68(68) 112(58) 013
Thrombectomy 2(2) 1{0.5) 0.5%
Cutting 9(9) 18(9.3) 0.91
Rotablator 3(3) 4(2.1) 0.62
Atherectomy 1) &2.1) 0.5
Post-dilation 79(79) 144(74.6) 0.45
Maximal inflation pressure {atm) 16.743.1 16.9+2,6 0.68
Final kissing 4444} 74(38.3} 0.68
Bigger halloon size (mm) 3.540.46 3.5+0.59 0.61
Post procedural RVD {mm}  3.7810.54  3.6920.56 0.48
Post procedurel MLD (mm) 3.41+0.53 31.27:0.6 0.23
Angiographic FU 73(73) 131(67.9) 0.36

DM: diabetic patients; nonOM: non diabetic patients (control group); DES:
drug-eluting stent; RVD: reference vesset diameters MLD: minimum lumen
diameter; FU: follow-up.
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n both groups, appraximately 75% of all lesions were distal and
0% of these were treated with 2 double stent approach. The
favoured stenting technique was crush stenting. During the same
period, a total of 680 patients with significant ULMCA disease
underwent CABG in the seven participating centres.

Foliow-up clinical outcomes

Short and long-term clinical putcomes are summarised in Table 3,
All patients were followed for at least 36 months (range: from 36 to
57). No major differences in clinical outcorne were found between
the two groups at 30 days FU. Conversely, at 1-year, the incidence
of D, TLR, TVR and MACE was significantly higher in the DM
group, compared to the controls. At 3-years FU, the incidence of
overall death was 13% in the DM group and 7.2% in the non DM
group (p=0.04}. The incidence of TLR, TVR and MACE remained
significantly higher in the study group but CD falled to reach
statistical significance (p=0.058).

Adljusted curves derived fram Cox survival analysis are displayed in
Figure 1 (panels A-D). Freedom from MACE was 63.4% In the DM
group and 77,6% in the controls (p<0Q.001) but freedom from
CD&MI, TLR and TVR did not differ significantly between groups.
When divided into IDDM and NIDDM sub-groups, IDDM but mot
NIDDM patients had significantly lower freedom from CDMI, TLR,
TVR and MACE compared to controls.

Table 3. Incidence of adverse events.

In-hospital €D

MI 33}
R (0} NA
TVR ol ()3 0.65
MACE 3(3) 0.26
HMdays (D 2(2) 0.3
MI 3(3) 0.22
TR 1) 0.34
™R (0} 0.55
MALE 5(5) 0,17
6 months €D 4(4) 0.13
MI 3(3) (z 5} 0.22
TR 4(4) 4213 0.18
WR he)) 5(2.5) 0.05
MACE 15(15) 12(6.2) 0.009
1 year o 8(8) 5(2.6) .03
M1 3(3) 4f2.1) .26
TR 7 5(3.1) 0.07
TR 12(12) 10(5.2) 0.02
MACE 24{24) 22(11.4) 0.003
3 years u] 10010} 10(5.2) 0.058
I 3(3) 703.6) 0.26
TR 10{10) {47 0.04
VR 15(15) 17(8.8) 0.04
MACE 31(31) 35(18.1) 0.005

DM: diabetic patients; nerDM: non diabetic patients (control group); CD: cardiac
death: MI: myocardial infarction; TLR: target lesion revascularisation; TVR: target.
vessel revascutarisation; MACE major adverse cardias events {MACE are reported
hierarchically).

Panel A: Freedern from COM!

Lum sundval

S0 20000 4080 6UD00 audno w0000 12bhes  1adon
Days COM
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B 20000 40000 cende  BLOD 100000 S20mer  sandde
Days TLR
Pane.’ C: Freedom from TYR

i 2000 e0o0 G000 _Bedes  loaden 12000 140000
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Days OM

Figure 1 (panels A-D). Freedorn from COMI, TLR, TVR and MACE at
means of covariates. The nonDM subgroup was taken as reference
group. P values, derived from the comparison between each subgroup
with nonDM, are shown only when statistical significance was reached,
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Muitiple variable analyses

Results of multiple variable analyses are presented in Table 4. Of
note, IDDM was identified as an indepandent predictor for CO, TVR,
TLR and MACE, EuroSCORE predicted CD and MACE, and
hypercholesterolagmia, current smoking and stent diameter
predicted M|, TVR and TLR, respectively,

Biscussion

The main findings of the present study are the following: 1) long-
term freeciom from €D and Ml of diabetic patients undergaing PCH
for ULMCA disease are for the first time reparted; 2) diabetic
natients had a significantiy higher inclderce of MACE, compared to
non-DM patients and this primarily reflects a higher TVR rate; 3) the
majority of adverse events occurred within the first year and
thereafter the event rate tended to stabllise over time; 4) IDDM
patients had significantly worse clinical autcome compared to
NIDDM and non-DM patients.

Diabetes mellitus plays @ major role in the development and
progression of coronary artery disease. Proposed mechanisms to
explain the increased severlty of CAD and poorer outcomes after
PCls in diabetic patients include a heightened inflammatory
response, endothelial dysfunctlon, increased plague burden and
aitered coagulation processes!i4, Introduction of DES has
dramatically reduced the rate of stent restenosis and broadened the
indications for PCL This advance has shifted many subsets of
patients with complex angiographic disease into the realm of
percutanecus revascularisation and away from CABG. Previous
large studies of diabetic patients have associated DES Implantation
with favourable mid-term ciinical and angiographic results?47,
However, the impact of DES on very long-term clinical outcome is
still largely unknown, Furthermore, the efficacy of these devices in
diabetic patients undergoing PCI for significant ULMCA disease has
not been established.

For the first time, the present results indicate that DES implantation
in diabetic patients with ULMCA disease is feasible and effective
over time. Notwithstanding the higher risk profile of our cohort
{mean EuroSCORE 6.2+3.74), freedom from CC and Ml was

Table 4. Endependent predictors of adverse events.

comparable with that of a previously reported study in diabetics with
other subsets of lesionsi®19, Consistent with these results, freedom
from TLR in the DM patients was not significantly different from the
control graup, confirming the results of previcus IVUS studies in
which DES led to simifar results beth in DM and non-DM patients?®2,
The presence of left main coronary artery disease, especially when
it is not associated with other vessel disease, does not appear o
increase the risk of adverse events, We speculate that large vessel
size together with pralonged dual antiplatelet therapy that is usually
prescribed to these patients may partially mitigate adverse
responses previously determined in these patients after PCI,
Digbetic patients had significantly higher l-vear MACE rates
compared with non diabetic patlents. This was mostly driven by a
higher rate of TVR, These results are in [line with the ARTS I
diabetic sub-study findings® and confirm the tendency in this
subset of patients to develop new lesions and to have faster
progression and more compiex patterns of disease™24,

Previous studies have assoclated paclitaxel-eluting stents with a
significant reduction in MACE In diabetic patients when comparad
to sirolimus. This advantage was hypothesised 10 be refated o the
different pathways targeted by the two compaounds, which, in the
case of paclitaxel was not affested by insulin-resistance™, Although
in our study the sample size for this comparison is small, when
tested in the muitihvariable model, SES and PES did not differ in
efficacy. Although the “aggressivenass” of CAD In diabetic patients
Is indisputable, the relatively high incidence of MACE in this
population could be also @ matter of definitions. in fact, it is worth
noting that in the context of LMCA disease, the TVR definition
comprises the whole left coranary system and therefore the
likalihood of 2 re-intervention due 1 a new lesion is much higher In
this subset when compared to populations with multivessel disease,
The sundval curves showed that adverse events mainly ocgurrad
within the first 12 maonths, while thereafter the curves progressively
flattened. This tendency was particularly evident in the DM group,
inwhich 77.4% of all MACES occurred within the first year of follow-up.
Moreover, the landmark analysis showed a significantly increased
risk ratio for incidence of MACE in the DM patients relative fo the
nar-DM group at one year. Our results, though underpowered 1o

TVR: §
HR=4.507 HR=3.678 HR=11.454 HR=2.590
0DM (1.158-18.237) (1.123-12,048)  (2.053-63.914) (1.581-4,244)
p=0.03 pa0.031 £=0.005 <0001
HR=2.373
Cusvent smoking {1.039-7.943)
p=0.042
HR=4,487
Hypercholesterolzersia {1.365-14.748)
2=0.013
HR=1.336 HR=1.063
EuroSCORE (1.22-1,45} {1.001-1,128)
p<0.001 p=0.047
HR=1.524
Stent diameter {1.326-2.687)
p=0.002

D: cardiac death; MI; myocardial infarction; TLR: target lesion revascutarisation; TVR: target vessel revascularisation; MACE major adverse cardiac events;

100M: insulin-dependent diabetes melfitus



Chapter 4

&

detect these differences, are consistent with findings in previous
studies that identify diabetes as a strong Independent predictor of
progressian of atheroma burden®@?. Based on our findings,
diabetic patlents with ULMCA disease undergoing PCH with DES
imglantation should be followed closely, and especially durlng the
first year after the procedure.

In the present study, adverse utcome comprising COMI, TLR, TVR
as well as MACE was significantly increased In disbetics treated with
insulin, In contrast, NIDDM patients had clinical sutcomes that were
nat significantly different from the contral group, This finding, which is
consistent with prior reports!®#528, has several potentia) explanations.
These incluce direct effects of exogenous insulin on neointimal
profiferation and expression on L6 ang TN, Furthermors, type
It diabetic patients may have more severe cardiovascular dlsease at
the time when insulin treatment is instituted~2,

At Z-year follow up, 50% of IDDM patients experienced an adverse
event. In IDDM patients that underwent surgical revascularisation,
the S-year incidence of death was 12,2%% while the incidence of
MACE was 25%. Though limited, these results suggest that major
improvements in DES technology and pharmacotherapy are still
required to improve clinical outcome and that the decision to
perform percutanecus revascularisation in this subset of pafients
should be decided cautiously and on a case by case basis,

Limitations

The present study wes designed as a retrospective multicentre
registry and therefore lacks randomisation and intention-to-treat
data, Since no sample size calculations were performed, we
acknowledge that our results may be affected by a type I} errer,
Moreover, infermation on HbALS is missing and its potential impact
on clinlcal outcormes could not be evaluated.
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PERCUTANEOUS CORONARY INTERVENTION
OR CORONARY ARTERY BYPASS GRAFT
FOR UNPROTECTED LEFT MAIN CORONARY
ARTERY DISEASE: THE ENDLESS DEBATE






with revascularization up to 24 months, and in the TOSCA-2
(Totl Occlusion Study of Canada) trial (24), a substudy of the
QAT study, there was 3 trend toward more favorable remodeling,

The results of the OAT study do not prove or disprove the
benefits of late revascularization in patients similar to the patients
in the OAT study and certainly do not apply to the entirety of
post-AMI patents. Unfortunately, despite the efforts of investi-
gators like the OAT Investigators, only 3,560 patients have been
randomized to date, a0d they may not be enough to draw
memningful conclusions and/or identify subgroups of padents with
greatest benefit or fisk from late revasculasization.

We thank Dr. DZavik and colleagues for this opporrunity to
clarify that our analysis was not desipned o prove or disprove the
findings of the QAT study, which ikely applies to 2 minority of
patients after AMI. Instead, we set out to analyze all available
evidence and demonstrated the benefit of late revascularization of
the IRA late after AML
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Percutaneous Coronary
Intervention or Coronary Artery
Bypass Graft for Unprotected
Left Main Coronary Artery
Disease: The Endless Debate

The “state-of-the art” paper written by Taggarr er al. (1) calls into
question the current evidence in support of percutaneous coronary
intervention {PCI) for the treatment of unprotected left main stem
disease. In view of the fact that current guidelines sl indicate
coronary artery bypass grafting (CABG) as the “standard of care,”
the authors conclude that the use of drug-eluting stents (DES) in
“off-label” cases should be discouraged and that good surgicaf
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candidares with unprotected left main coronary artery (ULMCA}
disease should underge surgical revascularization. These conchu-
stons, although absolutely reasonsble, raise 2 questions: 1) Is
CABG really proven to perform better than PCI in this subser of
patients? 2} Is CABG to be recommended in all good surgical
candidates?

Int an attempt to justify their conclusion, the authors presented
6 studies conducted in patients with ULMCA disease whe had
undergone CABG. Of note, none of these studies had clinical
follow-up periods of longer than 2 years, and only 2 our of 6 had
a clinieal follow-up longer than 1 year {Lu et ol [2] and Yeatrman
eral, [3]), The mertality rate of 5% to 6% reported by these studies
is truly encouraging. However, the authors did oot mention the
impressive occurrence of post-procedural morbidity in these pa-
tients. In the study conducted by Lu et al. {2} on 1,197 patients
who underwent CABG for ULMCA, the rates of in-hospital
adverse events were the following: mortality 2.8%, renal faiure
3.9%, gastrointestinal complications 3.6%, stroke 2.2%, post-
procedural myocardial infarction 7.1%, reoperation for bleeding
2.8%, sternal wound infection 4.2%, chest infection 3.3%, vent-
lntion >48 h 6%, stay after operation >14 days 9.3%, The
incidence of death in patients undergoing CABG for ULMCA
disease was reported to be 11.3% at 1 year in the Cleveland Chinic
Foundation Data {4), 12.8% at 3 yeas in the New York Bypass
Surgery Registry (5), 13.2% at 5 yeors in the study conducted by
d’Allonnes et al. (6}, and 22.6% at 5 years in the Duke Cardiology
Darabase (7). These results are far worse than those reported by
the authors and de not appear to be superior to those reported in
several PCI studies.

In discussing the experience with bare-metal stents (BMS), the
authors presented the results from eardier PCI studies that enrolled
almost exclusively high-risk patients, The “poor” lute outcomes
after ULMCA stenting with BMS are compared with the excellent
results obtained in the So8 (Stent or Surgery) wial. This compar-
isor of “apples versus pears,” Le., feft main disease in high-risk
patients versus 2- to 3-vessel disease in stable patients, is ot a
proper scientific arpument, In that specific study, the comparison
betwsen CABG and PCI rsulted 1n no stadstically significant
differences in terms of death, myocardial infarction, or stroke at
1-year follow-up {8). With regard to DES implantation, the
authors describe a selection of studies that presents an important
nonhomogeneity in terms of trial design: consecutive {e.g,, Valgi-
migh et ol [9], Lee et ot [10]) vs. selective {de Lezo et ol [11])
padent enrollment and, in some studies, the use of DES was not
exclusive (e.g., approximately 40% of patients from the Bologna
Registry received BMS). Moreover, the authors did not take into
account the importance and influental ourcomes of the various
stenting techniques used for distal left main disease.

It therefore scems difficult to draw any conclusions from the
pooling of these results and, furthermore, compare them with the
outcomes obtained in the surgical Hterature. In the DELFT
(Drug Eluting stent for LeFT main) registry {12), the 3-year
incidence of cardiac death, target vessel revascularization, and
major adverse cardiovaseular events (MACE) in the clective
subgroup was 6.2%, 16%, and 30.5%, respectively. Recent
studies conducted on patients with ULMCA who underwent
surgical revascularization reported & similar incidence of death,
a Jower incidence of TVR, but an apparently greater incidence
of MACE (9,13).

Additionally, it wos noted by the aurhors that distal lefr main
disease is 2 major and independent predictor of MACE at

mid-term follow-up (¥) and argued that: “the precise anatomical
location and complexity of left main stenosis | . . have neghipible
influence on the success of CABG.” Two issues deserve further
chuifieation with respect to this statement: 1) In patients under-
going PCI, distal left main disense is associated with 2 higher risk
for reintervention but not necessarily death or myocardial infare-
fion, which are predominantly affected by surgieal risk starus. 2} Te
the ble.-st of our knowledge, there are no data supporting the notion
that outcomes after surpery are not affected by the location of the
lesion within the left main stem, Distal left main discase may
simply be a marker of severe, diffuse coronary disease and, as such,
carry with it a worse proguosis irrespective of the final revascular-
ization strategy.

In all major nstitstions, current standard approach to patients
presenting with significant ULMCA disease Is to have them
evaluated by both Interventional cardiologists and eardiac surgeons
and to reach the decision to opt for PCI or surgery by consensus,
on the basis of 1} hemedynamic conditions; 2) lesion character-
istics; 3) vessel size; 4) the presence of comorbidities; 5} quality of
arterial and/or venous conduits for grafting; and 6) patient and/or
referving physician preferences. Patients are always fully informed
about the potential risks and outcomes of both the surgical and the
percutancous approaches. Stating that “patients are influenced into
making a pre-ordained choice” and that cardiologists “instigate”
patients in making these choices is speculative,

Should all good candidates for surgery go to sargery and poor
candidates to PCI? So far, there is no strong evidence that one
approach is better than the other in terms both of clinical outcomes
and quality of e (QoL). A recent meta-analysis by Bravata et ol
(14} of 23 randomized controlled trials showed no difference
between PCI and CABG in terms of momality at 10 years
follow-up. Health-related QoL is of particular value in coronary
artery disease, because the objective of intervention is not only to
avoid clinical adverse outcomes but also to refieve symproms and
improve function and ability to participate in daily activities.
Long-term studies comparing QoL related to these 2 therapeutic
strategies are not available but the results coming from the
available Titerature reported so fir no major differences (15-18),

Current puidelines still recommend surgical revascalarization as
the primary procedure in ULMCA patients, but considering them
as “the body of eriminal law” i not always appropriate. Guidelines
are dynamic and in constant flux and have to be updated according
to new evidences coming from clinieal experience, and not vice-
versa. It is important to realize that new-generation DES approved
for clinical use, new technical strategles, and prolonged dual~
antiplatelet treatment have significandly decreased the fisk of
adverse events (including late in-stent thrombesis} after PCIL

Randomized clinical trials are necessary to shine a light on this
endless debate, The LEMANS trial (19) is the only reported
randomized trial comparing PCI versus CABG for ULMCA
disease. The increased short-term complication rate in the CABG
group appeared to be minimized by stressing similar -year
MACE results in the 2 groups. Moreover, no Jate in-stent
thrombosis occarred both in the BMS and in the DES groups,
demonstrating that percutancous teatment of ULMCA is safe.
Results of the complete SYNTAX (TAXUS Drug-Eluting Stent
Versus Coronary Artery Bypass Sargery for the Treatment of Nar-
rowed Arteries) study, which enrolied 700 randomized patients with
ULMCA disense, will be presented at the 2008 European Society of
Cardiology congress. Untll then, judicous individual assessment of
each patient should prevadl, that is to say, we should keep trying to



treat patients—that do not fit in the current recommendations—
according: our current clinical experience and judgment.

“On the mountains of truth you can never eimb in vain: either you

will reach @ point bigher up todgy, or you will be training your

powers so that you will ke able to dimb Bigher tormorrow.”
Friedrich Nietzsche {20}
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Reply

We are grateful to Dr, Meliga and colleagues for their interest in
our article (1), They raise several important issues that we will
address in a similar order.

The first issue deals with morrality and morbidity after coronary
artery bypass grafting (CABG), As referenced in our article (1), the
morulity for all 5,003 padents with left main stem stenosis
undergoing CABG in the United Kingdom in 2003 was 3% (and
< 2% in 17,000 without left main stem [LMS] stenosis and 1% in
3,102 patients in the ART [Arterial Revascudarisation] wiall.
Beause enough is known about post-CABG complications, risk
moedels have been developed to reliably predict their occurrence,
whereas similar data are quite lacking in the percutancous cotonary
intervention (PCI) domain,

In addition, although al} postoperative morbidity is unsatisfae-
tory, the reality is that, with the exception of stroke (1% to 2%),
most of it is self-limiting and of litzle consequence to the patient
over the long term. To equate early postoperative morbidity to the
reduced survival and marked increase in the need for reintervention
with PCI over the long term is arpusbly a false economy.
Furthermore, long-term mortality from CABG (15 well as PCI}
may also reflect other co-edsting morbidities, rather than being
attriburable to ischemic heart disease.

With repard to bare-metal stents, we stated explicitly that
superior results were obtained in lower-risk patients and that, as
for CABG, the results of PCI would also be disadvantaged by
greater-fisk patients. Although Dr. Meliga and colleagues state
that there was no significant difference in mortality berween
CABG and PCI in the SoS (Stent or Surgery) tial at 1 vear, it
should be noted that, at 5-year follow-up in this study (2), there
was a significant reduction in the sk of mortliy with CABG
{6.6%) versus PCI {10.9%), reinforcing the well-known observa-
tion that the benefit of CABG often acerues with time. We agree
with Dr. Mefiga and colleagues that substantal heterogencity
among drug-eluting stent mials precludes pooling them rogether.
Accordingly, we did not perform a meta-analysis, Qur 2im was
simply to present all the published studies in the lirerature.

The complexity and precise anatomical location of distal left
mair stem disease, along with its frequently associated multivessel
coronary disease, is not relevant duting CABG because bypass
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Long-Term Clinical and Angiographic Qutcomes of Treatment of
Unprotected Left Main Coronary Artery Stenosis With
Sirolimus-Eluting Stents
Imad Sheibar, MD™*, Emanuele Meliga, MD®, Claudio Moretti, MD®,

Giuseppe G.L. Biondi-Zoccai, MD®, Giuseppe Rosano, MD, PhD®, Filippo Sciuto, MD",

Walter Grosso Marra, MD", Pierluigi Omedé, MD®, Argyrios Gerasimou, MD®, and
Gian Paolo Trevi, MD*

Favorable early results of percutaneous drug-ehuting stents in unprotected left main (LM}
disease are available, but outcome data beyond 6 to 10 months are lacking, We evaluated
the long-term results of sirolimus-cluting stents (SESs) in patients with LM disease. From
November 2002 to December 2004, consecutive patients with LM disease, without contra-
indications to double antiplatelet therapy and undergoing SES implantation, were enrolled
prospectively. The primary end point of the study was occurrence of major adverse
cardiovascular events. In total 35 patients were treated with 118 SES and followed for 595
= 230 days. Event-free survival rates at 1 year and 2 vears were 85.5% and 78.6%,
respectively, Only 2 deaths occurred overall (2,.4%), the first in-hospital in a very high.risk
paticnt according to the European System for Cardiac Operative Risk Evaluation and the
second in a patient with severe systolic dysfunction alrcady at the index procedure),
Myocardial infarction was adjudicated in 3 patients (3.6%), 2 occurring periprocedurally
and £ during follow-up for a de novo nontarget lesion. There were 7 (10.8%) target lesion
revascularizations at 24 months, with all but 1 percutancous and in a subject with bifur-
cation LM disease at baseline. At 9-month angiography, late loss was 0.15 = 0.81 mm and
restenosis rate was 8.2%. An increased incidence of adverse events was noted in patients
undergoing SES after dilation with extremely oversized balloons. No case of stent throm-
bosis was reported. In conclusion, this single-center experience suggests that percutaneous
use of SESs to treat LM disease in unselected high-risk patients is safe and effective even
1 year after implantation. © 2007 Elsevier Inc. All rights reserved. (Am J Cardiel 2007;
100:431~435)

Use of drag-¢luting stents in real-life patients with unprotected
left main (LM) disease is becoming more common, at least in
selected centers.'2 despite the uncertainty on their long-term
outlock.? Tt is thus pivetal to aceurately appraise the outcome
of sirolimus-cluting stent (SES) implantaton after the conven-
tional threshold for midterm follow-up (2. 6 to 12 months),
Toward this aim, we conducted 2 prospective single-center
observational smidy to assess the long-term safety and efficacy
of SES implantation in patients with LM disease.

Methods

From a total population of 2,126 consecutive patients re-
ferred for coronary anglography te our institution {a tertiary
academic care cemter with an annual caseload of >1.060
percutaneous corcnary interventions) between November
2002 and December 2004 because of established or sus-

“Interventional Cardiology, Division of Cardiology, Univesity of
Turin. Turin: and *Center for Clinical and Busic Research, IRCCS San
Raffacle. Rome, Kaly, Manuscript received February 1, 2007 revised
manuscript received and acoepted March 5, 2007,

*Corresponding author: Tek: 39-01 [6-336-026; fax: 39-0116-967-053,

E-mail address: isheiban@yahoo.com (I Sheiban),

0002-91:49/07/8 -~ see front matter © 2007 Elsevier Inc, Alf fights reserved,
doi:10,1016f.amicard.2007.03,041

pected coronary artery disease, we prospectively enrolled 85
consecutive patients (4.0%) with significant LM stenosis
(=50% diameter stenosis by visual cstimate). coronaty
anatomy switable for percutaneous revascularization. and
undergoing SES implantation. SESs (the default drug-elut-
ing stent in our center) were used without restrictions. Le.,
in patients with chronic stable angina pectoris with docu
mented myocardial ischemia and those with acute corenary
syndromes (unstable angina pectoris, ST-elevation myocar-
dial infarction, non-ST-elevation myocardial infarction).
Only patients with contraindications for antiplatelet or an-
ticoaguladon therapy or allergy to sirolimus were excluded.

Patients were stratified into risk classes using the Parson-
net* andd Eoropean System for Cardiac Operative Risk Evalo-
ation BuroSCOREY systems, High-risk subjects were defined
as those with a Parsonnet score 215 or EuroSCORE =6, and
very high-risk patients as those with a Parsonnet score =20 or
EuroSCORE =13. Notably, none of the included patents had
absolute contraindications to bypass surgery. All patients were
fully informed about the possible ealy and late risks of the
procedure and of alternative management strategies, and writ-
ten informed consent was obtained from all patients, All pa-
tients received pretreatment with low-molecular-weight hepa-
rin or unfractionated heparin, aspirin, and clopidogrel {75 mg/

wivw.AJConling,org
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day begun =3 days before the procedure or 300-mg loading
dose). Periprocedural use of glycoprotein Ih/Mfa inhibitors
was at the discretion of the operator. After the procedure,
patients received clopidogrel 75 mg/day for 6 months for
patients with stable coronary disease at admission and 12
months for those with unstable coronary disesse, and aspirin
=75 mg indefinitely for all. The study complied with the
Declaration of Helsirki, and formal ethics committee approval
was waived because of the observational design.

Intravascular aitrasound was performed for lesions with
inadequate visualization by angiography only (e.g., prepro-
cedurally for highly eccentric but noncritical stenoses and
periprocedurally to clarify the nature of luminal haziness).
Predilation of the LM corenary artery was performed only
in case of very tight or calcified lesions by using undersized
conventional balioons. Stent deployment was achicved by
inflating the delivery balloon at nominal pressure. Addi-
tional debulking devices (rotablator or cutting balloon) were
used only v patients with fibrous/calcified lesions in which
predilation with standard balioons failed. Stent overexpan-
sion with high-pressure inflations with short norcompliant
balloons was performed in those selected cases with subep-
timal stent expansion by visual assessment, taking care not
to determine geographic miss or edge dissection. Regard-
less of lesion location. the LM artery was fully stented in ali
patients. Lesions involving the ostium or shaft without in-
volvement of bifurcation {n = 33) were weated with a single
stent, whereas lesions involving bifurcation {n = 52) were
weated with 1 of the following procedures according to
operator choice: stenting across the left circumflex coronary
artery (o = 6). stenting across the left anterior descending
ostium {n = 7). Kissing stenting (i.e., V stenting; n = 8). or
provisional T stenting (n = 31). In no cases were “crushing”
and “culottes” techniques performed.”™ Final Kissing bal-
loon dilation was performed in 2l 52 patients with distal
LM bifurcation Jesion. Procedural success was defined as
LM revascularization with a residual stenosis <30% at
online quantitative coronary angiogram, without major pro-
cedural or postprocedural adverse events (death, myocardial
infarction. or craergency target vessel revascularization). To
ensure the safety and efficacy of revascularization proce-
dures, all were performed by 2 experienced interventionists
(IS and CM) with a personal caseload of >1,000 percuta-
necus coronary interventions and extensive experience in
ancillary techniques (e.g.. intravascular ultrasound and use
of the Rotablator).

Quantitative coronary angiography was performed using
dedicated software with an automated edge-detection sys-
tem {Inturis Viewer 1.2, Philips Medical Image Packing
Systern, Eindhoven, The Netherlands). For the purpose of
this study, baseling, postprocedural, and follow-up quanti-
tative coronary angiographies were performed offline. Min-
imal kumen diameter, percent diameter stenosis, reference
vessel diameter. lesion length, acute gain, and late loss were
evaluated.® Binary restenosis was defined as lumen decrease
>50% at the segment site on quantitative anglogram. and
the specific pattern of restenosis was adjudicated.'® After
discharge, paticnts were evaluated in the outpatient clinic
from 30 to 40 days. Angiographic follow-up was scheduled
after 6 to 9 months or sooner if driven by clinical symptoms
or documented myocardial ischemia. Patients were then

Table
Bascline clinical characteristis (n = 85)
Age (yrs) 68 10
Men 70 182%)
Arterial hyperiension 72 (85%)
Blood byperchelesterolemis 49 (58%;)
Current smoking 20 (24%)
Noninsulin-dependent diabetes mellitus 9¢115m
Insulin-dependent diabetes mellitus 9{11%)
Chronic renal faiture 3 (4%)
Periphera] artery disease 20 (24%)
Previous myocardial infarction 25 (29%)
Previous percutaneous coronary intervention 24 (28%)
Previous coronury artery bypass grafting 16 (19%)
Diagnosis at admission
Stable anging pectoris 11(13%)
Silent myocardial ischemia i1 (13%)
Acute pulmonary edema 1(1%)
Unstable angina pectoris 40 (47%)
Non-ST-elevation myocardial infarction 5(7%)
STelevation myocardial infurcdon 11 (13%)
Left ventricular sjection fraction (%) Si= 10
EuroSCORE 13+3
Parsonnet score 127
Table 2
Angiographic and procedural charseteristics (n = 85)
Lesion location
Ostium 14 (17%)
Shaft 20 (24%)
Bifureation S2(61%)
Multivessel coronury dlscase 75 (88%)
Multivessel coronary stenting 69 (81%)
Glycoprotein IIh/a inhibitor use 30 (35%)
Intravascular ultrasound S {119
Intra-gortic ballcon pump 7 (8%}
Rotational atherectomy 1 (1%)
Stents per patient 1.38 (118/85)
Stent dixneter {mm}) 321 =029
Stent length (mm) H1x54
After difamtion () 55(65)
Maximal inflation pressure {acm) 188*28
Treatment for bifurcational lesions
1 stent 24 (46%)
2 steats 28 {54%)
Final kissing balloon 52 {100%)

followed by outpatient visits or rmonthly telephone inter-
views, A final twelephone interview or office visit was per-
formed at the end of the follow-up period in every patent.
Occurrence of adverse events was docurmented by hogpital
records or coroner report, with deaths categorized as due to
cardiac and noncardiac causes. In particular, those deaths
that were not classifiable but had no other underlying pos-
sible canse were considered cardiac.

The primary end point of the stady was occurrence of major
adverse cardiovascular events (MACE) at follow-up, defined
a8 ocearrence of death, nonfatal myocardial infarction. or tar-
get vessel revascularization (incloding target and nontarget
lesion revaseularizations). Myocardial infarction was defined
as z creating kinase-MB mass increase >3 times the upper
Timit of normal. Acute or subacute stent thrombosis was de-
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Table 3
Major adverse cardiovascular events during follow-up
Cumulative Rate of Adverse Events In Hospital 3-mo Follow-up G-mo Follow-ugp 12-mo Follow-up 24-mo Follow-up
{n = 85) {n = §3) n =85) (o =85 = 65)

Death 1(1.2%) 1(1.2%) 1{1.2%) 2(24%) 2(3.1%)
Myocardizl infarction 2Q4%) 2(24%) 3(3.6%) 3 (3.6%) 3 {4.6%)
Target lesion revasculasization o} 0 2{24%) 5 (6.0%} 7 (1158
Target vessel revascularization ¢ 0 2(24%) 5 (6.0%) 7 {1148}
Stent thrombosis 0 [H ¢ 0 Q
Stroke ¢ Y 0 0 0
Total MACES* 3{3.5%) 3(3.5%) §(1.1%) 10 (12%) 12 (19%)

* Defined s death, myocardial infarction. or target vessel revascularization.
fined as angiographic evidence of stent occlusion or cardiac Table 4
death or myocardial infarction within 24 hours or 30 days, Quantitative coronzry angiogruphy
respectively, after the procedure.' Late stent thrombosis was Baseline angiography (n = 85)
defined as angiographic evidence of stent thrombosis, cardiac Reference vessel diameter (rom) 3,84 = 046
death, or myocardial infarction in the target territory (Le., left Minirmum lomen diameter (mm) 14 * 046
anterior descending or left circurnflex coronary artery} occur- Drameter stenosis (%) fri=123
ring 30 days to 6 months after the procedure. Very late stent Postprocedusal angiography (n = 85)
thrombosis was defined as anglographic evidence of stent Minirum lamen diamater (men) 3.53 f 0-25
thrombosis or cardiac death or myocardial infarction in the Diameter stctosis (%) 79"::3‘;9
target territory or myocardial infarction in the targer temitory FAC“": gain () . =0

. ‘cllow-up angiography (n = 71}

cceurting >6 monhs after the procedure. ) Miiraum lamen diameter (i) 303053

Data are ¢xpressed as mean * SD for continuous variables Diameter stenosis (%) 189+ 72
and as frequencies for categorical variables, Differences be- Late lymes loss (mm) 0.15 % 051
tween groups were assessed using chi-square and Student’s £ Binary angiographic restenosis
tests. A 2-taled p value <0.05 was cousidered statistically Overalt 7 (10%)
significant. Overall survival and survival free from MACEs Focal 6 (36%)
were assessed according to the Kaplan-Meier method. Muld- Diffse ) 1(14%)
variable analysis was performed to detect clinical and angio- Ostisem or shaft lesiony L (14%)
graphic varfables related to acute and long-term events, Bifurcarion lesions 6 85%)

Results

Baseline clinical and angiographic characteristics are listed
in Tables I and 2, Patients’ mean age was 68 + 10 years: 24
patients (28%) patients had previous percutaneous corozary
intervention on other coronary vessels, 20 (24%) had pe-
ripheral artery disease, and 4 (5%) chronic renal failure: and
ejection fracdon was 52 * 10%. The principal clinical
indication for referral was unstable angina in 40 (47%)
followed by acute myocardial infarction in 17 (20%). with
ST-clevation myocardial infarction in 11 (13%) and non-
ST-clevation myocardial infarction in 6 (7%).

On baseline angiogram multivessel coronary artery dis-
ease was found in 75 patients (88%) and muitivessel treat-
meant was performed in 69 (92%). LM coronary lesions were
located mainly at the bifurcation in 52 (61%), and a minor-
ity involved only the osdum (14, 16%) or the shaft (20,
23%). According 1o the EuroSCORE and Parsonnet scoring
systems 29 patients (34%) were considered at high risk and
15 {17%} at very high risk. Lesions not involving bifurca-
tion were weated with a single stent; distal lesions were
treated with 2 single stent in 24 patients (43%) by a provi-
sicnal T-stenting technique and with 2 stents in 2§ patieats
(57%) using a modified T-stenting technique or V stenting.
Baseline reference vessel diameter was 3.84 * 046 mm,
minimum lomen diameter was 1.41 + 0.46 mm, and mean
percent stenosis was 62.1 = 12.3%. In total 118 SESs were

implanted, with a stent diameter of 321 £ 029 mm and a
stent length of 14,1 = 5.4 mm.

Procedural detadls are listed in Table 2, and in-hospital
events are presented in Table 3. Procedural success was ob-
tained in 82 patients (97%). with intraprocedural death occur-
ting in 1 patient (1%) and postprocedural non-Q-wave myo-
cardial infarction in 2 patents (2%). No patient had acute
in-stent thrombosis, emergence coronary artery bypass grafting,
stroke, or cardiac amest, Overall complications rate was 3.4%
{3 patients). Minimum lumen diameter changed from 1.41 +
0.46 mm to 3.53 = 0.35 mm with an acute gain of 2,12 % 049
mm, Mean residuzl stenosis was 9.4 * 4.2% (Table 4).

Clinical follow-up was complete and all patients were
followed for =12 months after the percutaneous procedure.
Mean follow-up duration was 596 = 230 days (range 365 to
826). No events occurred after discharge in the first 3
wonths of follow-up: at 6 months 1 patient developed an
acute myocardial infarction (1.2%). In this patient angio-
gram doctmented that the infarct-related artery was the first
obtuse marginal branch of the left circumflex artery with a
de novo thrombotic occlusion. Target lesion revasculariza-
tion was needed in 2 patients (2.4%), with in-scgment re-
stenosis localized at the ostium of the left circumflex artery
in these padents. No death due to late angiographically
adjudicated stent thrombosis occwred. At 12 months of
follow-up, I cardiac death related to congestive heart failure
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Figure 1. Event-free survival rate (88% and 82.3% at 1 and 2 years,
respectively).

occurred. This patient had severe left venwricular dysfune-
ton at the index procedure (left ventricular ejection fraction
32%). but postmortem autopsy was not performed.

During follow-up 3 other paticnts underwent target lesion
revascularization within 12 months, and target lesion revascu-
larization was needed in additional 2 patients 2172 months after
the index procedure. No late or very late thrombosis or myo-
cardial infarction occurred in the remaining 65 patients. Event-
free survival rates at 1 year and 2 years of follow-up were 88%
and 82.3%, respectively (Figure 1).

Nine-month angiographic follow-up was performed in 71
patients (83%), whereas 13 patienis declined angiographic
control: these patients were without symptoms and events,
Late lumen loss was 0.15 = 0.81 mm. and overall binary
angiographic restenosis rate was 9.8% (7 patients), with reste-
nosis oceurring in the mid LM artery in 1 patient and in the
bifurcation lesions in the remaining 6. Four restenoses oc-
curred in stents with a diameter <3.5 mm (all overexpanded
with a 4.0-mm balloon during the index procedure), Moteover,
occurrence of events during follow-up suggested an inverse
association between risk and duration of follow-up. with 12
adverse events oceurring in the first year of fellow-ap (66.7%).
5 occurring in the second year {27.8%), and only 1 cccuring
after the second year of follow-up (5.5%).

Incidence of angiographic and climical outcomes in high-risk
patients. diabefics. gjection fraction =35%, age >80 years, mul-
tivessel stenting, multivessel disease, previous myocardial infare-
tion, previous percutanecus coronary intervention, bifurcation in-
volvement, stent <35 mm, or postdilaon with >3.5-mm
balloons was similar to that of the overall population. Specifically,
none of the subgroups was significantly associated with an in-
crease in clinical or angiographic MACEs, However, patients
treated “extremely” after dilation {thus achieving a final stent
diameter 3 mm greater than the nominal stent size) showed a
marginally significant increase (p = (.049) i risk of clinical
MACES, likely due to a lack of large-diameter SESs  the be-
ginning of our expetience, which had to be overdilated to achieve
adeguate stent expansion and apposition.

Discussion

The present study suggests that use of dmg-eluting stents to
treat LM disease in unselected patients without major contra-

indications to cardiac surgery may be feasible, safe, and asso-
ciated with a high procedural success rate. These findings are
based on the lack. In our population. of episodes of stent
thrombosis and on the very low incidence of procedure-related
complications and in-hospital adverse events rate although
many procedutes were primary angioplasties for ST-clevation
myocardial infarction. In addition. the safety of SES implan-
tatior: in LM lesions is confirmed by the extremely low fatality
observed, Early death occurred in only 1 patient classified as
very high risk according to the EuroSCORE and the Parsonnet
score who had a complex bifurcation lesion and died of car-
diogenic shock during hospitalization.

Unprotected LM disease occurs in up to 5% of patients
undergoing coronary angiography, with as many as 50%
also having associated 3-vessel coronary disease and/or
co-morbidities that pose a high risk for any type of invasive
procedure, Althcugh coronary artery bypass grafting has
been the treatment of choice of LM discase for decades,1?
percutaneous revascularization had been attempted for LM
disease in the bailoon-only and bare metal stent eras, with
suboptimal results.!>* Percutaneous revascularization for
LM discase may carry a potential nisk of early and late
failures. and these findings led to evidence-based recom-
mendations restricting percutaneous revascularization for
LM disease only 1o patients with prohibitive surgical risk.’s

Since market approval of SESs, several interventionists
bave employed these devices not only in patients with LM
discase at very high surgical risk {e.g., acute ST-elevation
myocardial infarction} but also in those with more favorable
anatomy and/or clinical characteristics.! Although prelimi-
nary data from high-volume centers, including comparisons
between drug-cluting stents and surgery,'*-' have provided
promising results for carly and midterm rates of MACEs in
patients with unprotected LM disease teated with drag-
eluting stent implantation (with midterms MACEs and target
vessel revasenlarization as low as 5.8% and 1.9%, respec-
tively).'? all reports published to date were relatively small
and lacked long-term follew-up,'62%2 The latter feature is
2 major limitation of the available evidence base, espectaily
because of recent data suggesting a potential long-term
bazard with drug-cluting stents.>*

Late follow-up confirms that the risk of events after LM
stenting with drug-eluting stents progressively decreases
over time, even if some atrition persists.? Fusther, the rate
of binary angiographic restencsis was relatively low and all
but 1 restenotic lesion was focal and treatable with reinter-
vention. Although such a restenosis rate appedrs lower than
those with bare metal stents, a rate of 10% with SES could
still be clinically dis-satisfying compared with the patency
of bypass grafts (especially in the left internal mammary
artery).'8 Moreover, cur data based on selective use of a
2-stent approach indicate that it is feasible, safe, and likely
less associated with thrombosis than a systematic 2-stent
strategy.’¥

In cur study some patients received 3.0-mm SESs be-
cause the 3.5-mm SESs were not available at the beginning
of enrcllment. In these patients stents were overexpanded
with oversized noncompliant balloons (23,5 mm diameter).
Such a stent after dilation with az oversized balloon (bal-
loon/stent ratic >1.2) was the predictor of MACEs at fol-
low-up. Although previcus studies seemed to support such
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a practice,** this sk was particularly magnified for stents
expanded to a final diameter >1 mm than their nominal
size. suggesting that extreme stent overexpansion may Jead
to strut fracture, polymer damage, imegular drug elution.
and/or suboptimal plaque scaffolding.

Drawbacks of this work are those typical of single-center
observational studies with a relatively small sample,™
Given the lack of large studies on SES implantation for LM
disease and especially of any study reporting on long-term
outcomes. this study, despite its inherent limitations in in-
ternal and extemnal validities, adds important information
about the use of SESs in this patient subset.

Despite cur promising results, the importance of pa-
tient selection and multidisciplinary approach (involving
a noninvasive cardiologist and a cardiac surgeon) seems
pivotal to identifying those patients with LM disease
more likely to benefit from drug-cluting stents and less
likely to be harmed by it.2s
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angiopiasty, . - Aim: This study campares the clinical and anglographic autcomes of sirolimus eluting stent {SES) and bare
drug-eluting stemts,' . - metal stent (BMS) Implantation for unprotected left main coronary arfery (ULMCA) stenosis.

bare metal stents, . - - Methods and results: We analysed 141 unselected patients with unprotected LMCA sienosis: 72 were treat-

coronary artery discase .

ed with SES and 69 with BMS. SES patients were younger, with a higher ejection fraction, had more often
hypertension, family history and were moare often smokers, The procedural suceess rate was 94.2% In SES
group and 87% in BMS group. In SES group there were 2 perigracedural myacardial infarction (3%).
1 intra-procedural death {L.4%) and 1 in-hospital death (1.4%) and respectively 2 (3%).4 (6%) and
3 (4% In BMS group. No incidents of stent thrombosis, stroke and emergent CABG occurred during hos-
pitalisation in either group. SES patients showed a lower late lumen loss (0.5x0.8 mm vs L.1£1.0 mm;
p<0.05) and a lower ning-month angiographic restenosis rate (13.6% vs 24.3%; p=NS). The MACE free
survival rate at 2 years was 83% [n the SES group vs 55% in the BMS group (p<0.001),

Canclusions: SES implantation for unprotected LMCA stencsls in “real world” popuiation appears safe with
a low restenosis and MACE rate at follow-up.
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Introduction

Lesions in the LM are still considered a standard indication for sur-
picat revascularisation’?, unless several studies have demonstrated
the safety and feasibilty of unprotected LMCA intervention using
BMS*2. |n effect the main limit of this apgroach is the in-stent
restenosls (ISR), often assoclated with an increase of long-term mor-
tality®. Recently, several studles and reporis suggest that use of DES
has been associated with a Iower restenosis rate and with favourable
clinicat outcomes even though these stugies included smalt number
of patients and low rates of angiogranhic follow upZ*, The #im of the
present stldy Is to provide a further contribution in this controversial
flald reporting the clinkcal and angiographic cutcomes of the use of
SES in the treatment of unprotected LMCA stenosis and comparing
the results with these of BMS in the same patients subset,

Methods
Study pepulation

From July 2002 to December 2004, 72 consecutive patients who
were agmitted to the intervertional Cardiology Labaratory uncer-
went percutaneous caronary intervention (PCI) procedures with
SES simplantationfor critical unprotected LMCA disease. The contrel
group consisted of 69 consecutive patients selected from
December 2000 to December 2004 with similar angicgraphic find-
ings and treated with BMS implantation.
PCI procedure was performed when a suiteble anatomy for stenting
was present, associated with symptomatic LMCA disease or docu-
mented myocardial ischaemia. Patients with contraindication for
double ant-aggregation or anticoagulation: therapy were excluded.
The informed consent was obtained in accordance with the
Declaration of Helsinki,
For every patient, we evaluated the foflowing baseline parameters:
cardlovascular risk factors (age, sex, hypertension, diabetes, hyper-
lipidaemia, Tamily histery for coranary artery disease [CAD] and cig-
arette smoking}, presence of prior myocardial infarction, previous
coronary artery bypass graft (CABG) ar PTCA, presence of specific
comorbidity (such as chronic renal fallure and peripheral vascu-
fopathy), clinlcal presentation (ST Elevation Myocardial Infarction,
or STEMI; Non ST Elevation Myocardlal Infarction, or NSTEM;
unstable angina, or UA; stable angina; ventricular arrhythmias;
actte putmonary oedema, or APE; or Instrument signs of ischaem(a),
angiographic pattern (extension of CAD, leslon location and quanti-
thve coronary angiograchy, or QCA, evaluation).
The patients were 2150 stratified in risk classes using both Parsonnet
seure system and EuroSCORE {European system for cardiac cpera-
tive evaluation).
Procedural characteristics included the following parameters: freat-
ment of distal LMCA bifureatlon with single or dauble stent: the utll-
isation of final kissing balleon for bifurcation lesions, detulking pro-
cedure (directional or rotational atherectomy), pressure wire or
intra-vascular wirasound (VUS) guided revascularisations and use
of infra-aortic batloon pump (IABP), Creatine kinase {CK) measure-
ments were systematically performed on admission and every 3 hr,
far the subsequent 24 hr., and then every 12 hr. for 2 days, The

peak value of CK-MB and Ttropanin were estimated for each
patlent. Aspirin was administered to all patients before the proce-
dure and Indefinitely thereafter. A loading dese of clopidogrel was
rerformed at least 4 hours before the catheterisation and the dou-
ble anti-aggregation therapy {aspirin + clopldogrel or aspirin + ticto-
pidine) continued for at least 6 months, Glycoprotein [b/lla
inhibitor use was 2t the discretion of the operator,

Stenting procedure

In penera, predilation was performed only invery tght lesions Lsing
undersized conventional balicons. In calcified lesions, @ matched
balloon o vessel size {1:1) was used. The stent deployment was
achieved by inflating the delivery balloon at nominal pressure. In
selected cases, the stented segment was then further dilated with
high pressure batloon inflations, 1o achieve the optimal diameter, All
the lesions has been fully covered; kesions involving ostium or shaft
without Involvernent of bifurcation were treated with 2 single stent.
Lesions involving bifurcation were treated as follows: stenting across
left circumflex artery {LCX)-ostium, stenting across left anterior
descending-LAD-ostium, kissing stenting and provisional T-stenting,
No leslor was treated with crushing or culotte technigue. Final kiss-
ing balloon dilation was performed In almost al patients. IVUS guid-
ance was used in those lesions with 2 not completely convincing
final angiographic aspect.

Quantitative coronary angiography {QCA) analysis

Using & seri-automated decicated software (Inturis viewer package
software 1.2 version, Philips), ail the angiograms were analysed at
baseline, after procedurs and at follow-up, measuring minimal
lurnen diameter {(MLD3, percent ¢lameter stenosis. reference vessel
diameter (RVD), lesion length, acute galn and late lumen loss. The
reference diameter has been obtained as average diamater of prox-
imal ang distat normal segments or in contiguous normatl segments.
in case of ostial and bifurcation lesions.

Follow-up

The follow-up ended for afl patients on the 30th Aprdl 2005;
the mean follow-up period for the whole sopulation was
23,6512 months (1828 months in SES group; 2810 months in
BMS group). Periadical phane interviews and office visits were
scheduted at 1, 3, 6and 12 months and at the end of the follow-up
period (Aprit 2005). A ceronary anglography was routinely per-
formed after 8 months, or earlier if driven by clinical symptoms or
documented myacardlal ischaemia.

Definition

Procedural success was defined as revascularisation with & residual
stenosls <30% at the QCA, withowr major intraprocedural of in-hos-
pltal adverse events {acute myocardias infarction, or AMY death or
emergent CABG).

Deaths were divided into cardiac and nor cardiac; those that were
not surely classifiable were considered as cardiac.

Major adverse cardiac events (MACES) were defined as the accur-
rence of death, non-fatal M|, stroke and TLR/TVR.
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Target lesion revascularisation (TLR) was defined as any revascular-
Isation on the treated segment.

Target vessel revascularisation (TVR) was defined as any revascu-
larisation on the treated vessel.

STEM| was defined as increase of Ck-MB 3 times over the upper
Iirmit of normal together with typical ST elevation at the ECG contrai.
NSTEM| was defined as increase of Ck-MB 2 times over the upper
limit of normal without ST elevation at the ECG cantrol.

Restenosis was defined as lumen red uction at the segment site {l.e.
stent length plus 5 mam proximally and distally) >b0% at the QCA,
Migh risk patlents had Parsonnet 15 and EuroSCORE > 6. Very
high risk patients had Parsonnet »20 ang EuroSCORE » 13.

Statistical analysis

Univarlate analysls was performed to evaluate baseiine clinical and
anglographic differences in the two groups; multivariate analysis
was performed to evaluate correlations between baseline clinical
and procedural parameters and the recurrence of intra-hospital
adverse events or MACES during the follow-up. Data are expressed
as mean=5D for continuous variables and as frequencies for cate-
gorical variables.

Difference between group were evelugted using chi-sguare and
Student-T test. MACE-free survival distributions were assessed acgord-
ing 1o the Kaplan Meier method, Jo compare MACE-free Survival
between the two groups we used the Log-Rank test. All the analysis
were performed using dedicated software (SAS and Statistical.

Results

Patients and lesion characteristics

The basellne ciinical and angiographic characteristics are sum-
marised In Tables 1 and 2. At the univariate analysis patients tfreat-
ed with SES compared to BMS group were younger (68% vs 73.5%;
p< 0.05), had @ higher election fraction, or EF (55.2% vs 46%;
p<0.05), had more hypertension (85% vs 57%: o< 0.05), family
histary {24% vs 10%: p< 0,05), were mare often current smokers
{24% vs 6%; p<0.05), were more often treated with stating {(44% vs
18%: p<0.058); patients treated with BMS more often presented
with NSTEMI {25% BMS, 7% SES: p<0.05) and distal lesian foca-
tion was significantly higher in BMS group {(58% In SES group
vs.70% in BMS group: p<0.05) compared to SES group,

Procedural resuits

Procedural characteristics are shown in Table 3. Compared to the
group treated with BMS, the SES group needed less IABP {8% vs
20%; p<0.05) and received mare often post-dilatation (65% vs
30%: n<Q0B). Final kissing balloan dilation was performed in almost
ali patients with no difference in two groups (30% DES group, 88%
BMS). MUS puidance was used In both groups with no sienificant
difference (DES group n=8-11%; BMS group n=3- 4%). The proce-
dural success rate was 94.2% in SES group and 87% in BMS group.
Tabled shows intra-procedural and in-hospital adverse events.
Petiprocedural MI oceurred In 2 patients (3%) In S£8 group and
2 patients (3%) in BMS group (p=N38); intra-procedural death

Table 1. Baseline clinical characteristics

Age . £8(10)

T3H(118) <005
fen S6{77) 48(89) NS
Hypertension 61(85} 39(57} <005
Diabetes (NIDDM and IDDK)  16(22) 14(20) NS
IBOK 311) §(9) NS
Lurrent smekers 17(24) 416) <095
Eamily istory 17(24) 7110) <005
Hypercholesterolaernia 42(58) 31(45) NS
Use of statins 32(44) 13(18} <0.05
Chrostic renal foilure 34 §(12) s
Peripheral vasculopathy 1724 17(25) NS
Krown coranary
Artery Disease (CAD) 34(47) 38(55) KS
Praviels AMI 21(29) 29(42) K
Previous CABG 14(18) 10{14) KS
Previous PO 20(28) 15{22) [
Mean Ejection Fraction 55.2(10.3) 46.0012.8) <005
Acute pulmonary oederma 11 11 HY]
STEN 513) () 1
NSTENL 57 1725) 05
Unstable angina 44T 32(45) NS
Stable angina 9(13) 23 s
Documented ischaemia 913} 12(17) s
(thars 5(7) 1{1) NS

SESi= Singtimus Buting Stent groug; B4S= Bare Metal Stent group; SB- standand deviation;
NSa not significart

cccurred in 1 patient (1,4%) In SES group and in 4 patfents (5%)
i BMS group (Table 5). in-hospital death occurred in 1 patient
(1.4%) in SES group and in 3 patlents (4%) in BMS group {Table 5.
No incidents of subacute stent thrombesis, stroke and emergent
CABG accurred. Tobal in-hospital adverse events rate was 5.8% in
SES group versus 13% in BMS group,

Follow-up results

Ninie months anglographic foilow-up was performed on 44 patients
(61%) of SES group and on 37 patients (54%) of BMS group. Event
driven angiography was performed on 12 SES patients (28%) and
on 7 BMS patients (19%). The QCA results are summarised in
Table 2. Late lumen loss was significantly lower in the SES group
(0.5+0.8 mm vs, 1.1x1 mm; p<Q.0%) than BMS group; the angic-
graphic restencsis rate was lower as well, even though p value was
not statistically significant (13.6% vs 24.3%; p=NS).

Inthe SES group restenosis occurred In 7 patients; 71% of resteno-
sls (n=5) oecurred in patients with bifurcation LMCA lesions; ali the
re-stenasls, except one, were found out at the nine-month angic-
graphic cantrol in asymptomatic patients; rastenasis were alt focal,
except one, and all were successfully treated with a8 new SES
implantation (Table &)
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Table 2. Baseline angiographic characteristics, Table 3. Baseline procedural characteristics,

a2y

INDEX PROCEDURE Double stent 2433

Baseline QCA 72(100) 49(100) Single stent 13(25)
Final titA 72(109) £9100) Stents per patient 138{0.6) 15900.78) NS
Baseline mirimal lumen Use of additional high-pressure
Diamstenm: 14(0.5) 1668 M balean aes) 21036} <005
Fingt minimal Lmen Maximal ballaon size,mm 3.8(0.2) 40.4)
dameter, mm 35(03) 503 15 Maximal inflation pressure, atm 12.5(2.9) 17.8[3.4)
Baseline dhameter stenosis f2f12.3) 50305 M Muitess invelvement 63(38) 6E(3€) NS
Final diameter stenasis 95(4.2) 72665 18 Primacy P1 507 #2) s
Bascline rference Reseue P 0(o) 0{0} NS
diametey, mrn 37(0.4) H00.8) NS Hultvessel treatmert 5{51) 63(91) K
Final veference 2 vessels 51400 43(58)
diametas, mon 3.9{03) M08 Svestls 2 a0
Lesion length, mm 209) RAM6Z 85 Psﬁgtglywpme‘” o/ s - .
Stent diamater, mm 3.2(0.28) T ;;ﬁo;l oy ) {30}
Ostum 25(33) 21(30) s atherectomy (00K) 2 2 i
Shaft 15{25) 17{25) s Rotzblator el o) NS
Bifurcation 42(s8) 48(70) .05 tissing balloon prediatation  23(29) 1629) NS
9 MONTHS ANGID-CONTROL Guidance of intravascular
Baseline (A 44(61) 37(54) :umr‘:“df E‘fj " 811) 34) NS
1y pport of intra-aortic

Mg e @ Mo )60 <6
diameter, 308 2511) NS SESw SWOI‘}mL:; Elﬁng Stent qroup; BMS= Bare Metal Stent group; S0= standard deviatfon;
Final il lumen - ks
diameter, mm 3.3{0.6) 350060 NS
Baseline fiameter stenasis, % 18.3(22.4) LA
Final, tiameter stencss, % 14200.8) 1308 85 :
Basdine refarence Feriprocedural ML (non Q) K
:am[etefr i 3808) wa w8 Intraprocedural death NS

nat reference
diameter, mm 1.8(05) 3903 M5 Tntrabospial deth hs
Lesion length, mm 44{13) 40818 Aait stenkt thrombosis NS
Late Lumen loss 0.500.8) 148 <hpp  Emergent (ARG W
Acute gain 2{0.5) 2205 NS Stroke 0] 00) i
$E5m Sirofimus Eluting Stont: group; BMS~ Sare Metal Stent greup; SD= standard doviation; Totat 458 5{13) 1
NS= not sigrificant SESw Strolimus Eluting Stent groupy BMS~ Bate Metal Stent grotp; Né= net significant
Table 5. Intraprocedural and in-hospital deaths in SES and BMS group.
: Ag SRF Mukdivestel invelvemer ClinicaEranifestats aroSCOR Clutse. of death
SES
1P 64 45 Yes Cardiac arrest ] 15.12 Cardingenic shock
2 a3 54 Yes Cardiogenic shock 18 16,13 MOF
EMS
1P 3 3 Yes Cardiogenic shock 15 1044 Cardiogenic shock
2P 8 50 fo Stemi 20 .28 Cardiogenic shock
1P 83 55 Yes Unstable angina 25 a1 PEA
4IF 64 35 Yas Nstemt 0 507z PEA
5IH 66 45 Yes Nstemi 45 2.3 Cardiogenic shock
6TH %0 40 Yes Ntemi 12 35.87 Sudden death
7B 73 25 Yes Unstable angina 12 10,64 MOF

IF = intraprocedural event; IH = intrahospital event; EFe ejection fraction; MOF~ multi organ faiture; PEA= pulseloss clectrical activity
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Table 6. Patients of the SES group with angiegraphic restenosis,

Age; Génder:Lesion Locition . Restenosis patter™  Proced)

M ostium focal Tepeat SES stanting
73M bifurcation focal vepeat SES stenting
69,F hifurcation focal repeat SES stenting
A bifurcation focal POBA

68.M bifurcation focal mpeat SES stenting
534 Bifurcation focel rpeat SES stenting
89,M ostium diffuse repeat SES stenting
M = male; F = female

In the BMS group restenosis occurred in 13 patients and all were in
patients with bifurcation LMCA lesions; 5 patients underwent angio-
graphic control for recurrence of angina and 8 were scheduled
anglographic centrols; restenosis were focal in 4 patients while In 9
were diffuse. All except one {sent to CABG) were successfully treat-
ed with SES implantation.

Clinical fallow-up information was collectad in 100% of the patients in
the SES group and 99% in the BMS group. The mean clinical foliow.
up duration was 19+8 months in SES group; 20+10 months in BMS
groug. Target lesion revascularisation at one year was performed In 6
SES patients and in 9 BMS patients (13.6% vs 24.3%, P=NS). No
deaths or acute Mls occurred In either group, The MACE free survival
rate at 2 years was 83% in the SES group vs 53% in the BMS group
(p=0.001); see Figure L (Kaplan-Meler curves for two-years MACE-
free sunvival in patients treated with SES and BMS, A statistically sig«
nificant difference wes observed between the two groups - log
rank=0.00131. MACE = major adverse cardlac events including
death, non-fatai myocardial infarction, stroke ang TLR/TVR),

At the multivariate analysis the only variable related with a signifi-
cant reduction of MACE was the use of SES (p=0.0024); on the
other side, varlable significantly refated with an Increased MACE
incidence was the presence of bifurcation iesion (p=0.025).
Patlents over 75 years, diabetics, with a poor EF (<35%) and Migh
risk patients {EuroSCORESB and Parsonnet >15) had a siightly
higher MACE incidence, though o value was nat statisticatly signifi-
cant in both groups (p=0.16 and £=0.09).

MACE-FREE SURVIVAL
aCamplets  +Consored

years
Figure 1.

Discussion

The findings of the present study show that in patients with coronary
artery disease, SES implantation for the treatment of unprotected
LMCA lesions is feasible and safe. In fact, it is associated with a low
procedure-related compiication rate and without subacute or late
stent thrombosis. Compared to SES, BMS implantation is assaciated
with @ higher infra-procedural complication rate, This might be due
1o the fact that patients treated with BMS were elder and with [awer
ejection fraction. Long<erm clinical cutcome was also better In
patients treated with SES lkely due to the reduction of in-stent
restenosis with the use of SES {13.6% vs 24.3%; p=N3).

I contrast with prior studies®™ that included a large number of
elective patients, this one can be considered a “real world” study:
the population of the study were consecutive “all comers” patients
ncluding those with poor EF, with *very high risk” profile
(EuroSCORE>13 and Parsonnet 20), diabetics and patients who
underwent primary percutanecus coronary intervention (PCL) for
acute coronary syndromes (AMI ar UA} This might explain the
slightly lower procedural success rates of this study compared to
previous studles and for this reason the results obtained in this
study rnight be considered excellent, despite the high risk profiie of
our pepulation. High-risk sub-groups indeed don't move away sig-
nificantly from the whole poputation in terms of incldence of MACE.
The only negative predictor of MACE seems fo be the presence of
distal LMCA bifurcation lesion, though the rate of lesions involving
bifurcation Is significantly different in the two groups (58% in SES
graug vs, 70% in BMS group; p<0.05},

LMCA bifurcation leslons are still considered infeasible for percuta-
neous intervention both for the technical difficulties of stenting and
the higher incidence of in-stent restenosis involving the ltarge side
franches (especially left clreumflex arteny). Several studies compar-
ing the use of SES with histarical controls®3 for the treatment
of LMCA bifurcation lesions, showed a very low restenosis rate in the
main vesse! and no benefit in terms of reduction of restenosis
of side branch with the use of SES for both hifurcation branches
(two stents) over single stent and batloon angioplasty for the second
branch {provisional T stenting). Mareaver, no superiarity of single
technigue (T Stenting vs Coulotte vs Crush) has ever been deman-
strated.

Thus, even in the era of the drug eluting stent the higher overall
restenosis rate in bifurcation lesions remains a chalienge. Hewever
the compeling resuits of this study and others™34 showing very low
rates of restenosis and TLR indleate that the treatment of LMCA
bifurcation may become an achievable goal for PCI with SES.
Clinicat follow-up demonstrated that the use of SES significantly
reduces the incidence of MACE; the event-free sunvval at 2 year
was 83% In SES group vs 55% in BMS group (log rank = 0.00131),
carresponding to a 62.3% relative reduction of risk; moreaver, the
use of SES was refated with & 93.7% relative reduction in all cause
death (survival at 2 years: 98% SES vs 68% BMS; log-rank =
0.00003) and with a 91% relative reduction in cardiovascular death
{survival at 2 years: 98% SES vs 78% BMS; log rank = 0.00118).
These results suggest that the use of 3ES 1s associated Soth with
a better qualily of life due to a reduction in event driven hospitalisa-
tioms and with 2 lower incidence of cardiovascular death,

71
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it is indeed well known that in-stent restenosis leads more often to
repeat interventions {PC1 or surgery) and also might influence long
term survival because might cause sudden death. SES has been
shown to be very effective in suppressing intimal growth even in
complex LMCA fesions (as documented also in the present study)
reducing long term in-stent restenasis which is consequently trans-
fated by better long-term clinical outcomes.

While prior studies have demonstrated safety and efficacy of DES
implantation on a relatively shortterm period®3:, this study hes
prolonged the mean observational period up to 2 years, providing
important confirmation of sustained safety and effectiveness of SES
Implantation far unprotected LMCA stenasis,

The major limitation of the present study is represented by the fact
that some differences can be found = the basetine clinical and
lesion characteristics between the wo groups; patients belonging to
BMS group are cider, with a lower LVEF, maore often presented with
NSTEM! and more frequently were affected by distal LM stenosis.
This means that the poorer autcame of BMS group might have been
Influenced by the higher risk profile of BMS patients and therefore
that the superiority of DES shown in this paper could be less evident
if the two groups were right balanced. Moreover these findings are
based on a single centre observational study and that the number
of patients s relatively smail to generallse our results te all patients
with LMCA lesions. Data deriving from long term and multicentre
randomised study comparing SES implantation and bypass surgery
are needed and witl help us to clarify better the potentiality and the
roke of this approach,

Conclusions

The use of BMS for the treatment of ULMCA lesions is associated
with a high events rate both in hospital ang during FU periog, On
the other hand, SES implantation for the treatment of the same
lesion subset in a “real world” population s safe and effective, with
a very low procedure-related complication rate and with an
extremely encauraging 2 years MACE free survival (83%) both for
fow risk patients and for high risk sub-groups.

Based on these findings and those already reported in fiterature,
PCI for ULMCA with SES implaniation should be supgested.
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Aihs 7 To'evaliate the océdrence of late and very late stent theambosis (ST) follcwing elective drug-eluting stent {DES)
Codm Eam:at ion in unprotected left main coronary artery {LMCA) stenosis in 2 large multicentre registry.

Methods .- . Al731 consecutive patients who had sirclimus- or paclltaxel eluting stent electively \mphnted in de nove leslons on
and results . unprotected LMCA in five centres were included, ST was defined sccording to Acadennic Research Consortium defi-
nitions. Four (0.5%) patients had a'definite ST: three early (two acute and one subacute) and one late 5T, no cases of
““very late definite ST were recorded. All patients survived from the event Three patients had a probable ST. There-
fore, 7/731 (01.35%) patients had 2 definite or a probable ST and all were on dual antplatelet therapy at the time of
 “the event. Posslble (sight late and 12 very late) ST occurred in 20 (2.7%) patients. At 29.5 £ 13.7 months follow-up, 2
. total of 45 (6.2%) patlents had died: 31 (4.2%) of cardiac death, Ninety five (12.9%} patlents had a target-vessel and 76
- (104%) 2 wrpet-lesion revaseutarization. Angiographic follow-up was performed in 548 patients (75%): restenosis
" -otturred In 77 (1419’) az s,

Conclusion _Electave treatment of LMCA stenosis w;rh DES appears safe W|th a 09% Incidence of definite and probable ST at
: 9.5 + 137 moriths. : '

Keywords “Stent « Left maln coronary artery Drug-e uting stents » Stent thmmbosm

Introduction follow-up, this is 2 feasible and safe approach.”'™™ To date, no

- study has specifically addressed the prevalence and predictors of
Some cancems have recently been raised regarding the risk of late  ©  lare and very late ST following elective DES Implantation in unpro-
and very late stent thrombosis (ST) following drug-eluting stent . tected LMCA lesions, The aim of the present study is therefore 1o
{DES) implantation.'™** Registry dat of pereutancous coronary ¢ evaluate the occurrence of late and very late ST following elective

interventions (PCly with DES use In unprotected ieft main core- @ DES implantation in unprotected LMCA stenosis in a large multi-
nary artery (LMCA) lesions showed that at mid-term clinical ©  centre registry.
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Methods

This study included all consecutive patients with a stenosis in an unpro-
tected LMCA electively treated with PCl and sirolimus- (SES, Cypher.
Cordis, johnson & Johnson Compary, Warren, N USA) or
pacltxel-eluting stent {PES, Taxus, Bosten Scientfic, Natick, MA,
USA) implantation In five centres (San Raffzele Heospital and EMO
Centro Cuere Columbus in Milan; San Giovannl Battista Hospital
In Turn, ltaly: Erasmus Medical Center - Thoraxcenter, The
Netherlands; the Asan Medical Center. Korea and University of
Californiz, Los Angales Medical Center) between March 2002 and
March 2006, The data were prospectively collected in the single
centres and retrospectively entered into 2 common database. Patients
with 5T or nonST elevation myocardial infarctions (Mls) were
excluded from the analysis, The decision 1o perform PCl instead of
surgery was consldercd when one of these two conditions was
present suitable anatomy for sterting and preference by patlent for
a percutineots approach or suitable anatomy for stenting and disin-
centive for surgery defined as a Euroscore > 6 andfor prior corenary
artery bypass grafing (CABG) with failure of all conduits.

Coronary angioplasty and DES implantation were performed
according to the practice of fully covering the diseased segment 2"
AL the start of the procedure, 2 bolus of unfractionated heparin was
agministered at 100 IUMkg to achleve an activated clotting time of
>250 5. Glycoprotein [b/ila inhibitors were administered at the dls-
cretion of the operator, Clinical follow-Up was scheduled and obtained
for all patients at 1, 6, 12, and 24 menshs by office vislt or direct tele-
phane calt to the patients. Patients eligible for longer clinical fellow-up
were contacted at 36, 48, and 60 meriths.

Dual ansiplateler therapy (DAT) (le. aspirin 100 mg daliy and clopl-
dogrel 75 mg daily or ticlopidine 250 mg twice daily) was administrated
according to local practice (for at least 6 months after the procedure in
Ratterdam and Turin and 12 months in Milan, Seoud, and Les Angeles),
All patients were advised to remain on aspirin (100 mg die} lifelong.
in addition, dlostazol was also given to some patlents for 1 month
{in Seoul).

Detalled information on adherence a5 well as reasons and date for
discontinuation of DAT was obtzined in all pationts.

Angiographic follow-up was scheduled between 4 and 9 months or
carlier if non-invasive evaluation or elinical presentation suggested the
presence of ischaemia,

Definitions

ST was defined on the basis of the Academic Research Censortium
defiaitions according 1o the timing of presentation as early (0-30
duys), late (31-360 days), or very late (360 days) and to the foliow-
ing trilevel of certainty:

Definite ST In the presence of an acute coronary syndrome and
cither angiographic or pathological (autopsy) confirmation of ST

Propable ST in tase of an acute Mi involving the Trget-vessel
territory without angiographic confirmation of thrombosis or other
identified culprit lesion andfor any unexplined death within 30 days;

Possible ST in the case of any unexplained death after 30 days.

The following major adverse cardisc events (MACE), during hospital
stay and at follow-up, were also analysed: death, CABG, Mi, target
lesion revascularization {TLR), and targer vessel revascularization
(TVR).

Deaths were dassified as cither cardiac or nen-cardiag, Carding
death was defined as any death due to 2 cardiac cause (e M, low-
output failure, fatal arrhythmba), procedure-related deaths, and death
of unknown cause.

Non-Q-wave Ml was defined 2s an elevation of serum creatine
kinase (CK) MB isoenzyme that was three times the upper fimit of
normal (ULN} in the absence of pathologicatl Q-waves.

Restencsis was defined as >50% luminal narrowing at the segment
site (stent and 5mm proximal and distal) demonstrated at the
foliow-up angiography, regardiess of dlinlcal symptoms.

TLR was defined as any revascularization performed on the treated
segment; TVR was defined as any re-intervention performed on the
treated vessel considering alse trestment of any segment in the left
anterior descending and circumflex arteries.

The European system for cardiac operative risk evaluation (Eure~
store) was used 1o stratify the risk of death at 30 days.™ The patients
were stratified as high risk in the presence of a Euroscore 6.

Unstable angina was defined according to the presence of (i) rest
angina {usuatly =20 mir); (7) new onset {<2 manths) severe exertion
angina of ar least Camadian Cardiovaseular Soclety Classification
(CCSC) ciass [ In severity: (iif) recent (<2 months} acceleration of
angina as reflected by an increase of at least one CCSC dlass 1o at
least CCSC elass Ml

Event adiudication

All the events In patients included in this registry were first evaluated
by at least two co-authors from the participating centres and then by
o co-authors of the coordinating centre on the basis of detailed
reparts from each of the participating centres.

Statistical analysis

Cantinuous data were reported as mean - standard deviatien (SD) or
median [Interquartile range (IQR)] as appropriate. In general, differ-
ences In proportions were tested with ¥ tost or Fisher's exact test,
while differences in continuous variables with Student’s ttest or
‘Wilcoxon rank sum test.

At univariate loglstic regression analysis the following covariates
wers assessed: age, gender, diabetes, left venricular gjection fraction
(LVEF), unstable angina, Eurcscore, DAT, duration of DAT (<6
months, 512 months, 212 months), distal LMCA, intravaseular ultra-
sound (VUS) guidance, Baseline reference vessel diameter, baseline
minimat fuminal diameter, stent type, both branch stenting, erush tech-
nique, stent length, final Kissing balloon inflation, and maximum
inflation pressures, Among continuous varable, no pre-specificd
cut-off was employed, Because of the small number of events observed
in & dataset of 731 patients, exact odds ratios {OR) with asseciated
95% confidence intervals {Cl) and two-taled P-values were computed
using permutation resampling

In order 1 obtain parameter ostimates adjusted for potential coll-
nearity among covarfates, exact conditional analyses were carried out
re-running the exact logistic regressions with one covariate a time is
a fixed factor and treating the remaining as nuisznce |:\:1r:1m':=‘cers.23 The
Statistical Analysis System program version 9.1 (SAS Institute, Cary,
NC. USA) was used for data analysis,

All authors have read and agreed to the manuseript as written.

Results

Baseline clinical. lesion, and procedural characteristics are sum-
marized, respectively, in Tobles 1 and 2. A total of 737 patients with
unprotected LMCA were electively treated in our centres with
DES implantation, One hundred and seventy six (24.0%) patients
were dizbetic and 333 (45.5%) had unstable angina Mean age
was 63,1 &+ 11.8 years and LVEF 54.8 + 10.9%. Median and IQR
of Buroscore was 3,0 (20-6.0); a Euroscore >6 was present in



n=7H p:mems E

- Age (years) 6331113

" Female gender, n (%) 189 (25.8)

* Hypertension, n {%) 477 (58.4)

‘. Hypereholesterchemia, n (%} 368 (50.3)

. Smoking, n (55 247 (338)

* Diabetes melitus, n (%) 176 {240)
Unstable angina. n (%) 333 (455)

© LVEF (%) 548 4 109

- Chronlc renal fallure, n (58) 40 (5.5)

© Buroseore, median (IQR) 30 (26-60)

¢ Buroscore 26, n (%} 262 (358)

~LVEE, 1e& vemrlculnr c-]cct\oh fmc'dun (%) FRTEEn :
“ Contintous dita werg r-eportcd 2% mcan :t SQ ar medlan :md Imrquarﬂle mngc
"(IQR} s appmpﬂaze. . . :

‘s’able 2 Les:on ;md p 'cedural chmcﬁenstncs".' '

n= 731 ;muem:

" Distal, n (%) 559 (75 5)

 Number of vessels treated 2208
Number of leslons treated 23+15

; IABP, n (%) 96 (13.1)

¢ GP lIb/lila inkibitars usage, 1t (%) 102 {13.9)
IWUS guidance, n (%) 337 {481)

- DCA or rotablator, n (55 24(33)

© Cypher stent implantation, n (5%6) 536 (73.3)

 Taxus stent Implantation, A (%) 196 (26.8)

- Bath branches stented/distal, n (%) 276 (494}

‘. Stent fongth fmm} 260 £ 15.1

- Maxirum balloon diameter (mm} 37406

- Maximum pressur Inflation {atm) 175437

“IABP, \nm-aonl: baﬁoon pump lmplnnmlon GFilbﬂila mhibvwr-s usagc, uie e! -
gly:oprotem 1IbMia inhisiors duﬂng e pmcdurc: MUS, \ntmnscular
altm,auad DCA; d:rmlonai cmmry athereciamy
Dnmare prmmcd a5 pereentages andl mean £ $D

36% of the patlents. The number of treated vessels was 2.2 £ 0.8
and the numbser of lesions 2.3 + 1.5; 27% of the patients aiso had
right coronary artery disease. An intra-aortic balloon pump was
used in 98 (13,1%) patients. In 337 {46.1%) patients IVUS guidance
was performed. Reference vessel diameter of the LMCAwae 3.7 £
0.6 mm. At least one SES was implanted in 536 (73.3%) and PES in
196 {26.8%) patients; in one patient both PES and 585 were used,
In 559 {765%) patients the stenosls was located at the distl
segment of the LMCA, When the distal lefs main was treated,
the stenting strategy adopted was provisional (cross-over)
approach in 283 (50.6%) patients, ‘crush’ in 120 (21.5%), V" stent-
ing in 80 (14.3%), ‘modified T in 52 (9.3%) and ‘culotie’ in 24

Late and very late stent, thrombosis following DES in ULMCA

{4.3%). Final Kissing balloen inflation was performed in 64% of
the cases,
The median duration of DAT was 8.8 months QR 60-20.7).

Stent thrombosis

Definite stent thrombosis

Four (0.54%) patients had a definite ST, Three patients had an early
(two acute and one subacute) and only one a late definite ST,

Early definite stent thrombosis

Among the three patients with early definite ST: one had an intra-
procedural $T successfully treated with intravenous administration
of abeiximab, intracoronary administration of recombinant tissue
plasminogen activator (r-TPA} and additional stent Implantation
(the patient was found to be 2 poer responder 1o clopidogrel):
the second occurred some hours after the PCl and was success-
fully treated with emergency CABG: and the last occurred
12 days after the indext procedure. All the three patents had the
thrombotic event while on DAT and all of them are alive at the
time of this report.

Late and very late definite stent thrombosis

Only one patient had 2 definite late ST at 3.9 months while on
DAT. The patient had an acute anterier Ml and angiographically
proven ST in the proximal left anterior descending artery success-
fully treated with repeat PCL This patient died of lung cancer 10
months after the thrombotic event. No cases of very late definite
ST were recorded.

Probable stent thrombosis

Prabable ST aceurred in three patients. In all the three, the event
oceurred early and was adjudicated bease of the occurrence of
sudden death within 30 days from the procedure, In the absence of
an autepsy or control angiography.

Therefore, 3 totl of 7/731 (0.95%) patients had a definite or
prabable ST, Characteristics of patients with definite or probable
ST are ilustrated In Table 3; baseline, lesion, procedural character-
istics of patients with definite or probable ST vs. patients without
definite or probable ST are illustrated in Table 4.

At univariate exact logistic (unconditional) analysis, age
(CR=107, CI 95% 1.00-1.16; P=003}, LVEF (OR=054,
Cl 95% 090-098;, P=0007) and Euroscore (OR=1.19,
Cl 95% 1.07-1.34: P = 0.003) were correlated to definite or prob-
atte ST, At conditional univarizte analysis, only LVEF {OR = 0.94,
Cl 95% 0.89-0.9%; P=0.03) and Euroscore (OR = 1.22, C1 95%
1.06-141; P = 0.008) were associated with definite or probable
ST (Table 5 and Figure 1A}

Possible stent thrombosis

Passible stent thrombeosis was adjudicated in 20 patients in whom
the cause of death was unexplained {ne autopsy or control angio-
graphy was performed).

Late possible ST occurred in eight and very late possible ST in
12 of these patients. Eight of these patients were on DAT at the
time of the event and 12 had suspended DAT {10 because of
the hospital protocol, ene because of gastric symptoms and
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Table 3 _Ch_a.ractgﬁ#iﬁ of the pa.tlentsmth defi_nit:_e.'a.ﬁd proba.ble snentthrombosn :

Patient Euro Age LYEF  Unstable Lesion
score  (years) (%) angina location
Definite ST
1 1 55 55 Ne Distal
2 9 3 30 Yes Distat
3 0 s 45 Yes Distat
4 11 71 35 Ne Dilstat
Probable ST
1 12 76 40 Yes Dlstat
2 15 78 3% Yes Qstivm
3 10 85 30 Yes Diszal

Stent Stenting Thme of the DAT at the time
type technique event (days) of the event
Taxus Crush 0 Yes

Cypher  Cross-gver 0 Yes

Taxus v 12 Yes

Taxus Crush 116 Yes

Cypher  Crush 17 Yes

Taus Cross-gver 1 Yes

Cypher  Cross-over 3 Yes

LVEF, I entricd- lecton fractns DAY, i sviplstgat therapy; T, stent thrembos,

Table 4 Baselme, Eﬁlon, proceduraj chamccernsncs of
patients with definite or proba.ble stent thrombos:s 3
pa.tnents wﬂ:hout defi mte or probahle stent thromboas

Patients with Patients without
definite or definite or
probable stent probable stent
thrombosis thrombaosis
=7 (=129
Age (years) 725+92 631 118
LVEF (%) 391488 549 +108
Male: gender 5 (71.5%) 537 (74.1%)
Unstable angina 5 (71.5%) 328 (45.3%)
Diabetes 2 (28.5%) 174 (24,1%)
Euroscare 96+46 40 £ 30
Distal location 6 (8577 534 (76.5%)
Both branch stenting® 4 (66.6%) 272 (49.1%)
Stent langth (mm} 2584140 250+158
Reference vessel (me) 332 £1.0 34+05
IVUS done 3{421%) 334 {46.8%)
DAT 7 {400%) 1T {189%)
" Myocardial infarction® 4 (57.1%5) 9 {1.24%)
Target lesion 4 (57.1%) 74 (10.2%)
revascularization
Cardlac death 3 (428%) 28 (3.86%)

DAT, dual antiplatelat therapy at the time of the thrombetic event [In patients with

definite or probable stont thrombsls (5T)] or at the time of Eas:clm\cal foltcw up

{in patients without definlte or probable ST). : .
- “Both brangh stenting: the percentages are cnl:ulamd ccnsndenng unly patlcnrs

with distat lesion location, -

U1 myocardial infarctions are cxctudcd peﬂ-proceduml myocardm[ Infarctlons

unless o::urrcd foltuw\ng ST IR A :

one because of abdominal surgery). Clinical characteristics were
unfavourable in most of these patierts: 8/20 (40%) were >75
years old, 13/20 (63%) patient had a LVEF <40% and a Euroscore
=6 (Table 5}

In-hospital and long-term major adverse
cardiac events

In-hospial and long-term clinical outcomes are Flustrated in
Table 7,

During hospitalization, five (0.68%) patients died: all of them
were >75 years and had a Euroscore 86, Nong of these patients
had an angiographically or pathologically proven ST, Sudden death
occurred In /5, and probable ST cannot be excluded. Non-Q-
wave Ml occurred in 69 {9.4%) of the patients.

AL 295 + 13.7 months, cumulatively 45 (6.2%) patients died; 31
{4.2%) of cardiac death. During the follow-up pericd. 11 patients
experienced a Ml and nine of them were not in the target vessel
{two were due 16 angiographically proven §T in a stent not in the
target vessel). Seventy six (T0.5%) patients underwent TLR and 95
(13.0%) 2 TVR (83 re-PCls and 12 CABG). Angicgraphic follow-up
was performed in 548 patients (75%); restenos’s occurred In 77
{14.1%) of these patlents, Notably, the range and extent of clinicat
follow-up did not differ among the different centres.

At umivariate edact logistie (unconditional} analysis, age
(OR = 106, Cl 95% 1.03-1.0%; P = (.0001), LVEF (OR =054,
Cl 95% (.52-0.96; P < 0.0001), Ewroscore (OR =121, Cl 95%
1.13-1.30; P<00001)., unstable angina (OR =373, CI 95%
154116 P=0002) and MUS guidance [OR=093
Cl95% 0.16-0.93; P = 0.03) were correlated to cardiac death. At
conditicnal analysis, only unstable angina (OR =325, { 95%
133-5.05% P=0007), LVEF (OR=079, C 9% 0.87-097
P= < 0.0001) and Euroscore (OR =118, O 55% 1.04-123:
P = (.003) were correlated to cardac death {Figure 18},

Discussicn

The main findings of this study are: {} the incidence of definite ST
is relatively low (0.5%): 75% of the cases occurred within 30 days
and none after 1 years all the patients were successfully treated and
survived from the event: (i} the cumulative occurrence of definite
and probable $T is 0.95% and at conditional analysis exact logistic
aralysfs was cerrelated with the Euroscore and LVEF, but not with
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Tables :Un'cbﬁaiﬁbﬁﬁl and .c_r;r.ic.iit:"onai analys:s of the prechcmrs of definite and prohah[estem thrombogis -~

Unconditional analysts

OR 95% exact €1

DES type 0.5174 0.1950-17.2693

Gender 0.8708 0.1409-9.2236

Age (yews) 140783 1,0052-1.1620

: Diabetes 12503 0118277574
Unstable angina 30184 0.4903-31.9183

S LVEF (%) 0.9436 0901709823

. Reference vesset {mm) 1.1958 0.5949-29384

MLD {mm) 05489 02923-3.0104

Maximumn pressure (atm) 11592 0.9807-1.2545

Stent length (mm) 10055 0.9552-1.0474
Dlstal lecatlon 18425 0.2208-854474

- Kissing balloon inflatlon 18457 G-4.9615

Type of stenting technique 13465 0.3910-9.6902
Bath branch stenting 33327 0:4454—34.8600

" Euroscore 1.19%6 1.0758-1.3422

WS 0.8758 0.1273-52198

DAT discontinuation Q1464 0,0219-0.8813

DAT duration, 12 months 0.6076 0.1193-22452

DAT duration, & months 12958 0.2753-44804

Conditicnal analysis

P OR 95% exact CI P
31728 0.5531 0,2081-1.3732 0.2420
10000 0eTT3 0.1044-7,469% 09417
00343 1,0649 0.9860-1.1595 01154
10000 0.8982 0.0814-58378 10000
0317 17247 04283-29.6316 04043
0.0072 05417 0.5894-0.9934 00280
0.7899 12420 0.5879-3.4065 0.7482
09327 12245 03775-39770 07357 .
00798 11639 3.9775-13636 00862
07544 10152 0.9573-1.0656 05395
0.9695 07260 0.0460-55.1541 1.0000
10000 244 0-60158 10000
06171 1.5316 0.2979-7.874% 1.3000
03339 22919 0,3134-26.3332 0.5863
00026 12193 1057714124 0.0078
10000 14492 0.2006-9.1333 09194
00347 01534 0.0195-0.988% 00485 .
0.8555 04343 00835-16713 03823
1.0000 13891 0285945297 10000

‘BES, da‘ug‘ctuﬂ.ng. stont; MLO, mininat Eumm larheter, MUS, [ném":ucu'hr krasound; DAT, dual antiplatelet thené)".

the duration of DAT (at the time of the thrombotic event all
patients were on DAT): (i) there was 2 4.2% cumulnive cardiae
mortality and 62% cumulative total mortality rate at 295 £ 13.7
months follow-up.

According to current European Society of Cardiclogy and
American Heart Association/American College of Cardiology
guidelines the presence of a stenosis in the LMCA (if a patlent is
not elighle for CABG) is considered a Class lIb or lla indication
for PCl, respectively®**® According to these guidelines, when a
patient is eligible for CABG, PC! has a class if indication, rrespec-
tive of the lesion location, Some retrospective studies evatuating
surgical treatment for this disease reported an in-hospltat mortality
varying from 1.7 to 7.0% and a T-year mormality of 6-14%76%
Recently, encouraging results have been reported with elective
DES implantation In LMCA with a loear mortality of
0-5%VB17H The need for TLR in these registries varied from
010 143%." 7% indeed, the presence of ostial and mid-shaft
lesions in the LMCA was associated with 2 more favourable
outcome and an extremely low restenosis rate 2%

Recertly some concerns have been raised about the long-term
safety of DES implantation.’™™ A multicentre reglstry analysing
>3000 patients electively treated with DES {in 67% for an off-label
Indication) reported a ST incidence, at 18 months, of 1.9% (which
included definite and possible ST).! Half of the events occurred
within 30 days. Similarly, another registry reported that most
{60%) ST cceurs within 30 days” In this study, which included
patients with acute coronary syndromes, a 2.%% cumulative Inci-
dence of definite ST was reported In 8146 patients at 3 years.

The presence of an acute coronary syndrome was an independent
predictor of ST.

No study has thus far addressed the issue of $T following DES
implantztion in the subset of unprotected LMCA lesions. Qur
study represents the largest (n=731) series of patients with
unprotected LMCA lesions electively treated with DES. According
to clinical and lesion ¢haracteristies, our study population was at
moderately low surgical risk (Euroscore > 6 in almost 36% of
the patients), but at intermediate risk for angioplasty (distal left
main Ih 76% of the patients). The occurrence of inhospital
MACE, which included non-Q-wave M| {defined as an elevation
of serum CK MB soenzyme that was three times ULNj), was in
aecordance with previous reports. Only four (0.5%) padents had
2 definite ST and all of them were on DAT at the time of the
event, THis finding may point out the importance of evaluating indi-
vidual responsiveness to antiplatelet therapy.™ Interestingly one
patient, who developed intra-pracedural $T and in whom we
measured platelet inhibition, was found to be a non-responder
to clopidogrel. In three (75%) patients, definite ST occurred
within 30 days and only in one at 3.9 months, All the four patients
who had definite ST survived from the event after having been suc-
cessfully treated: three with repeat PCHand one with CABG. Three
of the patients are still alive at the time of this report and one died
because of lung cancer.

Even if we consider definite and probable ST together (which
Included three deaths within 30 days in the absence of angiographic
or pathological confirmation of ST) the low Incidence of 0.55% is
stil quite reassuring. Again, all patients had the event while on
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Figure | Predictors at conditional analysis of definite or probable stent thrombosis (A} and cardiae death (B). .

DAT. At conditional exact logistic analysis, the oceurrence of defi-
nite and probable ST was correlated with Euroscore and LVEF,
This finding Is consistent with predictors identified in general PC
populations,"® Therefore, no unique ST predictar among LMCA
lesions was identified in our aralysis.

Regarding the 20 (L7%) patients with possible ST {unexplained
deaths after 3¢ days) we need to take into account that many of
these patients had high risk characteristics for cardiac death unre-
lared to ST (Table &) 2t conditional exact logistic analysis, cardiac
death was correlated to Euroscore and LVEF, Moreover, at least
nine of the patients with probable $T would meet the inclusion ¢ri-
terla for MADIT Il {multicentre avtomatic defibrillator implantation
trial), which reperted an expected overall mortality of 19.8% and a
sudden cardiac death rate of 9.8% at 2 years in the control
graup '35 Eigh patients were still on DAT at the time of death
and 12 were not (10 suspended DAT according to the hospital
protocol and only two prematurely).

Furthermore, the cumulative occurrence of death (cardiac and
non-cardiac) at 295 £ 13.7 months follow-up was 4.2 and 62%,
respactively, These rates are encouraging if compared with mortality
rates following CABG at 2 similar clinical follow-up time period.

The low rates of cardiae death in our study could also be just-
fied by the exclusion of patients presenting with a M\, In addition.
we cannot exclude that the low rate of cardiac events reported in
our study were due to the fact that LM stenting was performed in
highly experienced centres.

Additorally, only 11 {1.5%) patients experienced a M during
follow-up, nine of which ware not in the target vessel. Interestingly,
two were due to angiographically proven ST not in the target
vessel.

In our registry the long-term efficacy of DES Tn this subset of
lesions s confirmed by a TLR and TVR rate (83 re-PCis and 12
CABG) of 10 and 13%, respectively, and a restenesis rate of 14%
even with 76% of lesions involving the distal LMCA. $o far, no ran-
domized data comparing PCl with DES implantation vs. CAEG are
available.”31 The Synergy between Percutaneous Intervention
with TAXUS® and Cardiac Surgery’ (SYNTAX) trial was recently
conducted and included 710 patients with left main disease ran-
domized to receive either a PES or CABG. Interestingly. the
study was not powered to detect any difference between CABG
and PCl with DES in the subset of unprotected LMCA lesions
but only In wiple-vessel disease.



Late and very late stent thrombosis following DES in ULMCA

of the patlents wi

Tabie 6 Characterl

bowible et hponboss.

Pataenc Euro Age LVEF  Unstable Lesion
seore (years) [¢4] angina location

i 8 7 % No Distal
2 5 65 55 No Distat
03 0 48 57 Yes Distat

4 3 5 61 Yes Distat
‘5 13 82 28 Yes Distat
6 7 66 35 Yes Distad
7 1 71 0 Yes Distal
‘8 4 63 85 No Distal
o9 5 54 35 No Distal
10 ] 72 30 No Distal
1 9 7 30 Yes Distal
12 11 as 30 Yes Distal
3 3 56 4 Yes Distal

] 8 75 45 Yes Ostium
215 10 7 44 Yes Distal
18 % 80 0 Yes Distal
17 4 78 &0 Yes Distal
S8 11 ) 0 No Distal
19 10 51 2 Yes Distal
230 23 81 50 Yes Ostium

Stent Stenting Time of the DAT at the time
type tochnique event (days) of the event
Cypher  Cross-over 1162 No
Cypher  V 175 No
Cypher  Cross-cver 790 Ne
Cypher  Crush 546 No
Cypher  Crush 154 No
Cypher  Cross-aver 13%0 Yes
Taxus Crush 443 Yo
Taxus Crush 955 Ne
Cypher ¥V 986 Yes
Cypher  Cross-over 623 Yes
Taxus Cross-over 270 No
Taxus Culotte 156 No
Taxus Cross 699 No
Cypher  N/A 1149 No
Tavus Culome 352 No
Taxus Cross-over 243 No
Taxus Cross-over 482 Yes
Taxus Cross-over 180 Yes
Cypher  Cross-over 757 Yes
Taxus NiA 39 Yes

'L\Q'E'F.'l&ive.r.x.tric'diaréje;:tlmi_'ﬁ_'.n:.".ién::D_AT..dun plate

In—hosprnl,n =731 Folluw»up,n =7% ::

Cardlacdeath,n (%) 5 07 26 (34)
CTomldeathon (8 587 40(55)
M, (35 9 (94) 11 (1.5%)
CTLR, 5 (%) 2103) 76 {103)
TVR.n (%) 2(03) 95 (130)
MACE, (%) 73 (5.9%) 138 (19.0)

M m;roardint Inf:w.ﬂon TLR,mrgmlcsu .mﬁuhﬂmﬂon gt
rcvzs:ulanmon. MACE Thafer advafse cardlac euents.
: Dm are prcscnteda.s rcmagcs. e

Study limitations

This is a retrospective multicentre registry. No "o prior” sample
size has been caleutated, Another limitation is the length of
clinizal follow-up, Moreover we cannot exclude that some of
the unexplained deaths that occurred at follow-up could have
been 2 ST because of the absence of an angiographic andfor
pathological examination. Different durations of DAT were pre-
scribed among the centres due to different Institutional
practices,

; Nf&ﬁufaﬁ;ﬁiiﬁﬁl&" :

Conclusions

In this multicentre registry, the elective use of DES in unprotected
LMCA stenosis appears to be safe and effective at 29.5 £ 137
clinical followsup. Definite and probable ST occurred in 0.9% of
the patients, Further studies with longer durations of follow-up
as well as uniform and prespecified durations of DAT are
needed in order to better clarify the issue of safety following
DES implantation In unprotected LMCA lesions.

Conflict of interest: the authors do net have any financial associ-
ations to disclose that might pose a conflict of interest in connec-
tion with the submitted article.
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CHAPTER 9

A COLLABORATIVE SYSTEMATIC REVIEW
AND META-ANALYSIS ON 1278 PATIENTS
UNDERGOING PERCUTANEOUS DRUG-
ELUTING STENTING FOR UNPROTECTED LEFT
MAIN CORONARY ARTERY DISEASE






Review and meta-analysis on DES for ULMCA disease

A collaborative systematic review and meta-analysis
on 1278 patients undergoing percutaneous
drug-eluting stenting for unprotected left

main coronary arfery disease

Giuseppe G.L. Biondi-Zoceai, MD,™ Marzia Lotrionte, MD,>® Claudie Moretti, MD,* Emanuele Meliga, MD,”
Pierfrancesco Agostomi, MD, Marco Valgimigh, MD, PhiD,® Angela Migliorini, MD," David Antonincci, MD,T
Didier Cacrié, MD,* Giuseppe Sangiorgi, MD,™ Alaide Chieffo, MD,™ Antonio Colombo, MD,™

Matthew J. Price, MD,! Paul §, Teirstein, MD,’ Evald H. Christiansen, MD,* Antonio Abbate, MD,’ Luca Testa, MD,”
Julian P.G, Guan, MD,™ Francesco Burzotta, MD,” Antonio Laadito, MD,” Gian Paolo Trevi, MDD, and

fmad Sheiban, MD* Turin, Rome, Ferrara, Gussago, Florence, and Milan, Italy; Amtwerp, Belpium; Toulouse,
France; La Jolla, CA; Aarbus, Denmark; Rickhmond, V4; and Sheffield, United Kingdon:

Background Cerdiac surgery is the standard treatment for unprotected left main disease {ULM). Drugreluting stert [DES)
implantation has been recently reporied in patients with ULh but with unclear results. We systematically reviewed outcomes of
percutaneous DES implantation in ULM.

Methods Several datobases were searched for clinical studies reperting on 220 patients and >émenth follow-up, The
primary end point was major adverse cardiovascular events (MACES; ie, death, myocardial infarction, or target vessel
revascularization [TVR]) at the fongest follow-up. Inciderce and adiusted risk estimates were pocled with generic inverse
varlance random-effect methods (95% Cls}.

Results From 823 inifia! citations, 16 studies were included (1278 patients, median follow-up 10 months). Eight were
uncontrolled registries, 5 nonsandomized comparisons between DES and baremetal stents and 3 nonrandomized
comparisons between DES and CABG, with no properly randomized frial, Meta-anelysis for DESbased PCI shewed, af the
longest follow-up, rofes of 16.5% (11.7%21.3%) MACE, 5.5% (3.4%7.7%) death, and 6.5% {3.7%9.2%) TVR. Comparison
of DES versus bare-metal stent disclosed adjusted odds rafios for MACE of 0.34 {0.160.71], and DES versus CABG showed
adjusted odds ratios for MACE plus siroke of 0.46 {0.240.90). Metaregression showed that disease location predicted
MACE {P = ,001] and TVR (P = .020), whereas high-risk features predicied death {P = .027).

Conclusions Clinical studies report apparently favorable eordy and midterm results in selected pafients with ULM.
However, given their limitations in validity and the inherent risk for DES thrombosis, results from randomized fridls are still

needed to definitely estoblish the role of DES implantation instead of the reference freatment, surgery. {Am Heort |

2008;155:27483

Coronary artery bypass grafting (CABG) has been
considered the standard treatment for significant wnpro-
tected left main coronary disease (ULM) since the late

1970s, Percutanecus coronary intetventon (PCI) for ULM
was attempted as eatly as 1977 with bafloon angioplasty,
but the risk of failure was soon recognized.! Bare-metal

stertts (BMSs) later provided important eatly and midterm
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database searches

774 litieshbstracts excluded
becmuse nor-relevant

49 eormplete aticles 455essed
atcording to the selection criteria

32 arbicles exchuded according to
explict inclusien/exclusion erteria
7 duphioate publicatons
4enroling <20 patients
9 ongoing
7 unpubished
5 using BMSonly

17 studies (18 cohotts) finslly
inciuded in the systematic review

Reviewing process.

clinical benefits to the overall group of patients under-
going PCI by reducing periprocedural risks (eg, the need
for emergency CABG), restenosis, and target lesion
faslare; however, the impact of BMS on PCI for ULM has
been Bmited.” Drug-cluting stents (DESs) have been
introduced into clinical practice in the last few years and
proved zble to seduce the risk of reswenosis? Thus, they
held the promise of improving the outtook of PCI for
ULM. Several reports have indeed been published on the
short- and midterm results of DESbased PCE for ULM, but
most were limited by retrospective nature, small size,
and/or single-center design. To thoroughly appraise the
risk-benefit balance of percutancous DES implantation for
ULM, in itself and in comparison with BMS-based PCI and
CABG, we performed a systematic review and meta-
analysis of pertinent studies.

Methods

This review was feported according to established methods,*
minimizing duplication risks ™ BioMedCentral, clinicaltrials,
gov, Google Scholar, and PubMed were searched January 2000-
September 2006).° without language restrictions. Citntions were
screened at title/zbstract level and retrieved as full reports,
Sudies were included if the following criteria applied: (@) PCI
with stent implantation, (&) for ULM disease, (¢) using DES, and
(d} in 220 patients. Exclusion criteria were s follows: (&)
duplicate publication, (¥} engoing/unpublished study, ()
publication only as an abstract or as conference proceedings, (4)
inclusion of patients not undergoing PCI of the ULM, and {¢) Inck
of 26month follow-up.

Table . Included sluchies

Patients
Study design and trected
first author/study name Country with DES
Chservational cohorts on DES
Agostoni et ol Netherlands 58
de lezo ot off ¢ Spain 52
Dudak ot al'® Poiand 28
KOMATE'® Korea 54
Lozano et af® Spain 42
Migliorini et o' * Iy 156
Price ot o United Stotes 50
Wood et ol United Sicles 100
Nonrandomized studies of DES versus BMS
Carri etof 2 France 120
Chicio et o0t Itaky 85
Christiarsen et af” Denmark 46
Han et al'? China 138
Park et o'! Kerea 02
Sheiban of ol oty 85
Nonrandomized studies of PCt vs CABG
Chiefo ot all*+ Ty 107
leeetd” Uniled States 50
Palmerini ot ai?? iy 94

KOMATE, KOroon Mulficantar Angeplosty TEom,
*Updated oftor direct communicafion with the original invesfigators,
tDuplicate publication kel or acknowledgud,

The primary end point was major adverse cardiovascular
events (MACES), defined as composite of death, nonfatal
myocardial infarction, or target vessel revascularization (TVR).
The coprimary end point was major adverse cetebrocardiovas-
cular events (MACCEs). Secondary «nd points were individual
compenents of MACE. Cther details on patients, procedures, and
study designs were abstracted,” and internal validity of incladed
studies was upprajsed.7
All principal investigators of included studies were
repeatedly contacted,

Continuous variables are reported s mean (SD) or median
(range) and categorical variables as o (%). Pocling was performed
according to random-effect models with generic inverse vatiance
weighting with RevMan 4.2 (The Nordic Cochrane Center,
Kebehvr, Deamark) for computing incidence estimates (95%
Cls). For nontandomized controlled comparisons, adjusted risk
estimates were pooled after logarithmic transformation accord-
ing to random-effect models with generic inverse variance
weighting, Subgroup,” sensitivity, and met-regression analyses®
were performed to appraise rebustness and explore moderators
{8PS5 11.0; PSS, Chicago, IL). Statistical heterogeneity was
appraised with J° and small study bias with fannel plots and
regression analysts. Unndiusted P vabues are reported through-
out, with hypothesis testing set at the 2-taided .05 level.

Results

From 823 initial citations {Figure 1), we excluded 806
hits, leaving 17 stucies.>™ (Tables I and 1), The 17
included studies reported on a total of 16 nonduplicate
cohorts, enrolling 1278 subjects undergeing PCT with
DES for ULM diseasc. Eight studies were observational
reports on 540 patients treated with
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Study Country Patients Design Reason for exclusion
Arampatzis €t af {2003) Netherlands 3 Observational cohort Duplicate publication
Arampatzis ¢t af {2004) Netherlands 14 Observational echort Duplicate publicetion
Berenguer et ol (2005} Spain 7 Observational cohort Duplicate publication
CARDIA [2006) UK 400 RCT of PCEvs CABG Cngoing

COMBAT Worldwide 1800 RCT of PCtvs CABG On hold

eCYPHER [2006) Worldwide 171 Observational cohert Unpublished

Erglis ot of Eurcpe 103 RCT of DES vs BMS Unpublished
European Registry Europe 224 Observational cohort Unpublished

French Mulficenter Texs Study France 150 Observational cohort Ongoing

Herz et of {2005) Israel 4 Non-RCT of PClvs CABG <20 Patients Included
Kim et al {2006} Karea 116 Obsarvational cohort Dupficate publicafion
Korean Randomized Study Korea 124 RCT of PCl vs CARG Ongoing

LE MANS {2005} Poland 37 Chservational cohort Unpubished

Lafevre et ol France 144 Observetional cohort Unpublished

Leipzig Study Germany 200 RCT of PCl vs CABG Ongoing
Lopez-Palop et af (2004} Spain 0 Chservational cohort <20 Pafients included
Munich Study Germany 340 RCT of CYPHER vs Taxus Ongoing

Palmerini et ol (2005) Ity 42 Observationa! cahort Duplicata publication
Peszek-Przybyla et ol {2006} Poland 82 Chservational cohort <20 Patients included
Pohl et ol (2004) Gerrnany 23 RCT of PCH vs CARG BMS use only
REVASCULARIZE United States NA, RCT of PCl vs CABG Ongoing

SECURE United States 2 Ohservational cohort Unpublished
SYNTAX Worldwide 1500 RCT of PCl vs CABG Ongging

Teplitsky et of (2004) Isreel 1 Observational cohort <20 Pafients included
TRUE Europe 115 Olbservational eohort Unpublished
Valgimigli et of {2005} Netherlands 80 Bofore-after study Duplicate publication
Yalgimigli et af (2006} Netherlonds 10 Ohbservational cohort Duplicate publication

Roforonets ara aveilable from the corraspending euthor upon requast, NA, Not

lablo ar ”—1. blo; RCT 7

Jomized clinicat trial,

DES 2516183023525 6 cdies were nonrandomized
comparisons of PC] with DES (n = 376) versus BMS (o =
509,133 14173 414 3 were nonrandomized comparisons
of PCI with DES (n = 251) vetsus CABG (n = 419).2%
Median follow-up was 10 months (range 6-19 monzhs).
The overail internal validity of all included studies was
only moderate, given the presence of several potestial
threats to study quality. Details or included studies are
available in Tables I and IV.

All studies provided enough details oa the primary end
point (i, MACE or MACCE); however, incomplete
reporting of other events was common (Table V).
Overall analysis (Figures 2 and 3) showed inhospital death
in 2.3% (1.15.4, I” = 7.4%) and inhospital myocardial
infarction in 2,5% (1.23.8, I* = 27%). Overall mideerm
follow-up showed MACE in 16,5% (11.7-21.3, J? = 84%),
death in 5.5% (3.47.7, I* = 64%), and TVR in 6.5%
(3.7:9.2, I = 80%). Comparing MACE in studies limjting
follow-up to 6 months™*****!*Z versys those extending
follow-up 1o >6 months™ #7222 ¢howed rares of,
respectively, 14.20% (5.423.0, I° = 85%) and 17.7%
(11.7:23.8, I = 86%).

Multivariable adjusted estimates for DES vs BMS were
reported only by a handful of studies, "' for a total of
206 patients treated with DES versus 190 with BMS
(Figure 4). Pooled analysis showed the superiority of DES
both in follow-up MACE and TVR (respectively, odds ratio

[OR] = 0.34 [0.160.71], P= 004, I* = 45.5%, and OR =
034 [0.12094], P = 04, 1" = 0%).

Adjusted estimates for the DESbased PCI versus
CABG were reported ouly by Chieffo et al'® and Lee
et al" for a total of 157 patients treated with DES and
265 with CABG (Figure 4). Meta-analysis for the
occurrence of MACCE at follow-up suggested the super
iority of DES versus CABG (OR = 0.46 {0.240.90],

P =02, * = 0%}, even if this estimate should be viewed
with caution, given the small number of patients
included, the width of the ICs, and the caveats on the
internal validity of included studies.

Subgroup analyses were performed for (2) DES
implantation for nonbifurcational ULM, (5) DES
implantation for ULM in low-risk patients, and
(c) DES implantation for ULM in high-tisk subjects.
Given the limited details provided by the individual
studies on these subgroups despite repeated efforts 0
contzact the primary authors, computations performed
on the available data are hereby reported as explosatory
findings only.

Including a recent update from a multicenter registry
and excluding duplicate sources, a total of 285 patients
with nonbifurcational ULM and treated with DES had
detailed follow-up data > 15212426 pogled analysis
showed inhospital death in 0.9% (0%2.1%, /* = 0%) and
tyocardial infarction in 3.2% (0%5.6%, I = 0%),
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Table . Choracteristics of indluded studies

Age Male Diabefic ACS Neonbifurcational features

Surgical
high- SES/
risk Angiographic ~ Oral PES

LVEF COPD RF  follow-up antiplatelet use

Sudy ¥ % %) VLM (%) RS N ST ¢ I ) (%) regiment (%)
Agosrort]i9 63£13 49 33 32 A5 NA  48£12 NA NA NA A+C, NA
ata ém
Carté 6612 75 2 43 ] NA 59211 NA NA 100 A+C, 0/100
arall® ém
Chiclfo 6312 84 2 31 1% 45 51511 NA NA 85 A+C, NA
etall® 26m
Chieffs " 64£10  NA 19 32 19 3z 52810 NA 6 85 NA 51/48
etal
Chrisfiansen NA NA NA  NA 46 43 NA NA  NA NA A+C, N,
etal 23m
delezo 6311 42 33 83 58 NA 5773 NA NA 74 AL, 100/0
atal' 12m
Dudek NA NA NA  NA NA, NA  NA NA  NA NA A+C,  46/54
atal'® &12m
Han 42411 NA rad 45 29 NA  NA NA  NA 3 A+C, NA
el &9m
KOMATE'® 5949 68 745 &7 NA 4018 NA 4 44 A+C, 65/35
bm
lecetd® 72£15 50 ¥ & 4 44 Blx15 NA 16 2 A+C,  84/16
ém
lozano T0£11 40 33 17 A 00 374 NA  NA 57 A+C, 71119
aa® Fém
Migliorini  70+10 80 32 &9 15 81 75 NA 27 84 A+C, 26/74
atef! ém
Palmerinrin 3xit 70 26 43 20 44 5214 16 2 & NA £6/32
ot o
Parketel! 6011 75 28 60 9 NA 6028 NA Na B4 A+, 100/0
sml
Priceetaf® 6913 64 24 34 I3 58 2419 NA 16 98 A+, 100/0
indefinitoly
Sheiban® 68110 77 22 67 40 46 55410 NA 4 61 A+Cor  100/0
AT,
ém
Wood 6813 64 30 NA 3 NA  47+13 NA Na NA, AxC, NA
ot of 26m

ACS, Acuta coronery syndrome; LYEF, oftventricular cjecion fraction; COPE, chronic puimonary obsirudtive disease; RF, sanat faifure; SES, sirelimus-chuting stent lof off DES:); PES,

pachtxobaluting stent [of olf DESs),
*Proporfion wih LYEF 540%.

+A stonds for aspirir, C for clopidagrel, ond T for ficlopidine, followed by duration in menths of duel anfiplatelet theropy,

}Patients with ojection fraction {LVEF} £45%.

§Proportion with LVEF =35%,

Ji Gilestazol was also administerad for 1 month ofter the procedure,
4 Dofinod gz EuroSCORE 26 o Parsonnat scorg =215,

whereas after 2 median follow-up of 10 months, MACE
occurted in 14.7% (6.2%23.2%, 1% =75%), death in 4.1%
(1.7%6.6%, I = 0%), and TVR in 6.7% (0.9%-12.4%,

T2 = 64%). Available studies reported on a total of 260
patients with surgical low-risk features (European System
for Cardiac Operative Risk Evaluation <6 or Parsonnet
score <15).%1"* ¥ Metanalysis showed inhospitat
death in 3.0% (0%5.1%, I° = 0%) and myocardial
infarction in 3.0% (0.1%6.0%, 1° = (%), whereas after 8
months, MACE occurred in 15.7% (7.7%-25.7%, I% = 74%),
death in 4.8% (1.6%-8,0%. /% = 0%), and TVR in 8.5% (1.9%-
15.1%, I = 77%). Conversely, detailed event rates were

available for 312 patients with surgical high-risk features
(European System for Cardiac Operative Risk Evaluation
26 or Parsonnet score 215).107120242 Randomecfiect
quantitative pooling yiclded inhospital death in 6.6%
(3.6%9.7%, I 2= 0%} and myocardial infarction in 1.3%
(0%:3.08%, I* = 0%), whereas after 8 months, MACE
occurred in 20.6% (11.9%-29.2%, I = 75%), death in
12.0% (7.5%16.6%, I* = 26%), and TVR in 6.4%
(0.7%12.1%, IF = 77%).

Weighted least squares meta-regression disclosed a
highly statistically significant interaction between the
rate of nonbifurcational ULM and the risk of MACE
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Table IV. Intlemal validity of included shucies

Prospective  Multicenter  Selection  Performance  Athrition  Detection  Mulfivariable adjustment

Study design enrolment bias bias bias bias for potential confounders
Agostont ot o Ne Ne B B D 8 Probably adequate
Carié ot o' Yes Ne B B A B Probobly adequate
Chicfo ot al!® No Yes B B A B Probuobly adequate
Chico et o' No No 3 B A B Probably adequate
Chrisinser ot o' Yos No ¢ B D B None reparted

de lezo ot ol No Yes B B A B Nene reported
Dudek et of'¢ Unclear Ne B B D B Nong raported
Hon ot ol'7 No No C B C B Nene reported
KOMATE'® Undlear Yes B B o c Nore reparted

lee et of? Ne No B B D B Probably adeguate
Lozano et o Yes Yes B B B C Nene reporied
Migliorini et af" Ne No B B B 3 Probably adequate
Palmerini et o Yes Mo 8 : c C Nene reported
Park et ! No Ne B 8 A C None reported
Price et o No No B B A B Probably adequate
Sheiban ot o Ne Ne B B A B Probably adequate
Wood et o®* Ne Ne B B A B Nore reported
Rick of biers s expressed as A {lew), B (madorate), C thigh), or D [ineomplale reporfing].

Table V. Unadjusied clinical outcomes

Follow-up

Inhespital Inhospital Follow-up complefion MACE MACCE Death MI Sitroke TVR ST
Study N death (%] MI(%) (m} (%) (%) %) (W (6} (%) (%) (%)
Agoslon et o’ 58 2 3 14 100 16 NA 5 3 NA 7 NA
Camié of o *-BMS arm 7 00 5 10 100 & NA 7 05 Na 2% 0
Carrié of ol *-DES arm” 9 4 3 1% 100 13 13 w3 9 21
Chicffo et ol —BMS arm & 0 8 12 100 42 NA 14 NA NA 200
Chieffo ot o"®~DES arm 8 0 F; 12 100 25 NA 4 NA NA19 1
Chieflo ot o *-CABG om 142 2 26 12 100 42 M 8 7 2 4 NA
Chieffo ot o' *-DES arm w0 ¢ 12 100 3 M 301 1 201
Christiansen ot ol “-BMS arm”™ 3% 31 3 6 100 4 M 31 5 0 g NA
Christiansen of o' *“DES erm” 42 2 0 6 100 7 7 5 2 0 5 2
de lezo ot o' 2 0 4 12 100 § NA 0 4 NA 20
Dudek o o' % NA NA 9 NA 4 NA NA NA NA 0 NA
Hen et ol 7—BMS arm 34 WA, MNA 12 Na el MNA |4 3 NA 15 Na
Hon et o -DES arm 138 NA NA 12 NA, 1 NA 7 1 NA 10 NA
KOMATE'® 54 2 0 é 81 5 NA 2 0 NA 20
ea ot o *~CABG arm 123 3 2 é NA 4 17 n 2z 8 1 NA
tee of ol "-DES arm 502 0 é NA 1 1 4 4 0 70
lozano et o 42 0 0 16 100 24 NA 20 4 Na o 21
Migliorini ot of**” 156 7 ! & 100 4 M £ I S 120
Palmerini of oF—CABG am 154  NA NA 5 NA 4 NA 11 13 NA NA NA
Palmerini ot a-DES am P4 NA NA 4 NA 2 NA § 13 NA  NA NA
Park et ol '-BMS crm 210 8 12 100 25 NA 0 8 Na 170
Park of ol '-DES arm 02 0 7 12 100 % Na 6 7 NA 290
Price et o 5 0 8 8 100 4 NA 10 10 NA 44 4
Sheban ef P-BMS am & 10 3 10 % 3% 3% w3 0 13 0
Sheiban st o“-DES arm” 77 3 3 10 100 ¢ 10 33 40
Wood et aP%” 0 2 3 19 100 ¢ NA & 3 Na 71

M, Myocardid rfarction; ST, stent thrombosis,
*Updated chler communication with investigators.

@ = —-0.015 [~0.008 to —0.022}, P = 001) (Figure 5).  adjusted R~ = 0.58). The prevalence of high-tisk
Intriguingly, location of ULM disease could explain a5 fearures proved to be a statistically significant predictor
much as 58% of the observed variability (&> = 0.61, of midterm follow-up case fatality (3 = 0.017 {0003
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0.031], P = 027, B* = 0.58, adjusted R* = 0.51) but
not of midterm MACE (P = .55), On the other hand,
TVR was significantly associated with the rate of
nonbifurcational ULM (B = —0.016 {-0.003 to —0.030],
P = .020). Angiographic follow-up rate, despite being a
common cause of event inflation in coronary
intervention studies,”” was not significantly associated
with MACE or TVR.

Sensitivity analyses conducted with fixed-effect, and
DerSimonian-Laird methods confirmed the findings of the

original analyses. Testing for small study bias showed no
statistical significance (P = ,63).

Discussion

The present metaanalysis, reporting on DES implaats-
tion for ULM, has the following implications: published
reports on DES use now include >1200 subjects,
confirming that this treatment option has been already
adopted into clinical practice despite the lack of a sound
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evidence base; although overall results suggest an clinical follow-up is to date still linvited at the midterm
apparently favorable risk of MACE in selected patients, threshold; thus, resuits from randomized trials comparing
maost studies are fraught with validity threats; moreover, percutanecus versus surgical revascularization are still
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Review and meta-analysis on DES for ULMCA disease

needed to establish the role of percutaneous DES
implantation in the evidence-based medicine hierarchy in
comparison with the reference treatment, surgery,
especially given the recent concerns raised on late stent
thromabosis. ™

Unprotected left main disease occurs in 5% of patients
undergoing coronary angiographyzg and has been, for
decades, a strict indication for CABG. Since DES
approval,® interventionists have begun to use them not
only in patients with ULM at very high surgical risk but
also in those with more favorable characteristics.>® Most
reports were, however, small single-center experiences,
with obvious limitations in external validity. The available
evidence on patient selection and risk stratification in
patients undergoing PCI with DES for ULM has already
established that nonbifurcational ULM is associated with a
more favorzble prognesis than distal (e, bifurcation)
ULM, but whether surgery should be the firstiine
treatment even for nonbifurcational ULM remaing
debated® Recent data have lead to an overall reappraisal
of the long-term safety of DES?" given the likely increase
in stent thrombosis, and this has had even greater
impiications on DES-based PCT for ULM.

Notwithstanding the limitations of included studies,
we aimed to provide 4 comprehensive synthesis of the
evidence on DES for ULM. We identified several studics,
inchuding registries or nonrandomized comparison of
DES versus BMS or CABG, but no randomized trials.
Pooled analyses of registry data from the present work,
including >1200 patients, support the carly and midrerm
safety of DES implantation, especially in carefully
selected patients and under the premise that PCI is
performed by experienced operators in centers with on-
site surgical backup. The beneficial impact of DES over
BMS in these lesions is clearly and unanimousiy shown
in the available controlled studies. Indeed, in-stent
restenosis has been called into question as 2 potentia
cause of acute coronary syndromes in unspecified
lesions, but in ULM restenosis, it is well known as a
potential cause of sudden cardiac death or myocardial
infarction, Thus, the antiproliferative action of DES is of
paramount importance in ULM lesions, and to date, DES
should likely be recommended whenever PCI for ULM
is envisioned. Nonetheless, our findings on DES in
general, and on the comparison with CABG in
particular, should be viewed in light of the need to wait
for the long-term results of ad hoc randomized trials (eg,
COMBAT, SYNTAX, and REVASCULARIZE studies) before
drawing any definitive conclusion.

Among the limitations of this work, drawbacks of
systematic reviews of nonrandomized studies are well
known, and this type of meta-analysis is obviously inferior
1o randomized controlled trials in the evidence
hierarchy.” More specific kmits of this work include the
extent of statisticai inconsistency, the differences in
patients and techniques among different centers, the Jack
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of data on MACE for the PCI versus CABG comparison,

and the frequent limitations in included studies, which

should be strongly borne in mind and prompt the design 15
and conduction of more rigorous observational as well as
randomized studies.

low-risk, surgical high-risk, end acute myocardial inkarction pafients.
Eurointervention 2004;1:403-8,

da ez JS, Meding A, Pan M, et al, Rapumycinduﬁng stents for the
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CTO treatmant in post-CABG patients

Chronic Total Occlusion Treatment in Post-CABG
Patients; Saphenous Vein Graft Versus Native
Vessel Recanalization—Long-term Follow-up

in the Drug-Eluting Stent Era

Emanuele Meliga, mp, Héctor M. Garcia-Garcia, mp, mse, Neville Kukreja, mrce,
Joost Daemen, mp, Shuzou Tanimoto, mp, Steve Ramcharitar, mp, pho,
Carlos A.G. van Mieghem, mp, Georgios Sianos, mp, Martin van der Ent, mp, pho,

Willem J. van der Giessen, Mo, phe, Pim de Feyter, mp, pho,
Ron van Domburg, rho, and Patrick W. Serruys,”* mp, pho

Objective: To compare the pastprocedural and long-term clinical outcomes of two
groups of patients, all presenting with chronic saphenous vein graft {SVG) ocelu-
sion, who underwent either SVG or native vessel reopening. Background: Chronic
total occlusions (CTO} treatment in patients who underwent previous surgical
revascularization is a dilemma and the choice of performing native vessel or SVG
recanalization is not always easy. Methods: Between July 2002 and Qctober 2004, a
total of 260 patients wera successfully treated for a CTO. Of them, we selected all
patients {n = 24) who had previous bypass surgery with graft occlusion, Of this final
group, 13 patients underwent a percutaneous graft recanalization while 11 under-
went pative vessel reopening. Results: Primary end points were in-hospital and
3-year rates of doath, myocardial infarction, target lesion revascularization, and tar-
get vessel revascularization. No events occurred in either group during the in-hos
pital period. Cumulative 3-year event-free survival in the native vessel and SVG
group was 81.8% and 83.9% respectively (P = NS). One death and one TVR
occurred in each group. Conclusion: In selected cases, SVG reopening instead of
the native vessel is feasible. In such a high-risk pepulation, drug-eluting stent im-
plantation in both SVG and native CTO lesions is associated with goed long-term
outcomes. o 2007 Wiley-Liss, Inc.

Key words: parcutaneous cofonary intervention; total occlusions: bypass grafts; coronary

INTRODUCTION

Chronic total occlusions (CTOs) remain one of the
most challenging problems for interventionists as the
procedaral success rate and acute cutcome are still rel-
atively poor [1-6]. Percutaneous treatment of saphe-
nous vein grafts (SVGs) occlusions. notwithstanding
the use of drug-cluting stent (DES) and new protection
devices, remains exacting [7]: the atherosclerotic dis-
case in SVGs is pathologically different from the
native vessel, showing soft and friable lesions usually
with a poorly developed fibrous cap and large and
bulky thrombi that tend to occupy the entire length of
the graft [8§-12). Which revascularization treatment
should we then recommend to patients with chronic
SVG occlusions? Is it worthwhile to treat the SVG
occlusions or should we avoid this approach and

© 2007 Wiley-Liss, Inc.

always attempt to treat the native bypassed coronary
arteries?

To clarify this issue better we compared the clinical
outcomes of two groups of patients, all presenting
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chronic SVG occlusion, who underwent either SVG or
native vessel reopening,

METHODS
Population

Demographic and procedural data regarding all
patients undergoing PCI at our centre were prospectively
entered into & dedicated database, Between July 2002
and October 2004, a total of 351 padems had a CTO
treatment attempt I our center: 260 were successfully
treated (74.1%). Of them. we retrospectively selected
only those patients (z = 24) who had undergone previous
saphenous vein bypass grafting and subsequendy had
total occlusion of one or more grafts, Of this final group,
13 patients underwent a percutancous reopening treat-
ment on the occluded graft while 11 underwent percuta-
neous recpening of the native vessel {Table I).

Exclusion criteria were unsuccessful attempt and
intolerance or contrairdication to clopidogrel. No other
predefined clinical inclusion or exclusion criteria were
considered, and the indication for PCI was decided on
clinical and angiographic characteristics.

End Points

The primary outcome measures investigated were
the occurrences of death, myocardial infarction (ME).
target vessel revascularization (TVR). target lesion
revascularization (TLR), and major adverse cardiac
events (MACE) defined as a nonhierarchical composite
of all cause death, nonfatal M1, or repeat revasculariza-
tien during hospital stay and at 3 years.

Definitions

CTO was defined as a complete coronary obstruction
(TIMI flow grade 0) with an estimated duraticn of >3
months. Technical success was defined as the ability to
cross and open the occluded segment with no more
than 40% residual stenosis in all views: procedural
success was defined as a technical success with no in-
hospital MACE. MI was defined as a threefold CK-
MB increase; hemodynamic instability was defined as
the occurrence of sustained ventricalar arrhythmias or
prolonged hypotension (BP < 90/60 mm Hg}. TLR
was defined as any revascularization performed on the
reated segment; TVR was defined as any reinterven-
tion performed on the treated vessel.

Interventional Technique

The operators performed the procedure according to
standard techniques of the time via the femoral or
brachial approach. All procedural and technical details
and the choice of devices were left to the operator’s
judgment. In the cardiac catheterization laboratory,

Catheterization and Cardiovascular Interventions DOT 10.1002/cod.

TABLE 1. Baseline Clinical Characteristics

SVYG group Native group

W=11) (=13 Pviue
Age (years) 678 =124 608109 NS
Women, # (%) i (1.6) 2Q81 N§
Diabetes mellitus, n (%} 5(384) 3212 NS
Hypertension, n (%} 7(533) 4 (36.6) NS
Current smoking, # (%) 2153 2 (8.1 NS
Familiarity, n {%) 7(53.8) 6 (543) NS
Dislipidemia. » (%) 10 (76, 9 (8L N8
Prior myocardial infarction, 7 (%) 7(53.8) 5 (34.5) NS
Prior PCY, » (%) 5(38.4) 7 (63.6) NS

Clinical presentation (ACS), » (%) 6 (46.1) 1(% <005

SVG, saphenous vein prafts PCL perentaneous coronary intervention:
ACS, acute coronary syndrome.

patients received a bolus of 10.000 units of heparin
followed by repeated boluses per a weight-based proto-
col to achieve an activated clotting time >250 sec, All
the lesions were treated with DES implantation, Peri-
procedural abeiximab was administered at the opera-
tor's discretion. After the procedure, clopidogre! (75
mg datly) was prescribed to all patients for 6 months
after stent implantation; aspirin was given indefinizely.

Follow-up

A follow-up visit or telephone interview was sched-
uled at 30 days. 6 months, I year. and then yearly.
Civil registries were queried in case of death, to deter-
mine whether it was or not a cardiac death. A health
questionnaire was subscquently sent to all living
patients with specific questions on rehospitalization
and MACE [13.14]. All repeat interventions and reho-
spitalizations were prospectively collected during fol-
low-up and entered inte a dedicated database. An exer-
cise tolerance test was recommended after 6 menths in
event-free patients; angiographic follow-up was per-
formed only in those patients with recurrence of symp-
toms or with a positive stress test.

Statistical Analysis

Variables with nommal distribution were analyzed
using parametric tests while variables with a non-normal
distribution were analyzed with nonparametric tests.
Contiruous variables are cxpressed as mean = SD or
median + SD and differences were compared using
Student’s # test or Mann—Whitney test. Categorical varia-
bles are expressed as counts and percentages; differences
were assessed by Fisher's exact test or o( test, as appro-
priate. All statistical tests were two-tailed. When more
than one clinical event occurred in a patient, all the
events occurring were considered for survival analysis,
All analyses were performed using SPSS version 12
statistical software (SPSS Inc.. Chicago, IL). A P value
< 0.05 was considered significant,

Published on behalf of The Society for Cardiovascular Angiography and Tnterventions {(SCAT.



TABLE II, Angiographic and Procedural Characteristics

CTO treatment in post-CABG patients

TABLE HI, Procedural and In-Hospital Jutcomes

SVG group  Native group

SVG group  Native group

W=11 W=13  Pvalue N=1D (W= 13)  Pvalue
Three vessel disease, n (%) 13 (100} 7 {63.6) <005  Procedural success rate (%) 109 100 NS§
TL location, # (%) Final TIMI flow grade 3, n (%) 11 (100) 13 {100y NS
LAD 2{153) 0{0) NS  Hemodynamic instability, = (%) 2 (15.3) 0 (0) NS
LCX 4 (30.7) 7 (63.6) NS [ABP. # (%) 1(7.6) 4(0) N8
RCA 7 (33.8) 4 (36.6) NS Temporary pacing. n (%} 1(7.8) 00} NS
Baseline RVD {mm) 3042036 271x031 <005 Perforation, n (%) oM O] NS
Postprocedure RVD (mm) 328024 289=029 <005 In-hospital death, # (%) am a0} N8
Ostial location, # {%) 11 (84.6) 2(18.1 <005  Pestprocedural ML 2 (%) 00 (0 NS
Calcified lesions, n {9} 3(23) 3454 NS Urgent TVR, = (%) LN {(0 NS
Number of guiding Postprocedural CK levels (UD 123 =66 W =50 NS
cathemsf;m.:cnt . 107201 17208 <05 LABP, intra zorti¢ balloon pump:; TVR, target vessel revascolarization;
Number of guide wires/padent 2,15 £ 1,34 217 =11 Ns o S . .
s . TIML thrombolysis in myoeardial infarction; SVG, saphenous vein graft;
Number of balloons/patient 153 £087 L6308 NS ML il infarction: CK, trekinas
TL number of placed oy rction: creamse <
stents/patient 33154 227 =046 <005
TL average diameter stent {mm) 3£03  262=024 <005
IL averge longth sient (mm) - 2.9 £ 63 - 23 =dd B8 onced pemodynamic instability, both in the SVG
Total number of treated lesions 17§ 2092 172 =078 NS . . .
Totz! number of placed group. _One p_atlent needed an intra-aortic ba.i}oon pump
stents/patient 4+165 3+154 <005 (none in pative vessel group) and one patient nceded
Total average diameter temporary pacing {none in native vessel group).
stent (mm) 2872035 2601 <0.65
Total average length stent (mr) 224 * 494 204 =37 N§ FO"OW—Hp Clinicat Outcomes
Use of dist] protecticn, # (%) 5384 0(0) NS . .
Procedoral time (min) B39 135+ 136 NS Three-year follow up clinical outcomes are shown in
Contrast zmount {ml) =12 399+133 NS Table IV,
Periprocedural abeiximab, n (%) 8 (61.5) 5(454) NS One patient dropped out after 9.2 months (276

RVD, reference vessel diameter; LAD, ieft anterior descending: LCX,
left circumflex; RCA, right coronary artery; TL, target lesion; SVG, sa-
phenous vein graft,

RESULTS
Baseline and Procedural Variables

Baseline clinical and angiographic characteristcs are
shown in Tables I ang IL.

In our population, the median time from bypass sur-
gery to the index percutanecus was 10 years (range:
10 months © 20 years). In the SVG group, distal em-
bolic protection was used in 384%. There were no
significant differences in the two groups except that
patients with PCI for SVG versus native artery occlu-
sion presented more often with acute coronary syn-
drome (46.1% vs. 9.0%; P < 0.03), three vessel dis-
ease (100% vs. 63.6%; P < (.05}, received a slightly
higher number of stents (4 = 1.65 vs. 3 £ 154 P <
0.05) and with a larger mean diameter (297 = 035
vs, 2.6 = 0.1 mm: P < 0.03).

Procedural and In-Hospital Outcomes

Procedural and In-Hospita] Outcomes are summar-
ized in Table IOI.

Both technical and procedural success rates were
100%. Ne death, postprocedural infarction, or urgent
12-PCT occurred in either group. Two patients experi-

days). One patient in the native vessel group died 11
months (335 days) afier the procedure; one patient in
the SVG group died 24 months (720 days) after the
procedure, There was one TVR in the native vessel
group {13 months after the index procedurs) and one
in the SVG group (5.2 months after the index proce-
dure). No MI or re-CABG occurred in the follow-up
period. The cumulative MACE free survival rate at 36
months was 81.8% in native vessel versus 83.9% in
the SVG group.

DISCUSSION

The main findings of this study are that SVG re-
opening instead of the pative vessel is a feastbie and
an interesting option in selected cases and that DES
use in this population is safe with good long-term out-
comes. Undoubtedly this can be considered one of the
most challenging and highest risk populations ever
treated in the DES era: patients with previous CABG,
treated with a PCI in SVGs or native vessels for a
CTO. What today can be considered “real world clini-
cal practice.” albeit stll not so common, was discour-
aged a few years ago: in an editorial published by our
group in 1993 [1] it was suggested to avoid percutane-
ous eatment of SVG lesions and to opt for revascu-
larization of the native vessel if re-CABG. as a serious
alternative, was not feasible,

Cathsterization and Cardiovascular Interventions DOI 10.1002/ced,
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TABLE V. Three-Year Follow-up Clinical Outcomes

S¥YG group Native group
=11 =13 P walue
Deaths, 7 (%) 1(7.6) 109) N§
ML 2 (%) 0{0) 0 NS
Re-CABG. r (%) 0(0) 0 (@) N§
Re-PCL # (%) 1(76) 19 NS
MACEs, n (%) 2(183) 281 N8

MI, myccardial infarction; CABG, coronary artery bypass grafi; PCL
percutaneous coronary intervention; MACE, major adverse cardiac
eventst SVG, saphenous vein graft,

The 2005 ACC/AHA guidelines for PCI indicate
that the average technical success rate of recanalizing
CTO is 65%: advances in technical skills and introduc-
tion of new devices have enabled in some centers to
reach a 70% or greater technical success rate, which
anyway is still considerably lower compared with the
92% success rate of PCI for overall lesions [15-18].

Consistent with these data, technical success rate
between July 2002 and October 2004 in our centre
was 74.1%. Tt is well known that interventional
maneuvers on vein grafts are difficult and often associ-
ated with a high risk of complications; lesien crossing.
balloen inflation, and stent deployment can easily per-
forate the vein wall or dislodge friable atherosclerctic
and thrombotic material, causing distal embolization
and slow-flow or no-reflow phenomenon [1.19].

‘Which therefore were the elements that led the inter-
ventionist to attempt reopening a SVG instead of the
native vessel?

The decision was basically tzken on angiographic
features: the presence of diffuse, complex. or ostial
blunt lesions in tortuous, calcified native vessels
deterred their recanalization while, on the other hand,
good graft conditjons, short shaft or ostial tapered
SVG lesions or the presence of sequential grafts ea-
couraged 2 reopening attempt.

DES, new protection devices, and antiplatelet drugs
make the attempt casicr. Recent studies reported that
DES implantation (both sirolimus and paclitaxel elut-
ing stents) reduced in-stent restenosis and improved
both short- and long-term revascularization rates after
successful CTO recanalization in native vessels com-
pared with bare metal stents [20-22]. Moreover. distal
protection devices (e.g. FilterWire EX} and platelet
glycoprotein ITh/Ila inhibitors have been shown. to be
effective in elective PCI in SVGs by reducing distal
embolization and slow-flow or no-reflow phenomena
[23-25].

In this study, the use of DES for CTO recanaliza-
tion, associated with the use of antiplatelet drugs led
to excellent postprocedural and in-hospital cutcomes.
No death, MI, urgent TVR, or distal embolization

Catheterization and Cardiovascular Interventions DOT 10,1002/ced,

occurred in either group. Additionally. only two
patients with PCI for SVG occlusion had in-hospital
hemodynamic instability (15.3%). one requiring an
TABP and one requiring temporary pacing.

Three-year follow-up outcomes are good especially
considering the high baseline risk profile of owr popula-
tion: prior CABG, advanced age, prior infarction, three-
vessel and diffuse coronary disease, and diabetes melti-
ms were common characteristics of this population.
However, despite the encouraging outcomes of DES
use, up to 509% of late cardiac events in patients with
SVG lesions are due to disease progressions at different
sites rather than the initial target [26,27]; so a high
MACE rate should be expected in this population.

At 3 years, two patients died (one in each group) and
two underwent a re-PCI (one in each group). MACE-
free survival rate at 36 months in the native vessel and
SVG groups were 81.8% and 83.9% respectively, with-
out statistical difference between the groups.

This compares favorably with existing data on DES
use for native vessel CTC treatment, with reported
overall MACE-free survival rate at 6 and 12 months of
90-91% and 87-84% respectively 120,28.29], although
stifl few data are available on DES use for SVGs CTO
treatment. A recent report by Ge et al. showed an
overall MACE-free survival at 6 months of 88.5% in
SVG lesions [30]. in line with the results of DES use
on native vessels, Though based on & very small
highly selected population with peculiar angiographic
features and though should be interpreted with great
cantion, these results show encouraging follow-up
results probably thanks to DES, new guide wires gen-
eration, and new specific devices introduction. In
selected cases. SVG recanalization instead of the
rative vessel with DES can therefore be an interesting
option with a high procedural success rate; moreover,
DES implantation in both SVG and native CTO lesions
is associated with an equal effect on MACE-free sur-
vival at 3-year follow-up.
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A sizable portion of clinically relevant coronary obstructive
lesions is constituted by chronic total occlusions (CTOs),
and successful revascularisation of CTOs is thus pivotal for
patients’ prognosis and symptomatic relief. Unforrunately,
the percutancous approach to CTO is sdll fraught by a
non-negligible risk of failure (ranging from 10% to 30%}
[1]. Technical and technological developments have
brought major improvements also in this field of interven-
tional cardiology, and the percuzancous retrograde ap-
proach appears among the most promising and interesting
techniques [2]. Only limited data are, however, available
on this strategy. We hereby present the case of a patient
with multivesse! coronary disease who underwent suc-
cessful recanalisation of & challenging CTO of the right
coronary artery (RCA) by means of a sepral retrograde
approach.

The patient. a 78~year-old man known for chronic atrial
fibrillation and ischaemic cardiomyopathy due w0 a
remote anterior myocardial infarction, had been admirted
to our institusion for recurrent episodes of acute pulmon-
ary oedema. He had previously (1988) undezgone coron-
ary angiography and percutaneous transluminal corenary
angioplasty (balloon-only) in the left circumflex artery.
Baseline clectrocardiogram showed tachycardic arrial
fibrillatien, Q8 complexes in the precordial leads, and
diffuse ST-T changes, in the abscnce of signs of myo-
cardial necrosis in the inferior leads. Non-viability of
the anterior left ventricular wall and, conversely, viability
of the inferior wall were eswblished bv imaging
tests, Coronary anglography during the current admission
disclosed a CTO of the mid lefr anterior descending
coronary artery (LAD), a critical stcnosis of the first
obtuse margingl branch, and a CTO of the mid RCA,
with extensive collateral vessels connecting the LAD and
RCA systems {Fig. 1). After expeditious treatment of the

obtuse marginal branch by coronary zngioplasty and
stenting with two bare-metal stents (Driver, Medtronic,
Milan, Iralv) (Fig. Za), we atrempred to recanalise ante-
gradely the RCA occlusion. Despite the use of both
hydrophilic and non-hydrophilic stff guidewires and
the successful crossing of the occlusion, we could net
gain lumen re-cnery (Fig. 2b). We thus completely
changed strategy and purposefully atempred retrograde
recanalisation of the RCA through 2 proximal sepal
branch of the LAD using a 0,014 Choice PT wire
{Boston Scientific, Genoa, Iraly). We managed 1o reach
the distal stump of the CTO and, after delivering 4
low-profile over-the-wire balloon (Maverick, Boston
Scicnrifie) for increased support (Fig, Ze), we crossed
the CTO and achicved intra-luminal re-entry in the
proximal RCA and ascending sorta (Fig, 2d). After
extensive predilation by means of the balloon advanced
retcogradely, the procedure was then complered by
antegrade re-wiring (Choice PT) (Fig. 2¢), predilation,
stenting with two sirolimus-eluting devices (3.5 x I3 mm
and 3.5 x 33mm Cypher steats, Cordis, Milan, Italy) in
the proximal and mid RCA, znd balloon-only angioplasty
of the distal tract of the RCA and its postero-lateral
branch (Fig. 2f). The final angiographic result appeared
satisfactory, with the nozably persistence of brisk collar-
eral flow from the acute marginal branch of the RCA to
the LAD (Fig, 3).

The post-procedural course was uneventful, except
for a minor and transient rise in serum creatining, and
the patient could be safely discharged 2 few days later
on a 6-month prescription for clopidogrel, as well as
long-term aspirin and warfarin (due o chronic atrial
fibrillation, targeted at an international normalised ratio
of 2.0~2.5), At 6-month clinical follow-up, the patient
was still asympromatic for angina, with miner dysproea
during intense exertion (New York Heart Association
class I}, in the absence of other cpisodes of pulmonary
oedema.

This clinical vignerre, showing the feasibility and tech-
nical detils pertinent 1w retrograde recanalisacion of 2
coronary CTQ, shows that this novel approach appears as
a promising adjunct w0 the armamentarium of interven-
tionalists. Coronary CTOs represent a sizable portion of
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Fig. 1

Baseline coronary angiography showing a chronic total ocelusion of the mid left antarier descending coronary artery Ma suboccfuswe stenosis of

the first obtuse marginal branch

} of the left circumflox artery, and a chronic total occlusion of the right coronary artery (™

") Note the extensive

coliateral vessels from the laft circumflex and left anterior descanding coronary arteries to tha distal right coronary artery (arrows), and from the acute
marginal branch of the Aght coronary artery to the left anterior descending coronary artery (arrowheads),

clinically significant coronary lesions, yet percutancous
approaches still fzee a non-regligible risk of failure in
this lesion subtype [1]. Given the potential benefirs
associated with recanalisation of CTOs associared with
symptoms of signs of myocardial ischaemia [3], such as
the present one, it is pivotal to further develop devices
and techniques in order to increase success rates. Among
the most recent innevations, and on top of drug-cluring
stents [4], s the retrozrade approach, based on the

recanalisation of a CTO by a retrograde fashion through
the contralaceral coronary arrery and its collazeral supply
[2,5-9]. Despite its potential for increasing success rates
and its diffusion also among peripheral interventionalists
[8], only a handful of repaorts focusing on this technique
are available, the largest to date including as fow as
21 patients [8], We belicve that the present case provides

further support for its very selected use in challenging
CTOs.



Retrograde septal approach for a challenging CTO

(a} Percutaneous transiuminal coronary angioplasty and bare-metal stenting of the obtuse marginal branch (stents are highlighted by the dashed
lina). Percutaneous recanalisation of the night corenary artery occlusion, with Initfally unsuccessful antegrade approach (b}, fellowed by
successful retrograde wiring (c—e}, pre-dilation with an overthe-wire balloon advanced retrogradely in a septal branch, and, finally, successful

antegrade crossing of the occlusion (f). Arows indicate the retrogradely advanced guldewira, and arrawheads the antegradely advanced
WIrQS,

Final angiograghic result after drug-eluting stenting of the proximal and mid right coronary artery and bafloon-only dilation of the distal right
corenary arlery and its postero-tateral branch (stents are highlighted by tha dashed lines). Notably, collateral vessels to the left anterior descending
coronary artery were not injured by the revascularisation procedura,
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On the other hand, this retrograde approach should be
mainly considered as a last option, given that severe
complications {inciuding collaterzl vessel occlusion with
seprum  haematoma and associated infaretion) have
already been reported [10]. Such recommendation for a
very selective adoption of this strategy is even more
relevant for operators without extensive cxperience in
CTO recanalisation and unfamiliar with emergeney peri-
cardiocentesis. Nonetheless, the retrograde technique
does not appear at preliminary analysis of the literature
significantly more hazardous than other swategies for
challenging CTOs (c.g., subintimal tracking and arterial
re-entry) [8,11].

In conclusion, further and larger clinical investigations of
this novel approach should be pursued to fully charac-
terise its potential and limitations in the setting of the
percutaneous management of carefully selected patients
with challenging and clinically significant CTOs.
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COMPUTED TOMOGRAPHY IN TOTAL
CHRONIC OCCLUSIONS (CTTO REGISTRY):
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computed tomography Aims: There is na mention in the current “appropriateness criterfa for CTCA” of the need of CTCA Investi-
coronary angiography, gation prior 1o an attempt at recanadisation of a CTQ. To define better the role of CTCA in the treatment of
radigtion XpesUre - .. patlents with CTOs, we performed CTCA In 2 consecutive cohort of eligible patients who were scheduled

for percutaneous recanalisation of a CTO.

Methods and results: Symptomatic patients due {o a CTO suitable for percutaneous treatment were
Included. One hundred and thirty-nine (142 CTOs) patients were studied. Overall success rate was 62.7%,
By CTCA, the occlusion lengsh was 24.9+18.3 vs. 30.7+20.7mm in successhut and failed cases (p=0.1),
nut the frequency of patients with an occiusion iength »15 mm wes different, ie. 63.2% vs. 82.7%,
respectively (p=0.02). Severe calcification, (> 50% CSA) was more prevalent In falled cases (54.7% vs.
35.9%, p=0.03). Caicification at the entry of the occlusion was present in 58.5% of the fallures vs. 41.6%
of the successful cases (p=0.04), while calcium at the exlt was not different. The length of caicification was
85484 vs. 55466 mm in the failed and successful cases respectively (p=0.027). By multivariable
analysls, the anly independent predictor of procedural success was the absence of severe calcification as
defined by CTCA,

The mean effective ragiation dose of the PCI was 33.3£30.1 mSv. The mean effective radiation dase of T
scan was 22.4 mSv: 19.246.5 mSv for contrast-enhanced scan, 3.2+1.7 mSv for calgium scoring scan.
Gonclusions: More severe calcified patterns, as assessed by CTCA, are seen In fafied cases, The radiatian
expasure durlng 2 CT scan prior o a CTQ PGl is considerable, and further studies are required to
etermine whether this extra diagnastic study is warranted.
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Abbreviations list

CCA  Conventional coronary angicgraphy

CTCA Computed tomography coronary anglography
CTO  Chronic total coclusion

PCI Percutaneous coronary intenention

Introduction

Since success rate have remained unchanged over the last fow
years, there has been a decrease in the number of attempted
percutaneous coronary interventions (PG in patients with chronic
wotal ocelusions (CTO). In the search for new therapeutic
approaches to reopen the occluded vessel, many new CTO-
dedicated guidewires and devices have become available®, Until
recently, iInnovative imaging tools to provide the operator guldance
during the most exacting phase of the procedure, i, ¢rossing the
lesion, have been lacking, Commonly, in angiography these lesions
appear as missing segments within two vessel ends. In addition, the
angiogram does not provide refiable information with regard to the
trajectory of the occluded segment, its length and tissue
composition, variables that have been correlated with low
procedural success rate’. Computed tomography coronary
angiography (CTCA) has develgped into a reliable noninvasive
technique to evaluate a patient for the presence of obstructive
coronary artery disease®. Although, preliminary data suggests that
computed tomography coronary angiography (CTCA) might be of
bereficial guidance in attempting revascularisation of a CTO%, there
is no mention in the current “appropriateness oriteria for CTCA" of
the need of @ CTCA investigation prior to an attempt at recanalisation
of CTO.

To define better the role of CTCA In the treatment of patients with
CT0s, we performed CTCA in a consecutive cohort of eligible
patients who were scheduled for percutaneous recanalisation of
a CTO, We investigated angiographic and computed tomographic
predictors of success and measured the amount of contrast
materlal used dusing PCland CTCA as well as the radlation exposure
for ooth technigues.

Material and methods

Study popuiation

Between April 2002 and March 2007, those eligible for this study
included alt consecutive patients presenting with symptomatic
cororary artery disease due to 2 CTO. Specifically, patlerts without
contra-indications for CTCA, suitable for percutaneous treatment
wha had provided written Infarmed consent, were included. CTCA
was considered contra-indlcated In following sltuations: irregular
heart rhythm, inability to sustain a sufficlently long breath hoid (20
seconds with the 16-slice CT scanner, 15 seconds with the 64-slice
or dual-source CT scanner}, renal dysfunction (creatinine clearance
<80 mimin as deflned with the Cockroft formula)®, hearing
disability, and known contrast allergy.

A CTO was defined as either an occlusion on angiography with: no
antegrade filling of the distal vesset other than via collaterals or

minlmal antegrade flow (TIMI flow O or 1)78, Al included patlents
had 2 rative vessel occlusion estimated to be at least of three
months duration based on either a history of sudden chest pain,
a previous acute myocardial infarction in the same tarpet vessel
territory, or the time between the diagnosis made on coronary
anpiography and PCI. The type of CTO was elther de novo or due to
in-stent restencsis,

The protocol was approved by the local ethics committes and is in
acgorgance with the principles of Good Clinical Practice for Trials of
Wedicinal Produets in the European Cornmunity and the Declaration
of Helsinki. All patients signed a written informed consent.

Al the CT scans were discussed between the operator of CTO
procedure and someone trained to interpreting CTCA prior to the
interventional procedure,

Al irterventional procedures were performed by operators who
were highly experlenced in the treatment of CTOs, with the
interventional strategy left to the discretion of the cperator. Wires
were used in a stepwise progression, starting with @ wire that had
a relatively less traumatic tip (Graphix Intermediate, Boston
Scientific Carporation, Mizami, Fl, USA) or 2 hydrophilic wire {Choice
PT Plus, Boston Scientific Corporation, or Crosswire NT, Teruma
Corparatian, Tokyo, Japan) and progressing to stiffer wires (Miracle,
Asahl Imtec, Nagova, Japan) and speclalised technologles (Safe-
Cross, Imtraluminal Therapeutics, Carlsbad, NM, USA; or The
CRGSSER™ CTO Recanalisation System FlowCardia Ine, CA, USA;
or the Laser Guidewire, Spectranetics, Colorado Springs, CO, USA).
Detalled description of these devices and explanation of our
approach to treat CTC patients has been previcusly reporied?,
Procedural failure was defined as the inabiiity to cross the occlusion
with a guigewire,

Al: patients were pretreatad with 300 mg of clopidogrel, which was
continued at a dase of 75 mg/day for & months. All patients were
aclvised to maintain asplrin (280 mg/day) Hfefong.

Definmtions

Procedural success: defined as successful opening of the chranic
occlusion and restoratlon of flow (<50% resldual stenosis and TIMI
2-3 flow}.

Type of CTO: defined according to two characteristics, locatfon
{native vessel vs. graft) and guality (de nove or in-stent restenasis).
Gecluded length: defined as the non-contrast enhanced segment of
the vessel from the proximal to the distal end of the ocelusion in the
least foreshortened view on angicgraphy or the 3-dimensional
measurement of the ccelusion using a dedicated software program
ICiraulation®, Siemens, Garmany) of the CT workstation (Laonards),
Stump morphology: deflned as the entry site of the ccclusion that
has elther a tapered- {central or eccentric) or a klunt appearance.
Side hranch at the entry site: defined as the presence of any side
branch, irrespective of the size, within 3 mm proximal 10 the entry of
the occlusion.

Bridging collaterals: presence of mulliple smail collaterals
connecting the proximal and distal lumens of the vessel by spanning
through or around the oecluded segment. This characteristic can
only be measured by conventional anglograghy (CA).
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Occlusion ends in hifurcation: the presence of a side branch larger

than 1.5 mm within 3 mm distally to the distal end of the veclusion,

Rentrop classification?; grading of collateral filing was as follows:

O=none, l=filing of side branches only, 2=partial filling of the

epicardial segment, 3=complete filling of the eplcardial segment,

This classification only applies for conventional angiography since in

CTCA the distal part of the vessel is almost always filled with

contrast and thus can be regarded as Rentrop class 2 or 3,

Caleification: was defined as follows:

- By conventicnal angiography, defined as mild, moderate or
severe,

—~ By CTCA, the number of separate calcium spots was counted
and their fength measured, The presence of calcium at the entry
and exit side of the occlusion was annotated. Al the spats were
evaluated in & cross-sectional view o assess whether the
caleification occupled more than 50% of the cross-sectional
vessel area at any location within the occluded vessel segment,
Finally, the amount of calcium in the ccoluded segment was
quanified, using dedicated softwara.

Tortuosity: was defined as the presence of bends proximal to the

lesion. By angiography, this feature was only scared in a binary

fashion (yes/na), i.e. < of > than 45 degrees, while by CT, the angle

of all the separate vessel bends was measured. (Figure 1)

Angulation: was defined as the presence of bends within the

occluded segment. By angiography, only @ binary scoring system

was used {yesima), while by CT, the angle was measured in

subseqLent bends within the occlusion. (Figure 2)

Conventienal coronary angiegraphy (CCA)

Two experienced observers who were unaware of the results of the
CT seans analysed each film; consensus was needed for each
assessed parameter. Quantitative anglographic analysis (CAAS I,
Pie Medical, Maastricht, The Netherlands) was performed o
measure the vessel diameter prior to the occlusion side. The length

Figure 1. Assessment of tortuosity by computed tomography coronary
angiography. (3} Anglographic image showing an occlusion (arrow) of
the right coranary artery (RCA). (b} Volume-rendered CT image of the
RCA, showing the oceiusion (arrow) distal to the origin of the margo
acutis. (¢} 3-dimensional CT angiographic view of the coronary
vasculature, iflustrating the tortuosity of the vesse! before the
ocelusion, with 4 consecttive bends. {d) same image as panel ¢ but
locking at the vessel from posterior: the final bend before the start of
the acclusion is marked (43 degrees).

of the occluded vessel segment was aiso quantified. The other
varlables, l.e. lecation of the occlusion, morphology of the stump,
the presence of a side branch in the vicinily of the entry (<3 mm),
collaterals and calcification were reported qualitatively,

Figure 2. Assessment of angulation by computed tomography coronary angiography. (a) Maximal intensity projection of the right coronary artery
{RCA} showing the vessel with the entry (arrow] and exit side (arrowhead) of the occlusion in one glane. (b} 3-dimensionat CT angiographic iew,
itfustrating the angulation within the occlusion: in this case 2 bends are visible.

mz
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Conventional coronary angiography: caicuiation
of effective dose'®

The Axiom study reports for each PCl| procedure the used
projections, the geometrical gantry settings and the generator
settings for each digital cinematography (DCM}, the used
fluorescopy time and the total dose-area product {DAF). The DAP is
measlred by an integral device in the x-ray tube, placed after the
filkers and the colllmator and takes Into account the quality, quantity,
slze and duration of the used x-ray beam.

A PC-based X-ray Monte Carlo program, from the Radiation and
Nuclear 3afety Agency, Helsinkl, Finland, PCXMC, (reference
Taplovaara M, Lakkiste M, Servomaa A, A PC-Based Morte Carlo
Program for calculating Patlent Doses in Medical X-Ray
Examinations, STUK-A139. Radiation and Nuclear Safety Agency,
Helsinkl, 1997) was used to estimate effective doses from
conventional angiography. We did not correct for each gantry
setting. We assumed 2ff radiation was given in the Left Anterlor
Oblique 30 (LAO 30) projection, while the effective dose with careful
simulation of afl used gantry settings during DCM and fluorascopy
differad <2%. The focus-skin distance was 85 cm and the
estimated entrance field size was 95 om? with g quality of 70 k.

CT patient selegtion, scan proteco! and image
reconstruction

A cardiac CT scan was performed in the fortnight before PCH During
the descrived study period 3 successive scan generations were used
in our centre. Up to July 2004, CT data were acquired using a 16-
slice CT scanner (Sensation 16, Slemens, Germany). From August
2004 to March 2006, CT data were acquired using a 64-slice CT
scanner {Sensation 54, Slemens, Germany) and from April 2006 on
the latest dual-source CT scanner (Somatom Definition, Siemens,
Germany) was used. In the peried until March 2006, we
systematically sfowed down the heart rate in patients with a heart rate
above 65 bpm, using 100 mg metoprolol or a non-dihydrapyricine
calclum-antagenist (diltiazem 60-120 mgd orally 1 hour before the
scan, An additional [V bolus of metaprolol (5-10 mg) was cccasionally
administered where the heart rate remained above 85 bpm, After that
period we did not use extra medication to slow down the heart rate,
instead, nitrates were systermatically given as a sublingual spray
(04 mg) to all patients 5 minutes before initiation of the scan
provided the systolic blood pressure was above 100 mmHg.

Scan parameters for each of the 3 scanner types were the following;
- 16-slice CT scanner: collimation 16x 0,75 mm, tube rotation time
375 ms, tube voltage of 120 KV, table feed 3 mm per rotation. For
the non-enhanced scan we used a tube current of 130 mAs and
applied prospective x-ray tube modulation, For the angiographic
scan we Lsed 2 tube current that ranged betweer 500 and
600 mAs without the use of dose pulsing.

B4-slice CT scanner: collimation 64x0.6 mm, tube rotation time
330 s, tube voltage of 120 KV, =ble fead 3.8 mm per rotation.
For the non-gnhanced scan we used a tube current of 150 mAs
and applied prospective x-ray tube modulation. Far the
angiographic scan we used a tube current that ranged between
850 and 960 mAs without the use of dose pulsing.

1

- dual-saurce CT scanner: colfimation 4= 0.6 mm, tube rotaticn
time 330 ms, tube voltage of 120 KV, For the non-enhanced scan
we used a tube current of 84 mAs per tube and full X-ray tube
current was given during 50-70% of the RR interval. For the
angiographic scan we usec a tube current of 412 mAs per tube
and limited this amourt of tube current to 25-70% of the RR-
interval, Pitch values were adapted to heart rate (minimal pitch
value of 0.2 for slow heart rates, up to a maximal pitch value of
0.45 with higher heart rates).

The contrast-enhanced scan was obtained after the intravenous
injection of 70-100 ml of contrast materlal (iomeprol, 400 mg
iodine/ml, lomeron® with the 16- and 64-slice CT scanner or
ionromice, 370 mg iodine/ml, Ultravist® with the dual source CT
scanner) through a lerge antecubifal vein at a flow rate of 4-
5 mlfsec, followed by 40mi of saline flush at 4 mi/s. A bolus tracking
technigue was used to monitor the appearance of contrast material
in the ascending aorta. Once the signal in the ascending aorta
reached a predetermined density levef of 100 Hounsfield units, CT
acquisition was automatically starte¢ during an inspiratory breath
hold. Images ware reconstructed using ECG-gating to obtain
optimal, motlon free image quality.

The scan data were reconstructed at various phases of the cardlac

cycle using medium-to-smooth (B26f) and sharp (B46f)

convalutlen kernel, image reconstruction was retrospectively gated
to the ECG. The position of the reconstructed window within the
cardiac cycle was Individually optimised to minimise motion
artefacts. Datasets containing no or minimat metion artefacts were
transferred to a remote workstation (Leonardo workstation, Siemens,
Erlangen. Germany) for further evaluation,

€7 coronary angiography: caleuiation of
effective dose

The effective radlation dose was calculated from the scan
parameters using dedicated software (ImPACT CT Patent
Dosimetry Calculator, versior: 0.99x), as described in the Eurapean
Guidelines on Quality Criterla for Computed Tomegraphy (Avaliable at:
http/fwww.drs,dik/guidelines/c quality/index.htm),

CT datz analysis

Two experienced chservers independently evaluated the CT data
sets on both the criginal axial images and on multiplanar
reformatted reconstructions for the presence of an oecluded vessel,
This Initial assessment was performed blinded to the anglographic
data. Subseguently, the observer was provided with the
anglographlc Information, i.e. the occluded vessel in which PCI was
performed, without having access to the angiographic Images, After
conflrmation of the right vessel, the further CT analysls was
performed without knowledge of the angiographic characterlstics of
the occluded vessel, in a few octasions, especially in case of heavy
caleifications of the vessel, angiegraphic information on the start
and end of the acclusion was provided to allow calculation of the
occilsion length. To measure the length of the ceclusion on CT we
used a dodicated software program (Sirculation®, Siemens,
Germany}, which allows creating a central lumer: line through the
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vessel, By rotating the vesse! around this line the exact entry and
exit paint of the ocelusion can be visualised, thus allowing us to
measure the length of the occlusion along the 3-dimensional vessel
path without foreshortening. (Figure 33.

i g
Figure 3. Measurement of the length of the occlusion by computed
tomography coronary angiegraphy. CT images showing an seelusion of
the left anterior descending coronary artery (LAD) {a) Volume-rendered
image showing the proxiral part of the occlusion (arrow). (b} Using the
Cireulation® software the entire coronary tree can be extracted from the
dataset. The start and end points for the vessef to be examined, in this
example the LAD, are markeq and a centreline through the middle of
the vessel is displayed and labeled between these 2 points. (¢) Maximal
irtensily projection showing the approximate length and composition,
in this case non-calcified, of the occlusion. (d) After defining the
centreline of the vessel, features of the occlusion such as fength and
composition can be evaluated. The markers Qla and QIb set the
boundary marker at the beginning and end of the occlusion, which in
this case measures 14mm. The proximal part of the occlusion shows a
smafl arount of calcium (arrowhead).

Statistical analysis

Assumptions for normality were checked by Kolmogorov-Smimav test
and by visual assessment of Q-0 plots of residuals. Accordingly, log
fransformation was performed an the variables with skewed distribution.
Continuous variaoles are presented as mean =150 and differences wera
compared using Student t test or Mann Whiney test. Categorical
vatiables are presented as.counts and percentages and differences were
assessed by Fisher exact test or chi-square test, as appropriate. A two-
sided pvalue of less than 0.05 indicated statistical significance.

The fallowing variables were included In the multivariable analysis
dataset: baselineg characteristics (gender, age, diabetes mefitus,
previous myacardlal infarction, family history of coronary artery
disease, smoking, hyperfension, hypercholesterolzeria, previous
PCl and previous coronary artery bypass surgery, vessel disease
and target vessel), conventionai angicgraghic characteristics {ostial
location, stump morphology, presence of bridging coilaterals,

presence of side branch at the entry of the occlusion, degree of
calelfication and tortuasity [yes/nol); and CTCA characteristics
{ostial location, stump merpheleay, presence of side branch at the
entry of the occlusion, calcification -at entry, -at exit, »50% C8A,
length of the calcification, angulation 4 & continuous variable,
tortuosity as a continuous variable and length of the occlusion as
a cartinuous variable. Due to collineartty problems, some variables
were remaved from the model. On the remainder of the variables we
ran a backward selection procedure. Statistical analyses were
performed with use of SAS VB.02,

Results

One hundred and thinty-nine (142 CTOs) consecutive patients were
enrolled In this prospective registry of patients treated for a chronic
total ceciusion.

The mean age was 60.7+10.8 years, most of the patients being
male (87.3%) (Table 1), For the majority of the patients (95.1%)
this was the {Irst attempt to apen the CTO. Most of the occlusions
were de novo lesions and the most frequently treated coronary
artery was the left arterior descending (Table 2). Overall success
rate was 62.7%.

€70 characteristics by conventional corenary
angiegraphy and CTCA

By conventional coranary angiography, the mean vessel diameter
was |arger in successful procedures (2.9£0.4 vs 2.110.7, p=0.02)
as compared to procedural failures. Overall the length of the
occiusion was 155+12.8 mm and there was no difference in
successful vs. unsuccessful cases (16.0£12.7 and 18.0£134,
p=0.5). The presence of a side branch at the entry was more
frequently seen In failed cases (84.9 vs, 69,7%, p=0.03),
Conversely, the presence of bridging collaterals was more frequently

Table 1. Baseline characteristics, n=139.

Age, yrs (mean+150) 60,7+10.8
Male (%) 87.3
Diabetes mellitus {%) 13.4
Hypertansion {%) 40.1
Family history of CHD (%) 33.8
Current smoking {%) 23.9
Hypercholesterolaemia (%) 50,0
Previous ACS (%) 40.8
Previous PCI (%) 20.4
Previous (ARG (%) 7.7
Vessel disease (%)

One vessel disease 51.4

Two vessel disease 357

Three vessel discase 15,9
Attempts to reopen the CT0 {%)
Frst 95.1
Second 4.9

SD: standard deviation; CHD: cardiovascular heart discase; ACS: acute
corenary syndrome; PCL: percutanpous coronary intervention; CABG:
coronary artery hypass graft
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Conventional angiography characteristics
Type of CTO (%)

De novo 94,4 g92.58 95.5 0.6
Target vessel (%) 0.5

Left anterior descending £2.3 50.9 371

Left circumflex 12.4 11.3 15.7

Right coronary artery 42.3 358 46,1
Occluded tength {mean+1SD) 16.6x12.8 18.0+13.4 16.0+12.7 0.5
Ostial location (Y/N) (%) 17.8 20.8 15.7 04
Stump morpholegy (%) 08

Central 28.2 233 28.1

Eccentric 26.1 245 348

Blunt 37.3 415 4.8
Side branch at entry (Y/N) (%) 75.4 849 £6.7 0.03
Bridging collaterals (Y/N} (%) 53.5 43.4 59.5 0.04
Collaterat filling (Rentrap Classification [%]) 0.45

071 215 227 135

2 3.0 301 315

3 42.3 37.7 44.9
Angiographic calcification (%) 0.05

Kone/mitd 40.1 3586 40.4

Moderate 324 22.5 385

Severe 19.7 28.3 146
Tertuosity (=45}, (%) 45.8 434 §7.2 0.58
Dcclusion ends in bifurcation (Y/N) 23.2 17.0 270 g8
Comptted tomography angiographic characteristics
Occluded length (mean£150} 2705194 30.7+20.7 24.9+18.3 0.1
Dstiat location (Y/N) (%) 14.8 15.0 14.6 0.8
Stump morphology (%) 0.28

Central 16.4 17.0 15.7

Eccentric 221 15,1 25.8

Blunt El.4 §7.9 56.2
Side branch at entry (Y/N) 42.3 43.4 41.6 0.8
Collateral filling (Rentrop Classification [%]}

0/1

2

3 100 100 100 1
Number of spots of calcium (%) 0.69

No 27.5 22.6 303

One spot 43.0 46.2 40.4

Two spot 19,0 18.9 19.1

Three or more 105 113 10.1
Caicium at the entry (%) 52.1 585 416 0.04
Calcium at the exit {%) 35.9 39.5 337 0.6
Caleium »50% CSA (Y/N) (%) 43.0 54.7 359 0.03
Calcium score of the occluded segment

Volume {mm?) 123.6+323.8 142.5£224.4 112.04373.7 o7

Equivatent mass (g} 25.0481.0 24.5£33.4 25.4+100.1 0.9

Score {Agatston) 139.0+411.5 142.6+268.1 136.9+484.9 0.3
Tortuosity (%) 0.8

No 8.5 11,3 6.7

One bend 433 415 43.8

Two bends 312 26.4 137

Three or more bends 2.8 15 112
Angulation {%) 0.04

No 65.2 53.8 72.1

One bend 29.7 404 23.3

Two bends 1.4 g 2.3

Three ar more bends 3.5 5.7 2.3

10, chronic total occlusion; CSA, cross-sectional area.



seen in successful cases (58.5 vs, 43.4%, p=0.04). Severe
calcification, as defined guaiitatively, was more prevalent in failed
cases (28.3 vs. 14.6%, p=0.05). (Table 2)

By CTCA, the occlusion length was widely dispersed, mean
27,1194 mm [range 2.5 fo 834 mm} and longer as compared
with CA. Although the occlusion length did not differ in sucoessful
as compared 1o failed cases (24.9+18.3 and 30.7=20.7, p=0.1),
the frequency of patients with an octiusion length »15 mm weas
significantly different, i, 63.2% In those with procedural success
vs, 82.7% in those with procedural fallure (0=0.02),

CTOs without calcification were present in 27.5% of the treated
lesions, The presence of severs calcification, defined as calcium that
occlpies more than 50% of the vessel cross-sectional area, was more
prevalent in fallures (54.7%) as compared to patients with a
successful PCI procedure (38.9%) {p=0.03). The length of the
caicified segments was longer in failed as compared to success cases
{8.5+8.4 vs. 5.526.6 mm, p=0.027). When calcifications were
present in the CTO, it was especially located at the entry side of the
occlusion. Interestingly, caleification at the entry of the occlusion was
present in 88.5% of the fallures as compared to 41.6% of the
successful cases (p=0.04), while the frequency of calcium at the exit
was not gifferent between the two patient groups. The absence of
angulation In the occluslon was also a predictar of favourable
outcome: procedural success was 72.1% In CTOs withaut angulation
as compared 1o 53.8% in angulated CT0s (p=0.04) (Table 2).

Of note, the calcification patterns are affected by age but similar
between genders (date not shown). Patients with severe
calcification (>50% CSA) were older than their counterparis
(63.848.0 vs. 58.3x11.4, p=0.002). Patients with longer
calcification segments {out-off set on >4.3mm - median of the
length of caicified segments In this population} were also older
(63.448.7 v$, 55.8+11.2, p=0.005). Patients with caicificatlon at
the entry of the occlusion segment were 61.4:10.2 vs, b5.4210.6
year old, p=0.0007, and also patients with calcification at the exit
were older 62.6x9.5 vs, 55.9+10.7 year old, p<0.0001,

In Table 3 a comparison between CCA and CTCA far the detection
of caleium in the octlusion is shown. The angiographic estimation

Table 3. Comparisen between (T calcjum score and angiographic
calcification score.

ring.:

Yolume (mm?) Noneormild  69.74103.1 1.9 462
Moderate 207.74546,0 33 271zh
Severe 122.9£123.5 1.5 578
p value ]

Equivalent

mass (g) Nome or mild  12.6+16.6 0 60.16
Moderate 39.5+138,1 o 726.95
Severa 317+40.2 .64 1785
p value 0.4

Agatston score  None of mild 70,3297.5 0.8 371.2
Moderate 263.1+707.7 1.1 35158
Sevare 111.2+63.9 85 223.4
p value 0.2

CTCA: computed tomography coronary antiography; SD: standard deviation;
Min; minimum; Max: maximum
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of the presence and severity of coronary calkeification differed from
the quantitative CT calcium scare Indices {l.e. volumetric score,
equivalent mass or Agetston calclum score).

In the multivariable analysls the only variable that remained
a signlficant predictor of procedural success, was the absence
of severe calcification, f.e., calcium occupylng »50% of the
vessel CSA, as defined by CTCA (Table 4 and Figure 4).

Table 4. Angiographic and tomographic predictors of success:
multivariate analysis,

Coefhicie 55 Gis i povgliie
Previous PCX -1.6 0.2 0.034 1,215 0.08
Side branch at the
entry (Angio) -1.8 0.15 0.02 1184 0.7
Tortuosity (CTCA) -0,01 0.99 0.969 1002  0.09
Calgification =50%
CSA (CTCA) ~1L.8 0.17 0.036 0747 0.02

PCI: percutaneus coronary intervention; CTCA: computed tomegraphy
coronary angiography; CSA; ¢ross sectional area

Figure 4. Assessment of caicification by computed tomography
coronary anglography. Failed percutangous corerary intervention in &
patient with a chronic total occlusien of the left anterior descending
ceronary artery (LAD), (a) The angiographic borders of the oceiusion
are tnarked by arrows. (b) Final angiographic image showing
persistent occlusion of the LAD. Insets show the wiring through the
ocelusion finset 1) that appears to be in the false lumen as ilfustrated
by the presence of contrast extravasation (arrows) once the wire is
removed. (¢) The volume-rentered CT fmage clearly shows heavwy
calcifications within the oceluded segrment (arrowheads). (d) Curved
multiplanar reconstruction again hightighting the large caicifications
(arrowheads) within the occlusion, D1, first diagonal branch, SI,
septal branch.
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Procedure related characteristics and effective
radiation dose (Table 5)

Overall, the mean amount of contrast used was 455.4+202 ml and
was not different between the patient treatment groups. The
fluorescapic time was higher in the faileg cases as compared to the
suceessfll cases, 72,5 versus 53.1 minutes respectively, p=0.007.
The mean effective radiation dose of the PC! procedure was
39.3+30.1 mSv. Overall, the mean effactive radiation dose of the
preprocedural CT scan was 22.4 mSv: 19.2:8.5 mSv for the
contrast-enhanced scan, 3.2+1.7 m8v for the calcium scoring
scan. The mean effective radiation dose per scanner type was:
14.4£5.7 mSv for 16-slice CTCA (n=34 patients), 20.1£1.6 mSv for
64d-glice CTCA (n=42 patients) and 21.8x6.5 mSv for dual-scurce
CTCA (n=63 patients).

Table 5. Procedure related characteristics and radiation parameters,
=142

anlme; w3 Silccess, ing 9! pivalue

Number of stents in

the target vessel 1.8¢1.4 0.7:0.9 20413 <0001
Average target vessel

stent length {mm) 23,2452 19.926.1 24,4446 0.002
Average target vessel

stent dlameter {mm) 3.0:0.5 3.340.6 3.140.7 0.46
Biplane use (%) 0.8 6.6 68.8 14
Contrast used (ml) 455,46201.9 457812147 454.2:195.8 093
Procedure time {min)  132.2:57.3 143.9:60.3 12534547 (.06
Fluorascopic time {min)  60.3+40.1 TREHALY 53.1:315 007
Dose anea product PC

(cby*em?) 16171.611530.0 17598413765 3524040814 03
Effective dose PCL {mSv) 39.26430.1 G2E4365 303251 034
Calcium scoring tdi 10,5153 101158 07248 o.6
Calcium scoring dlp 159.5:80.3 153.9488.1 16274762 0.6
Effective dose calium

scoring {mSv} 32517 31518 33416 0.5
(1 ctdf 62.9418.6 64.1220.7 624£174 0.6
Tdp 938043166 SVTT43380  G1.683053 03
Ffective dose CT (mSv)  19.246.5 20471 18,846.2 03

CT: computed tomography: ctdi: computed tomography dese index; dip:
dose length index; mSv: milliesfevert

Discussion

In this registry of 139 patients we evaiuated the possible role of
STCA when atternpting PCI of CTOs. We found that the distribution
rather than the amount of caleium impacts on the procedural
outcome of this particular group of patients, Not unexpectedly,
CTCA was more accurate than CCA for defining the morphelogical
features of GTOs, In particular, we found that the assessment of
calcification by CTCA was more predictive of success than CCA in
the muitivariate model. 1t is difficult 1o prove the added value of
a preprocedural CT scan in terms of pracedural cutcome. However,
it is fair 1o say that 2 better understanding of the anatomical features
of an oceluded vessel can modify our intentional treatment

strategy'®. Dedicated CTO wires and new treatment strategies have
been developed recently and appear 1 be useful in selected
cases™, However, these new tools need to be used judiciously, and
in our view, In the right anatomical context. A promising new
strategy 1o freat CT0s, Is the retrograde approach which has been
introduced as an alternative route for recanalisation of otherwise
difficult or impossible leslons and is galning acceptance among
interventlonalists due to its high success rate™. A possible
explanation I the fact that calcium is more prevalent at the entry of
the ocelusion, $0 a higher chance to cross/break the distal cap and
make progress refrograde would encourage the operator to
continue until success is achieved {Figures 5a and 5b). Our data
corraborate what intuitively was written in the consensus document
from the TuroCTO clubl® “the distal fibrous cap Is often less
resistant than the proximal cap”. Another anatomical factor that
favours the retrograce approach is the presence of side branch at
the entry side of the occiusion that in our serfes was related to failed
cases (Figures 5z and 54),

The location of calcification i not only a strang determinant for
crossing the lesion with the guidewire, but also influences the
bzllocn selection. In severely caleified lasions small diameter
balloons, i.e. 1.0, 1.1 and £.25 mm, with a lubricious cogting and
acceptable shaft pushabliity are usually required®.

Calgification of the coronary arteries has been related to age in
several publications!®1€, in our study, CTOs with longer ang more
severe calcifled patterns were present in older patients. Also, the
mean age of patlents with calcifications at the entry and exit sides of
the oeclusion was significantly higher.

Figre Sa. Retrograde approach. (a) Angiographic irmage, showing
proximal ocelusion (srrowhead) of the right coronary artery (RCAL
(5) Angiographic image of the left coronary artery, showing a large
septal branch {arrowheads). (¢} Coresponding CT image of the RCA
showing 2 consecutive non-caltified occiusions of the vessel,
(d) Corresponding CT image of the left coronary artery, aise showing
the large septal branch.
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Figure 5b. Retrograde approach. Same patient s in 52, Mustration of
the percutancous retrograde technique. (2} 3-dimensional CT
angiographic view, showing he ecclusion of the RCA (arrow} and the
large septal branch (arrowhead), (b) Wiring of the septal branch
{amawhead). (g} The wire is Introduced through the gulding catheter
that is engaged in the feft coronary artery (arrow) and was successtully
advanced through the septal branch and finally retrograde through the
RCA ending into the ascending zorta (arrowheads). (¢} Balloon
inflation pwer the wire that has been positioned retrograde in the RCA.
{e} Final angiographic resuit after subsequent antegrade balloon
difatations and stenting of the vessel,

Undoubtedly, this is a high-risk subset of patients in different
aspects and the decislon to choose a percutaneous intervention
should envisage maximal chances for success at minimal patient
risk, The amaunt of contrast used and the radiation dose a patlent
receives are Impertant variables that have an impact on patient
safety. The contrast foad during 2 CTO recanalisation attempt s
higher as compared 1o non-CTO procedures!?2, |n this study, the
average amount of contrast used was 455.4 ml. In addition, a PGl of
a CTO is often characterised by a long procedural time and a high
radiation dose, Usually during the procedure one view is
malntained, or two arthogonal views in case of biplane use, which
leads to an intense exposition of the same skin areas® and body
segments?. The average radiatlon dose of a PCI procedure in this
study was 3826 mSv. This is 8 times higher than the dase received
during a conventionat coronary angiogram . In addition, patients
recefved a mean radiation dose during the preprocedural cardiac
CT scan of 22.4 mSv.

Clinica! implicaticns

In exgerienced centres, the success rate of a percutaneous CTO
recanalisation attempt is an average 70%8%, Knowing befarehand in
which patients the chances of success are reasonably high appears
to be worthwhile, as it hias been shown that a failed recanalisation is
associated with a worse outcome ang a higher rate of major cardlac

events®. The current study shows that CTCA is mare precise than
CCA for assessing the anatomical features of a CTO. At the cost of
a significant additiona: amount of contrast and radiation, it would not
be reasonable t propose a cardiac CT scan before each PCl atiempt
of a CTO. Instead, & cardiac CT scan seems most useful in patients
in whom the anglographic features look unfavourable, or in patients
in whom a second PGl attemnpt Is contemplated, The decision
whether or not to perform @ contrast-enhanced scan after the
calcium sconng scan deperds on the infarmation one wanis ©
obtain: f the guestion is to have an [dea of the amount of caleium in
the gocluded segment, a calclum seoring scan might be sufficlent
consicdering the fact that mast of the radiation exposure derives from
the comrast-enhanced scan, Pursuing @ "complete scan”, including
the administration of contrast, might be preferred in case of
a suspectad long ccclusion, where one aims to obtain information on
the 3-cimensional course of the oeclusion, including the distribution
of calcium. In addition, the contrast and radiation exposure of the
patient should become less of an Issue in the near future: new
scanring protocois are dramatically redusing the radiation dose of
a confrastenhanced scan to less than 3 mSv21 and scheduling the
cardiac CT scan at least @ few days before the PCI would not
increase the risk of contrast nephropathy.

The radiation from a PCl Is considerable, but necessary to do the
procedure. Good arguments are needed before embarking on
a percutaneous recanallsation attempt and this decision process in
general should incorporate the symptomatic status of the patient,
documentation of myocardial ischaemia and, if possible, data with
regard to the pre-procedural chances of success. The lafter
argument would be In favour of performing a cardiac CT scan in
selected cases: patients in wharn the CT characteristics of 2 CTO
are unfavourable far PCl might be cansidered for an alternative
therapeutic modality, i.e. medical treatment or bypass surgery.

Limitations of the study

Despite the fact that we failed to provide accurate data for coclusion
duration, which is an important marker of procedure failure®, we
performed a detalled and selective quantification of the calkeium
present in the occluded segrment, for which eeclusion duration s
a surrogate marker as shown in a pathalogical study where
fibrocalcific plague Increased with CTC age (p=0.008)%,

Although all the CTCA scans were discussed between the operator
and someone trained [ninterpreting CTCA priorta the interventional
procedure, thera was na formal decumentation of the changes in
approach for treating the CTO In light of the CTCA findings. Thus, it
was difficult to measure o what extent this knowledge concerning
the CTO characteristies by CTCA impacts on the success rate. in
order words, a severely caldified and long lesion might have
dlscouraged the operator from & longer attempt,

In case of severe calcifications of the vessel, we relied on
angicgraphic data o defermine the length of the occlusion by CTCA
Although a limitation in this study, the repercussion in ¢linical practice
would be minor, as the angiographic data are an essertiat component
of the therapeutic decislon provess for @ glven patignt, As mentioned
in the discussion above, we would only recommend a cardiac CT
scan In selected cases to complement the angiographic information.
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Conclusion

Evaluation of CTOs by means of CTCA offers & better description of
its anatorica! features as compared to conventional angiography
and predicts procedural success in patients referred for PCI. More
spetifically, the presence of severe caiclfication, l.e. calcium
occupying »>50% of the vessel CSA, as determined by CTCA is an
independent predictor of procedural failtre, The radiation exposure
and amount of contrast used during a PCl attempt is considerabie,
The Judicious use of 2 preprocedural cardiac CT scan makes sense
and might modify the approach In case PG s attempted or could
drive the physiclan's preference to an aftermative therapeutic
modality, |.e. medicat freatment or bypass surgery.
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Paclitaxel-eluting stents for the treatment of complex
coronary lesions: immediate and 12-month results

Imad Sheiban, Gian Paolo Ballari, Claudio Moretti, Walter Grosso Marra,
Emanuele Meliga, Pierluigi Omede, Filippo Sciuto and Gian Paolo Trevi

Objective One of the drug-eluting stents that have been
introduced into clinical practice is the paclitaxel-eluting
stent (PES). Several randomised, controlled clinical trials
have aiready been conducted to evaluate the safety and
efficacy of this stent, but data regarding clinicat practice are
still Jacking. The aim of this study was to evaluate the safety
and efficacy of PESs in a ‘real-world’ population.

Methods Two hundred and seventy-three patients with a
high cardiovascular risk profile and complex coronary
{esions were freated with PESs, Each pafient was
categorised using the following parameters: cardiovascular
risk factors, clinical history, ¢linical presentation,
angiographic pattern, and procedural characteristics.
Primary endpoints were major adverse cardiac events
(cardiovascular death, coronary artery bypass grafting,
myocardial infarction, stroke, target vessel
revascularisation, target lesion revascularisation, and
remote revascularisation),

Results A low rate of intraprocedural and periprocedural
complications was observed. During the clinical follow-up
period (mean 10.5% 4.2 months), 78% of patients were
event-free, Twenty-six patients (9.8%) underwent target

Introduction

Coronary restenosis after successful percutaneous coron-
ary intervention (PCI) has ever been the major problem
limiting the efficacy of this technique [1]. Several strat-
egies have been attempted o face restenosis [2-14), the
latest of which was the use of drug-eluting stengs [15-20],
One of these devices introduced into clinical praetice is
the paclitaxel-cluting stent (PES) (TAXUS Expressz,
Boston Scientific Corp., Natick, Massachusetts, USA}
[21-25]. At present, several randomised, controlled
clinical trials have been conducted o evaluate the safety
and efficacy of this stent, albeit complex padeats with
complex lesions were often excluded, enrolling prefer-
ably patients with single and de nove lesions. The
TAXUS IV wial [26,27], for example, enrolled 1314
patients with single de nove lesions who were random-
ised to treatment with a slow-release PES versus a bare-
metal stent. Also the TAXUS VI trial [28] (including 448
patients with complex, long coronary lesions randomised
10 treatment with a moderate-release PES versus a bare-
metal stent) enrolled patients with de novo target lesions

vessel revascularisation, but only 11 of them (4.2%) had
target lesion revascularisation. Seven patients (2.7%) had
myacardial infarction, and cardiac death cccurred in

two patients (0.76%). Only one case (0,37%) of subacute
stent thrombosis and one case of late stent thrombosis
were observed.

Conclusions The present study demonstrates that the use
of PESs is safe and effective also in patients with a high
cardiovascular risk profile and complex coronary lesions.
J Cardiovasc Med 8:582~588 © 2007 italian Federation of
Cardiolegy.
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located within 4 single native coronary vesscl with 2
reference vessel diameter between 2.5 and 3.5mm. In
both these trials, patients with previous drug-cluting
stent implantation, recent of acute myoecardial infarction
(MI), low left ventricular ejection fraction, left main or
ostial disease, bifurcation lesions or totally occluded
vessels, which are all conditions frequentdy met by
interventional cardiologists in clinical practice, were
excluded.

The aim of the present study was to evaluare the safety
and efficacy of PESs when implanted in ‘real-world’
patients, in a high cardiovascular risk population with
complex coronary lesions,

Methods

Patient population and protocol

From May 2003 to December 2004, a total of 273 con-
secutive padents with a high cardiovascular risk profile
and complex corenary lesions undergeing coronary angio-
plasty and PES implantation were included in the study.
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Table 1 )Baseline clinical characteristics of the study population
(n=1273

Cordiovescular risk factors

Hypartanaicn 79.5%
Diabetos 34.8%
Hypaotlipidnomia 0%
Family history of CAD 17.9%
Active amoking 41.8%
History of CAD 59.3%
Provious M} 35.9%
Provious CABG 20%
Pravious PCI 35,5%
Chrenic ronal faliura &%
Poriphernl anteriopathy 17.2%

CABG, caronary artery bypass graft; GAD, coronary artory disense; Ml myocardial
infarction; PCI, parcutanaous coronary intorvantion,

Patients with contreindications 1o double andiplatelet or
anticoagulation therapy were excluded. Informed con-
sent was obtained in accordance with the Declaration
of Helsinki.

Baseline clinical and angiographic characteristics are
shown in Tables 1, 2 and 3. The following bascline
parameters wete assessed in all patients: cardiovascular
risk factors (age, sex, hypertension, diabetes, hvperlipi-
daemia, family history for coronary amery disease [CAD]
and active cigarette smoking), presence of prior ML,
previous coronary artery bypass graft (CABG) or PCL
presence of specific comorbidities such as chrenic renal
failure and peripheral vasculopathy, clinical presentation
(ST-clevation ME [STEMI], non-ST-clevaton MIE
INSTEMT], unstable 2ngina, stable angina, ventrcular
arrhythmias, acute pulmonary oedema or instrumental
signs of ischacmia) and angiographic pattem (extension
of CAD and lesion location).

Procedural characteristics included the following
parametets: number of weated vessels (single or multi-
vessel treatment), number of PESs per patient, treatment
of bifurcation lesions with single or double stent, final
kissing balloon, debulking procedures (directional or
rotationat atherectomy), and use of pressure wire or
intzavascular vlrasound-guided revascularisations.

Pre-procedural znd post-procedural electrocardiograms
were performed, and cardiac enzymes were measured
at baseline, after the procedure, and daily untl closure of
the enzymatic curve.

Tablo 2 Indications for angiography and percutanesus coronary
Intervention

STEM! 2.5%
NSTEMI 21.68%
Unstablo angira 42.5%
Stablo angina 1255
Instrumentnt siga of ischaomia 13.9%

NSTEMI, non-ST-clevation myccardial inforction; STEMI, ST-elovation myocardinl
Infarction,

Table 3 Angiographic and procedural data

Singlo-vessal disease 21.2%
Wultivessol discase 78.8%
Tyne of troated iesion
Total coclusion 189.4%
Ostial lapion 5%
Bifurcation losien 18.7%
In-gtent rostenosis 10.7%
Loft main disonse 7.7%
Venous graft stencsia 3%
Adjunctive dovicos and medications
Biractional of rotationat att y 2.5%
Preosure wire ovaluation 1.8%
IVUS ovoluation 1.1%
Giycoprotein IIb/lin inkibitors 20.1%
Single-vossol troxtmont 43.2%
Multiveasol troatment 56.8%

WUS, intxavoscutar ultrasound,

Study medications

Aspirin was administered to all patients before the pro-
cedure and indefinitely thereafter, A loading dose of
300mg of clopidogrel was recommended before cathe-
erisation followed by clopidogrel 75 mg/day or ticlopi-
dine 250 mg twice daily for at least 6 months after the
procedure. Glycoprotein ITb/IIIa inhibiror use was at the
operator’s discretion,

Follow-up

Clinical follow-up was scheduled for all patients
after 1month and then every 3months until the
end of the observational period {clinical follow-up
ended for all paticnts on 30 April 2005). We reported
results at 3, 6 and 12months of follow-up (that we
considered as mid-term resulss) and outcomes at the
closure of the study. Angiographic control was per-
formed only if non-invasive stress tests or clinical
prescatation (recurrence of angina) were suggestive
of ischaemia.

Endpoints

Primary endpoints were major adverse cardiac events
(MACEs), namely cardiovascular death, CABG, MI
(either STEMI or NSTEMI), stroke, target vessel revas-
cularisation (TVR), target lesion revascularisation (TLR),
and remote revascularisation.

Statistical analysis

Continuous variables are expressed as mean £ 5D, dis-
crete variables are reporced as percentages. Univariate
analysis was condueted to evaluate the presence of cor-
relations between single clinical, angiographic and pro-
cedural parameters and the recurrence of intrahospital
adverse events or MACEs during che follow-up. Odds
ratios {ORs), 95% confidence intervals (Cls) and P values
were caleulated for subgroup comparison, MACE-free
survival diseribudons were assessed according to the
Kaplan-Meier method.



Results

Patient and lesion characteristics

The baseline clinical and anglographic characteristics
arc summatised in Tables 1, 2 and 3. Essertial hyper-
tension was present in 79.5% of patients, diabetes in
34.8%, hyperlipidaemia in 70%, family history of CAD
in 17.9%, and active smoking in 41.8% (Table 1),
Previous MI was present in 35.9% of patients, 22%
had a previous CABG, and 35.5% had a previous
PCIL.

Clinical indications for angiography and PCI were
represented by unstable angina in 42.5% of patients,
NSTEMI in 21.6%, stable angina in 12.5%, STEMI in
9.5%, and instrumental signs of ischacmia in 13.9%
(Table 2). At angiographic evaluation (Table 3), 78.8%
of patients had multivessel discase, 19.4% had total
occlusion lesions, 15% ostial lesions, 18.7% bifurcation
iesions, and 10.7% in-stent restenosis.

A total of 362 lesions were treated and 401 PESs were
depleyed (mean 1.4740.64 stents per patient, range
1-6), with 2 mean diameter of 3.1£03mm and 2
mean length of 17.04£5.69mm. Lesion distribucion
was the following: 7.7% in the left main coronary
artery, 38.7% in the left anterior descending coro-
nary artery, 20.4% in the left circumfex coronary arrery
(CX), 26.3% in the right coronary arery, 3.9% in the
ramus, and 3% in the venous graft; 56.8% of patients
underwent multivessel treatment. Directional or
rotational atherectomy was used in 2.9% of patients;
pressure wire and intravascular ultrasound were used
in very few patients (pressure wire 1.8%, intravascular
ultrasound 1.1%). A large proportion of lesions (76.3%)
were type B2/C. During the precedure, glycoprotein
IIb/IIla inhibitors were administered to 20.1% of
treated patients.

Double antiplatelet therapy with acetylsalicvlic acid
{administered to all patients before the procedure and
indefinitely thereafier) and clopidogrel 75mg/day or
ticlopidine 230 mg twice daily was administered to alt
patients for ar least 6 monrhs after the procedure, In only
two cases (0.76%), the clopidogrel or ticlopidine therapy
was continued up to 12 months.

Table 5 Clinical events at follow-up

PES for the weatment of compiex coronary lesions

Table 4  Intraprocedural and periprocedural complications

Procedural success
Procadural or irhospital doath®
Pogt-procodurs myocardial infaretion®

100%
0.4%
4%

Acuto or subacute in-stont thrombosis 0.4%
Stroka® 0.4%
Emargency coronary artery bypass graft 0%

“*Reoforred to the samo pationt, docoasad for a stroke 8 days aftor the protodure.
® Dofined as an Incroasa in cardiac enzymos of At logst throe times the basal valios,

Intraprocedural and periprocedural complications
Table 4 shows intraprocedural and in-hospital adverse
events. Procedural success (defined as residual stenosis
<20% after stent deplovment) was obumined in all
patients. No cases of intraprocedural death oceurred;
in-hospital death occurred in one patient (0.4%), an
S4-year-old female patient, with a history of CAD,
previous MI and PCIL, who underwent PCI for a
NSTEMI. Two critical lesions in the middle segment
of the left anterior descending coronary artery were
successfully treated (the first one with a PES and the
second one with a bare-metal stent), but the patient died
from stroke 8 days after the procedure,

Post-procedural MI (defined as an increase in the cardiac
enzyme creatine kinase-MB of at least three times the
basal value) eceurred in 11 patients (4%); no incidents of
acute in-stent thrombosis or emergency CABG occurred;
the subacute in-stent thrombosis rate was 0.4% (one
patient) {Table 4), This event occurred in a 77-year-
old female patient, with a high cardiovascular risk profile,
who underwent PCI and multiple PES implantation fora
NSTEMI (twe PESs in the left anterior descending
coronary artery and one PES in the CX). Four days after
the procedure, she had angina associated with electro-
cardiographic modifications. An angiographic evaluation
was performed and revealed in-stent thrombosis of the
PES deployed in the CX {probably due to stent under-
expansion), which was successfully treated with multiple
dilatations with high-pressure balloons.

Follow-up events

Clinica! follow-up results are shown in Tabie 3, Since the
everall study patients were treated at different sub-
sequent times (from May 2003 to December 2004) and

amontha {n =284} Smonths (7= 218) 12months (7 =108) Ovorgll {n =284}
Evont-froe 85.1% 9% 70.6% 78%
Myocardial infarction 0.76% 052 087% 2.7%
CABG 0.34% 0.82% 1.5% 1.5%
TVR 2.3% S% 8.7% 9.8%
TR 0.76% 2.3% 5.8% 4.2%
Remota revascularisation 1.0% 4.1% 7.8% 8.7%
Strake 0% o2 C.O7% 0.28%
Cardiovasculnr doath 0% 0% 1.8% 0.76%

CABG, coronary artory bypass graft; TLR, targat leston rovascularisation; TVR, target vassal revasculorisation.
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clinical observation ended for all patients at cthe same
time (on 30 April 2005, the follow-up period varied from
a minimum of 4months to a maximum of more than
Z0months, with a mean clinical follow-up duration of
10.5 £4.2menths. During follow-up, clinical data were
collected in 97% of the treated patients (7 =264).

At 3-month follow-up, 251 of the 264 patients (95.1%)
were event-free, two patients (0.76%) had MI, one
patient underwent CABG (0.34%), six patients had
TVR {2.3%), two patients had TLR (0.76%), and two
patients had target vessel failure, Five patdents (1.9%)
underwent remote revascularisation for underestimated
lesions at index procedure. No stroke or death occurred
during this period.

At 6-month follow-up, complete for 218 patients, §89%
were gvencfree. Two patients had MI (0.92%), two
patients underwent CABG (0.92%), 11 patients had
TVR (5%), five patients had TLR (2.3%), and nine
patients (4.1%) had remote revascularisation for pro-
gression of CAD. No stroke or death oceurred. One late
in-stent thrombosis occurred in a4 47-year-old male
patient with multiple risk factors, previous MI and mult-
vessel disease who underwent PCI for unstable angina,
He was weated with a single PES (3% 16mm) in the
proximal CX and only-balloon PCI at the distal segment
of the same vessel. After diseontinuation of double anti-
platelet therapy with ticlopidine (pmonths after the
procedure), he had an acute MI with angicgraphic evi-
dence of in-stent thrombosis in the proximal CX. Repeat
only-baltoon PCI was performed successfully and he was
put on double antiplateler therapy with acetylsalicylic
acid and clopidogrel for 1year. No other events were
observed in this patient.

Ar 12-month follow-up, complete for 133 parients, 79.6%
were event-free, one patient (0.97%) had M, one patient
(0.97%) had stroke, two patients underwent CABG
(1.9%), 10 parients had TVR (%.7%), seven of which were
TLR (6.8%), and cight patients {7.8%) underwent remote
revascularisation for progression of CAD, In this period,
cardiac death occurred in two patients (1.9%).

During the whole clinical follow-up period (closed on
April 2005, mean follow-up 10.5 £ 4.2 months), 78% of all
treated patients were event-free; overall chinical event
rates were the following: M1 2.7% (seven paticnts), stroke
0.38% (one patient), CABG 1.5% (four patients), TVR
9.8% (26 patdents), TLR 42% {11 patents), remote
revascularisation 8.7% (23 pacients). Death occurred in
four patients (1.5%), two of which (0.76%) were cardiac
deaths,

Univariate analysis
At univariate analysis (Fig. 1), the following character-
istics were statistically associated with a significant

Flg. t

Univariate analysls

Malo ve, tomale h— P=001

Dinbetics vs, non-

dioetic —_— P04

M1vs. other

Indications. +'
Unetobio anglna vs,
athor } P=0,00082

P=0.00065

Multl-va, single- ) P=0.0082

veanol diseaso T

Multl-va. single- |
vossel troatmont 1

A ———— P=00tm

P=0.0124

CIBZ typa lasion va.
B1JA type toslon

&P Hbfitla Inhlbitor
adminlstration va. no
odminlstration

£=0.0001

EF £25% vs. | =0,0556
EF=35% T

Hybrid troatmoentvs,
anly TAXU:

5 _'_ -
troatmant F=046
)] 1 2 3 4 5 § 7 8
Odds ratio

Univariate analysfs: comalations between cfinical, anamnestic, and
angiographic characteristics and recurrenca of major adverse cardiac
ovonts during follow-up, EF, cjection fraction; GP, glycoprotein; M,
myocardial infarction.

increase in MACE incidence: female gender (OR 0.43;
95% CI 0.22-0.86; P=0.014), diabetes {OR 2.73; 95% CI
1.53-4.87; P=0,0004), unstable angina (OR 2,60; 95% ClI
1.47-4.60; P=0.00062), multivessel discase (OR 3.04
95% CI 1.29-7.39; P=0.0082), multivessel treatment
(OR 2.0% 95% CI 1.16-3.77; P=0.0124), type B2/C
lesions (OR 2.18: 95% CI 1.13-4.20; P=0.0179) and,
surprisingly, use of glycoprorein IEb/Hla inhibitors
(OR 3.58; 95% CI 1.82-7.08; F=0.0001). The latrer
might be ascribed to the more complex elinical and
angicgraphic pattern of those padents who received
ghycoprotein IEb/Illa inhibitors during the index pre-
cedure, more commonly affected by diabetes and with
multivessel and diffuse discase.

Event-free survival

Event-free survival curves (Figs 2 and 3) show that
the incidence of MACEs diminished after the first
year follewing the index procedure. The majority
of MACEs cccurred within the first year of the
procedure, and all TLRs occurred within 11 months,
with a higher incidence between the third and cighth
moath.
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Discussion

As widely reported in the Hreratre [16-23,25-28], the
use of drug-eluting stents seems to be very effective in
facing restenosis after PCL. One of the drug-eluting stents
inrroduced into clinical practice is the PES (TAXUS
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included patients with complex clinical presentation and
angiographic patterns. In & context of great expectations,
bur alse of relative caution, the present study aims at
evaluating the safety and cfficacy of PESs when used in
clinical practice in an unselected ‘real-world” population,
including patients with a high cardiovascular risk profile
and complex lesions.

The population sereened in this study included 2 large
number of patients with multiple cardiovascular risk
factors, patients with previous CABG andfor PCI,
patients with multivessel discase and with type B2/C
lesions as well as a considerable proportion of diabetics
(34.8%. Despite the complexity of the treated popu-
lation, our results are absolutely consistent with the data
reported in previous randomised trials. The procedural
suceess in ail patients and the low rate of procedural and
in-hospital complications confirm the safety of this
device. The results obtained in this study are in keeping
with those reported in the TAXUS IV wial [27) (TVR 9.8
vs. 7.1% in TAXUS IV; TLR 4.2 vs. 4.4% in TAXUS V).
Moreover, since most of MACEs were due to progression
of coronary atherosclerosis {remote revascularisation),
these tesults should be considered very encouraging.
Similar outcomes were also reported in the TAXUS VI
trial {28].

As confirmed by a TAXUS IV trial subgroup study [29],
univariate analysis pointed out that diabetic patients have
4 higher risk of MACEs during follow-up if compared to
non-diabetic ones, In that series of patients, Hermiller
ot . [29] suggested the superiority of PESs (TAXUS) for
the treatment of diabetic patients as compared 1o siroli-
mus-eluting stents, albeir this superierity was not con-
firmed in a recent randomised study [30]. Female gender
as well as multivessel disease patdients and complex lesion
morphology (type B2/C) have always been considered at
higher risk for restenesis when treated by conventional
stents, Also in the present study, a higher incidence of
MACEs was observed in these subgroups of patients, as
previously reported by Lansky e 4/ [31]. However, if
compared to historical data on bare-metal stents, PESs in
these patient subserts have significancly improved clinical
OULCOmE,

With respect to drug-cluting stent use, the scientific
community has often been concerned with the major
risk of acute and subacute in-stent thrombosis due to
delayed in-stent endothelialisation as a result of the drug
antproliferative cffects. This is also the reason why
double antiplatelet therapy is recommended for at least
& months zfter PES implantation. Despite the complexity
of the patients treated, the in-stent thrombosis rate
chserved in this study was extremely low and similar
to that reported in previous randomised trials. These
results confirm the safety and efficacy of this device also
in an unselected and complex population, even if this

issue warrants further evaluation in ad-hoc designed
studies,

Study limitations

The major limitation of this investigation is that these
findings are based on a single-centre observational study
and the number of enrolled patients is relatively small to
generalise our results to all patients treated with PESs.
However, our study population represents the so-called
‘real-world" patients who are daily treated regardless of
inclusion or exelusion criteria, Despite a relative caution,
such studies provide relevant safety and efficacy data on
PESs when used in ¢linical practice, in high-risk patients
with complex lesions who are usually excluded from
randomised trials,

Moreover, the present smudy is lacking an angiographic
follow-up; in fact, only patients with clinical symptoms or
instrumental signs of ischacmia underwent angiographic
control. However, data deriving from previous random-
ised trials that scheduled an angiographic follow-up
indicate that clinical outcomes are swicty related to
the angiographic ones; therefore, it can be hypothesised
that the low clinical event rate observed 1s likely to match
with an equally low anglographic event rate. Con-
sequently, it could be argued thar the encouraging
clinical outcome in this series of patients may correspond
to an effective control of angiographic restenosis,

In canclusion, the present study demonstrates that PCI
with PES implantation is safe and effective also in an
unselected population with a high cardiovascular sk
profile associated with complex coronary lesions,
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percutaneous coronary - Aims: Poor left ventricular funciion Is considered a high risk condition for performing either percutanesus
intervention e ({PCI) or siergical revascularisation. The aim of this study was to evaluate Immediate and long term results of

PCI In patlents with coronary artery disease (CAD) and severe left ventricular dysfunction (EF £0.3Q).
Methods and resufts: Seventy-gight consecutive patients with CAD and severe left ventricular dysfunction
(EF <30%) were selected. The majority of these patients (7%} had multivesse! disease. Coronary
angioplasly procedure was mainly motivated by angina associated with clinical manifestation of heart
failure (54%), Total number of treated vessels was 181, and a total of 203 stents were Implanted
{2.6 stent/patient). Procedural success was achieved in 77 patients (97,8%). The total procedural and In-
haspital adverse event rate was 7.8%. Mean follow-up peried {FU) was 2546 months. Event-free survival
rate at the end of FU was 55%; repeat revascularisation was performed In 21 patients {27.6%). Fernzle
gender, diabetes, new acute myocardlal infarction and number of treated vessels ware Independent
predictors for death and combined mayor adverse cardiac events (MACE) during the follow-up.
Canclusions: in symptormatic patients with CAD and severs left ventricular dysfunction, PGl can be
performed with excellent procedural cutcome and acceptable long-tarm morbidity and mortality,
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Severe left ventricular dysfunction in patients with coronary artery
disease is often, but not always, the consequence of an acute
myocardial infarction or an ischaemic cardiomyopathy!, H is
estimated that most patients with severe left ventricular dysfunction,
undergoing heart transplantation, might have areas of hibernated
myocardium and could benefit from myoccardlal revascularisation?.
Even symptomatic patients are often denleg appropriate
interventional treatment due ‘o fear of procedural faliure and are
maintzined on heavy medical therapy, the fortunate few receiving
cardiac transplantation. Such patients have very limited survival
when treated medicaly™ and usually dle of cardiac causes related
1o recutrent ischaemia or infarction, cardiac heart failure or
vartricular arrhythmias,

In patients with ischaemic dilated cardiomyopathy, myocardial
revasculatisation is highly indicated when myocardial viabllity is
documented by non-invasive tests (dobutamine stress
echocardiography, thalllum 201 scintigraphy, PET). However, it
must be also underlined that poor left vertricular function, per se, is
considered a high risk congition for efther percutaneous or surgical
coronary revascularisation®, The cilnical benefi of percutaneous
coronary interventions (PCH In such patfents is not welt established.
The aim of the present study was to evatuate immediate and long-
term procegural and ciinleal outcome of PGl in patients with
abstructive cororary disease (mostly multivessel) and severe left
ventricular dysfunction (EF <30%}).

Methods
Study group

Between January 2000 and December 2001, from the patients
undergying percutaneous corgnary interventions i our centre
after having performed myocardial viabilly studies, we selected
78 consecutive patients with documented coronary artery disease,
severe left ventricular dysfunction (EF£30%) and evidence of
viable myocardiurm, Indication for coronary anglography were made
by the referring physician on the basis of chest pain and/or cardiac
failure manlfestations. indications for PCl were made by the
sttending physician after having reviewed the coronary angiography
and the resuits of myocardial viability studies. Myocardlal viability
was documented in all patients by SPECT and/or by debutamine
stress echocardiography. Left ventricular ejection fraction was
assessed by transthoracic echocardiogram (using @ planimetric
method) and by left ventricuiography at the time of diagnastic
angicgraphy.

Cardizg catheterisation

Diagnostic coronary anglography was performed in all patients to
assess left ventricular function and the presence and extent of
coronary attery disease. The feft ventricular ejection fraction was
estimated by a single-plang 35°RA0 ventriculogram, PCI was
performed In alf patients. Intention to treat was for complete
revascularisation by PCI in all patients. Procedurat ang In-haspital
events were monitered in all.

Long-term clinical follow-up

Patients were followed with out-patient visits after one, three and
every six months ar by phone interdews, At each visit, health status
was assessed by a compiete cardlac evaluation, including
echocardiogram, when needed. An echocarciogram for the
assessment of reglonal and global left ventreular function was
performad routinely at discharge and at six months after PCI. Non-
fatal and fatal cardiac events were documented elther by hospital
charts or by cerener’s reperts. Mean follow-up period was 286 months
{range: 22 to 39 months} and was completed in 92.3% 7278
patients). The following events were recorded during follow-up:
1) cardiae and non-cardiac death, 2) recurrent symptorns,
3} recurrent fschaemic events {myocardial infarction non-Q and
Q-AMD. 4} congestive heart fallure, 5) need for revascularisation
{re-PCI or CABG), EF on fransthoracic echocardiography was alse
evatuated.

Statistical analysis

Data are expressed a5 meansSD or as percentage where
appropriate. Multvariate analysis was performed using a Cox
propottionat hazard model to assess predictor ¢linical factors of long
term outcome. A p value of less than 0.05 was considered
significant. The following variables were entered in the multivariate
analysis: age, sex, coronary risk factors, extent of coronary artery
disease, le® ventricular function, compiete/incomplete
revascuianisation, pes-procedurat cardiac enzyme release previous
myocardial infarction, previous CABG, previous PCI.

Results

Demographic and clinical characteristics of study patients are shown
in Table 1. The majority of patients (71%) were males, mean age was
647 years with 27 patients having mare than 65 and nine more
than 75 years. Hypertension, diabetes, hypercholestercizemia, a
history of smoking and a family history of coronary artery cisease

Table 1. Demographic and clitical characteristics.

No. Patients=78
Age BT
Sex: male/female 55/23
Distribution of coronary risk factors:
Hypercholesterolaemia 52%
Rypertension 55%
Diabetes mellitus 28%
Cigarette smoking 58%
Family history 47%
Previous AMI 53%
Pravious PCE 19%
Previous CAGE 23%
Only angina 37%
Angina associated with ctinical manifestations of CHF 54%
Positive inducible ischaemia or myccardial viability 9%
Adjunctive medical therapy
ACE inhibitors 100%
Beta Blockers 58%
Stating 68%
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were comman, 36 patients (53%) had experlenced a previous
Qwave or non-Q myocardial infarction. Thirty-three patients (42%)
had undergone a previous myocardial revascularisation: 15 (19%)
by PCtand 18 {23%] ty coronary artery bypass surgery (CABG). All
patients wers on medlcai therapy with ACE-inhibitors, 58% were also
receiving beta blockers and 68% of patients were on statins. Double
ant-platelet therapy {(ASA + clopidagre! or ticlopidine} was continued
for at least one manth following the procedure in ail patients,

Clinical indications for PCl procedure were mostly represented by
anglna anc/or heart failure manifestations: 29 patients had only angina
and 42 patients had angina assoclated with congestive heart fallure
manffestation, In seven patlents PCl procedure was perlormed on the
basis of the worsening of left ventricular function asseclated with a
positive non-invasive test for Inducitle ischaemia or myocardial viability.
Left vertricular EF was 25£2% ranging from 23 to 28%.
Angiographic characteristics are summarlsed in Table 2. Ten
patlents {13%) had single vessel disease and 68 (87%) had
multivessel disease. All 18 patlents with previous CABG had
rultivessel disease with at least ene venous graft disease.

Procedural 2nd in-hospital eutcomes

All patients received [Ibfllla antagonists prior o procedure. in
36 patients (47%) intra-aortic balloon contra-pulsation was used
during the PCI procedure. Complete revascularisation by PCl was

Table 2. Angiographic and procedural data.
Ne. patients = 78
- Single vessel disease

10 (12.8%)
- Multivessel disease 68 (87.2%)

No. Treated vessels=181

LMCA 12 {7%)
Protected L
Unprotected 4
LAD 41 (23%)
Diagonal 17 (9%)
L 28 (16%)
Marginal 19 (10%)
RCA 40 (22%)
PDA-PL 16 (9%}
6 8 (4%)
No. treated lesions 243 3.1 lesions/patient
No, stents implanted 203 2.6 stent /patient
1.1 stent/vessel
Multivessel PO 68 87%
Debulking prigr stenting
DCA 3 3.9%
ROTA 2 2.6%
GP Ib /T2 inhibitors 78 100%
Intra-aortic balloon tontra-pulsation 36 47%

LMCA: left main coronaty artery; LAD: left anterior descending artery;
10X left eireumflex arterys RCA: right covonary artery: PDA: posterior
tescending artery; PL: postero-lateral branch; SVG: saphenous vein graft
DCA: directional coronary atherectemy: ROTA: rotation-ablation
atherectomy

attempted In ali patients with 181 vessels treated (2.3 vessel/ patient),
23% of treated vessel were left anterior descending arteries, 8%
were left main, 8% were diagonal branches, 17% were left
circumflex arteries, 10% were marginal branches, 22% werg right
coronary arteries, 10% were posterior descending or postero-lateral
branches and 6% were saphenous vein grafts (Table 2). Multivessel
PCI was performed in 88% of patients, Multiple stent implantation
was used in 76% of patients, Debulking before stent implantation
by dlrectionai atherectomy was performed in 4% of patients. In twa
patients, rotationai ablation atherectomy was needed because
of heavily calcified lesions. A total of 203 stents were implanted
(2.6 stent /patient, 1.1 stent / vessel} .

Technical procedural success was obtained in 98.7% of patients.
Procedural death occurred in one patlent (1.3%), non Q-AMI in
three patients (3.9%), stroke in one patient (1.3%), emergency
CABG was not neaded in any case. One death occurred twa weeks
fallowing the procedure for acute renal failure. No other
complication were observed. Thus total procedural and in-hespital
major adverse cardiac avents were 7,.7% (Tabie 3).

Table 3. Procedural and n-hospital outcome.
HNo, patients=78

Procedural success 77 (98.7%)
Desth 1(13%)
Noh 0-AMI 3 (3.9%)
(-AMI 4]

Stroke 1 (13%)
Emergent CABG o}

In-Hospital death 1 (1.3%)

CABG: coronary artery bypass grafting; AMI; acute myoecardial infaretion

Clinical fallow-up

During a mean foliow up of 2546 months 42 patients (55%) had
event-free survival, Nine patients (11.8%) died: seven {(8.2%)
cardlac, and two (2.6%) non-cardiac, Cardiac death was caused by
left heart failure In three patients, ischaemic events in twa patients
and veniicular Hariflation in two patients. Shxeen patients (219%)
hat recurrence of angina, while four patients (5.3%) had new Mi
(three non-Q, and one Q-AMI) and fve patients (66%) were
hospitalised because of congestive heart faiiure. Al 20 patients
{26.3%) with recurrent angina or AMI required a repeat PCI, Thus,
toltal maor adverse cardlac events during the follow up were 44.7%,
mainly represented by the need for repeat revascularisation, In
39 patients, left ventricular function assessed by echocardiography
improved at six months from 23x2% to 38£5%, p<0.001. in the
remaining 37 patients, left ventricular efection fraction was
unchanged (basal conditions 2644 vs S-month {ollow-Up 2845, ns),
Female gender, the presence of diabetes meilitus, previous CABG,
new AMI, unchanged EF at six months foliowing the procedure and
the number of treated vessels were significantly predictors of death
dring follow-up.The same parameters were also significant
predictors for combined major adverse cardiac events during
foliaw-up (Table 4},
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‘Table 4. Predictor clinical factors of long-term outcome
{multivariate analysis).

Death

Diabetes 1.06 {1.42+1.02) <0.01
Female Gender 141 {2.82-1.16) <001
Hypertension 1,36 (2.02-0.64) NS
Hypercholesterolaemia 154 (2.56-0.97) NS
Cigarette smoking 131 (2.06-0.38) NS
Family history 0.81 (1.97-0.22) NS
Chronic stable angina 0.64 (1.95-0.43) NS
Previous AMI 1.23 {1.89-0.75) NS
New AMI 118 {1.65-1.10)  <0.001
Previous CABG 126 (192-101)  <0.05
Previous PCE 137 (1.98-0.45) NS
Unchanged EF a 6 months 1.31 (154-1.02) =001
No, of treated vessels 1.42 (2.12-1.45) <0.01
Combined MACE

Diabetes 157 (3.16-1.28)  <0.001
Female Gender 1.62 (2.78-1.16) <0.01
Hypertension 0.9 (1.56-0.45) NS
Hypercholesteralaemia 1.35 (2,55-0,98) NS
Cigarette smoking 117 (2.11-0.78) NS
Family history 0.93 {1.76-0.68) NS
Previous AME 135 (2.92-1.05)  <0.05
Previous CABG 134 (2.59-1.11) <0.05
Previous PCL 112 {2.65-0,84) NS
New AMI 1.48 (3.12-1.23} <0.00F
Unchanged EF at 6 months 155 (2.43-1.12) <0,01
No of treated vessels 1.56 [2.961.28) 0,01

CABG:coronary artery bypass grafting; AMI: acute myocardial infarctiony
CHF: rardiac heart failure; Re-PC: repeat perclitaneous coronary
interventions; New AME: acute myocardial infarction occumed during the
procedure, in-hospital or follow-up period.

Discussion

tmmediate and long-term prognosls of patients with ischaemic
cardiomyopathy foliowing myocardial revascularisation (path
mechanicat or surgical) have been investigated in few studles, and
amang these the majority were undertaken many vears age when
technological and medicat treatments were different from the ones
avallable at the present time (Table 5)*1,

Technical advances in the fleld of interventional cardiology with the
Introduction of coronary stents and potent antiplatelet therapies
have resulted in a marked increase In the complexity of procedures
and expanded indleations, even in patients consldered as high-risk,
like those included in the present study. One of the striking findings
of this study is the safety of PCl as well as the favourable long term
outcame In patients with severe left ventricular dysfunction due to
coronary artery disease. This is In contrast with the date recently
reported by Keelan at af from the DYNAMIC Registty'? where there
was an observed increased in-hospital MACE (including mortality)
in patients with left ventricular ejection fraction <40 undergoing
PCl. This diserepancy might be due to several factors: the Registry
included patients recruited in 10 different sites, GP [b/lifa Inhibitors
were used In only 24% of patlents and ¥ was not mentioned if Intra-
aortic balloor: contra-pulsation was used while in the present study

Table 5. Long-term clinical follow-up (range: 22 to 39 months;
mean=28+6 months).

Clinicat follow-up: range 18 t0 34 months {mean 25 +6 months)

Number of patients 76

Death 5 (11.8%)
Cardiac 7 (9.2%)
Non-cardiac 2 (2.6%)

Recurrent symptoms 28 (36,8%)
Angina 16 (21%)
Non Q-AMI 3 (3.5%)
Q-AMI 2 (2.6%)
CHF 7 (9.2%;

Repeat revascularisation 21 (A7.4%)
RE-PQT 19
CABG 2

Total MACE during follow-up 34 (45%)

Event-free survival 42 (55%)

Total survival &7 (88.2%)

CABG: coronary artery bypass grafting: AMI: acute myocardial infarction;
CHF: cardiac heart %ilure; Re-PCT: repeat percutancaus coronary
nterventions

Hb/IHa inhibltors were wsed in 2l patlents and in aimost half of
patients Intra-aartic balioon contra-puisation was employed during
the procedure.

Medical treatment for patients with severe left ventricular function
and coronary anery disease Is assoclated with peor prognosis.
Luclanl and colieagues reported 28%, five year survival in 72 patients
with an average EF of 21%*, However, medical freatment have also
been markedly improved over the last decade, Although many
questions remain in atiempting to optimise the management for
these patients, myocardial revascularisation seems to offer seme
advantages.

The BARI study showed a seven year survival after PTCA in patients
with reduced left ventricular function {EF<BQ%} and two vessel
disease of 78%32, The same study provided evidence that there was
ro slgnificant differences in seven year survival in an Initiat strategy
of PTCA or CABG among non-diabetic patients with three-vessel
disease, and ameng all patients with two-vessel disease invohing
the proximal left anterior descendent artery, The authors suggested
that PTCA may be offered to such patients as an initlal
revascularisation without compromising the seven year survival,
Hasdai and colleagues, reported among 611 patients undergaing
PCl a higher 10 year mortality in patients with left ventricular
dysfunction {EF<40%) compared to those with normal systolic
functlon (47% vs 20%; p<0,00013%,

in & recent stucy by L et "%, 74 patients with ejection fraction
<40% underwent percutaneaus coronary angloplasty, including 61
with stent back-up. During long-term foflow up {29423 months),
58 (87.9%) of 66 patients with clinical success were alive, including
44 (68.6%) free from cardiac events. In the present study, total
survival at 25¢6 months was 88.2% (with an event-ftee survival
55%), similar to that reported in the previous studles, despite
a more severe left ventricular dysfunction (EF <30%) than those
reported in those studies?®1,

Recent reports suggest that approximately 50% of patients with
ischaemic cardiomyopathy have viable myocardium, and 25% of



PClin patients with severe LV dysfunction

these have sufficient amounts of viable rmyocardium resuilting In
a functional improverment (increased left ventricular efection fraction,
increased exerclse capaclty} folfowlng myocardial revascularisation &8
Improved functioral status and symptoms after revascuiarisation,
even with fimited preoperative assessment of myocardial vlability,
has been reported by Christian et al?,

All patlents included in the present study had documented viable
mygcardium, but only 39 patients showed a significant
Improvement of election fractlon at six manths Tollowing the
procedure, Improvement In feft ventricutar function after PGl is an
Important predictor of long-term outcome. Multivariate analysis
showed that unchanged EF at follow-up was significantly associated
with Increased cardiac death and MACE. Worsening of left
ventricular function related to new myocardiat damage, elther by
intraprocedural AMI or aceurring during follow-up, were also
significant predictors for ceath and MACE. Multivessel PCE as well
as diffuse disease are often associated with slight increases of
cardlac enzymes, and this may be the cause of greater oocurrence
of cardlac events in dlabetics and In patlents with complex lesions
and side-branch invelvement. The loss of even small amaunts of
viable myocardium In these patients adds a further myocardlal
damage and might negatively Influence long-term efinical outcome
as shawn by multivariate analysis.

Taking into account these cansideratlons, long-term clinlcal
autcome Is acceptable considering the natural history in this patient
subset. Total survival at > 2 years is excellent, atthough only 50%
may beneflt from PGl pracadures with event-free sundval. The key
for 2 favourable long-term: clinical outcome seems to be the
recovery In left ventricutar function, but unfortunately this cannat
always be predicted by myacardial viabllity tests. All patients
included In the present study had pesitive test, but only 53% had
impravernent of EF. On the other hand, it has been reported that
myocardial revascularisation might improve funetional capacity in
patients with left ventricular dysfunction and negative myocardiai
viabifity test920, Incamplete revascularisation was net assoclated
with unfavourable outcome. In this series, revascuiarisation was
limited to vessels supplying areas with documented viabie
myacardium, thereby suggesting that In most cases an ncomplete
revastularisation may benefit patlents with left ventrlcutar
dysfunction if PCl is performed on the vessel targeted by the viability
study. Caution should be made in patients selection; those with
diffuse and complex coronary lesions are at higher risk for
procedural complications, especially biomarker elevations following
procedure must be carefully evaluated, Complex procedures
associated with biomarker elevations might even worsen fong-term
cllricat outcome in these patients.

Ancther Important finding of this study is that long-term mortality
remains high, even after successful coronary intervention. We foung
an overall montality of 11% at 24 manth follow-up, compared to 5%
in the study by DI Sciascio®. However, patients In qur study had
more frequent diabetes {28% versus 14%), mare prior CABG (23%
versus 6%), and more multivessel coronary disease (87% versus
B4%). The mortality of 11% at 24-manth follow-up In our study
compares favourably to the 15-25% mortality rate at two- to three-
vear foliow-up reported In the angioplasty era.

Study fimitations

This is a nen-randomised, retrospective, ohservational study with
the all the Inherant llmitations of such a trlal. There is no control
group, however, it Is well documented that prognosis In this
subigroup of patients (EF<0.30) Is very poor, even over a shart time
period. Event-free survival of 55% after a time period of 25+8 months
could be considered poor, but the main component of major
cardlac events during the foliow up period was recurrence of angina
and repeat revascularisation. It could be speculated that better
results might be obtained with the use of drug-eluting stents. Finally,
all patlents included in this stucy were on treatment with ACE-
inhibitors, and the majority were also treated with statins (58%) and
beta blockers (58%, and this might influence cllnical outcome.

In conclusion, PGl i patients with severe eft ventricular dysfunction
and documented viabillty can be performed with excelient procedural
and In-hospital outcome in those patients with severe ischaemle feft
ventricular dysfunction and evidence of viable myosardium,
Predictors for unfavourabie long-term outcomne are represanted
by female gender, the presence of dizbetes, extent of coranary
disease, lack of recovary in left vertricular function and rew eplsodes
of myocardial infarction. In some of these patients, PCl and repeat
procedures represent the only therapeutic optlon, In addition,
in carefully selected subgroups of patients with severe left ventricutar
dystunction and coronary artery dlsease, PGI may be considered
as an alterative or a “bridge” approach for cardiac tanspiantation.
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Intreduction

The occurrence of several duplicate meta-analyses focusing on the
same ¢linical topic, and reaching sometimes frankly disparate
conciusions, is not 2 surprise for researchers with & specific
interest in systematic reviews or meta-analyses, as well as
evidence-based medicine,t This issue has however gainad much
larger and clinical implications with the recent publication of
a plethora of meta-analyses focusing on the lang-term safely
of intracorenary drug-eluting stents (DES). Interestingly, twe meta-
analyses presented at the 2006 World Congress of Cardiology,2?
both suggesting a potential fate hazard with DES, have been
followed by as many as other eight overlapping works published in
peer-reviewed journals in less than seven manths, 1

We hereby provide & succinct and critical appraisal of recently
sublished meta-anatyses focusing on DES safety, summarising key
features and findings of each work, and recommending avenues
for further research.

Clinical and research context

Percutaneous coronary intervention (PCH) is a mainstay in the
management of patients with coronary disease. Since its
heginning as 2 balloon-only intervention, PCI was revolutionisad
by the introduction of bare-metal stents.'? Whiie addressing many
of the drawbacks of balloon-only PCI (e.g., abrupt closure},
standard stents are fraught by a significant risk of late fallure due o
neointimal hyperplasia and ensuing restenasis, especially in small
vessels and long-lesions.’® The mast recent development of DES
has enabled us 1o address the problem of neolntimal hyperplasia,
without sacrificing the mechanical properties of the metaltic
platform.

Despite several promising data limited to short term follow-up!® or
low risk patients,1® since 2004 a number of reports were published
suggesting a potentiat far late adverse events with DES.*¢% Thus,
it was only a matter of fime before investigators with expertise
in systeratic reviewing processes and meta-analytic pooling would
explolt the superior statistical power of these approaches to
unmask the long-term Increase in the risk of thrombotic events
with DES,

Further contributions to this research topic have been recently
provided by the consensus Academic Research Consortium (ARC)
deftnitions of definite, probable, or possible stent thrombosis, ®
However, even in the ARC context there Is stili a risk of underesti-
mating thrombetic events if agjudication is based only on angiography
or pathology, and conversely, overestimating thrombosis rates
if myocardial infarction and sudden cardiac death are considered
as a proxy for stent thrembosis,

While there is jittle debate that DES Increase In a statistically
significant fashlian the risk of protocol-defined stent thrombosis
atter dual antiplatelet discontinuation, the moest important question
is whether this risk is magnified as much as to become clinically
relevant. We leave such a fopic open to the discussion and
informed decision of the reader, as this was indeed the main focus
of all the meta-analyses recently published on DES, whose findings
on the risk of stent thrombosis, as well as of other events, are
summarised in Table 1.

Critical appraisal of available meta-analyses
Keeping in mind the guidelines from the Cochrane Collaboration,!®
the Quailty of Reporting of Meta-analyses (QUOROM) statement 2
and the Cxman-Guyatt index,! we recognisec a number of
limitations in the available DES meta-analyses. Indeed, a pivotal
distinction should be made batween mata-analyses based only on
published and/or agaregate data, and thus limited in their ability to
correct for incomplete or inaceurate data, and meta-analyses using
data gathered 2t the patient or leston level, in which aif data sets
from individual studies are pooled into a sthgle data set, enhancing
coherence and guality, and enabling sophisticated subgroup or
multivariable analyses.2t Conversely, the latter type of works is
mast often Iimited by a smalier number of studles, thus petentially
Increasing the risk of smal study (e.g.. publication) blas.
Appraisal of recent meta-analyses on DES thus showed, as is
commaenplace In meta-analytic practice, that indlvidual patient
data analyses®™1 were often limited by incomplete study search
and inclusion (thus increasing the risk of smatl study bias), despite
being more internally valid than study Jevel analyses, 255 thanks to
thorough event adjudication, data checking and time-to-event
analysis. Another work, despite being criginally propesed as a
meta-anzlysis, was recently published as a systematic review,
including raw gquantitative data, but failing to present
conventionally pooled data.® The reasons for refraining from meta-
analytic peoling in this case were not reported,

In addition, most works limited thelr adjudication of stent
thrombasis to the protocol definition, which often proves different
from study to study, and usually underestimates the real
occurrence of this event. Only two of the meta-analyses
systematically emploved the recently developed ARC definttions of
stent thrombasis, thus providing more informative data on its
accurrence.®¢ On the other hand, the ARC criteria now include as
well thrombotic events occurring after repeated treatment for
restenosis {“secondary stent thrombosis"). This may be
apprapriate If repeat Intervention is performed with ballons or
stents. Conversely, including events that ooccur after & well known
pro-thrombetic therapy such as brachytherapy may be
misieading5©

Finally, only one of the works was published by investigators
without any evident financiat or funding interest in DES? as
recommended by the Cochrang Colizboration and others, 192

Synthesis and recommendations

First, we should remember that no clinical trial 1o date was
adequately powered for the appraisal of stent thrombesis, and In
no case was this event the primary end-point. Thus, all
speculations have been based on secondary and/or post-hoe
analyses. Nominally stetistical signfficant findings {p <0.05) were
indeed found in some, but not all analyses, raising the issue of
alpha error {the risk of false positive statistical tests due to the
performance of many comparisons and sub-analyses). Similarly,
ne study 1o date was adequately powered (i.e., with a sample size
sufficiently large to mintmise beta error [the risk false negative
findings)) to be able to confirm cor disprave, in a precise and
accurate fashion, whether DES are associated with an increased
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Table 1, Matn features and appraisal of recently published meta-anafyses on the safety of drug-eluting stents (DES) in comparison to bare-
tetal stents (BMS). Despite the heterogeneous findings, most meta-analyses cautioned that DES are associated with an increased risk in
protocol-defined stent thrombosis, and that sirolimus-eluting stents (SES) seem to be associated with increased mortality in diabetic
patients. Conversaly, thrombesis as defined by the Acdemic Research Consortiem eriteria (ARC), f.e., incluting secondary stent thrombosis,

dees not seem to be more common in DES than BMS,

Stiady. Trialsis patient¥ IMAjor finding vCAte apprasali R

Bawry et al 14 6,675  DES are associated with an increase Pros: extensive search; inclusion of most eligible trials; increased

{2006)° in late stent thrombosis after § months  late thrombotic risk alse supported by different median times
{p=0.014}, even more evident after to thrombesis {p<0.05 for SES, PES, as well as both combined)
1 year, with events occuming only Cens: only aggregate data pooled; no appraisal of study quality;

in the DES group, with an effect farger  no appraisal of stent thrombosis according to ARC definitions;
in PES (p=0.025) than S£S {p=0.33) non-significance of data on SES largely explained by fow statistical

power

Camenzind et 9 5218  Frst-generation DES appear associated  Pros: long-term follow-up; systematic contact with primary data

al {2007y with an increased risk in late stent sources (companies); comparison between data presented
thrombosis or death/myocardial at confarence proceedings, peer roviewed, and on fie
infarction Cons: not formally a systematic review nor a meta-analysis;

incomplete search and study inclusion;* limited data on providers
of source dats; only aggregate data pooled; no apprisal of stent
thrombesis according to ARC definitions; concept that late loss
and thrombasis risk are inversely associated is only theoretical and
net evidence-based; 25 no confidence intervals or p values
reported despite availability of quantitative data

Ellis ot al 4 3,445  PES are assotiated with increased fisk  Pros: individual patient data analysis; long-term follow-up
{2007y of stent thrombosis »6 manths (p=0.049) Cons: incomplete search and study inclusion;™ no appraisat of
stent thrombosis according to ARC definitions: data limited to PES
Holmes et al 4 L7488 SES are not significantly associated with  Pros: individuat patient data analysis; long-term follow-up
(2006} intreased risks of all cause death, cardiac Cons: incomplete search and study inclusion;* no appraisal
death or stent thrombosis of stent thrombosis according to ARC definitions: no sepasmte

appraisal of outcomes in dizbetics; data limited to SES

Kastrati et al. 14 4,958  SES are overall safe and more effective  Pros: extensive search; inclusion of most eligible trials; individual

(2007} than BMS in preventing TLR and MACE,  patient data analysis
but there is slight but significant Cons: no appraisal of stent thrombosis according to ARC
increase in stent thrambosis after the definitions; no separate appraisal of cutcomes i diabetics;
first year (p=0.02) data limited to SES
Mauri et al 8 4345 DES are not significantly associated with  Pros: systematic re-adjudication of events according to ARC
{2007y intreased risks of definite, probable definitions; individual patient data analysis; long-term follow-up
or possible stent thrombosis as defined  Cons: incomplete search and study inclusion;* 27% (9,/33) of stent
according te ARC thromboses re-adjudicated aceording to ARC definitions in BMS

group pecurred indeed after brachytherapy

Mareno et al 25 9,791  DES are associated with fewer myocardial Pros: extensive search; inclusion of mest eligible trials
f2007)% infarctions than BMS at 6-12 months Cans: mid-term follow-up only; only aggregate data pooled; no
of follow-up (p=0.03) appraisal of study quality; among DES included also those eluting
biolimus, everolimus, and tacrolimus; no adjustment for different
duration of thienopyridine treatment

Nordmann et 17 8,221  DES are associated with an increased risk Pros: extensive search; inclusion of most eligible trials; lack
al (2006) in non-cardiac death after 2-3 years, an  of conflicts of interest
cffect largely driven by SES {p=0.014)  Cons: only aggregate data pooled: no separate appraisal
of putcomes in diabetics

Spaulding et al 4 1,748 SES are associated with an increased risk  Pros: individual patient data analysis; long-term follow-Lp;

{2007)® of death in diabetics (p=0.008), while  separate analysis according to diabetic status; systematic
rates of death 11 non-diabetics, and re-adjudication of events according to ARC definitions;
of myocargial infarction and stent Cons: ingomplete search and study inclusions* 33% (5/15) of stent
thrombosis overall are similar in SES thrombeses re-adjudicated according to ARC definftions in BMS
and BMS group occurred indeed after brachytherapy; data timited to SES
Stone et ab 9 5,261 DES are associated with an increased risk  Pros: individual patient data analysis: long-term follow-up;
(2007* of stent thrombosis >1 year {p<0.05),  Coms: incomplete search and study inclusion;™ no appraisal
while rates of death or myocardial of stent thrombosis according to ARC definftions; ne separate

infarction are similar in DES and BMS appraisal of oltcomes in diabetics

* this sefers to search strategies or inclusion criteria inappropriately Limiting the number of included studies {e.g., including only studies with follow-up
=3 years {thus excluding those with follow-Up <3 years] but willing. ronetheless, to provide precise quantitative synthesis for mid-term events;
MACE=major adverse cardiovascular events; PES=pactitaxel-eluting stents; TLR=target lesion revascularisation
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risk of thrombosis. This fact is also a clear reminder that statistical
significance stemming from underpowered trials may not translate
into ¢linically significant findings.
Most meta-analyses cautioned that DES are associated with an
increased risk in protocokdefined stent thrombosls, and that
sirolimus-eluting stents {SES) seem to be associated with Increased
=ortalty In diabetic patients, Conversely, ARC-defined thrombosis
does not seem to be more commoy in DES than BMS. However, the
ARC decision to Include secondary stent thromiacses {l.e., those
occurting after repeat intervention, even brachytherapy), whie
correct according 10 the intention-to-treat pringiple, remaing open
to discussion and can be misleading in & setting where the primary
goal is to understand the pathophysiological substrate of a patentially
ominous event such as very late stertt thrombosis,

Several practical actions can be recommended, and to this end we

borrow recommendations from other colleagues to individualise

patient management, inciuding indications to percutaneous
revascularisation vs surgery or medical therapy only, as well
as indications toward a specific coronary device.®

In addition, and focusing more on the evident discrepancies

or redundancles in the current DES Ilterature, we would like to

stress that in the future the following should be addressed:

- A more thorough comparison of per-protocol and ARC-defined
stent thrombosis events, which includes reasens for
discrepancies:

- A more thorough appraisal of the risks and benefits of DES
(especlally with SES) in diabetic vs non-diabetlc patients;

— Strive for a unigue, unanimous, collabarative, cumulative,
arospectively planned and designed systematie review and
individual patient data meta-analysis on DES simllar to the one
producad by the Antiplatelat Trialists' Collaboration.2*
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Abstract

Aims: Percutaneous coronary interventions {(PCL in high-risk cardiac patients are preferentially referred to
speciallsed myocardlal Interventlon centres (MIC). Included In this group are patients with a
haermodynamlc collapse ar high likelhood of haemedynamic callapse, either during Lalioen Inflation or
with acute vessel closure, The TandemHeart™ a percutaneous transseptal left ventricular asslst (PTVA®)
that can be introduced using standard catheterisation laboratory techniques, offers Interesting perspectives
to reduce procedural risks.

Methods and results: Between September 2000 to July 2006, The TandemHeart®, supported the
circulation of 23 patients {age: range 48-74, mean 53) admitted to cur centre for high risk, either
emergency o elective, PCI Successful implantation was achieved in 100% of patients. The mean time for
implementation of circulatory support was 35 minutes {range 16-62}. The index PCl was successful In all
patients except two, A pump flow up to 4U/min was achieved with significant reduction of left ventricular
filing pressures, pulmanary capifiary wedge pressure and with sigrificant increase of systemic arterial
pressures, Duration of support ranged fram 1-222 haurs (mean 31498 hours). Flve patients died with the
TandemHeart® in place, four of whom were in Irreversible cardiogenic shock at admission. Mid to
moderate access site bleedIng was seen in 27% of patients. One patient experienced a loge syndrome of
the leg. Core temperature (Ct) decreased to <36.5°C in six patients, profound hypathermia (Ct < 35°C) was
observed in two patients. There was no technical device fallure,

Conclusions: The TandemHear® - PTVAR provides effective, totai left ventricular support in very high risk
PCl settings. The rate of device related cardiac and vascular complications was acceptable,

* Corresponding author: Opt, of Inferventional Cardiclogy, Thoraxcenter, Bab83a, Erasmus Medical Centre, Dr. Molewalerplein 40, 3015 GD

Rotterdam, The Netheriands
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@ Eurppa Edition 2008, Al rights resenved,
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Introduction

With Increasing operatar experience, refinement in technology and
adiunctive pharmacologleal treatment, percutaneous coronary
intervention (PCY) is now considered the treatment of cholce for
mary high-risk subgroups In which PC! was previously contra-
indlcated, PC may even be a valuable option for those patients
whare coronary bypass grafing (CABG) is climlsally contra-
indicated™, Many of these pracedures are elective,

In general the benefits of a specific (percutaneous) procedure
should be welghed against the risks involved; taking Inte account
alternative treatment strategles, the intervertional and intensive
care team experlence? and taking in consideration the indlvicual
patlent risk scores, that may ald the operator In selecting or avolding
adjunctive pharmacetherapy or specific devices?,

Patlents in whom it 's consldered that PCl poses a slgnlficantly high
risk Include these with high likelihood of haemodynamic collapse,
elther during balloon inflation or with acute vessel closured. in
general, these are the patients in whom a large amount of the viable
myocardium is supplied directly or Indirectly by the affected arery.
The development of a percutaneaus ventricular assist device (VAD)
that could be easily and quickly Inserted proshylactically or in case
of an haemadynamic collapse proves invaluable in this setting,

The TandemHeart®, a percutzneous transseptal left ventricular
assist device (PTVA®) system {CardiacAssist inc., Pittsburgh, PA,
USA). has been demonstrated to effectively reverse cardiogenic
shock after myocardial Infarction and to play an important rote for
bridging to ancther definitive therapy!2, This system allows for rapid
implementation of circulatory support using standard interventional
fechniques in the catheter'sation laboratory and is designed to
deiiver up to 4.5 Hires of blood fiow per minute. In this report, we will
report on @ single centre sl year clinical experience with the
TandernHeart® b high risk PCl procedures,

Methods

Patients selection

Since 2000, the Thoraxcenter, Crasmis University Medical Cantre,
Rotterdam, The Netherlands sterted a program evaluating
percutaneous ‘eft ventricular assist devices (LYAD) during high risk
PCI. Between September 2000 to July 2006, twenty-three patients
agmitted 1 cur centre for acute corcnary syndromes (ACS) 5T
segrnent elevation myocardial infarction (STEMI) or for elective PG,
were treated with TandemHeart®,

In non-elective patients, the indication for TandemHeart® support
was based on already esteblished haemodynamic instabllity before
the index PCl procedure, defined as typically with low carciac
output {cardiac index < 2.2 Umin/m®), peripherat signs of tissue
hypeperfusion (decreased urine output and/or cold extremities),
systemic hypotension (systolic blood pressure < 100 mmHg)
despite vasopressor therapy and in the presenrce of approptiate left
ventricular filing pressures (pulmonary capillary wedge pressure,
PCWP 215 mmHg), In case of presence of an intra aortic balloon
pump (IABP) haemadynamic measurements were done with the
IABP paused for 60 seconds,

In patients who underwent elective PCI, clrculatory assist was
indlcated In procedures which had a presumed high rigk of
ischaemic/haemodynarmic complications, based an the presence of
severely depressed left ventricular (V) function and planned
treatment of 2 one complex lesions in vessels supplying a large
amount of myocardium. CABG was not considered a treatment
option in any of these patients, Major exclusion criteria were
predominant right ventricular fallure requiting rlght ventricular
support, sevare aortic insufficiency, severe sepsis and anoxic brain
damage.

System description

The TandemHeart® PTVA® (Figure 1-2) incorporates arteriat
perfusicn cannula configuratiens ranglng from 910 17 Fr, an unique
21 Fr venous Transseptal cannula, and a centrifugal blood pump,
Oxygenated blood from the patient's teft atrium is supplied to the
pump by the frans-septal cannula and than retumed to the patient's
systemnic arterfal clrculation. The centrifugal pump contains 2 single
moving part (ratorAimpeller) that is suspended by a thin lubricating
film of fiuid to reduce heat and friction, thereby reducing the risk of
thrombus formation. The pump connects to a microprocessor-
based controller that displays PTVA speed and flow. These
pararreters are controfled by agiusiment of a single knob, The
controller also provides automatic system monitoring and alarms
Indicating conditions that require action, The system is desigred to
deliver up to 4.5-5 litres (L) of blood flow per minute, depending on
the size of the arterlal cannulation and the filling conditions of the
teft atrium, while cperating at a relatively Tow speed (7500
revolutions per minute, RPM)

i

Figure I, Schematic of the system deployed. The Tandembeart®
removes oxygenated biood from the left atrium vig a 21 Fr transseptal
cannuia that is advanced from the femoral vein trough the inter-atrial
septum nto the left atrium (AL The oxygenated biood is returned nto
the arterial vascular system via & 15 up fo 17 Fr arterial cannula by
means of a centrifugal pump (B). The centrifugal pump contains
4 single moving part (rotor/impedfer) that is suspended by magnetic
force on a thin lubricating Film of fluid to reduce heat and Wiction,
therely reducing the risk of thrombus formation.
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Figure 2. Microprocessor-based conlroller used in this series (A)
displaying PTVA speed and flow. These parameters are controlled by
adjystment of a single knob. The controller includes extensive seff-
dfagnostic and alarm features to ensure patient sugport without the
need for constant aperator surveillance. Panel (B) shows the recently
introdyced Escort Controller, This light (21 pound or 9.53 kg) weight
controfier can be mounted at the patient’s bedside and includes an
easy-load infusion system. The fatter alfows the lubrication fluid
Infusion line to be instatied in seconds.

Insertion technigue

A standard transseptal puncture technique, using an Inoue
guidewire, was used to gain access into the left atrlum from the right
femaral vein, Transseptal punsture was carried out by an
experienced operator anly, The inter-atrial septum was dilated with
an 2-stage 1421 Fr dilator and the venous inflow cannula was
Inserted (proper positionlng In the left atrium was checked by efther
angiography and/or fransescphageal echocardlography). One 15 Fr
or 17 Fr perfusion catheter (Bio-medicus cannula, Medtronic,
Minneapolis, MN, USA) was Inserted into the femoral artery and
advanced to the cammon iliac artery. An lleac anglography was
performed before the placement of the perfusion catheter to
delingate the arterial anatormy and size and to dlsclose evertual
lumingl obstructions. in three patients a dual femaral approach with
Y connectlon was used for arterial access. Bath arterfal and venous
cannula were fixed 10 the skin with multiple sutures in order 1o
secure their position, The pump was placed on the upper ieg of the
patient. After checking the central venous pressure, priming and
cautious de-airing of the entire system, the arterial and venous
cannulas sets were connected to the pump by a heparin-coated

tygon tubing (up to 30 cm length) and the pump was activated to Its
maximum rotation spead. Dutput pump flow was measured by an
external electromagnetic flow meter (MT 311, transonic),

Device weaning and removal

A predefined weaning protocol was inltlated at the moment
vastacive drises were reduced to 2 stable minimal favel [dobutsmine
up to 4 pgkgrrmin, narepinephine up o 0.1 4 ugkeymin.) provided
stable haemodynamic parameters (mixed venous or central venous
saturation > 65%). A stepwise reduction of pump assist was
performed, by reducing pump speed from 7500 to 3500 RPM {steps
of 500-1,000 mi/min), adapted to the meglcal condition of each
patient individually, The final remaval decision was based on medical
judgement. A weaning period up to six months was respected for
most patients. The pump was nat stopped untll immediately before
remaval. No specific instructions on access site closure were issued.

Concomitant treatment

The Ingex coronary intervention was performed after TandemHeart®
Implantation and functionlng. Arterial access was obtained via the
contra-lateral femoral artery and the interventional strategy was left
to the operator, according to standard technigues. Standard
Intensive care was provided to each patient. Patlent sedation and
intubation was considered for clinical andfor comfort reasans.
A balloon tipped pulmanary artery (PA) catheter was placed via the
contra lateral femoral vein for haesmadynamic maonltoring purposes
If ¢clinically indicated, Cardiac cufput determinations were made
using standart thermodliution technigues.

During the index procedure, a constant flow (13 mih) of heparinised
infusate fs maintained providing a locallsed concentration of
heparin In the interior of the pump in order to obtain locaiised anti-
coagulation thereby minimising systemic heparlnisation, the risk of
bleeding and thrombus formatian, Additianal boluses of heparin
were administered peripherally to maintain the activated
coagllation time to approximately 200 secands during routing
suppart (400 seconds during insertion} or an activated partial
thrambyoplastin thme of between 65 and 80 seconds.

Predefined safety endpoints and time periods
The following predefined clinical events related to the use of the
TandemHeart® were assessad in each patient: any minor ar major TiM|
bleeding?, laceration of the msertion vesseilimb ischaemia, device
related thromboembalic events, infective complications, residual atrial
septumn defect after device removal, device malfunction or failure,

The Insertion time was deflned as the time from providing of the
Brockenbrough needle o the ‘full’ heparinisation following connection
of the femoral cannula to the pump, The duration of support was
defined a5 the time from ‘full’ heparinisation at time of connection to
the pump Bl the removal of the femoral cannula,

Statistical analysis

Variables with normal distribution were analysed using parametric
tests while variables with a non-normal ¢istribution were analysed
with non-parametric tests. Continuous variables are expressed as
mean S0 or median £5D and differences are compared using
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Stdent t test or Mann Whitney test, Categorical variables are
expressed as counts ang percentages, Differences were assessed
by Fisher exact test or chi-square test, as appropriate. All analyses
wete performed using SPSS version 12 statistical software (SPS$
Inc., Chicage, 1L, USAL A two-talled pvalue < 0.05 was cansidered
significant for hypothesls testing.

Results
Baseline characteristics

Baseline clinical ard procedural characteristics are listed in Table 1.
Mean age was 59 = 9.4 years, 19 patients (83%) were men, The
efection fraction was <30% in 16 patients [70%). Fifleen patients
(659%) suffered a three vessel disease, six of whom with left main
involvement, The indications for TandemHeart™ support were
elective/high risk PCI In 15 patients and non-glective (emergency}
In efght patients with ACS and acute heart failure. Eight patients
experienced an evolving {< 36 hours) myocardial Infarction, five of
which were complicated by acute heart fallure/cardiogenic shock
(CS). Elght patients needed Intubation and mechanical ventflatior:
as part of their medical treatment and 11 were on Inotropic suppart
at the start of the implant procedure. Standard EuroScore In our
patients ranged between 2 and 14 {mean 6.5} providing 2 surgical
risk of mortality between 1.5% and 46.6% (mean: 11.3+11.6%).
Very high risk patierts (EuraScore > 9) were nine®?,

Haemodynamic effects

The TandemHeart® snowed good performance, achieving flow rates
up to 4.0 Lmin, Mean systernic arterial pressure was 74,8418 mmkig
at baseline and 85,619 mmHg atter pump functioning (p= 0.023).

Table 1. Baseline characteristics; n (%)

Age (mean£SD) 5949.4
Sex M 19 (B2.6)
F 4 (17.4)
Previous MI 11 (47.8)
Previcus CABG 4 {17.4)
{linical presentation STEMIACS 5 {21.7)
STEMI 3{13)
NSTEMI 1{43)
UA 5 (21.7}
Angina/dyspnea 8 (34.7)
Scheduled PCE 1(4.3)
CAD extension {23 pts) e 3 {13}
2V0 5 (21.7)
3¥D § (39.1)
YD+ LM 6 (26)
EF ~<20% 11 (47.8)
20-30% 5 {217
30-50% 3(13)
»50% 4 {17.4)
Indication for PTVA elective 15 (65.2)
fmergency 2 (341
Intubation 8 (34.7)
Inotropic support 11 (47.8)
EuroScore {meanxSD) 6.543.4
HRP {=6) 3{13)
VHRP {>9) 9 (39.1)

Pulnonary wedge pressure was 16,8458 mmHg at baseline and
13,628 after pump functioning (P= 0.002). The pulse pressure was
reduced on support from 39.7«17.7 to 31.5:17 (p<0.001}
{Table 2. In two patients the Imtlal period after implantation of the
TandemHeart® was characterised by a complete non- pulsatiie
arterial blood pressure (pulse pressure <7 mmHg), in one patient
with the recovery of the heart function « 24 hours after
implantation, Increasing puise pressures became evident.
Modulation of pulsatility with low amplitude to the non-pulsatile
blopd flow produced by the PTVA could be achleved by varying
purmp flow, One patlent did not show recovery of puisatiie biood flow
and he dled with the TandemHeart® /n sitw.

Table 2. Hemodynamic effects of FTVA

Baseline
MSBP (meansS0) 74.8:18 85,6410 0,023
Puise P (meansSD}  39.7417.7 315417 0,001
PCWP (means5D) 16.845.6 13,646 0,002

A pulmonary artery catheter was inserted in 26 out of 23 patients, The
hemodynamic measurements reported were immediatety before Tandem
Heart® insertion and at the end of the PCI procedure (before the patient
was transferred to the tandize intensive care department)

Procedural and clinical outcomes

Procedural and clinical outcomes are summarised in Table 3.
Index-PC| procedural success was achieved in 42 lesions (96%).
A total of 44 lesions were treated {one up to four leslons. per patient),
all Including stent implantation {mean stent per patlent rate: 2.3).
The mean time for insertion of the TandemHeart® was 34x12
minutes {range 16-62), the procedural success was 100%. The
clreulatory assist perlod ranged from 1h to 222h, mean 31248.8h
Ore patlent with & severe femoral artery stenosts needed PTA and
stenting of the lliac artery vessel prior to cannulation.

Sevenieen patlents were successfully weaned from the
TandemHeart®, In-haspital death occurred In six patlents. In total
five patients died with the device /n situ, four of which were
considered in irreversible CS at admission. Ancther patient admitted
for 0 was inltialy stabllised after 222 hours on Tandembean®

Table 3.

PCI Results: n (%)

P success rate 96%

Number of treated iesions 44

Stent per patient 23

PTVA Insertion success rate 100%

PTVA Insertion Time {meansSD) 3412

Assist petiod, hours {range/mearSD} 1-282/31449.8

Death  In hospital 6 (26)
with PTVA in place 5* (22)
at & months FU 9 (39)
at 12 months FU 10 (43)
at 2 years 11 (47}
at 5 years 11 (47}

¥ 45 patients suffered cardiogenic shock
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support, However, this patient developed abrupt circulatory failure
after removal of the pump and died a few hours later. No further
invasive treatment wes possible due to the abrupt worsening of his
clinical condition. During the follpw.up period, three patients were
lost and cne patlent digd due to progressive heart failure < 30 days.
An uneventful six months follow-up wes abserved In 13 patients.

Complications

Potential complications related with the use of TandemHeart® are
summarised In Table 4. In this series of patients, no procedural
complications during device insertion were noted and no cardiac
tamponade, thromboembelic events nor device failure oceurred, In
two elective cases (8,7%) the weanlng needed to be postponed due
o the occurrence of profound hypothermia {core temperature
32.7°C and 34.2 °C} and the need for active re-warmlng. Minor to
mild access site bleeding complications occurred In 26% of

Table 4. Potential complications of PTVA; n(%)

Puncture of aortic root, coranary sinus, posterior free watl 0 (0)
TandemHeart pVAD system faifure o0
Thromboembolism 0 (0}
Newrotogie dysfunction 0 (0}
Hemolysis 0{0)
Cardiac tamponade 0(0)
Deep venous thrombosis 0(0)
Armhythmias o (0
Systemic hypothermia {35-36.5) 4 {17.4}
Profound hypotermia («35) 287)
Bleeding 6 {25)
Cannulation site infection 0
Cannula dislogment i}
Distal lag ischaemia 1 {43}
Total no. of events 13

Table 5. Exclusion criteria for this study were:
~ Participation in anather trial with an investigational drug,/ device
during the last 60 days
- Loncomitant disease that interferes with the prognosis,

- {ontra indications to standard drugs for coronary intervantion and
coronary heart disease.

- Coaguiopathy-chronic anticoagulant therpy / uncontrolled active
bieeding.

- (NS damage resulting Tn fixed dilated pupils not related to
pharmacologics,

- Severe aortic/mitral valve stenosis, significant aortic valve
insufficency,

- Rupture of the ventricular wall

- Right heart failure, defined as the need of a right ventricular
assist device.

- Severe peripheral vascular disease {e.g, aorte-iliac occlusive disease).
- Stroke of haemorrhagic or unknown origin

- Non-haemorthagic stroke, that tock place within the past 30 days
- A tansient ischaemic attack, that took place within the past 30 days,

patients (n=6), none required speclfic treatment. Lower limb
ischaemia complicated by a loge syndrome oceurred in one patient
with pre-existing severe peripheral vascular disease. This patient
needed a fascictomy. Dislocation of the venous cannula occurred In
one patient and requirad pump removai.

Mast pumps were surgically removed in the operation theatre
n=12, 52%). A closure device {Prostar) falled to close completely
the puncture site in two out of three attempts. A local compression
device (Femostop, Radl) was used successfully in these patients as
well as in three others without any complication.

Discussion

PC! in high-risk coronary patients with (potential) haemodynamic
compromise Is challenging and may be considered a speclal
dimenslon of MIC*. Active clreulatory support using VAD
constitutes a valuable safeguard to reduce potential fatal
intervention-related complications in this setting and is nowadays
considered part of the current therapeutic armamentarium,

IABP is currently the most widespread mechanical devies used to
support and to improve coronary perfusion in patients with acute
heart failure. 1ABP implantation is easy and its use is safe and
associated with a low Incldence of serious complications. |ABP may
pravide a lot of diastalic augmentation of coronary flow in patients in
shock, however only limlted forward cutput augmentation (up to
about 0.5 Limin). This level of support has been shown to be
scarcely able to Improve clinical outcomes in the setting of complete
hemodynamic collapset®.

Active circulatory support using VAD combines the beneflcial effects
of the myocardial unloatling and an increase in tissue perfusion
pressure, Theoretically, thls technigue should also allow very early
decomprassion {*unloading”) of the left ventricle in massive
myozardlal infarction, thus enhancing the chances of recovery of
the jeopardised ischemic non-infarcted areasi®, In animal models,
LV unloading prior to revascularisation of the infarcted artery led to
significant myocardial salvage in comparisen fo the implementation
of unlpading after reperfusion®?, A trial testing this concept,
Including pne patient reported |n this series, was stopped early tue
ic poor recruitment, However, the concept could nicely be
lllustrated by echo centrast Imaging in one of our patients
{Flaure 3). Our data conflrmed that Tandembeart® support was
assoclated with significant decreases In left ventricular fllllng
pressures, mean systalic blood pressure and arterlal pressures, The
blood fiow, up to 4.5 Umin, provided by the device may be
sufficient to both optimaily unlcad the 1V and to prevent and even
reverse organ dysfunction in cardiogenic shock patientst-28,
Patient sefection s the single most crucial factor in determining a
successful outcome in patients who receive temporary mechanical
clrcuiatory support, Rapid diagnosls and treatment are essential but
are often based on limited information, The patlents history and
overal: ¢linical setting should be considered In the decision process to
inltiate circulatory support. A pulmonary-catheter was used in the
malority of the patients as adequate left ventricular filing conditions
are essential for proper functioning of {preload to) the device.
Haemodynamic data, including mixed {or central) venous oxygen
saturation, may help 1o guide the overall patlent selection, the
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Figure 3. Echocardiographic contrast perfusion images in a patient on Tandemheart(r) circulatory support. Panel A: fow circulatory support (high

wall tension, poor myecardial perfusion, contrast remains In the ventricle cavity). Panel B: Full cireulatery suppert with effective unloading of the

left ventricle {low wall tension, good myocardial perfusion).

management and potential weaning decisions. in our series five
patients died while on Tandembeart® suppaort, four were in profound
CS &t the time of treatment Initlation. Patients beyond the ‘irreversible
edge’ of CS prove bad candidates for this technique in this and other
serias't, Of interest, only three out of the successiully weaned patients
(n=17) deceased during the FU pericd, suggesting this device may
have a tangible Impact on the long-term survival as well,

The TandemHeart™ can be used prophylactically and in ball-out
situations. In experienced hands cardiovascular support can be
implemented in less than 35 minwtes. The mast important
drawback of the technigue may be the difficulty of cannula
ingertion. Substantial atheroscleratic changes in the iilac artery and
the conseguent peripheral vascular disease are most common in
the group of coronary patients who most benefit from the effects of
the pump. In this serles, a tofal number of 13 device-related in-
hospltal adverse events rate were observed, G.6 events per patient.
Many of them were access site complications. One patient
developed 2 loge syndrome requesting a fasciotomy, but no other
latrogenic arterfal insufficiency was noticed. Mild to mederate groin
bleeding was encountered in six out of 23 patients (27%), none
needing a specific treatment. Mast pumps were surgically removed
in the aperation theatre in order 1o allow optimal local hasmastasis
and proper inspection of the cannulation site, A local compressicn
or ¢losure device may provide 2 valuable alternative given a clean
puncture technicue. Access site complications may be minimised
by prior ilfiac angiography and by implementing an ultrasound
guided puncture technique of the {common} femorat artery™. When
necessary, the use of distal perfusion and antegrade cannulation of
the superficial femoral artery may obviate peripheral vascular
complications as well.

As opposed 1o other modalities of percutanecus cardiopuimonary
support (CPS) used In this indlcation'®®, the TandemHeart®
systern keeps the patlent’s lungs as its cwn ventflator and may be
used to support patients for a longer peried of time without malor

haematatogicat or putmonary cemplications {up te 10 days in our
series]. No thrombi formation was noticed efther during the support
or after the removal of the device and no thromboembolic event
occurred, Evidence of clinical relevant haemolysis, which was a
particular concern, was looked for but absent in our series {data not
showr). Also this sheervation is in line with the Lelpzig series?t.
Systemic hypethermia (<36,5°C) was abserved in 25% of patients
{r=6) but the temnperature decreased below 35°C only in two cases,
Contact of the system circuit with room temperature may have
contributed to a cooling effect on the blood fiowing through the
pumg. Other factors that may have contributed to heat loss are the
use of general anaesthetlc agents and neuromuscular blockers
leading to vasod|latation and the loss of muscular tonus. Correcting
measures may be straightforwardly introduced to avoid or rapidly
getect this complication in the future.

Conclusion

Qur results craate optimism for more widespread introduction of the
TandemHeart® in the MIC setting, The concept of ciosed chest left
heart bypass, with left atrial to feroral attery bypass, constiiutes a
relatively safe and reliable safeguard in high risk PCTand acute heart
faiire, TangemHeart® PTLA® can be rapidly and percutaneously
implanted in the catheterisation suite using standard interventional
technigues In both a prophylactic or emergency settings. The
Tandemteant® provides more haemodynamic support than the IABP
and Is effective in stabilising haemodynamics. Access slte
complications remain the Achllles' heet of this technique.
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Acute effects of PTSMA on LV function in patients with HOCM

Acute effects of alcohol septal ablation on systolic
and diastolic left ventricular function in patients with
hypertrophic obstructive cardiomyopathy

P Steendik,' E Meliga,%® M Valgimigli? F J Ten Cate,® P W Serruys?

ABSTRACT

Objective: Hypertrophic abstructive cardiomyapathy
{HOCM] often leads to heart fallure, severe symptoms
and death. Percutaneous transtuminat septal myocardial
ablation (PTSMA} by alcohel injection efficiently reduces
left ventricular {LV} outflow tract pressure gradient and
improves symptoms. We determined acute changes in
haemodynamics and systolic and diastolic LY functicn
after PTSMA.

Methods: In 17 consecutive patients with symptomatic
HOCM referred for PTSMA, the target vessel was
determined by myacardial contrast transthoracic eche-
cardiography. An over-the-wire baticon was inflated in the
target vessel and multiple 0.5-ml alcoho! injections were
performed. 1 systolic and diastolic function was
assessed by online pressure-volume loops obtained by
conductance catheter at basefine and acutely after the
procedure.

Results: In all patients except two, a single septal branch
was treated using a total of 2.0 (0.5} mi ethanol per
patient, The rest and post-extrasystolic gradient were
significantly decreased after PTSMA (79 (38) 1o 14 {16)
mm Hg and 130 {50} to 34 (33} mm Hg, respectively,
both p<<0.001}. Ejection fraction dacreased (78% (9%
57% (13%), p=<<0.001). Cardize output, heart rate and
stroke work were unchanged, but systolic and diastofic
valume increased. End-systalic and end-diastofic pressure
significantly decreased {166 (27) to 129 {26} mm Hg,
p=<<0.00t and 25 (6] to 21 (7} mm Hg, p =90.048,
respactivelyl. Significant rightward shift (p<0.001) and
decreased slope {p = 0,041) of the end-systalic pressure-
volume relation indicated reduced contractiity, whereas
diastolic stiffness, —dP/dtym, and tau were significantly
improved after the procedure.

Conclusions: PTSMA acutely reduced systofic function
but promptly improved diastalic function with mesntained
cardiac output and stroke work. Improved diastolic
function and increased end-diastolic volume compensated
for the systolic loss and resutted In maintained
haemadynamics.

Hypertrophic  obstructive  cardiomyopathy
(HOCM) is a genetic cardiac disease which is
characterised by interventricular septum hyper-
trophy, 3 narrowed left ventricular outflow tract
(LVOT), mitral regurgitation and mitral valve
systolic anterior motion (SAM) resulting in
LVOT obstruction.” Patients with HOCM are at
high disk of dying or developing severe symptoms,
and LVOT obstruction has been shown to be an
independent predictor of development of heart
failure symproms and death”” In patients who
remain  symptomatic despite optimal medical

therapy, surgical removal of a small amount of
muscle from. the basal interventricular septum has
been shown to be an effective therapy.' Recently,
percutaneous transluminal septal myocardial abla-
tion (PTSMA) was introduced as am attractive
alrernative procedure.™ PTSMA induces myocar-
dial infarction by selective injection of alcohol into
one or more septal branches of the left anterior
descending coranary attery aiming at contractile
dysfunction and thinning of the septum to reduce
the IVOT pressure gradient.” Significant and
sustained decreases in LV outflow tract pressure
gradients have been reported in several studies after
FISMA at long-term follow-up*” ™ although a
recent study indicated less favourable effects in
young patients with high baseline resting gradi-
ents.” The le of FTSMA in reducing mitral
regurgitation and SAM is still uncertain.® The aim
of this study was to establish the acute changes in
systolic and diastolic left ventricular function after
PTSMA in order to better understand the complex
scries of events that follow the procedure and that
result in & new haemodynamic status,

METHODS

Patient population

The study population consisted of 17 consecutive
patients with symptomatic HOCM despite opti-
mal medical treatment who were referred for
PTSMA at the Theoraxcenter. The HOCM diag-
nosis was based on typical clinical, echocardio-
graphic and angiocordiographic findings. The
inclusion criterla were New York Heart
Association {NYHA) cdlassification class H-IV,
associated with any sign of obstructive LVOT:
resting systolic gradient greater than 50 mm Hg or
septal thickness greater than 15 mam, or a less than
7-mum LVCT diameter or SAM of anterior mitral
leaflet. The study group included two patients
with confirmed familial HOCM and four patients
in whom HOCM was presumably related to
previous hypertension. In the rermaining paticnts
the origin was unknown. The study was approved
by the internal review board of the Erasmus
Medical Centre and all patients provided informed
consent before participation.

PTSMA procedure

A 6F transfemoral temporary pacemaiket was
positioned in the right ventricle, Baseline haemo-
dynamic dava, including LVOT gradient at rest and
at provocation with the Valsalva manoeuvre, were
measured via two retrograde GF catbeters intro-
duced percutaneously via the femoral artery and
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placed one in the left ventricle and one in the ascending aorta,
Intraprocedural myocardial contrast transthoracic echocardio-
graphy (TTE) was performed to determine the target vessel.
The vessel was then selectively probed with a 0.014-inch guide
wire through a 6F percutaneous coronary angioplasty guiding
catheter. A 9-mam long, oversized over-the-wire balloon (1.5-
2.5 mm) was introduced and inflated and the distal vessel bed
was contragted, After verifieation of the correct balloon position
and inflation, 1-2 ml of the echo contrast agent {Levovist,
concentration 350 mg/ml, Schering or Sonovue, Braceo) were
injected through the balloon catheter lumen under continuous
TTE imaging, Once dye reflux into the left anterier descending
(LAD} coronary artery was excluded and if probatory vessel
closure by the inflated balloon had resulted in significant LIVOT
gradient reduction, multiple 8.5-ml alcchol injections were
performed. Bach injection was performed slowly, over a pericod
of 30 seconds, Special care was taken to avoid leakage of alcohol
into the LAD and its major branches. The balloon remained
inflated for 10 minutes after the alechol administzation to
enhance tissue contact and to exclude aleohol refiux into the
LAD. Finally, all the haemodynamic measursments (see below)
were repeated, The pacemaker lead was left in situ for at least
48 hours and the patient had 2 telemetric recording during the
whole hospitalisation period.

Haemodynamics and LV function

Left ventricular (LV) function before, during and after the
FTSMA procedure was assessed by online LV pressure-volume
signals obtained by a 7F combined pressure-conductance
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Figure 1 Single-Deat estimation of the end-systofic pressure-volume
telation (ESPVR} and end-diastofic pressure-volume rekstion (EBPVR).
dP/dty, maximal rate of LY pressure increase; ESV, end-systolic
volume; LY, left ventricular; Py, isovelumic peak pressure,

catheter (CD Leycom, Zoetermeer, The Netherlands) intro-
duced retrogradely into the IV and placed along the LV long
axis. The catheter was connected to a Cardiac Function Lab
(CEL-512, CD Leycom) for display and acquisition of pressure-
volume lfoops. The conductance catheter was calibrated by
matching the baseline conductance-derived volume signals with
end-diastolic and end-systolic volumes obtained by echocardio-
graphy before the procedure. Data analysis was performed
offline by custom-made software. Haemodynamics and LV
Function were guantified by cardiac output and stroke volume,
end-diastolic and end-systolic volume, LV ejection fraction, end-
systolic and end~diastolic pressure, maximal and minimal rate of
LV pressure change (dB/dtyax, —dE/dtmns). The time constant
of relaxation (tau) was determined using phase-plot analysis.
Stroke work was calculated as the area of the pressure-volume
ivop. The end-systolic pressure-volume relation (ESPVR) was
estimated using a single-beat method adopted from Takeuchi ¢f
al as illustrated in figure 1. The ESPVR was characterised by its
slope Egg (end-systolic elastance) and its position as defined by
the volumae intercept at 150 mm Hg (ESVy5, see fig 1), The end-
diastelic stiffness constant Kep was determined by fitting an
exponential curve, P = Aexp{Kap.V), to the diastelic trajectory
of the pressure-volume loop, and we also determined end-
diastolic stiffness, Ezp, as the linear slope of the diastolic
trajectory (P= B+ Egp. V).

Statistical analysis

Continuous variables are shown as mean (51 and were
compared using Student t tests. Categorical variables are
presented as counts and percentage and compared with the
Fisher's exact test. Differences were considered significant if the
p value was <0.05. All statistical tests were two tailed.
Statistical analyses were performed by SPSS (version 12.0.1}.

RESUETS

Baseline patient characteristics

Rascline clinical and haemedynamic charactenstics are pre-
sented in tables T and 2. Mean age at the time of the procedure
wis 62 (13) years. Angina occurred In six patients (39%),
syncope in three (18%) and dyspnoea was present in eight
(47%). All patients were symptomatic despite optimal medica
treatment with P-blockers (53%), caldium channe] antagonists
(59%) and diuretics {35%): cight patients {47%) were in NYHA
class Il and nine (53%) were in NYHA class JL. In this series, no
patients were in NYHA class IV, The mean gradient at rest was

Table 1 Baseline patient {0 = 17) characteristics
Ago, yoars {mean (S0} 52 113
Malo 1 {84%)
Femele 6 (36%)
Symptoms

Angina 6 {35%}

Syncopa 318%}

Dyspnoce § {4}
Madications

P-blockors § {83%)

Cafzium channe! ontagonists 10 {5%%)

Diuratics § {35%)
NYHA functional class

] 3 {53%)

] B {47%)

W 0 (0%
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Table 2 Baseline {Pre} and post-procetural (Post} haemodynamic measurements {n = 17)

Pro Pazt p Valup
Gradiont {mm Hg) 79 (38} 34 (16) <0001
Postaxtrasystolic gradiont {mm Hgl 130 {50} 3433 <.001
HR {boats/min) 85 (12 87 (11) 0.326
SV {mi} 36 (28) a1 (38} 0784
CO {Umin} 2.3} 33 (25 0.409
SW {Lm Hyy) 107 (3.7 9.2 (5.3} 0.135
ESV {mi} 33 (14 44013 0.004
EDV {mi) 110 (30} 119 {38} 0073
EF (%) 78 (3} &7 (13} <0001
ESP {mm Hg} 166 (271 129 {26} <0001
EDP {mm Hg} 2516} 21 G048
L¥Preay (min Hh 187 (32} 147 (28} <0001
L¥Pyy Imim Hg} a1 (3.3 72430 0.322
dP/dtyax (mm Kg/s) 1549 (289) 1438 {244} 0.089
~gP/dtyy {rom Hy/'st 1611 (248} 1310 {333} 0.001
Tau (ms} 11 (61} 67 {15} 0.01t
Py {mem Hg) 268 {40) 230 {36) 001t
Egs fmm Hg/mi} 1,93 (1,16} 138 (0.62) 0.081
ESVyp [mi} 36 (15) 58 122) <000
En (mm Hgim) 0,32 {0.24) 0.19 {0,099 0.014
Kep {timi) 0025 6.0213 0621 {0.018} 0.215

C0, cardine output; BP/ttyax, roximal e of LV prossurs introase; —dP/dty, maximal rato of LY prossure docling; Egp. diostolic
stiftnoss; Eps, ond-systolic olostanco {siopo of ESPVRY; EDP, end-diastolic pressure; EDV, end-diastolic volumo; EF, ejection

fraction; £8P, ond-systolic prossure; ESV, ond-systolic volume; ESVy sy, intercopt of ESPYR; HR, hoart rote; K, diastolic stifness
constent; LYPyn, minimal LV prossurg; LPpea pook ioft ventriculer {LY) systolic prassure; Puay, isovolumic peak prossure; SY,

stroka volume; SW, stroke work; tay, reloxation ime constant,

79 (38) mm Hg, the mean post-extrasystolic gradient was 130
(50) mm Hg and the mean septal thickness was 21.7 {0.5) mm.,

Procedural results

An average of 2.0 {0.5) mi of etbanol was injected per patient. In
all patients except two, only one septal branch was treated. In
cight patients the first septal branch was treated, in six patients
the second, in one the third. In two patients both the first and
the second septal branches were treated because of incomplete
gradient relicf after the treatment of the Hrst one, No death or
sustained ventricular arrbyythraias occurred. Eight patients
developed right bundle branch block, which was persistent
in four. No patient required permanent pacemaker implanta-
tion afrer the procedurs, Acute heemodynamic findings e

o p<0.001 ,

140 —|
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80—
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Figure 2 Acute effect of percutancous transiuminal septal myocardial
ablation: left ventrisular {LV) owflow tract gradient before {Pre} and after
{Post) procedure.

summatised in figure 2 and table 2. The mean rest and post-
extrasystolic gradient were both significantly decreased after the
procedure 79 (38) to 14 (16) mm Hg and 130 (50) to 34 {38)
mm Hg, respectively, both with p value <0.001). The CO, HR,
SV and $W were unchanged, The ESV increased from 33 (14) to
44 {19 ml (p = 0.004); the EDV tended to increase from 110 (30
to 119 {38) ml (p=0.07) and the ejection fraction significantly
decreased from 78% (9%) to 67% (13%) {p<0.001). Both ESP
and EDP significantly decreased from 166 (27) to 129 (26) mm
Hg {p=<0.001) and Erom 25 (6) to 21 (7) mm Hg, respectively.
LVPpeag decreased from 187 {32) to 147 (24) (p<0.001), LV
AP/ dtyuax tended to decrease from 1549 (289) to 1438 (244) mm
Hg/s {p=0.069) and —dP/dtyuy significantly decreased from
1611 (248) to 1310 (333) mmHg/s (p=0.001). Both tau and Fgr,
wete reduced from 111 {61) o 67 (15) ms {p = 0.011) and from
0.32 (0.24) to 0.19 (0.09) mm Hg/ml {p=0.014), respectively.
The ESPVR showed a decreased slope (Eps from 193 (116) to
138 (0.62) mm Hg/ml, p=0.041) and a shift to the right
(ESV1s0 from 36 (13) to 58 (22) ml, p<<0.001). Figuse 3 shows a
typical example of pressure-volume loops before and after
PTSMA.

BISCUSSION

HOCM was first deseribed in the late 19505 " A morpholo-
gical difference is made between subaortic obstruction and the
more rare mid-ventricular obstruction. Symptoms and disease
manifestations in patieats with HOCM include dyspnoea,
angina, palpitations, syncope, heart failure and sudden cardiac
death, Obstruction of LVOT, diastolic dysfunction, cardiac
ischaemia and thythm disturbances are the main problems and
underlying mechanisms in  patients with HOCM.'®
Symptomatic patients not only have impaired quality of life
but also seem to have an adverse prognosis; the occurrence of
atrtal fibrillation, ventrcular tachyeardia” and myocardial
ischaemia® are al! prognostically unfavourable factors.
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Figure 3 Typical example of pressure-volume loops before (Pre} and
after [Post) percutanecus transiuminal septal myocardial ablation. LY, keft
ventricular.

Symptomatic HOCM patients are usually treated first with
negatively inotropic substances, especially B-blockers, caleium
antagenists like verapamil, or disopyramide.” These drugs may
favourably modify LV diastolic function through their anti-
ischaemic actions although the effect on symptoms and IVOT
obstruction is often limited and present only in a sefect group of
patients, Moreover, verapamil may prolong tau and increase
flling pressures in some patients. A recent study indicated that
disopyramide combined with B-blockers may provide ameliora-
tion of symptoms without proarthythmic effects™
Artioventricular sequential pacing has been applied™ and was
reported to reduce the outflow tract gradient up to 30%, to limit
cavity obliteration and reduce systolic pressutes probably by
inducing dyssynchronous apical contraction™ which was
leading to a decrease in symptoms in patients without affecting
septal thickness,® Surgical myectomy has been the therapeutic
option of choice for decades since the late 1950s,* * and patients
tend to have improved markers of diastelic LV funetion and a
favourable prognosis. Recently, PTSMA has been shown to be
an attractive alternative to surgical myectomy. The induction of
2 limited “therapeutic” infarction as a result of ethanol
njection®™ within the hypertrophied septal myocardium leads
to localised thinning and regional contractile dysfunction,
which expands the left ventricular outflow tract, eliminates or
reduces the mitral valve SAM and thus reduces LVOT gradient
and the restlting symptoms, =¥

Previcus echocardiographic and magnetic resonance imaging
stedies have shown that LVOT gradient reduction is associated
with a decreased afterload and an increased cardiac output, ™
resulting in a higher diastolic pressure in the aorta along with a
lower diastolic pressure in the LV. These changes enhance
coronary How and myocardial perfusion by increasing coronary
Blling pressure, leading to reduced subendocardial ischaemia and
improved LV relaxation.” * Moreover, the gradual regression of
hypertrophy and the changes in LV geometry may explain the
further long-term improvement in diastolic function™™ Most
of these changes are assumed to achieve their maxinmum effect
genezally weeks or months after the procedure, but what
bappens immediately after the procedure is still poorly under-
stood. In the present study we used invasive conductance
catheter-derived pressure-volume loops to assess the acute
effects of FISMA on general haemodynamics, and systolic
and diastolic LV function. This methodology has been validated
extensively” and has the unique advantage of providing

continupus, online haemodynamics and relatively load-
independent indexes of systolic and diastolic LY function.

The results indicate thar, despite the acute gradient reduc-
tion, general haemodynamics reflected by CO and SW were not
greatly affected, However, systolic function was acutely
reduced: this was evidenced by a reduced ejection fraction
resulting from increased EDV  with maintained SV,
Consistently, dB/dtyay decreased, although this effect just
failed to reach statistical significance {p= 0.069). Since these
traditional indexes may be affected by the greatly altered
loading conditions we also assessed systolic LV function by the
ESPVR, a relatively lead-independent relation: the significant
reduction in slope and the rightward shift of the ESPVR both
clearly indicated a reduction In intrinsic systolic function.

Conversely, diastolic LV Function showed an acute mprove-
ment: EDF decreased significantly despite the increase in EDV,
and tau also improved significantly, In line with these finding,
the EDPVR showed a decreased slope indicating improved
diastolic compliance. The improved diastolic function and
inereased EDV (Frank-Starling effect) presumably compensated
for the systolic loss and resulted in maintained stroke volume.
The reduced systolic function most likely reflects the iatrogenic
loss of Functional cardisc muscle induced by the alcohol
injection. The amount of the loss is related both to the site
and the size of the infarct area, which in tum depends on the
guantity of ethanol delivered and en the number of septal
branches treated. In our series all patients, except two, had 2
single septal branch treated and the infarct area was similar in
ali patients (224 (6.9} muy’, evaluated by echocardiography).
The acure improvement in diastolic function is in line with
previously reperted long-term effects. However, whereas long-
term improvements may be mainly due to regression of
myocardial hypertrophy, the current findings suggest an
iznprovement in intrinsic myocardial funcrion: we speculate
that relief of subendocardial ischaemia may partly explain this
acute effect. In addition, relaxation is known to be affected by
systolic load via changes in intracellular calcivm transients.™
Porentially, acute systalic load reduction may also have improved
relaxation via this pathway, Interestingly, —dF/dtyun was
reduced, suggesting a worsening of the isovolumic relaxation.
This, however, can be explained because —dF/deuy reflects the
very eazly part of diastole, this “active” relaxarion phase is largely
dependent on systelic ptoperties that, in this acute setting, are
iatrogenically depressed™ ™

Limitations

Ideally, ESPVR and EDPVR are derived from rauldple beats at
aitered loading conditions, In most pressure-volume Joop studics
a gradual reduction in preload is induced by balloon occlusion of
the inferior vena tava. In the present study group we were
hesitant to apply this intervention because these pattents with
diastolic dysfunction and near cavity obliteration at end-systole
have very little reserve capacity and preload reduction was
anticipated to result in large pressure drops and unstable
hacmedynamics, Therefore we applied single-beat methodolo-
gies o derive ESEVR and EDFVR. These approaches were
previously used and generally found to be reasonable estimates
of multi-beat pressure-volume relations.™ ® #

In conclusion, our mechanistic findings describe the complex
haemodynamic effects acutely induced by PTSMA and help to
explain how treatment may result in immediate symptom relief
well before remodelling of the LV cavity takes place, FTSMA
acutely reduced systolic function but promptly improved
diastolic function with maintained general haemodynamics.



Acute effects of PTSMA on LV function in patients with HOCM

Most previous studies indicated that 3-6 months after the
procedure, both systolic and diastolic performance indexes are
improved; this difference is probably the result of the influence
the tissue loss has on the systolic function in the acute phase
while the compensatoty and remodelling processes have not yet
started, More generally, the present data could be zelevant for
operative risk assessment, post-procedural patient management
and future optimisation of the procedure in high-risk heart
failure patients, Cur findings suggest that FTSMA can be safely
applied in patients with severe heart failure symptoms.

Competing intorests: Nong.
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EFFECTS OF PERCUTANEOUS
TRANSLUMINAL SEPTAL MYOCARDIAL
ABLATION FOR OBSTRUCTIVE
HYPERTROPHIC CARDIOMYOPATHY

ON SYSTOLIC AND DIASTOLIC LEFT
VENTRICULAR FUNCTION ASSESSED BY
PRESSURE-VOLUME LOOPS






Chronic effects of PTSMA on LV function in patients with HOCM

Effects of Percutaneous Transluminal Septal Myocardial Ablation
for Obstructive Hypertrophic Cardiomyopathy on Systolic and
Diastolic Left Ventricular Function Assessed by Pressure-Volume

Loops

Emanuele Meliga, MD™®, Paul Steendijk, PhD®, Marco Valgimigli, MD, PhD?,
Folkert J, Ten Cate, MD, PhD®, and Patrick W. Serruys, MD, PhD™*

The aim of the present study was to determine the long-term effects of percutaneous
transluminal septal myocardial ablation (PTSMA) on systolic and diastolic left ventricular
(1Y) functions in patients with obstructive hypertrophic cardiomyopathy (HC). Ten con~
secutive patients with symptomatic HC despite optimal medical treatment were referred
for PTSMA at our center. LV systolic and diastolic functions were assessed by online LV
pressure-volume loops obtained by conductance catheter at baseline and at 6 months after
the procedure. At follow-up, the mean gradients at rest and after extrasystole were
significantly decreased compared with baseline (88 = 29 to 21 + 11 mm Hg and 130 50
to 35 £ 22 om Hg, respectively, p <0.01 for the 2 comparisons). End-systolic and
end-diastolic pressures significantly decreased (p <0.01), whereas end-systolic and end-
diastolic LV volumes significanily increased (p <0.01 for the 2 comparisons). Cardiac
output and stroke volume were unchanged, as were ejection fraction (p = 0.25) and
maximum dP/dt (p = 0.13). The slope of the end-systolic pressure—volume relation was not
decreased, indicating a preserved contractility. The relaxation constant time, end-diastolic
stiffness, projected volume of the end-diastolic pressure~volume relation at 30 mm Hg, and
diastolic stiffness constant showed a significant improvement of active and passive myo-
cardial diastolic properties. In conclusion, PTSMA. is an effective method in the treatment
of symptomatic patients with HC. At 6-month follow-up, the LV-aortic gradient was
decreased and active and passive LV diastolic properties were increased. Myocardial
contractility was not decreased and general hemodynamics was maintzined. © 2008

Elsevier Inc. All rights reserved. {Am J Cardiol 2008;101:1179-1134)

Long-term clinical observations of patients treated with
percutancous  wansfuminal septal myocardial ablation
(PTSMA,) have shown significant and sustained decreases in
left ventricular (LV) outfiow tract pressure gradients and
improvement of symptoms.’* but thus far, complete infor-
mation about the long-term changes in systolic and diastolic
LV functions after PTSMA are lacking. The aim of this
study was to assess the long-term hemodynamic effects of
PTSMA in 2 single center’s population with cbstructive
hypertrophic cardiomyopathy (HC) by LV pressure—volume
conductance catheter (pressure-volume loops).

Methods

The study population consisted of 10 consecutive patients
with symptomatic obstructive HC despite optimal medical

“Department of Interventional Cardiology, Thoraxcenter, Erasmus
Medicat Center, Rotterdam, and ®Department of Cardiology, Leiden Uni-
versity Medical Center, Leiden, The Netherlands; and “Department of
Tnterventionzl Cardiology, S, Giovanni Battista Hospital, University of
Turin, Terin, Tealy. Manuseript received October 12, 2007 rovised mang-
script received and accepted December 9, 2007,

*Corresponding author: Tel: 31-10-463-5260; fax: 31-10-436-9154,

E-mail address: pw.jeserruys@erasmuswacal (PW. Serruys)

treatment who were referred for PTSMA at our center. The
HC diagrosis was based on typical clinical, echocardic-
graphic, and angiocardiographic findings, Inclusion criteria
were New York Heart Association fanctional classes II to
IV, LV cutflow tract gradient >50 mm Hg at rest or >100
mm Hg at provocation (after extrasystole, isoproterenol, or
Valsalva maneuver), septal thickness 15 mm, LV outflow
tract diameter <7 mm, and systolic anterior motion of the
anterior mitral leaflet. Patients with concomitant cardiac
abromnalities suitable for surgery were excluded, The insti-
tutional review committee of the Erasmus Medical Centre
approved the study protocal and ail patients provided in-
formed coasent before participation.

Briefly, 2 catheters were placed in the left ventricle and
the ascending aorta to record baseline hemodynamic data
(see below). including LV outflow tract gradient at rest and
at provocation with the Valsalva maneuver. Intraprocedural
myocardial contrast transthoracic echocardiography was
performed to determine the target vessel. A 9-mm-long,
oversized, over-the-wire balloon (1.5 to 2.5 mm) was intro-
duced and inflated in the target vessel and 1 to 2 ml of
echocardiographic contrast agent (Levovist, concentration
330 mg/mi, Shering or Sonovue, Bracco, Ttaly) was injected
through the balloon catheter lumen under continucus echo~
cardiographic imaging. Once dye reflux into the left anterior
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descendant artery was excluded and probatory vessel clo-
sure by the inflated balloon resulted in significant LV out-
flow wact gradient decrease, multiple 0.5-mi alcohol injec-
tions were performed (ethanel 1.97 = (.51 ml per patient on
average). Each injection was performed over a period of 30
seconds. In all except 2 patients, only 1 septal branch was
treated (first septal branch, 6 patients; second septal branch,
2 patients; first and second septal branches, 2 patients), The
balloon: remained inflated for 10 minutes after alcohol ad-
ministration to exclude alcohol reflux into the left anterior
descendant artery, All hemodynamic measurements were
repeated. A 6F transfemoral temporary pacemaker was po-
sitioned in the right ventricle and left in situ for 248 hours.
Procedures were considered successful when postproce-
dural pressure gradient at rest was <16 mm Hg or when the
percent presswre gradient decrease after the procedure was
>50%.3+4

LV dynamic data were recorded before, during, and after
the PTSMA procedure by online LV pressure-velume sig-
nals obtained by a 7F combined pressure-conductance cath-
eter {CD Leycom, Zoetermeer. The Netherlands) introduced
into the left ventricle through the femoral artery. The cath-
eter was connected to 2 Cardiac Function Lab (CFL-512,
CD Leycom) for display and acquisition of pressure-vol-
ume loops. A Swan-Ganz catheter was placed in the pui-
monpary artery through the fernoral vein. Parallel condue-
tance and cardiac oufput were determined by multiple
injections of hypersaline solution and thermodilution to
calibrate the volume signals of the conductance catheter.5®
Postextrasystolic gradient was determined by induetion of
extrasystoles from a pacemaker wire, Data analysis was
performed offline by custom-made software.

Hemodynamics ané LV function were quantified by car-
diac output and stroke volume, end-diastolic and end-sys-
tolic volumes, L'V ejection fraction, end-systolic and end-
diastolic pressures, and maximal and minimal rates of LV
pressure change (dP/dt). The isovolumic relaxation period
{defined as the peried between the time point of minimal
dP/dt and the time point where dP/dt reached 10% of min-
imal dP/dt) was analyzed vsing phase-plot analysis and the
time constant of relaxation was then determined. The end-
systolic pressure-volume relation (ESPVR) was estimated
using the method adepted by Takeuchi et al” and the change
in contractility was determined by the change of the slope of
the ESPVR line and its position, as defined by the projected
volume value of the relation at 200 mm Hg (Figure 1). The
end-diastolic pressure~volume telation (EDPVR) was egti-
mated using the method adopted by Klotz et al.® The change
in diastolic distensibility was calculated by the left to dght-
ward shift of the EDPVR at the fixed pressure Jevel of 30
mm Hg, The end-diastolic stiffness comstant was deter-
mined by fiting a exponential curve, P (pressure) = A
(paramete value) X exp{end-diastolic stiffness constant X
volume), to the diastolic trajectory of the pressure~volume
loop (Figure 2), and we determined end-diastolic stiffness a3
the end-diastolic pressure/end-diastolic volume ratio.?

All patients were monftored in the coronary care unit for
=48 hours. After discharge, patients were suggested to
continue medical treatment with a cardioselective 8 blocker
or with a low dose of verapamil, After 6 months, all patients
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Figure 1. Single-beat estimation of ESPVR using the method adopted by
Takeuchi at al." (A} Point series representing isovolumic contraction and
relaxation phases are selected and plotted on the pressure curve. Estimated
theoretical maximal pressure reached in the left venticle during an iso~
volumic beat (Pmax) is cstimated by fitting a fifth-crder curve to the point
series. (B) ESPVR slope is represented by the equation of the line drawn
from Pmax to the left upper comer of the pressure-volue feop of o real
ejecting beat, FU = G-month follow-up; LVP = LV pressure; Pre =
baseling; V,p, = velume intereept at 200 ram Hg.

underwent invastve follow-up by LV pressnre—volume con-
ductance catheter.

Continuous variables are presented as mean = SD and
were compared using Student’s unpaired and paired # tests,
when appropriate. Categorical variables are presented as
counts and percentages and were compared with Fisher's
exact test, Correlations between varizbles were tested by
Pearson analysis, Differences were considered significant if
the p valve was <0.05, All statistical tests were 2-tailed.
Data processing and statistical analyses were performed
with SPSS 12.0.1 (SPSS, Inc.. Chicago, Illinois).

Results

Baseline and 6-month follow-up clinical characteristics and
hemodynamic measurements are presented in Table 1,
Mean age at the time of the procedure was 61 £ 11 years.
Angina was the principal manifestadon in 3 patients (30%),
syncope in 2 (20%). and dyspoea in 5 (50%). Despite
optimal medical treatment, 4 patients (40%) were In New
York Heart Association class I and 6 {60%) were in New
York Heart Association class II. Mean gradient at rest was
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Figure 2. Single-beat estimation of EDPVR and end-diastolic constant
(Ky). (A) EDPVR is estimated using the method adopted by KJot et alt
EDP = o*EDVAR sepresents the equation of the estimated exponential
curve. Alpha («) and beta {8}, cbtained by a sequence of caleulations from
a single set of pressure and volume values, represent coefficients of the
estimated curve, {B) K, determination by exponentiai fitting, For more
detils, see Metheds, V4, = volume intercept ot 30 mm Hg. Other abbre-
viations as in Figure 1.

88 = 29 mm Hg and mean postextrasystolic gradient was
130 = 50 mm Hg.

Heart rate at time of data acquisition was similar in at
baseline and at 6-month follow-up. Mean gradients at rest
and after extrasystole were significantly decreased at fol-
low-up. Stroke volume, cardiac output, and ejection fraction
did not differ significantly, End-systolic and end-diastolic
volumes increased and end-systolic, end-diastolic, and LV
peak pressures significantly decreased after the procedure.
LV maximal and minimal dP/dt values were not signifi-
candy changed. Slope of the ESPVR line remained approx-
imately constant and relaxation time constant and end-dia-
stelic and end-diastelic stiffness constants were decreased.
Projected volumes of ESPVR at 200 mm Hg and EDFVR at
30 mm Hg were significantly increased, Figure 3 shows a
typical exarnple of pressure-volome loops before the pro-
cedure and at 6-month follow-up.

Discussion
Results of the pregent study indicated thar, at 6-month fol-
low=up, (1) LV outflow tract gradient remained low at rest
and at provocation, (2) general hemodynamics and intrinsic
myocardial systolic properties were not affected. and (3)
diastolic function was sigaificantly improved.

Short- and mid-term results of PTSMA are excelient for

the decrease of LV outflow tract gradient obstruction. Pre-
vious studies have reported that, at 3 months, mean pressure
gradients at rest and at provecation (postextrasystolic gra-
dient) were significantly decreased,' showing a persistent
75% 10 80% decrease of LV outflow tract gradient com-
pared with baseline, Consistent with these data, in our study
at 6 months, mean LV cutflow tract gradient was 21 £ 11
mm Hg, which is an 86% decrease compared with baseline,
whereas postextrasystolic gradient was persistently de-
creased by 73% (from 130 * 50 to 35 & 22 mm Hg).
suggesting the efficacy of this nonsurgical approach over
time, Moreover, LV outflow tract gradient measured by
echocardiography and simultaneous ventricularfaortic pres-
sure sampling showed a stable improvement and a limited
recurrence of LV outflow tract obstruction in studies with
even longer follow-up.it

General hemodynamics and systolic function have been
reported to detericrate soon after the procedure, but at mid-
term follow-up (3 months), several nonminvasive studies
have reported ejection fraction and cardiac index not to be
significantly decreased.’>!* The acute changes most likely
reflect iatrozenic loss of functional cardiac muscle induced
by alcohol injection. The amount of the loss is related to the
site and size of the infarct area, which in furn depends on the
quantity of alcohol delivered and on the precision of the
akcohol delivery in the target region. Use of an echocardio-
graphic contrast-guided approach to identify the target ves-
sel and probe the correct vessel closure before the alcohal
injections {see Methods) is of crucial importance to avoid
large LV infarctions and subsequent risks of hemodynamic
irnpairment and arthythmias,

In our series, general hemodynamics represented by car-
diac output and stroke volume was not affected at 6-month
follow-up. Increase of end-systolic volume was accompa-
mied by a similar increase of end-diastolic volume that,
thanks to the Frank-Starling effect, most likely compensated
for the systolic loss and resulted in maintained stroke vol-
urne. Systelic function, represented by ejection fraction and
maximal dP/dt, did not show a significant decrease. Because
these systolic indexes are known to be affected by different
loading conditions, the intinsic systolic properties of the
left ventricle were also assessed by ESPVR, a relatively
load-independent index of contractility. In our series,
there was no significant change in ESPVR slope, thus indi-
cating a preserved intrinsic systolic function. The rightward
shift of the ESPVR, generally representing & worsening of
systolic properties, in these patients had a limited signifi-
cance because it was partially dependent on the modifica-
tions of LV hemodynamics occurring after the procedure
(decrease of mitral regurpitation, increase of end-systolic
volume, and concomitant increase of end-diastolic volume),

The LV outflow tract gradient decrease is associated with
a decreased afterload and an increased cardiac output,!s-17
resulting in 2 higher diastolic pressure in the aorta, a lower
diastolic pressure in the left ventricle, and a higher coronary
filling pressure. The increased myocardial perfusion, grad-
uval regression of hypertrophy. and subsequent changes in
LV geometry!®!? are considered the main causes of the
long-term improvement of diastolic function,

In our series, LV diastolic finction showed significant
changes: end-diastolic pressure decreased significantly de-
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Table 1

Bascling padent charaeteristics and hemedynamic measurements at baseline and FU

Patient No, Age  Symptom  Medications NYHA Gradient  PES Gradient HR sV co ESV

(yrs)/Sex Class (e Hg) (mm Hg) {bents/min) (mf) {L/min) {ml)
1 45F D C.Di I Bameline 103 175 o0 9 6 37
FU 16 21 60 110 6.6 3t
M SOF D C i} Baseline 81 112 45 95 47 %
FU 2 40 60 83 53 58
3 5UF D B.C O Baseline 7/ 164 7% 106 8.1 45
FU 26 33 i) 109 3.9 47
4 53 D B.C I Baseline 57 39 60 107 64 52
FJ 9 i1 65 101 56 63
5 S4M D B, Di M Boscline 145 199 15 130 2 30
FU 41 68 58 128 73 43
5 66/ g B.C I  Baseline 89 1+ il jind 72 H
Fl 3 58 [ 93 82 45
7 G8M A B.C I  Buaselne 59 68 57 113 6.3 32
FU 10 13 59 81 53 50
2 oM A B.TA M Basline 75 117 8 115 93 38
FU 3 11 78 118 8.2 49
g 7M™ A B.Di i Baseline 124 179 67 78 52 35
FU 30 49 74 103 ki 33
16 THE s B.C O Bueline 68 # i) 109 9 3
FU 19 23 56 97 55 59

Mewn =S5D 61 =11 Baseline 88%29 130 =50 6811 1054 72+17 35§
Fu 2tx 1 BFxz 66 =9 0W3+£14 69215 4511
p value <dn <001 0.52 079 0.56 <0.01

A = angina; B = B blockers: C = caleium antagenists; CO = cardine output: D = dyspnea; Di = diuretics: dP/dt,,,, = maxima) rate of LV pressare
increnses dP/dt,,, = maximal mte of LY pressure decrease; EDP = end-dizstolic pressure: EDV = end-diastolic volume: Eyp, = diastolic stiffness: Eyg =
slope of ESPVR; EF = ejection fraction; ESP = cnd-systolic pressure; ESY = end-systelic volume; FU = G-month follow-up; HR = beart rate; Kpy =
diastolic stiffness constant; EVPpyay = peak LV systolic pressure; NYHA = New York Hear Association; PES = postextrasystolic; SV = streke volume;

P locps
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Figure 3. Typical example of pressure-volome (PV) loops before the
procedute (gray fine) and at 6-mouth foliow-up (black line}. Abbreviations
as in Figure 1.

spite the increase in end-diastolic volume and end-diastolic
and end-dhastolic stiffness constants decreased significantly,
In line with these fndings, EDPVR showed a decreased
slope and projected volume of EDPVR at 30 mm Hg sig-
nificantly increased, indicating improved diastelic compli-
ance and distensibility. Previous echocardiographic studies
evaluating active myocardial relaxation found that active
myocardial relaxation properties were abnormally altered in
patients with HC but normalized after PTSMA at 1- and
2-year follow-ups.20*! In line with these results, our study
showed that active relaxation properties of the myocardiom

leowoluenie rlaxation porlod

2 Ea 10 1 0 25

: ';Banﬁlm
Hl 20

Thetes {frac)

Figure 4. Changes of dP/Gt over time during the isovolumic relaxation
petiod before PTSMA (dashed line) and at -month follow-up {daited line)
Tepresent a typieal example of dP/dt biphasic pattem.

improved after the procedure, as confirmed by the signifi-
cant deerease of the relaxation time constznt. More inter-
estingly, amalyzing selectively the isovolumic relaxation
phase, we noticed that changes due to the procedure were
quantitative {decrease of relaxation tme constant and min-
imal dP/dt) and qualitative. At baseline, the isovolumic
Telaxation curve showed an interesting biphasic rend. with
an early and steep slowdown phase followed by a significant
increase in dPAdr and a second slowdown phase. This peco-
liar rend, markedly evident in § of 10 patients, disappeared
after the procedure (Figure 4), The mechanisms responsible
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Table 1
Continued
EDY EF ESP EDPF  LVPpg. dPfdt,,. dP/dt Tan Egsg Vg B Vi Kpp
(m) (%) (ooHp) (mmHp) (oo Hp) (mmHgs) (mmHgs)  (ms)  (omHgml) (o) (mmHgml)  (ml} (1/ml)

138 71 186 24 195 1199 1601 92 197 51 2174 149 0.019
140 s 181 19 185 1495 1355 6 184 €7 0.136 164 013
124 77 170 20 199 1150 1320 o6 0.32 42 0.160 131 0.019
147 60 113 11 152 1092 1663 60 0.34 80 0.075 170 0.015
150 10 166 18 185 1975 1838 16 L 66 0.120 156 0.021
156 80 124 19 149 1576 1710 52 1.45 132 0122 165 0020
160 67 123 15 165 1404 1475 104 1.21 71 0,054 164 0015
159 60 121 11 150 43 1169 12 1.0t 108 0.066 178 0012
159 79 207 24 22 1704 1630 108 2325 34 0152 162 0014
169 79 113 0 130 1630 1306 56 204 115 0113 171 0014
125 81 168 17 183 1751 1660 84 230 43 0.136 129 0.018
144 63 141 14 166 1516 1490 36 214 100 0.047 166 0.012
140 i 42 17 168 1691 1613 80 165 60 0,121 145 0017
141 64 2 12 144 1428 1312 44 143 9 0.085 170 0.011
153 75 130 25 179 2199 1696 72 1.53 68 0.161 172 0016
168 69 13% 29 133 2172 1568 40 1.38 98 0175 17 6.019
112 6% 193 34 207 1463 1536 108 0.88 a7 0304 122 0.024
136 %6 112 9 130 1393 1352 56 092 106 0.070 167 0.021
140 77 142 28 180 1722 1364 96 1.80 65 0.200 144 0018
157 62 113 15 160 1545 1568 7 141 105 0,096 162 0,012

MO216 7524164226 2226 186215 16252328 1575 £ 155 92 2153 161 2052 55212 (17200 146 £ 16 0015 = 0.002
1522137028 127221 1626 152216 15282270 1449 =177 56 = 13 1452047 101 £ 16 Q1 =004 168 =4 0014 +0.003

<001 025 <001 <001 <001 013 024 <001 037 <001 <001 <001 <001
for these alterations of the active relaxation phase in this drug-resistant bypertrophic obstructive cardiomyopathy: 18-month
setting are rot clear, Previous studies have deseribed 2 follow-up results, J Jnvasive Cardin! 2001:13:526-530.

2. Gue H, Wang J, Chen J, Shan J, Lee JD, Ueda T. Percutancous
transluminal septal myocardial ablation in hypertrophic obstructive
cardiomyopathy: acute results and thrse-year noninvasive follow-up in

simflar biphasic curve in patients with aortic stenosis® and
during the isovolumic contraction phese, attributing the

cause of this pattern to the asynchrony of some LV seg- 18 patients, Can J Cardiof 2004;20:779-782.
ments during this phase,? Other reports have demonstrated 3+ Lakkis NM, Nagueh SF, Kleiman NS, Killp D, Fe 7, Verari M,
that increased coronary vascular resistance.? increased wall Roberts R, Spencer WH. Echocindiography-guided cnol septal re-

. . s duction for hypertrophic obstruet di thy. Circulati
stress, and myocyte disarray® may lead to diastolic LV LRSI s T e SeClonyopity. Credaton

asynchrony and delayed relaxation. Moreover, it has been 4. Nagueh SF, Laklds NM. Middleton KJ, Spencer WH IIL Zoghbi WA,

reported that, although myocardial systolic torsion is greater Quinop.cs MA. Doppict r:sl:'n:'nnlion .of left ventricular filling pressures

in patients affected by HC than without HC, the uncoiling of in paticnts with hyperwophic cardiomyopathy. Clrcularion 1999:39:
: 254261,

the myocardium occurred abnormaily and was shown to be

- n 3. Baan I, van der Velde ET, de Bruin HG, Smeenk GI, Koops J, van
significantly delayed and depressed % We speculate that Dijk AD, Temmerman D, Sexder J, Buis B. Continyons measurement

this biphasic pattern of relaxation may be the expression of of left ventricular volume in animals and humans by conductance
the overmentioned anatoric and hemodynamic alterations. eatheter, Circulation 198470:312~823, o
The reinstating of nommal bemodynamic conditions and 5. S‘W“d‘ﬂl‘ 1:1'05“"’1_ E, Jumjwd Bﬂ“‘;‘;j- ?Y%“u;““tflcizal‘”%mﬁw
5 3 accumtcy tc:mmcsp cl CODGLH CC Ior -ligid conductince
gradual regression of LV hypertrophy afier PTSMA may catheter. Am § Physiol Heant Circ Piysiol 2001:281:755-763.
th::refore e;gplam the drastic “normalization” of the isovolu- 7, Takeuchi M, Igarashi Y, Tomimoto S, Ocake M, Hayashi T, Tsuka-
mic relaxation curve pattern. moto T, Eata K, Takzoks H, Fuluzaki H, Single-beat estimation of the
Ideally, ESPVR and EDPVR are derived from multiple slope of the end-systolic pressure-volume relation in the human left
beats at altered loading conditions, usually by balloen oc- ventricle. Circulation 1991:83:202- 212
2 ¥ oy 8. Klow §, Hay I, Dickstein ML, ¥i GH, Wang J, Maurer MS, Kass DA,

clusion of the inferior vena cava, In the present study group

. . ; A Burkboff D. Single-beat estimation of end-diastolic pressure—volume
we were hesitant to apply this intervention becaunse patients

relationship: 2 novel method with potential for noninvasive applica-

with HOCM have very little reserve capacity and preload tion, Am J Physiol Heart Cire Physiol 2006:291:403-412.

decrease was anticipated to result in large pressure de- 9 Buﬂd_!:]f]fn?. Mn‘hky L Suga H. Asscsismm;gl S):stulic a%d cfﬁasul:ilic
creases and unstable hemodynamics. Therefore we applied ventricular properties via pressure-volume analysis: a gwide for cliz-
single-beat methods to derive BSPVR and EDPVR, ical. wanslational, and basic researchers. Am J Physiol Heart Circ

Physiol 2005,289:501--512.
10, Gin JX, Shiota T, Lever HM, Kapadia SR, Sitges M., Rubin DN, Bauver
1. Oomman A, Ramachandran P, Subramanyan K, Kalatickal MS, Os- F, Greenberg NL, Agler DA, Drinko JK, et al. Outcome of patients
man MN, Percutaneous transluminal septal myocardial ablation in with hypertrophic obstructive cardiomyopathy after percutancous
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ACUTE HEMODYNAMIC CHANGES IN
PERCUTANEOUS TRANSLUMINAL SEPTAL
COIL EMBOLIZATION FOR HYPERTROPHIC
OBSTRUCTIVE CARDIOMYOPATHY






Acute effects of coil embolization on LV function in patients with HOCM
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Acute hemodynamic changes in percutaneous
transluminal septal coil embolization
for hypertrophic obstructive cardiomyopathy
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Background A 48-year-old man with hypertrophtc obstructive
cardiomyopathy {HOCM) presented with palpitations, symptoms of
medically refractory class Il angina, and NYHA class [I-[I{ heart failure.
Investigations Physical examination revealed a grade 3 systolic murmur
that increased to grade 4 with exercise. Echocardiography showed marked
septal thickening (17 mm), a left ventricular outflow tract gradient
(LYOTG) of 95 mm¥g, and a 3+ systelic anterior motion of the mitral
valve apparatus. No other pathology was noted with cardiac MRI or with
coronary angiography.

Diagnosis Severe symptomatic HOCM.

Management Coil embolization of the first two septal vessels resulted ina
Iimited septal infarct (creatine kinase-MB 36.6 pg/k; troponin T 0.43 pg/1)
that corresponded to 2 mass of 8.1 g on gadolinjum contrast cardiac MRL
The IVOTG decreased immediately from 78 mmHg to 35mmHg. On
pressure-volume loops, contractile isovolemic and systolic ¢jectional
parameters decreased, while an improvement in diastolic left ventricular
function was obscrved.

Canclusion Septal coil embolization acutely and effectively reduced the
LVOTG in a patient with drug-refractory HOCM.

KEYWORDS coil embolization, hypertrophic obstructive cardiomyopathy,
pressure-volume loops
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THE CASE

A 48-year-old tnan presented in December 2005
after a syncopal episode whilst exercising in the
gym. This was the first time he had experienced
syncope and he had no relevant medical history.
Holter monitoring was performed and the patient
was diagnosed with parosysmal atrial flutter.
Hewas previously very fit, cycled 30 min daily and
exercised regularly at the gym. He did not smoke
or drink alcohol. After his collapse, the patient had
progressive chest pains on maximum exertion and
felt increasingly lethargic, The patient had five
siblings, one of whom had an undiagnosed heart
murmur that was never clinically evaluated.

On physical examination, the patdent’s pulse
was regular (70 beats per min [bpm)|) and he was
normotensive (blood pressure 120/75 mmHg).
His heart sounds were normal, but thers was a
grade 3 systolic ejection crescendo-decrescendo
murmur, best heard between the apex and left
sternal border, that radiated to the suprasternal
notch, but notto the carotid arteries or neck. This
murmur increased to grade 4 with the Valsalva
manenver and with isometric exercise {hand-
grip), but diminished when the patient squatted
down, Electrocardiography revealed sinus thythm
{75bpm) with poor R-wave progression, early
repolarization in precordial leads V1 and V2, and
tall R-waves i: limb lead IT and precerdial leads
V2 and V3. On an exercise bicycle test, the patient
achieved a maximum workload of 140W and
showed a good hemodynamic response (heart
rate 176bpm; blood pressure 213/97 mmHg).
He had mild anginal symptoms at maxirmum
exertion, but there were no ischemic changes on
electrocardiography, Transthoracic echocardio-
graphy (TTE} revealed a hypertrophied inter-
ventricutar septum, with 2 maximum end
diastolic thickness of 17 mm (anterobasal) and
a basal left ventricular outflow tract gradient
{IVOTG) of 95mmHg (flow velocity 4.9m/s).
There was a 3+ systolic anterior motion (SAM)
of the mitral valve {see Supplementary Movie
online}, resulting in an eccentric jet of mild {1+}
mitral regurgitation into a dilated left atrium
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{diameter 4§ mm). On the parasternal long-axds
plane, the point of zortal septal attachment was
15mm below the aortic root. There was notice-
able diastolic dysfunction—the mitral valve E
t0 A wave ratio was 1.1 (diastolic dysfunction
is defined in our institution as an E to A wave
ratio of 0.75-1.5). Left ventricalar {(LV) diameter
and systelic function were both normal, A diag-
nosis of severe hypertrophic obstructive cardio-
myopathy (HOCM) was made on the basis of
echocardiography results and the patient was
started on metoprolel {75 mg twice daily). Over
the next 18 months, despite medical treatment,
the patient’s palpitations persisted and dyspnea
waorsened. He was diagnosed with NYHA class
11T heart failure 18 months after presentation
and was refetred for percutaneous trangfuminal
septal myocardial ablation (PTSMA).

As preparation for PTSMA, the patient under-
went coronary angiography, which showed no
clinically important coronary artery disease. The
right coronary artery was dominant, and from
the left anterior descending artery there were
two large first septal vessels (Figure 1A). The LV
ejection fraction {IVEF) was 70% with a IVOTG
of 78 mmHg (Figure 2A). A cardiac MRJ scan
confirmed local septal hypertrophy with SAM,
a normal myocardial mass (143g), and a good
LVEF (77.4%). Delayed, contrast-erthanced MRI
using gadolinjum diethyl-triamincpentaacetic
aci¢ (0.2mmol/kg intravenously) showed no
fibrotic areas (Figure 3A). At 23 months afier
initial presentation, the patient chose to undergo
PTSMA, He was mildly sedated and his left coro-
nary system was cannulated with a Judkins Left 4,
6-French catheter inserted into the right femoral
artery through a 6-French sheath. Intravenous
heparin (70TU/kg) was administered to keep the
activated clotting time at more than 300s. As 2
precaution, a temporary pacing wire was placed
in the right ventricle via a 6-French sheath in the
tight femoral vein and left i situ for 48h after
septal coil ablation. The first two septal branches
were crossed using Hi-Torque Whisper® (Abbott
Vascular, Santa Clara, CA) 0.4mmn guidewires.
Contrast TTE—performed by sequentially inflat-
ingra 2 X § mm over-the-wire coronary dilatation
catheter (Voyager®; Abbott Vascular) proximally
4t 810.6kPa (8 atm) and injecting ultrasound con-
trast mediz through the lumen—showed opacifi-
cation of the septal bulge area, indicating that the
first two septal perforators were involved.! These
vessels were coil embolized using a designated
microcatheter (Excelsior® SL-10; Boston Scientific,
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Figure 1 The patient’s coronary angiograms. {A) Angiogram taken before coif
implantation, (B} Angiogram taken after coil implantation. White arrows show
coilsin 15tand 2 septal vessels.

Aortic and ventricular pressure (mmHg}

" Time: 11:18:30

Time: 9:41:28
Figure 2 Hemodynamic assessment of left ventricular outfiow tract gradient.
{A) Assessment before coil implantation. {B) Assessment after coil implantation.

The continuous pressure recardings guring ectopic heart beats show a decrease
{from 78mmHg to 35mmHg} immediately after septal coit occlusion.

Fremond, CA) to push forward a self-coiling
wire 40 mm in length with the 04 mm guidewire,
which formed a coil with a diameter of 2mm
when the microcatheter was withdrawn. A total
of four coils were used, two in cach of the septal
perforators (Figure 1B). The entire procedure
took 75.min to complete, witk: the first septal per-
forator treated after 42 min and the second vessel
after 64 min.

Online 1Y pressure-volume measurements
were performed following retrograde introduction
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Figure 3 Gadolinium-enhanced MRI scans, (A} Scan taken before coil
implantation. [B) S¢an taken 48 h after coll implantation, demonstrating that
infarction was confinad to the basal antergsentum (mass 8.1 g; volume 7.7 mi.
White arrow shows the infarcted basal septal vessel.
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Abbreviations:

bpm, beats per min; CO, candiac output: dP/dtyfy: Maximum mte of LY pressure

chenge; dP/etyy, minimum rate of LV grassurs change; EDP, end disstelle pressure; EDPVR, end -
dinstolls pressure~volume relationship; EDY, end diastallc velume; €21, dlastolle stiffness: Egg, -
o systells elastance (slope of end systolic prossure=volume relationship) evaluated by single- .
baat estimation’®; EF, sjection fraction: ESF, end systdlic prassute: ESV, and syetalic velume: MR,
heart rate; LY, left ventricular; SV, stroke velume; SW, streke worke Tau, relaxation time' constant;
V30pyr, Intercopt of EDPVR at 30mmHg (EDPVR assessed by single beat estimation™), .-

of a 7-French combined pressure~conductance
catheter (CD Leycom, Zoetermeer, The Nether-
lands) from the contralateral groin to the LV long
axis. The catheter was connected to the CFL-512
cardiac function laboratory (CD Leycom) for
acquisition and display of pressure—volume

loops. Data analysis was performed offline by
custom-made software. Hemodynamics and LV
function were assessed by the indexes defined
in Table 1. Immediately following septal occlu-
sion, there was a decrease in the continuous
LVOTG pressure recordings (from 78 mmkHg to
35 mmtyg) during ectopic heart beats {Figure 28).
No gradient across the LV outflow tract was
recorded during normal R-R intervals. The acute
hemodynamic findings obscrved using pres-
sure-volume loops are summarized in Figure 4
and in Table 1. Peak levels of cardiac enzymes—
creatine kinase-MB (36.6ug/l) and troponin T
{0.43 pg/l)—indicated limited infarction. Cardiac
MRI performed 48 h after PTSMA demonstrated
dirminished regional wall thickening in the basal
septum and cradication of the SAM. Delayed,
contrast-enhanced MRI (Figure 3B) with gado-
linium revealed recovery of LV function (LVEF
75.4%) and that the infaret was confined to the
basal anteroseptum (mass 8.1 g; volume 7.7 mh?
Following routine observation in the coronary
care unit for 48 h, the patient had an unremark-
able hospital stay and was discharged 4 days after
PTSMA on metoprolol 75 mg twice daily. Ata
clinic visit 1 month after hospital discharge, the
patient was asymptomatic and TTE revealed no
clinically significant LIVOTG; metoprolol was,
therefore, discontinued.

DISCUSSION OF DIAGNOSIS

HOCM is an autosomal dominant condition
affecting 1 in 500 adults worldwide® The increase
in IVOTG seen in patients with HOCM is caused
by marked myocardial hypertrophy, particularly
of the LV septum, and the associated abnormal
SAM of the anterior mitral leaflet. As the obstruc-
tion worsens, cardiac output decreases causing
fatigue, syncope, dyspnea, angina, arrhythmias,
and sudden death.* Many of these symptoms
were obgerved in this patient, who first presented
with paroxysmal atrial flutter, syncope, and exer-
tional angina. Crucial to the patient’s diagnosis
of HOCM were echocardiographic findings in
accordance with criteria specified in the ACC
and Furopean Society of Cardiology guidelines,
including 2 maximum wall thickness of 15mm
or more. HOCM is considered severe if flow velo-
cityis 4m/s or more with a IVOTG of 50 mmHg
or more§

DIFFERENTILAL DIAGNOSIS
The most likely differential diagnosis for the
patient’s prosentation is aortic stenosis, which can
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occur at or above the aortic valve, Other possible
diagnoses inchude 2 globally hypertrophic heart—
sometimes seen in athletes and hypertensive
patients—or an infilrative disease, such as
amyloidosis. The fact that this patient had asym-
metric septal thickening and no subvalvular
disease permitted the diagnosis of EOCM.

TREATMENT AND MANAGEMENT
Negative inotropes, such as p-blockers and
calcium antagorists, are usually used as first-
line treatment of HOCM. In drug-refractory
cases, PTSMA {usually with alcchol) and surgi-
cal myectomy are alternative therapies, Alcohol
septal ablation is associated with relatively low
mortality (1-4%), but unpredictable diffusion
of aleohol within the myocardial capillary bed
can. cause high-grade atrioventricudar block (in
5-30% of patients).5 Furthermore, initfal stun-
ning of the myocardium can only transiently
improve the IVOTG, and ultimate resolution
can require several months of septal remodeling.”
Surgical myectory offers immediate and perma-
nent sbolition of the LYCTG and the opportunity
t0 perform simultaneous mitral valve repair, This
procedure does, however, require general anesthe-
sia, carries a mortality of 1--4%, and is associated
with a risk of requiring permanent pacemaker
implantation, albeit a low one {19%).58 The chal-
lenge, therefore, s to find alternative methods for
PTSMA that can effectively control the infarct size
while improving the outflow gradient,10
Arterial coil embolization has been success-
fully used to manage acute bleeds, arterial
ancurysms and patent ductus arteriosus.t In
addition, Durand ef el have shown promising
tesults with this technique in 20 drug-refractory
patients with HOCM.12 An average of 3.6
(£1.9) coils were used in each patient, and at
6 months TTE showed that the mean IVOTG
had decreased significantly from $0+25mmHg
to 39428 mmHg (P=0.01}.1* No ventricu-
far arrhythmias or permanent atrioventricular
biockage were observed, The IVOTG reduction
is caused by gradual changes in IV geometry
over several weeks or months, which result inan
mereased cardiac output and a decreased after-
load that, together with a reduced LV diastolic
pressure, improve diastolic function.1 General
hemodynamics immediately after PTSMA are,
however, poorly understood. In this case, the
patent’s stroke volume, cardiac output and
stroke work were significantly reduced immedi-
ately after PTSMA. An increase in end systolic
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Figure 4 Prassure-volume loops acquired before (black ling) and after (red fing}
coil implantation. The slope of the end systolic pressure-volume relationshin
{ESPVR} is represented by the equation of the line that includes the end systalic
elastance point {superimposable with the end systolic volume [ESV]) and the
estimated theoretical maxirum pressure point (P max). The change in contractility
was determined by the change of the slope of the ESPVR line and its position.
The relationship showed a rightward shift and a slight decreass in slope of the
ESPVR, indiicating a trend towards reducing the ntrinsic systofic function,
The end diastolic pressure~volume relaticnship [EDPVR) was estimated using an
exponential curve fend glastolic prassure=axend diastolic volume [EDV}f’). Alpha
{o) and betz () are obtalned by asequence of caloulations from a single set of
pressure and volume vaiues, representing the coefficients of the estimated curve.
Diastolic left ventricular function showed an actte improvement of the isovolumic
relaxation phase increased minimum rate of left ventricular pressure changs) and
animpreved dlastolic compliance (lower end diastolic pressure and decreased a).

volume and the reduction in stroke volume led
to a decrease in LVEF and a subsequent acute
decline in systolic fupction. The maxdmum
rate of IV pressure change (dP/dty,,) did
not, however, decline (P=0.37). As the above
traditional indices can be affected by changes
in leading conditions, we aiso assessed systolic
LV function by examining the end systolic pres-
sure—volume relationship. This relatively ioad-
independent relationship showed a rightward
shift and a slight decrease in slope after the pro-
cedure (Figure 4), indicating a trend towards
reduced intrinsic systolic function (P=0.369).
Conversely, diastolic LV function showed an
acute improvement in the minimum rate of LV
pressure change (dP/dty,p). This finding sug-
gests a faster isovolumic relaxation phase in the
patient after PTSMA, leading to significantly
reduced end diastolic pressure {EDP) and dia-
stolic stiffness (Egyy; calculated as EDP divided by
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end diastolic volume), thus indicating improved
diastolic compliance. In line with these findings,
the end diastolic pressure-volume relationship
(EDPVR) showed a decreased siope as con-
firmed by the increase 10 V30gppvz. V30gppvr
is extrapolated from the EDPVR equation, whick
was obtained according to the single-beat estima-
tion. method developed by Klotz et al. ¥ In our
patient, diastolic function was evaluated using
several indices, including the minimum rate of
LV pressure change, the relaxation time con-
stant, Egpy, EDPVR, and V30pppyp. The passive
properties of the left ventricle zcutely improved
immediately after PTSMA—Egp, decreased and
V30gppyg increased. These findings are related to
the reduction of EDP. In both cases—the increase
InV30pppyy and the decrease in Epy—a decrease
inEDP led to results that can be interpreted asan
improvement in diastolic function.

CONCLUSIONS

This Case Study illustrates the immediate changes
in general hemedynamics, and in systolic and
diastolic properties, following septal coil emboli-
zation in 2 patient with drug-refractory HOCM.
The acute negative effects of this therapy on
pressure-volume hemodynamics are probably
due to the important influence that tissue loss
has on systolic function m a phase where the
compensatory processes have not begun, At 48h
after the procedure, cardiac MRI demonstrated
recavery of systolic IVEF in this patient,

Supplementary information in the form of a
movie is available on the Nature Clinjeal Practice
Cardiovascular Medicine website.
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Heart failare is by far the most common cause of hospitalization in Western countries, with enerous eco-
omic consequences. Cell therapy holds great promise for use in tssue regeneration and is increasingly used
in an effert to improve cutcomes in cardiac disease, Recently it has been shown that adipose tissue, in
addition 1o committed adipogenic, endothelial progenitor cells and pluripotent vasclar progenitor cefls, also
contzins multipotent cell types (adiposc-derived stem cells, ADSCs) that, in cell culture conditions, have
shown to have an impressive developmenta! plasticity including the ability to undergo multilineage differen.
tation and self-renewal. ADSCs express multiple €D marker antigens similar to those abserved on MSCs
and aze also capable of scereting a large number of angiogenesis-related cytokines. including vascular endo-
thelial growth factor, granulocyte/macrophage colony stimulating factor, stromal-derived factor-1ct, and he-
patocyte growth factor, Adipose tissue can be harvested in large quantitics with minimal morbidity in several
regions of the body and, on average, 100 ml of human adipose tissue yields about 1 x 10° stem celis. Studies
conducted in porcine AMI models have shown a significant LV functional improvement, with no report of
any poteatially fatal arrhythmias, The APOLLO tdal. a prospective, double blind. randomized, placebo-
controlled trial currently in the recruiting phase, is a “first-in-man” study that explores the safety and feasibil-
ity of ADSC transplantation in patients with acute ML

Key words: Cardiac regeneration; Adipose-derived stem cells; Heart failure; Acute myocardial infarction

INTRODUCTION

Primary PCI, thanks to enormous improvements in
materials and devices, is nowadays considered the gold
standard for the treatrment of AMI and leads to excellent
safety and efficacy results. Nevertheless, revasculariza-
tion therapies, though able to restore perfusion and con-
tractiie function of postinfarct stunned or hibernated
myocardiur, have 0o effect on necrotc tissue,

Postinfarction myocardial necrosis and subsequent
formation of fibrotic scar that replaces viable myocar-
dium leads to depressed systolic function, reduced dia-
stolic compliance, left venticular remodeling, and uiti-
mately to congestive heart failure progression. by far the
most common cause of hospitalization in Western coun-
tries, with onerous economic conscquences.

The potential of cell transplantation w repair dam-
aged myocardium and to grow new viable tissue is at-
tractive, and has been widely studied in both experimen-

tal and clinical conditions using varfous cell types
(8-10,24,35.42).

The characteristics of the ideal cell still remain to be
defined. but it appears clear that, among the celis effi-
cient in the weament of heart disease, cells that are au-
tologous, nonembryonic, do not require culmriag to ob-
win a therapentic dose, and can be administered during
the same procedure may be logistically easier 1o use.

Mesenchymal stem cells, referred also to as marrow
stromal cells (MSCs), have shown 1o have some of the
above-mentioned ideal properties: MSCs in fact are
multipotent adult stem cells that can expand in culture
and are able o differentiate into multiple mesenchymal
cell phenotypes, including bone, cartilage, and far. In
addition. MSCs are capable of nonmesenchymal pheno-
typic differentiation inte neurons, skeletal muscle pro-
genitor cells, vascular endothelial cells, and cardiomyo-
cytes (14.20.22.31 40.53.55).

So far, these celis have been harvested from bone

Address correspondsnce to Prof. P, W, Serruys, MDD, PhD., Director of the Interventional Cardiology Department, Thoroxcenter, Erasmus MC,
Eramus University, Dr Molewaterplein 40, 3015 GD, Rotterdam, The Netherlands. Tel: §031104635260; E-mail: p.w.j.cseruys@erasmusme.nl
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marrow, & tissne source that presents multiple Limita-
tions, including: a) donor site morbidity limits the
amount of marrow that can be obtained (generally
40~30 ml) {3,18): b) MSCs represent <0.01% of all pu-
cleated bone marrow cells in healthy volunteers (approx-
imately 1 in 25,000 to 1 in 100,000} (4.5); and c) re-
quires extended time in culture to obtain therapentic cell
doses by ex vivo cell expansion, rendering treatment in
the acute phase of myocardial infarction impractical.

Recently it has been shown that adipose tissue, in
addition to comunitted adipogenic, endothelial progeni-
tor cells and pluripotent vascular progenitor cells, con-
tains multipotent cells, similar to MSCs (58.59), This
finding has gencrated major interest because, In contrast
to bone marrow, large quantities of adipose tissue can
be casily and safely harvested with minimal morbidity,
making it an appealing source for cell therapy.

CELL CHARACTERISTICS

Adipose tissue has a notable plasticity during life, Al-
though cellular hypertrophy can partially enable in-
creases in vohmme, large variations are usnally associ-
ated with an increase in adipocyte count (celiular
hyperplasia) accompanied by a concomitant expansion
and remodeling of the microvaseulature supplying these
cells {1).

The hyperplastic process of the adipose tissue was
formerly thought to be mediated by a population of uni-
potent progenitor cells calied preadipocytes. These cells
have beer: demonstrated to have potential beyond that of
the adipocytic lineage, with an impressive develop-
mental plasticity (23.58), including the ability to un-
dezgo multilineage differentiation and self-renewal (49,
54,57.59) (Fig. 1). These cells, present within the stro-
mal vascular fraction of adipose tissue, are generally re-
ferred to as adipose-derived stem cells (ADSCs).ADSCs
are 2 cell population with properties that are very simi-
lar. though not identical. to those of marrow-derived
MSCs (7.38.39.52).

These cells have extensive proliferative capacity and
are able to undergo differentation along both mesenchy-
mal lineages (adipogenesis. chondrogenesis, osteogenesis)
{11,14,20.22.31.40.53.55) and nonmesenchymal lineages
{endothelizl, smooth muscle and neurogenic), confirm-
ing the transdifferentiation ability of ADSCs (40.41),

In culture, these celis have a surface phenotype rather
similar to the MSC phenotype (Table 1): both cell types
express CD117 (stem cefl factor receptor). CDIOS.
STROL. and CD166 (multilineage differentiation mark-
ers} {6.19.26.43). CD90. CD54 (ICAM-1). CD44 and
CD2% (Bi-integrin) (13.14). whereas both cell types do
not express the endothelial markers CD31, CD34, and
the hematopoletic marker CD45 (7,19}

However, MSCs and ADSCs have a mumber of rela-

tively slight distinctions, the most interesting of which
is the reciprocal expression pattern of the very-late-act-
vation antigen 4 or VLA4 (CD49d/CD29) and its cog-
nate receptor vascular cell-adhesion molecule 1 or
VCAM-1 (CD106). ADSCs express VLA-4 but not
VCAM:-1 in the majority of donars, while MSCs vsually
express VCAM-1 and not VEA (7).

The consequences of these properties are not clear
yet. but this observation is fascinating because both
these molecules play an important role in the homing
and mobilization process of hematopoietic stem cell
from bone marrow (44.48).

MSCs and ADSCs are also known to secrete & large
number of angiogenesis-related cytokines (37). ADSCs
in standard cultures secrete high levels of hepatocyte
growth factor (HGF), vascular endothelial growth factor
(VEGF). placental growth factor (PIGF). transforming
growth factor-f (YGE-B). fibroblast growth factor
(FGF), granulocyte/macrophage colony stimmiating fac-
tor (GM-CSF), monocyte chemotactic protein-1 (MCP-
1), and stromal-derived factor-lat (SDF-1at), suggesting
an important role of ADSCs in neovascularization
(36.37),

Clonally derived, multipotent cells from adipose tis-
sue display an immunoprivileged behavior (39). Less
than 1% of ADSCs express the cell surface MHC class-
I while class-II is almost absent (25), being therefore
poorly recognized by T lymphocytes. Moreover, ADSCs
have the ability to suppress Iymphocyte reaction i a
dose- and time~-dependent fashion: such immunosup-
pression probably cccurs via the production of IL-4, IL-
10, and TGF-B. responsible for the inhibition of lympho-
cyte proliferation {34).

These characteristics, together with the easy avail-
ability and the smail amount of tissue needed for their
isolation, suggest that ADSCs might even have potential
as immunoprivileged universal donor cells with the pro-
spective possibility to be used also for allogenic trans-
plantation.

Large quantities of subcutaneous adipose tissue can
be safely harvested using liposuction in several regions
of the body. A typical harvest out of 160-200 ml of
human adipese tissue contains about 5 X 107 nucieated
cells. After enzymatic digestion, filtration, and centrifu-
gation processes, the nonbuoyant stromal cells part from
the bucyant adipocytes (29,32,33). The nonbuoyant frac-
ton can yield in excess of 1 x 10° stem cells (from 100
ce of fat tissug). about 45-fold more than 2 typical har-
vest of bone marrow aspiration (of 40 ml). which nor-
mally contains 2.5 x 10* MSCs in a mature adult (3.30).
The ADSC-containing fraction can be cultured with dif-
ferent media (e.g., DMEM-F1Z; EGM-2-MV, o-MEM.,
etc.) and supplemented with different growth factors
(e.g., VEGE, insulin-like growth factor, basic FGF, etc.}
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Figure 1. Multiple mechanisms of cell regeneration enacted by ADSCs,

to stimulate expansion and differentiation into dedicated
lineages. De to the great concentration of ADSCs nor-
mally present in an adipose tissue harvest, it is also pos-
sible to obtain therapentic cell doses in as little as 1 after
liposuction, without further expansion in culmure {32.33),
therefore avoiding cell alterations often associated with
culturing.

Table 1. Cell Surface Characteristics of Adipose-Derived
Stem Cells and Mesenchymal Stem Cells

Ceil Surface Marker ADSCs MSCs
CD29 + +
CD44 + +
CDs4 + +
CD80 + +
CD10s + +
CD166 + +
STRO-1 + +
D3t - -
CD34 - -
CD45 - -
CD49D + -
CD106 - +

DIFFERENTIATION CAPABILITIES OF ADSCs

ADSCs, similarly to MSCs, have the ability to un-
dergo differentiation aleng both mesenchymal (fat,
bone, cartilage) and nonmesenchymal Hneages (endothe-
lial cells, smooth muscle) (13,15.20.22.44.45), demon-
strating that adipose tissue contains pluripotent cells,
Furthermore, concerning muscle differentiation, evi-
dence shows that ADSCs have the capability to differen-
tiate into contractile cells with either striated muscle
cells or cardiomyocyte features (12.21,27.50,56},

In Vitro Studies of ADSC Differentiation

After isolation and expansion of processed lipoaspir-
ate (PLA) clones. PLA cells expressed multiple CD
marker antigens similar to those observed on MSCs, as
observed by Zuk et al. in 2002 (58). During I vitro
culture with various supplementation, PLA clones dif-
ferentiated into different mesodermal lineages {exam-
ined lineages were: osteogenic, chondrogenic. adipo-
genic), while some clones exhibited differentiadon
potential into all of these lineages, These trilincage
clones were designated as ADSCs, confirming therefore
the presence of a stem cell population within adipose
tigsue. In addition to mesodermal lineages, PLA cells
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and clones showed the capability to differentiate into pu-
tative neurogenic cells. exhibiting morphology and a
protein pattern consistent with the neuronal phenotype.

In 2005, Planat-Benard et al. (32) obtained extraordi-
nary results by plating fresh ADSCs in a semisolid cul-
ture, After 3 weeks of culture, ADSCs morphologically
developed into ventricle-like. atrial-like, and pacemaker-
like cells, displaying tight intercellnlar connections {evi-
denced by Cx43) and spontaneous as well as triggered
action potentials with beating. Morecver, these differen-
tiated cells expressed the cardiac-specific transcription
factors Nkx2.5, GATAA4. and MEF-2C, the stroctural
cardiac proteins B-myosin heavy chain (MHC). myosin
light chain-2 ventricular (MLC-2v), myosin light chain-
2 atrial (MEC-22) as well as the atrial patriuretic peptide
(ANP), whereas the skeletal marker MyeD and smooth
muscle actin were not expressed. Consistent with these
results, after 3 weeks of exposure of ADSCs with a per-
meable cell membrane to rat cardiomyocyte exiracts, the
ADSCs expressed cardiomyocyte markers including sar-
comeric alpha-actin, desmin, and cardiac troponin I, as
well as the gap junction protein connexin-43 (Cx-43)
and started to beat spontaneously, as observed by Gans-
tad et al. in 2004 (17).

In Vivo Studies of ADSC Differentiation

Several groups have so far reported data about the
safety and efficacy of ADSCs to regenerate damaged
myocardium in both small (rats) and large animals
(pigs). Strem and colleagaes (46) in 2005 used intraven-
tricular injections to deliver freshly isolated ADSCs
from Rosa 26 mice (expressing the P-galactosidage
transgene) into syngeneic recipient mice. following
myocardial eryoimjury. p-Galactosidase-positive cells
were found in treated mice together with the expression
of MHC, Nkx2.5, and woporin I at 14 days posttrans-
plantation, suggesting that ADSCs have the ability to
engraft injured myocardium and express specific cardio-
myocyte markers in vive.

In another study conducted by the same group, syn-
geneic freshly jsclated ADSCs were injected into the LY
chamber of 10 female Lewis rats after 60-min occlusion
of the LAD. resulting I significant increases of 5.1%
and 7.7% delta in LVEF at 4 and 12 weeks (Fig. 2),
respectively, compared with contro] rats {saline treated,
r=10). This stady also demonstated significant improve-
ments in both dP/dty.,, and dP/dt,;, in the ADSC-treated
rats compared to controls (Table 2) (47). Morecver, in
accordance with the previous study, cell engraftment
was demonstrated 7 days after transplantation (Fig. 3),

Delivery of ADSCs by intracoronary infusion into
pigs 2 days after an acute ME through a LAD balloon
occlusion resulted in a 3% absolute increase in LVEF
while the untreated pigs showed a 9% decline at 6-

month follow-up (p <0.01) (51). Likewise, intracoro-
nary infusion of either ADSCs or MSCs in an acute MI
pig model resulted in an 11.4% improvement of absolute
LVEF after 4 weeks, compared to only 2% improvement
in the nontreated group (p < 0.003) {50).

Freshly isolated ADSCs given immediately after re-
perfusion in a porcine AMI model resulted in a §%
LVEF increase compared to controls at §-week follow-
up (p=0023) (2.

Interestingly, concordant with the functional im-
provement, wall thickness and capillary density were
both significantly increased in the border infarct areas
of the treated group, compared to the control group (28).

It a study recently published by Miyahara and col-
leagues (29), ADSCs were transplanted directly onto in-
farcted murine hearts as 2 monolayered cell sheet. After
transplantation. the engrafted sheet gradually grew to
form a thick stratum that included newly formed vessels,
undifferentiated cells. and cardiomyocytes. Autologous
transplantation of ADSC sheets resulted in a decreased
LVEDP, improved maximum and minimum dP/dt, in-
creased diastolic wall thickness, mcreased left ventrice-
lar fractional shortening, and decreased diastolic wall
stress, compared to dermal fibroblast sheets taken as a
control.

Human Studies of ADSC Differentiation

ADSCs have been used successfully in a variety of
indications in humans, inclading bone reconstruction.
the treatment of Crohn's discase fistulas (15,16), os-
teogenesis imperfecta (21), and for breast augmentation
and reconstructon after partial mastectomy (56). The
APOLLO trial, currently recruiting patients. is the “first-
in-man” smdy that explores the safety and feasibiiity of
ADSC transplantation in patients with acute MI. The
APOLLO wial is a prospective, double blind, random-
ized. placebo-controlied, sequential dose escalation
study that will enroll up to 48 patients (4 cohorts of 12
patients each) with acute MI at the Thoraxcenter, Eras-
mus MC, Rotterdam.

Eligible patients are enrolled following primary PCI
and undergo liposuction and isolation of the adipose-
derived regenerative cells fraction (ADRCs) nsing the
Celution™ system (Fig. 4). ADRCs are then injected
within 24 h from the primary PCI into the culprit core-
nary artery.

Main safety end points include: major adverse car-
diac or cerebral event (MACCE) rates, serious adverse
events (SAEs)/adverse events (AEs) rates and a compos-
ite clinical end point of death, ME, stroke, and rehospi-
talization for heart failure. Main feasibility end points
are: zbsolute LVEF and changes in LVEF from baseline
to 6 months, MI size, regional wall thickness and thick-
ening in all segments. LV end systolic volume (LV-
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Figure 2. LVEF evaluated by echocardiography at 4 and 12 weeks showed a sigpificant improve-
ment in the group reated with ACSCs (ADC) compared to the control group (Control),

ESV)}, LV end diastolic volume (LV-EDV), and change
in perfusion defect after revascularizagdon to 6 months
as measured by contrast enhanced MRI, echocardiogra-
phy. and scintigraphy.

Patients will be fellowed for 36 months and will un-
dergo imaging studies (2D/3D echocardiography, LV
angiography, MRI, SPECT), fanctional evaluation (left
ventricular pressure—volume relatienship), clinical eval-
uations, and laboratory testing at 6. 12, and 18 months.

SIDE EFFECTS, ADVERSE EVENTS
AND POTENTIAL HURDLES

The main issue related to transplanted cells is their
potential arthythmoegenicity. Previous reports conducted
using skeletal myoblasts showed an increased rate of ar-
rthythmic events in the treated groups that raised impor-
tant interrogatives oo the safety of this treatment and
that led often 0 prophylactic AICD implantation (27).

Although limited safety data are available to date. in
vivo preliminary animal studies conducted using ADSCs
have not reported an increase in any potentially fatal

Table 2. dP/dt Evaiuated at 12 Weeks by Millar Pressure Tip
Catheter Is Significantly Higher in the Group Treated With
ADSCs Compared to the Control Group (Saline Treated)

Saling Treated ADC Treated p-Value
wIP/dt 2837.61 (301.19)  5494.46 (550.76)  C.015
—dPAt  ~2716.49 (331.83) —6313.28 (544.61)  0.003

Values e mmHg/s with SE in parentheses.

arrhythmias. For instance, loop recorder monitoring in
pigs treated with ADRCs (12) did not show an increase
in fatal arthythmic events or sustained arrhythmias (e.g..
bradycardia lower than 45/min or tachycardia above
165/min} in the treated animals. Programmed right ven-
tricular stimulation did not show an increase in suscept-
bility for archythmias by ADRC treatment, On the con-
trary, cycle length was significantly longer in the ADRC
group at the beginning of an induced arrhythmia, sug-
gesting rather a reduction in the overall inducibility of
malignant arthythmias than an increase in susceptibility,
In addition, there have been no reports on arrhythmias
in patients who underwent intramyocardial injections of
ADRCs using the NOGA delivery system in patients
with chronic myocardial ishemia in the PRECISE trial.
Issues associated with tissue harvest in patients with
a recent AMI under high doses of antcoagulants, GP
ITb-Tla inhibitors, and aspirin are a potential concerm,
owing to the highly developed vascularization of adi-
pose tissue and the consequent bleeding risk. However,
only 2 relatively smail ameunt of tissue is required to
obtain an effective cell dose, and hemestasis at the site
of liposuction can ezsily be achieved by local pressure,

CONCLUSIONS

Human adipose tssue is an interesting source of
multipotent stem cells that have the ability to differenti-
ate inte several mesenchymal and nonmesenchymal Lin-
eages (including vascular and cardiomyocytes lineages).
demonstrate stem celi-like extensive self-renewal, and
secrete several factors with angiogenic and antiapeptotic
effects. Moreover, ADSCs/ADRCs. unlike bone mar-

197



Chapter 20

-
W
(=]

Figure 3. Histologic samples taken at day 7 posttransplantation in the AMI broder region of ADC-treated rats showing ADSC
engraftment. Left: green channel ou. Right: green channel off. Red = anti-GFP murnunostaining, blue = DAPL

row-derived MSCs, can be easily and safely obtained in
large numbers, without the necessity to culture and ex-
pand them to obtain a therapentc dose.

ADRCs have already been used in humans in differ-
ent clinical settings with excellent results and few side
effects. Preclinical studies conducted in animal AMI
models showed that ADSCs have the capability to dif-
ferentiate into cardiac muscle cells as well as to excrete
different growth factors with important proangiogenic
effects that led to a significant improvement of ejection
fraction and wall thickness,

The APOLLO trial, 3 “first-in-men™ study conducted
with ADSCs in AMI patients, will provide findamental

Figure 4. The Celution™ system. Reproduced with permission

data about the safety and efficacy of these cells in hu-
mans, providing an essential insight or what could be
their role in the treatment of cardiovascular disease.
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Abstract

Heart failure is @ major health problem and myocardial infarction (M) Is, at the present time, the main
cause. Cell therapy hoid great promise for use in tissue regeneration and is increasingly used in an effort
to improve outcomes in cardlac disease. Recently it has been shown that adipose tissue, in addition to
committed adipogenic, endothelial progenitor cells and pluripotent vascular progenitor cells, contains aiso
multipotent cell types (adipose derived stem cells, ADSCs) that, in cell culture conditions, have extensive
proliferative capacity and are able to differentiate into several lineages, mesenchymal or not.

ADSCs, simfiarly to MSCs, express the CD105, STRQ1, CD166, CD117.C030, CD54, CD44 and CD29 sur-
face markers. Moreover, ADSCs are also capable of secreting a large number of growth factors, including
vascular endothelial growth Factor, Granulocyte/Macrophage Colony Stimulating Factor, Stromai Derived
Factor-lalpha and Hepatocyte Growing Factor.

Adipose tissue can be harvested In large amounts with minimal morhidity and, owing to the large concentra-
tion of stem calls contained in a typical harvest, therapautic doses of ADSCs can easlly be isolated in as itle
as an hour after liposuction, obvizting the need for culture. Several studies conducted in porcine AMI mod-
2ls have shawn a significant LV functicnal improvement, with no report of any potentially fatal arrhythmias.
The APOLLQ triad, 2 prospective, double blind, randemised, placebe controlled, sequential dose-escalation
study conducted af the Thoraxcenter, Erasmus MC, will be the 'First-in-Man’ study that will explore the
safety and feasibllity of ADSC transplantation in patients with acute M,

* Corresponding author: Thoraxcenter, Erasmus Universtly Medical Conter Rottordarn, PO Box 2040, 3000 CA Rotterdamn, The Netherlands,
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Introduction

Desplte recent developments in the treatment of coronary artery
disease and the introduction of new devices and effective post PCH
theraples, the toss of cardiac tissue and the resutting impairment
of left ventricular function after myocardial infarction (M) remains
a main cause of heart failure, defining the need to find an effective
treatment to ameliorate this major health problem and its econom-
¢ consegquences. The patential of cell transplantation to repair dam-
aged myocaraium s attractive and has been widely studied in both
experimentat and clinical condltions using various cell types*, The
quest for the ideal cell is still ongeing, as the attributes of the ideal
cell and working mechanism of cell regeneration still remain to be
defined. Nonetheless, there appears to be 2 consensus that, among
the cells effective in the treatment of heart disease, celis that are
ayfologous, non-embtyonic, do not require culturing to obtain 2
therapeutic dose, and can be administered during the same proce-
dure, may be logistically easier 1o use and thus may have wider
application In catheterisation laboratories,

The mest extensively studied and characterised calls, that have
been shown to have some of the above mentianed ideal properties,
are mesenchymal stem cells (MSCs). MSCs are muftipatent, agutt
stem cells, that can expana in cell culture and are able to differan-
fiate into multiple celf phenatypes including bong, cartilage, neu-
ronal and skeletal muscle progenitor cells, but aiso into vascular
endothellal cells and cardiomyocytes™3,

Many previeus cell therapy tlals in patlents with AMI, have been
using mononucleated bone marrow derived cells (BMCs+17 that
consist of a heterogenequs cell popuiation, A small fraction
of these unfractioned BMCs are M3Cs. Resuls of these trials
showed an mpravement of regional wall motion, global ejection
fragtion and, In some cases, a reduction of infargt size in the
treated groupt®i®, Selected MSCs were evaluated by Chen and
colleegues in 2004%® in 34 patients demonstrating @ significant
improvement of regional wall motion, global ejection fraction,
reduction of Infarct size, but also reduction of left ventricular end
diastolic volume {LVEDV) in the treated group, confirming the
encouraging results obtained from pravious preliminary animal
studles'™3%, So far, these cells have bear harvested from bone
marrow, however, limitations of this cell source are: 1) the number
of MSCs in bene marrow is rather low; MSCs in fact represent
<0.01% of all nucleated bore marrow cells in healthy volunteers
(approximately 1 in 25,000 1o 1 in 100,000022, 2) donor site mor-
hidfty limits the amount of marrow that can be obtained (generally
[imited to e more than 40 Mm% an¢ consequently 3) the long
time required 1o obtain therapeutic cell doses by ex vivo celf expan-
sion renders treatment in the acute phase of myocardial infarction
impractical.

Recantly It has been shown that adipose tissue, In addition to
committed adipogenic, endothelial progenitor celis and pluripo-
tent vascular progenitor cells, contzins alse multipotert cell
fypes?27, THis finding has generated major interest because,
In cantrast to bone marrow, adipose tissue can be easily and safe-
ly harvested in large quantities and with minimal morbidity regard-
less of the condition of the patient, making it an appealing source
for cell therapy.

Cell characteristics

Adipase tissue, differently from most tissues, has a remarkable
plasticlty during Iife. Although Increases in volume can be partially
obtained by incressing the amount of [ipids stored in the already
existing adipocytes (celiular hypertrophy), large increases In valume
are usually assoclated with an increase in adipocyte count {ellular
hyperplasia) accempanied by a concomitant expansion and remod-
eliing of the microvasculature supplying these cells®.

The hyperpiastic process of the agipose tissue and supporting vas-
cular bed is mediated by a cell popuiation present within the stro-
mal vascular fraction of adipose tissue generally referred to as adi-
pose derived stem cefls (ADSCs). These cells, previously supposed
fo be mong-patent adipocyte progenitor cells, called pre-adipocytes,
have actually been demonstrated to have an Impressive develop-
mental plasticity” inciuding the ability to undergo mult-lineage
differentiation and self-renewal*5*3 (Figure 1).

Figure 1. ADSCs actions end effects; ADSCs have an impressive
developmental plasticity including the ability to underge multi-fine-
age differeptiation, to act by paracrine effects and fo display an
immuno-privileged behaviour,

ADSCs are a cell popuiation with properties that are very similar,
though not identical, 1o those of marrow derived MSCs™. These
cells have extensive proliferative capacly and are able to differenti-
ate in cel culture conditions into ostecgenic, chondrogenlic, myo-
geric lneages™ 3% and, more recently, Into a neurogenic pheno-
typeSse.

In culture, these cells express surface markers that are simiar to
thase expressed by MSCs (Table 1): both cell types express CD105,
STRO1 and CD166 (multi-ineage differentlation markers)®42,
CD17 (stem cell fagtor raceptor), CDB0, CD54 (ICAM-1), D44
and CD29 (beta-1 Integrin)l#43*, whareas both cell types do not
express the endothelial maskers CD3L, C034 and the haematopai-
etic marker CD45%® (Figure 2).

Recent studies showed that freshly isolated human ADSCs from
sibcutaneous adipose tissue tested positive Tor the aforementioned
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Table 1. Cell surface characteristics of adipase derived stem cells
and mesenchymal stem cells.
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Figure 2. Representative sampie of freshiy isolated ADRCs, CO45+,
C034bright and CD31pright cells correspond to approximately 38.6,
56.5 and 6.8% of total cefls, Cefls were analysed using FACSDiva
software {Picture from Cytori Therapeutics).

markers of haematopoietic and endethelial lineage. Flow cytometric
characterisation of human ADSCs In cuiture ravealed that the per-
centage of cells positive for CD34 exprossion decreased markedly
after 1 week of culture™ suggesting that the adhesion of ADSCs ta
plastic leads to 4 selection similar to that seen with MSCs, increas-
Ing the proportion of @ unique population of cells with immature
characteristics®.

Cne of the most interesting differences In surface makers between
M3Cs and ADSCs is a reciprocal expression pattern of the very-late-
activation antigen 4 or VLA-4 {CD4AG4¢/CD29) and its cognate recep-
tor vascular cell- adhesion molecule 1 or VCAM-1 (CD108), ADSCs
express VLA but not VCAM-1 In the majority of donors, while
MSCs usuily express CDLO6, a component of VCAM-1, and not
VLA-4,

The consequences of these properties are not clear yet and needs
further investigation, but this observation is fascinating since both
these molecules play an impartant rele in haematopoietic stem cell
homing ang maobilisation from the bone marrow™ &,

MSCs but also ADSCs are Known to secrete a large number of
angicgenesis-related cytokines™, In ADSCs in stendard cultures,
high levels of Hepatocyte Growth Factor (HGF), Vascular
Endothelial Growth Factor (VEGF), Placental Growth Factor {PGF),
Transforming Growth Factor-§ (TGF-), Fibroblast Growth Factor
(FGF), Granulscyte/Macrophage Colony Stimulating Factor (GW-
CSF), Monogyte Chemotactic Protein-1 (MCP-1) and Stromal
Cerived Factor-laipha (SDF-le) were observed, suggesting an

active role of ADSCs in neovascularisation®>#%, ADSCs and MSCs
both possess the capability to suppress ymghocyte reaction n a
dose-dependent and time dependent fashion; such immunosug-
pressian probably occurs via the production of cylokines {including
IL-4, IL-10, and TGF-R) responsible for the inhibition of lymphocyte
proliferations®st,

Clonally-terived, multipotent cells from adipose tissue display
furthermare an immuno-privieged behaviour®, Less than 1% of
ADSCs in fact express the cell surface MHC class- whereas class- |l
s aimost absent™, Therefore ADSC are poory recognised by T-iym-
phocytes, as suggested by the absence of inflitration by myeloid CD3
positive cells, When Injected into immunc-competent XHinked museu-
lar dystrophy (mdx) mause muscles, ADSCs wera sgen to differentiate
into functional muscle cells, integrated by fusing with host cells and
were not refected up to 6 months after transplantation3, This, togeth-
er with the easy avaflability and the small amount of tissue needed
for their isolation, sugeests that, ADSCs might even have potential
a5 Immuno-privileged universal donor cells with the capacity to be
used not only for autologous but also for allogeneic transplantation.

Harvest and expansion

Subcutaneous adipose tissue ¢an be safely and quickly harvested in
large quantities n several reglons of the body, using conventional
iposuction, A typical harvest out of 100-200 ml of human adipose
tissue would yield about 5Ox10° nucleated cells, During a
regular liposuction pragedure, it is not uncommon for plastic sur-
geans to remove in excess of 2,000 mL of fat. The samples are then
enzymatically digested, filtered and centrifuged o separate the
nan-buayant stromal cells from the buoyant adipocytes™3%,
The non-buayant fraction can yield In excass of 1x10° stem cells
(from 100 ¢ of fat tissue), about 45 fold more than a typleal harvest
of bore marrow aspiration fof 40mf} which typically contains
2.5x10% MSCs In & mature aduit?™>3S, If necessary, the ADSC contain-
ing fraction can be cultured with different media {e.g. DMEM-F12;
EGM-2-MV, o-MEM ete.) and supplemented with different percent
ages of serum and growth factors (e.g. VEGF, Insulin Like Growth
Factor, bF Growih Factor efc.) fo stimulate differentiation into dedi-
cated lineages and expansion. (Figure 3) Owing to the great concen-
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Figure 3. ADRCs form cords in an in vitre tubule formation assay.
ADRCs cuttured for 1 week form cords in EGM-2. immunofiucrescence
was used to detect CO31 {red) and von Willibrand factor (WWF, greenh
Cell nuclei were detected by DAP! (biue). Adult dermal fibroblasts
were ysed as a cortrol (bottom row).
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tration of ADSCs normally present in the adipose tlssue harvest, tis
also possinie to instantanecusly obtain therapeutic cell doses, with
no need for further expansion in culture™. in contrast to BM-derived
MSCs, therapeutic doses of ADSCs can easily be isolated in as Iite
as an hour after liposuction®#, This not only obviates the need for
culture, but also avoids cell alterations associated with culturing.

Differentiation capabilities of ADSCs

Numerous studies have demonstrated that ADSCs, similarly to
MSCs, have the capability to undergo dffferentiation Into several ceft
types along both mesenchymal (fat, bone, cartilage muscle, nervel
and non-mesenchymal fineages {blood vessel)™13857, demonstrat-
ing that adipase tisslie actuaily cantains pluripotent cells.

In particular, a5 far as muscle differentiation is concerned, evidence
showed that ADSCs have the ability to differentiate into contractile
cells with both striated muscle cells or cardlomyocytes features™~542,

in vitro studies of ADSC differentiation
After two weeks of culture 'n RPM! medium, 20% to 30% of ADSCs
increased in size, changed shape and began to beat spontarecus-
Iy when observed under a phase contrast microscape by three
weeks, as observed by Rangappa et al in 20035, Likewise, after
thrae weeks of exposure 1o rat cardiomyocytes conditioned DMEM
medium, ADSCs expressed cardiomyccyte markers including sar-
comeric alpha-actin, desmin, and cardiac troponin 1, as well as the
gap Junction protein Connexin-43 (Cx-43) and started to beat spon-
taneously, as observed by Gaustad et al in 2004%.

in 2005, Planat-Barard et 8l obtained simiiar results by plating
frash ADSCs In 2 sermi-sofid cufture, After three weeks of culture,
ADSCs morphologically developed inta ventricle-like, atrial-ike and
pacemaker-ike cells, displaying tight inter-cellular connections (evi-
denced by Cx-43) and spontaneous, as well as triggered action
potentials with beating. Moreover, these diferentiated ¢alls
expressed the cardiac-specific transcription factors Nkx2.5, GATA-4,
and MEF-2C, the structural cardiac proteins -myosin heavy chain
(MHC), myosin light chaln-2 ventricular (MLE-2v), myosin light
chain-2 atrial (MLC-2a8) as well as the atral natriuretic peptice
[ANP}, whereas the skeletal marker MyoD and smooth muscle actin
were not expressed.,

In vivo studies of ADSC differentiation

Several groups have so far reported data about the safety and effi-
cacy of ADSCs to regenerate damaged myocardium in both smail
frats) and large animals (pigs),

Delivery of ADSCs by intracoronary infusion to pigs two deys after an
acute Mi through a LAD balicon occlusion (Watanabe et al, 2004)
resulted in a 3% absolute increase in LVEF while the untreated pigs
showed a 9% deciine at 8-month FU {P<0.010. Ukewise, intra-
coronary infusion of either ADSCs or MSCs In an acute Wi pig model
Valina et af, 2004) resulted in a 11.4% improvement of absolute
LVEF after 4 weeks, compared to anly 2% [mpravernent in the non-
treated group (P<0.003)%,

Strem and colleagues®™ in 2005 used intraventricular injections
o deliver freshly isolsted allogenelc ADSCs from Rosa 26 mice
{expressing the beta-galactosidase transgene) into syngenelc recip-

ient mice, foflowing myocardial crycinjury. Beta-galactosidase posi-
tive cells were foung In treated mice together with the expression
of MHC, Nkx2.5 and with tropenin | at 14 days post transplantation,
suggesting that ADSCs have the abillty to engraft injured myocardi-
um and express specific cardiomyocyte markers in vivo,

Freshly Isolated ADSCs given immediately after reperfusion in a
porcine AME model (Alt et al) resuted in a 8% LVEF increase com-
pared to controls at Sweek FU (p=0.023)%,

Interastingly, concordant with the functional impravement, wall
thickness and capiliary density were both significantly increased
in the border infarct areas of the treated group, compared to the
contral group®.

In a study recently published by Miyahara and colleagues™, ADSCs
were transplanted directly onto infarcted murine hearts as & mono-
layered cell sheet. After transplantation, the engrafted sheet gradu-
ally grew to form a thick stratum that included newly formed ves-
sels, undifferantiated cells and cardiomyocytes. Autologous trans-
plantation of ADSC sheets, resulted in a decreased LVEDP,
improved maxlmum and minimum dP/dt, increased diastolic wall
thickness, increased left ventricular fractional shortening and
decreased diastolic wall stress, as compared to dermal fibroblast
sheets taken as a control.

Human studies of ADSC differentiation

ADSCs have been used successfully ™ a variety of indications
in humans, including the treatment of Crohn's disease fistulas® 5,
ostengenesls imperfecta®™ and for breast augmentation and recon-
struction after partial mastectomy®. So far, ADSCs have not been
used to treat patients with Ml or ischaemic heart disease. The
APOLLG trial will be the ‘Firstin-Man’ study that will explone
the safety and feasibility of ADSC transplantation in patients with
acute Mi, This study is a prospective, double blind, randomised,
nlacebg-controlied, sequential dose-escalation, study that will enrol
Lp to 48 patlents with acute M1 at the Thoraxcentar, Erasmus MC,
Rotterdam.

Eligible patients will be enrolied folkwing primary PCl and wilt
undergo lipasuction and isolation of the adipose derived regenera-
tive cells fraction (ADRCs} using the Cetution™ system (Figure 4).
ADRCs will then be injected within 24 hours from the primary PCI
Into the culprit corenary artery.

Main safety endpolnts will inciude: major adverse tardiac or cere-
bral event (MACCE) rates, serlous adverse events (SAEs)/adverse
events {AFs) rates and 4 composite clinlcal endpoint of death, MI,

Figure 4, The Celution™ systen, a fully automated device for the Iso-
lation of adipose derived and adipese regenerative stem cells.
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stroke and re-haspitalisation for heart failure. Main feasibility end-
points are: absolute LVEF and changes in LVEF from baseline to six
maonths; Ml size; regional wall thickness and thickening in all seg-
ments; V- end systolic volume {LV-ESV); LV- end diastollc volume
(LV-EDVY; and change in perfusion defect after revascularisation fo
slx months as measured by contrast enhanced MR, echocarglog-
raphy and scintigraphy.

Patlents will be foliowed for 36 months and will undergo Imaging
studies {(20/30 echocardiography, LV angiography, MRI, SPECT},
functional  evaluation {Left Ventricular Pressure-Volume
Relatlonship), clinical evaluations and laboratory testing at six, 12
and 18 manths,

Side effects, adverse events and potential
hurdles

QOne of the bippest Issues related to ceff therapy Is the potentlal
arrhythmogenicity of the transplanted celis. Previous reports con-
ducted using BMCs and skeletal myoblasts showed an Increased
incidence of arthythmic events in the treated groups that often led
to AICD implantation®,

Though limited safety data are available to date, in vive preliminary
animal studies have not reported an increase In any potentially fatal
arrhythmias.

Loop recorder monitoring In pigs treated with ADRCs® did not
show an Increase m arthythrric events throughout the eight week
follow-up perlod {ane death in the control and ADRC group within
the first week after MI). No sustained arrhythmias (e.g, bradycardia
lower than 45/min or tachycardia above 165/min) were recarded
in surviving animais, Moreover, at the end of the study period, pro-
grammed right ventricular stimulation failed o show an Increase
in susceptibility for arrhythmias by ADRC treatment. On the can-
trary, a significantly Jonger cycle length could be seen In the ADRC
group at the beginning of an induced arrhythmia. This finding
implies rather a reduction in the overall inducibility of malignant
arrhythmias than an increase In susceptibility,

IssUes associated with tissue harvest in patients with a recent AMI
urder hlgh doses of anticoagulants, GP Itb-llla inhibitors and
Aspirin are a potential cancern, owing to the highly developed vas-
cularisation of adipose tissue and the consequent bleeding risk.
However, only a relatively small amount of tissue is required to
obfain an effective cell dase, and haemostasis at the site of liposuc-
tion can easily be achieved by local pressure,

Conclusions

Human adipose tissue is a unique source of multi-potent stem cells
that have the ability to differentlate into vascular and cardiomy-
oeytes lineages, secrete several factors with angiogenic and ant-
apapiotic effects and demonstrate stem cell-llke extensive seif
renewal. Moreover, ADSCs/ADRCs, unlike bone marrow-derived
M8Cs, can be easlly and safely obtained In large numbers, without
the necessity to culture.

ADRCs have been aiready used in humans in different clinical set-
tings with excelient results and few side effects, Preclinical studies
conducted in animal AMI madels showed encouraging results and
displayed thelr in vivo capability to differentiate into cardlac muscle

cells as well as to excrete different growth factors with important
pro-angiogenic effects that led to a significant improverment of ejec-
tion fraction and wall thickness,

The results of the APOLLO trial will provide an understanding of the
real safety and efficacy of these cells in AMI patients, giving new
insights on their possible future role in the freatment of cardiovas-
cular disease.
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endo-ventricular class and i some cases increase survival . Cell therapy may be 2 potentially attractive approach o restore
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myocardial contractile performance after an infarction injury.

In the presence of fibrotle post-infarction scar with no detectable myocardial viability, direct myceyte
pracursors, i.e. myoblasts, are one of the first and still most encouraging cell types used in cell-based
theragy, belng considered as a patential source of new muscle fibres.

Direet intramyacardial myoblast Injection during apan-chest surgery or as a stand-alone percutaneous
procedure has been shown 1o be feasible and safe in several animal and human clinical studles.

The present review explores the current ciinical experience with autologous skeletal myablasts transplan-
tation in patients with post-infarction heart failure,
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Heart fz2llure is rapidly necoming a maior worldwide epidemic and,
in western countries, is by far the most commeon cause of hospitafi-
sation. The increasing prevalence of heart faifure directly relates to
Increasing age?, 2 significant reduction In sudden cardiac death due
to rapid revascularisation, the use of internal cardio-defibrilatars
{ICDs¥ and improved long-term survival of patients with acute
myotcardiat infarsction (AME),

Myocardial necrosis, and the subsequent formation of fibratic scar
which replaces viable myccardium, leads to depressed systolic
function, reduced diastalic compfiance, left ventricular remadelling,
aneurysm formation and ultimately to the progression of congestive
heart failure.

Revascularisation theraples have been able to restore perfusion and
contractlle functior: to post-infarct stunned or hikernated myocardi-
um. Chronic medical theraples are further able to improve symptoms,
functional class and, in some cases, increase survival, however these
madfical interverdions are not capable of replacing or repairing dam-
aged myocardial tissle, The potential to repair and grow new tissue
within the necrotic scar as a result of call transplantation has thus
drawn widespread attention, resulting In several ciinical studles shar-
ing the commen purpose of regenerating or recairing myccardium by
the delivery of new contractile or plurlpotent celis®2,

One of the first and stifl most encouraging cel types used in cell-
based therapy are aulologous skeletal muscle stem celis (alsc
referred to as myoblasts), Skeletal myoblests are mononuclear
progenttor cells usually residing in a quiescent state between the
basal membranes of skefetal muscle fibres, Foliowlng muscle injury,
recruited non-contractile myablasts profiferate and differentiate into
functional (contractile] skeletal myocytes, ultimately fusing into
multinucleated myctubes, When transplanted intra-miocardially,
myoblasts have been shown to differentiate into myotubes™ 3 ang
contract synchronously with host cardiomyocytes, even in the
absence of gap junctions.

The literature suggdests that skeletat myotubes, in fact, are not capa-
ble of expressing the trans-membrane protein connexin 43 (Figure 13,
a necessary element in achieving mechanical and electrical cou-
pling with myocardial tissue, and thus do not couple with resldent
cardiomyocytest*15,

Nonetheless, myoblasts have been shown to actively contribute to
systolic cantraction. It was hypothesised that stretching signals and
girect fonic trans-membrane currents'®16 may enhance the con-
tractile function within the area of fibrous post-infarction scar tissue
with a lasting positive effect on global systolic function™ 8, 1n addi-
tion to the aforementioned mechanical effects, myoblasts may
improve cargiae function alse by paracrine mechanisms. These
cells are capable of secreting vascuiar endothelial growing factor
(VEGF) and Insulin growth factor | (IGF-1) in concentrations which
can mobifise resident quiescent cardiac cells and promote angio-
genesis?™ 2%, Moreover, myobiast engraftment is associated with a
marked attenuation of matrix metalioproteinase-2 and -9 up-regula-
tion. This, together with VEGF and IGF-1 release, may protect peri-
infarction tissues against fibrotic remodelling®.

Cell therapies can be delivered via intracoronary iniection, percuta-
necusly by direct injection in the ventricular wall or with an open

e Y R JaRae T et
Figure 1. Formalin fixed paraffin embedded rat heart stained with
Connexin 43 using LSAB-DAB. Note membrane staining pattorn,

chest approach, While some cell types inciuding bene marrow-
derived and blood-derived encothellal progenitor cells® are capable
of extravasating and migrating to ischaemic areas, skelstal
myoblasts are not, making intracoronary delivery infeasible and
even potentially harmful due to potertial obstruction of the micracir-
culatlon and pessible embolic micro-infarctions. In contrast, dlrect
myoblast Injection during open-heart surgery or as a stand alone
percutaneous procedurs has been shown 1o allew unrestricted celd
uptake from the circulation without embelle risk in several animal
and human clinical studies?@+,

Cell transplantation during open heart surgery
The initial clinical experlence with myoblast transplantation was
achieved using trans-epicardial dellvery during open-chest CABG
surgery on patients with severely reduced LWEF#21. This approach
showed certain advantages, inciuding easy access to the target area
and delivery of & sufficient amount of cells per injection. Results
from this early experience were encouraging. After the first case
report on autelogous skeletal myoblast transplantation was pub-
lished in Lancet In 2001 ty P, Menasché?, two phase-1 studies on
the safety and efficacy of comblned myoblast transplantation and
CABG were started In Europe - Paris and Poznan - In 2002 and
2003, respectively®*2%, Both studies showed the procedure to be
safe and effective, providing a significant improvement in reglonal
wall motion (by TTE) and global LVEF, as weli as an increase in
viability by positran emission tomography (PET) and a significant
Improvement in symptoms. These encouraging results were
confirmed In the same year by Herreros and colleagues? in & pop-
uiation of twelve patients with previous M and manifest Ischaemic
coronary artery disease. At 3 menths, both reglonal and global LV
function were Increasec (LV improved from 35,5£2.3% at baseling
10 53.5£5% at 3 months), with viability of the treated cardiat tissue
in the area of prior infarct area demonstrating improvement by PET,
No cardiac arrhythmias were detected during the follow-up period.
Longterm follow-up results from a multicentre, dose-escalating
safety study of myoblast transplantation durlng CABG (24 patients)
or LYAD Implantation {6 patients) was also published In 2005 by Din
and colleagues®, Magnetic resonance imaging (MR} scans, as well
as echocardiographic and PET evaluations, showed increased via-
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billty of the grafted sear and an Improvement in the mean LVEF from
28% to 35% and 36%, after 1 and 2-year follow up, respectively.
Further, histological analyses of hearts from patients undergoing
MAD treatment and subsequent heart transpiantation, demanstrat-
ed survival and engraftment of skeletal myoblasts within the Infarct-
ed areas of the myocardium, T

At the 2006 AMA meeting, Menaché and colleagues presented the
six month follow-up of the MAGIC rlal, a multi-centre, randomised,
placebo-controlied trial designed to assess the safety and efficacy of
twao doses of myoblasts (high dose: 8x10° cells and low dose: 4x10¢
celis) injected concamitantly with CABG. The origlnal study design
called for 300 patients, however the trial was suspended following
ar interim analysis of the first 120 patients, as the study was nat
expected to meet ts primary efficacy endpolnt (regional and global
wall motion improvement at six months by echo analysis), [tis note-
warthy, however, that evidence of positive remodelling presented in
the 8x10° cell group, 25 LVEDV, 1VESV and LVEF imsraved signifi-
cantly vs. control as measured by MUGA, Further, both the incie
dence of MACE and ventricular arrhythmilas did not significantly dif
fer between the treated and the control group, suggesting that the
procedure Is safe and not associated with an increased risk of
arrhythmic events or sudden death. Though data derlving from the
aforementioned trials are encouraging, many eligible patients who
cauid poterdially benefit from myoblast transplantation are not can-
dldates for epicardial surgical delivery due ta their clinical condition
and the risks assoclated with surgery and general anacsthesia,
Mareaver, proper Interpretation of the clinical outcomes obtained in
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these cell therapy studies is difficult because of the confouncding
and beneflclal effect of the concomitant revascularisation proce-
dure, Thus, a minimally invasive, catheter-based delivery approach
Is highly desirable, A percutaneous approach with cell injection as
a stand alone procedure allows for targeting areas Inaccessible by
surgery {e.g. septum), treating high-risk patients and performing
repeat injections with minimal risk. Mare Importzntly from a scien-
tiflc perspective, percutaneous cell transplantation allows for the
evaluation of intra myecardial myoblast implantation without con-
founding factors.

Ende-ventricular approach

Myablasts dellvery via endo-ventricular catheters allow direct cell
injectlon into the targeted area of the injured left ventricular wall.
Catheter-based trans-endocardial injection is performed using a
needle catheter advanced acrass the aortc vaive and positioned
perpendicularly agalnst the ventrleular wall under fluoroscopic guid-
ance ¢f, in some cases, using an electromechanical mapping of the
endocardial surface (NOGA) which is capable of defining viable and
scarred rmyocardium (Figure 2182233, |n 2003 the Ratterdam group®
empioyed this fechnicus 10 inject autslogous myablast suspensians
into the area of post-infarction injury of fve patients, This early
experience, the first to document the feasibllity of this particular
approach, showed a significant increase in LV ejectlon fraction
{LVEF) and regional wall motion at three manths follow-up by
angiography, as weli as a trend towards Increased LVEF as observed
by anglography and nuclear scan at the six month follow-up.
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Figure 2. Unipolar (teft) and linear (right) NOGA maps acquired during cell delivery procedure. The myecardial scar is scaled red indicating an
area with a < & mV voltage and a < 2% shortening. Black dots indicate the trans-endocardial injection sites.
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A sub-study conducted to evaluate the efficacy of myablast trans-
plantation on reglonat and globa! LV functional by dobutamine
stress echocardiography with dobutemine infusion and tissue
doppler imaging (TD1), lkewise showed an improvement In the tar-
get wall systolic velocity and global LV function during low dose
dobutaming infusion, Indlcating an improvernent in the contractile
reserve™. More impressively, these haemadynamlc Improvements
were shown to persist one year after percutaneous myoblasts trans-
plantation: pressure-volume loop analysis confirmed both systalic
and the diastolic functional recovery (Flgure 3%,

In 2004, In¢e and colieagues published the results of a case con-
trol study in which myoblasts were injected n six post-AMI patients
with severe ¢hronic LV dysfunction, At 12 month foliow up, LVEF of
tregted patients rose from 24+7% at baseline to 32+10% with a slg-
nificant Improvement of NYHA functicnal class, while in matched
control patients EVEF decreased from 25+5% to 2134% (p value
<0,05) and NYHA functional class remalned unchanged®, Similar
results, though not as significantly pronounced, were observed
by Serruys et %% in the first multicentre study (n=15) designed
1 assess the safety and feasiilty of trans-endocardial myshilast
Injections. At 12 months follow-up, both reglonal wall motion scares
and NYHA functional class were slgnlficantly improved while LVEF
increased from 34210% to 37+10% (p=0.26).

The safety and efficacy of skeletal myoblast transplantation using
the Myocath® defivery system (Bicheart, Inc., Sunrise, FL, USA}
is currently under investigation in two multicentre clinical trials
ongoing in Europe (SEISMIC, phase |l trial) and the US
(MYOHEART, phase | trial). The SEISMIC triat will enrol 46 patienis,
randormised 2:1 1o the Myocel™ treatment arm (n=30) versus opti-
mised medical therapy controls (n=16). All patfents will be analysed
for six months, Re¢ruitment for the MYOHEART study, a non-ran-
domised trial, was recently completed. All patients will be anafysed
for 12 months, with the expected study completion date being

November 2007, In each of the aforementioned studles, Interim
analysis datg evaluated for GSMBE review suggest positive trends
towards improvement in treated patients especially respective to
patlent quality of fife, though at this time these are statistically non-
slgnlficant nbservations.

Although shown t¢ be feasible and safe, celt gelivery by percutan
necus based injectlon requires further optimisation. 1t is challenging
o consistently achleve full ang stable apposition with the ventricu-
lar wall with mest endo-ventricular catheter systems currently avail-
able as Injection pressures can push back the needle tip from
the myocargium, potentlally allewing a back flush of celis from the
puncture slte to occur. In addition, following deployment, reedle
positioning against the endocardlal surface does not synchronously
follow the natural heart movement, which makes injection into thin
post-Infarction scars or in the border zone of the infarct difficult,
I arder to minimise these technlcat ksues and to make the procedure
easler, safer and more effective, a new generation of transandocardial
delivery systems are belng designed. The maest prominent change
consists of a different needle tip design: the traditional end hole
needle has been replaced by a closed tip needle with slde-port holes
{e.g. Myocath™, Bicheart Ing.,) In order to spread the cell injected over
& larger tarpet area, rather than relylng solely on perpendiculary deliv-
ery 1o a single spot (Figure 4). This release pattern coutd diminish the
risk of perforation and Improve catheter stabliity with more rellable walt
appesition by decreasing Infection pressures and back, flush,

Trans-venous approach

Catheter based cell infusion through coronary veins is a relatively
navel approach,

The injection catheter, residing within a corenary vein and meving
together with the heart wall, prevides stabllity to the detivery system
ang allows an accurate and effective cell delivery, while minimising
the possibility of cell loss and wall perforation,
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Figure 3. Steady-state pressure-volume loops (A), end-systolic pressure-volume reiationship (ESPYR) and end-diastolic pressure~volume relation-

ship (EDPVR) (B), for ench patient. LV: left ventricwiar,
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Figure 4. Old Myocath™ catheter with a single end hole needle (left]
and the new Myocath™ delivery system with side port holes (right).

So far, the most compefling results using the trans-venous injéction
delivery in humans have been achieved by Siminlak and ¢o-
workers®3 In the POZNAN izl a phase ane clinical trial
designed to assess safety and feasibility of autologous myoblast
ransplanation performed by the TransAccess® catheter, a compos-
fe catheter system combining a phased array VUS and a8 pre-
shaped extendable 24 gauge nitinol needle,

The Transhccess system is placed In the target coronary veln
{Figure 5), the intravascular orlentation s performed using the cor-
responding artery, pericardium, and ventricular myocardium as
landmarks with IVUS Imaging {Figure 8). After verification of the
proper TransAccess catheter position, the nitinol needle is extend-
ed Inta the myocardium and the injection catheter (MicroLume™)
is advanced through the needle deep into the myocardial scar arga,
to aliow myoblast suspension injection,

Figure 6. TransAccess® systern orientation by IVUS imaging, The nee-
dle is oriented taking the corresponding artery, the pericardium, and
the ventricular myecardium as landmarks.

The use of the anterior Interventricular vein and the middle cardiac
vein, parallel to the posterior descending coronary artery, both were
shown to be feasible. Two to four intramyocardial injections were per-
formed in each patient, delivering up to 100 million celis in 0.6-2.5ml
of saline solution. The procedure was reporied to be technicaily sue-
cessful In ning out of 10 patlents and did not cause any periprace-
dural adverse event, At six months follow-up, NYHA class improved

Figure 5. Trans-coronary-venous myoblast transplaptation using anterior interventricular vein (A,8,C) and middle cardiae vein (D,E,F). A.C: coro-
nary angiography; 8,0: coronary venopraphy, C,F: Trans Access® catheter system positioned within vein - arrow indicates tip of the microcatheter

during cell injection.
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in all patients and LVEF, assessed by echocardivgraphy, significant-
ly increased by three to eight percentage points in six out of nine
patlents, confirming both the safety and feaslbitity of trans-venous
intramyocardiat myoblast injections by the TransAccess® system.

Safety issues

While ex vivo experiments supgest the possibility of cel! fusion and
the formation of a synchronous beating network in a2 co-culture of
myoblasts and cardiomyocytes™ 3, several studles have shown
skeletal myotubes to be Incapable of expressing connexin 43 (gap
junetion proteln) and physically coupling with host cardiomyocytes,
and from beating In synchrony with the rest of the heart!23342,

in the absence of this electromechanical coupling, the arrhythme-
genic mechanisms remaln unclear, Myoblasts have been showit 10
generate burst of action potentlals, which may induce ventricular
extrasystoles and tachycardias through electro-tonic interactions™.
Moreover, an arrhythmogenic role could be related to the injection
procegure [iself, including myocardial puncture, Inflammatory
response 1o injured transplanted myablasts (paracrine effect} and
immune reactions®. Major ventricular arrhythmias were obsgrved
in the majority of humans studies conducted thus far, irrespective
of the Gelivery route or celi doseB2562831

In the first clinical series published by Menasché at als, four
patients who underwent autologous skeletal myoblast transpianta-
tions during CABG experienced sustained episodes of ventricutar
tachycardia (VT}. Similarly, the possible arrhythmogenic effect has
also been observed in studies using an endo-ventricular catheter
approach. In the study conducted by Smits et &%, one patlent
experienced sustained VT at six wegks and subseguently received
subsequently an 1CD, while more seriusly, two sudden geaths
necurred, These events prompted DSMB consultaticn and the rec-
ommendation for all subsequent patients to recelve prophylactic
ICD impiantation. Interim results from the MAGIC trlal presented! at
the ARA 2006 sclentific session, however, suggested no stayistical-
ly significant difference between the treatment and placebo groups
in terms of ventricular arhythmias. The interim analysis of the SEIS-
MIC study suggests similar results. It should be emphasised that
natients enrolied In these initial studies did not receive prophylactic
antiarrhytimle therapy even though the target population of
advanced fschaemic chronic heart failure easlly develops ventricu-
lar arrhythmic events through the natural progression of the dis-
ease. Statistical analysis indlcates that the risk of arrhythmic events
s largely restricted to the first 30 days foliowing the procedure, and
recent cilnical data suggest that prophylactic iCD implantation and
use of Class [} anti-arthythmic medication may largely contral risk
of arrhythmias Immediately following celi Impiantation,

Amiodarone was administered prophylactically to all patients In the
POZNAN trial, and VT epfsodes occurred only in @ single patient
who was not compliant with amiodarone use durlng the first few
weeks following the procedure®. In fact, it could be suggested that
myobiast related VT may be circumvented by concomitant amig.
darone therapy, thereby obviating an AICD implantation,

In sim, though several clinicat trials in 2 smalt number of patlents
initially suggested a potential rislk of ventricular arrhythmia following
myoblast transplantation, it remains difficult to ascertain whether

skeletal myoblasts are indeed arrhythmogenic as well as to unvell
the underlying mechantsm. Because the majority of episodes of
vartricular arythmias occurred early after transplantation, it is
plausible that their occurrence may be refated to the procedure
ftself (due to the Intramyccardlal puncture ar Inflammatory reactlon)
rather than to the Tack of gap Junctions between the graft and host
myoecardium, which would result n fater term arrhythmic events.

Conclusions

Although cell therapy for human cardlac regeneration is stil an
experimental flield ang only taking fts first steps in clinical practice,
a conslderable number of preclinical animal studies and phase |
human studles have beer completed over the past years, These tri-
als have shown that autologous mycblast transplantation, both dur-
ing cardlac surgery and by percutanecus injectlon, i feasible, safe
and appears to hold significant promise. However, the cell delivery
still needs to be Improved and the occurrence of arrhythmic com-
plications needs to be observed carefully, with prophylactic
attempts made o minimise thelr occurrence during the inltial days
following transplantation. Several large phase 1/1f clinical studies are
currently under way in both Europe and the USA {(e.g. SEISMIC and
MYOQHEART I1) in order to assess the real potential arthythmogenic
effect as well as the efficacy of mycblast transplantation in ¢hronic
post-infaretion myocardial Injury. The final results from these trials
will be avallable within the next year and will provide useful inslght
as to the possible future role of autologous myoblast therapy In the
treatment of chronic heart fallure.
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Cell therapy may be a potentially attractive approach to restore myocardial contrac-
tile performance after an infarction injury. Multipotent stem cells are currently being
: studied as a possible cell source for myocardial repair within the first few days after

i the infarction onset in non-revascularizable areas of the left ventricle having viable
myocardium. In the presence of fibrotic post-infarction scar with no detectable myo-
cardial viability, direct myocyte precursors, i.e. myoblasts, are being considered as a
potential source of new muscle fibres, We review the current clinical experience with
transplantation of the autologous skeletal myoblasts in patients with post-infarction
heart failure, focusing on percutaneous cell transplantations performed as a scle

Introduction

Despite the recent developments in the treatment of
coronary artery disease, congestive heart failure caused
by myocardial infarction still remains a major health
problem, affecting millions of patients worldwide with
massive negative economic consequences. Myecardial
necrosis and subsequent formation of fibrotic scar that
replaces viable myocardium may lead to depressed systo-
lic function, {eft ventricular (LV) remodeiling, aneurysm
formation, and uitimately to congestive heart failure,
In the last few decades, improved treatments and an
ageing population has lead to longer post-myocardial
infarction survival resulting in increased prevalence
of post-ischaemic heart failure,” Consequently, the treat-
ment of heart, failure has gained widespread attention.

The possibility of repairing and growing new
myocardium within the necrotic tissue as & result of
cell transpiantation has been widely studied in both
experimental and clinical conditions.”

Among the variety of cells studied, autologous skeletal
myoblasts are one of the most encouraging cell sources

* Corresponding author. Tel: +48 602217202; fax: +48 612977500,
E-mail address: tomaszsiminlak@usoms, poznan.pl

for cardiac repair. Skeletal myoblasts, or sateilite cells,
are progenitor cells usually residing in a quiescent
state under the basal membrane of skeletal muscle
fibres, until recruited to proliferate and differentiate
intc mature skeletal myocytes in response to injuries
(Figure 1). They are of their autologous origin, the
ahitity to be amplified in vitro, and have high proliferative
potential resistance to ischaemia and prectinical efficacy.®
These characteristics have led clinical investigators to
evaluate the effect of transplanted autologous mycblasts
in patients with post-infarction heart failure. Myoblasts
differentiate into myotubes and maintain muscle proper-
ties when transplanted into an infarct area,”"!

Electromechanical properties of myocardial and sket-
etal muscle tissues differ significantly. Cardiac cells act
together synchronously due to the presence of special
cell-to-cell junctions containing N-cadherin and connexin
43212 (Figure 2). The latter is a transmembrane protein
playing an important role in mechanical and electrical
coupling within cardiac tissue.™ The lack of gap junction
protein expression ike connexin 43 on skeletal myotubes
prevents them from being physically coupled with host
cardiomyocytes, suggesting that these cells do not beat
in synchrony with the rest of the heart.!® %1%
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Figure 1 Myoblasts are usually in a quiescent state under the basal membrane of skeletal muscle fibres, After belng gathered and expanded, myoblasts
are transplantated nto an infarct area where they differcntiate fnte myotubes and maintain musele properties. It is still unclear whether myoblasts can

transdifferentiate into cardiomyocytes.
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However, it has been shown that the lack of junctiens
between grafted cells and host tissue does not preclude
improvement in LV contractile function.”” it has been
suggested that transplanted cells can contract synchro-
nously even in the absence of connections between
celis, probably by stretching or by direct transmembrane
channelling of electric currents.™*® The direct contri-
bution of these engrafted cells in impraving systolic func-
tion was noticed in several studies that indicated a
positive effect of skeletal myoblasts on myocardial con-
tractility lasting over time and correlating with the

number of implanted cells.’®*® Afthough certain ex vivo
data suggest that skeletal myoblasts may acquire few
characteristics of cardiomyocytes or may fuse with
them forming chimeric celis, ™" it has been assumed that
the grafted cells do not transdifferentiate, instead
retaining the morphological and electrophysialogical
properties of skeletal muscle.'”

The capability of myoblasts to improve cardiac func-
tion cannat be explained only in terms of electromecha-
nical integration or direct contribution. Other
mechanisms were found to play an important rele. One



hypothesis proposes that the engrafted cells could affect
post-infarction remodelling by limiting the expansion of
the post-infarction scar.2"%* A second possible mechan-
ism is the paracrine effect that myoblasts exert on sur-
rounding myocardial cells. This hypothesis is derived
from the observation that these cells are able to
release pleiotrophic factors such as vascular endothelial
growth factor and insulin growth factor | that could
mobilize resident quiescent cardiac cells and promote
angiogenesis. ™ These factors in association with a
marked attenuation of matrix metalloproteinase-2
and -9 up-regulation may work as antifibrotic agents
protecting peri-infarction tissues,?

Since skeletal myoblasts do not extravasate and may
cause microembolizations after intracoronary delivery,
their potential application in myocardial regeneration
requires direct cell injection into the area of damaged
myocardium. Transepicardial cell injection during open-
chest surgery and several catheter-based methods have
been proposed and studied in clinical trials,52%-3
{Figures 3 and 4).

Initial clinical experience: open-chest
myoblast transplantation

The first report on autologous skeletal myoblast trans-
plantation during open-chest cardiac surgery was pub-
lished in the Lancet in 2001 by Menasché et al,** After
that case report, two small phase-one clinical trials
were started in Paris and Poznan.®* In both trials, 10
patients with severely reduced LVEF undergoing CABG
received ftramsepicardial myoblast injection. Five
months after the procedure, a significant improvement
in symptoms by one NYHA class, an increase of regional
wall motion, an increase of global LV ejection fraction
(LVEF) as well as an increase in tracer activity on positron
emission tomography (PET) were observed, suggesting a

Flgure 3 Myoblast-delivering approaches.

Percutaneous transplantation of skeletal myoblast

new onset of metabolic activity in the previously non-
viable scar area. However, 4 years after combined myo-
blast transplantation and CABG, in almost one-third of
the Poznan series the end-diastolic LV diameter was
increased {unpublished own observation) generating
doubts about the previously reported capability of trans-
planted cells to reduce ventricular dilation.”?* In two
other similar phase-one studies published by Herreros
et al.® and Chachques et al.,* a total of 21 patients
received myoblast injection during CABG. Consistent
with prior studies, improvements of regional wall
motion and global LVEF were noted, suggesting safety
and feasibility of the method.

In a recent multicentre dose-escalating safety trial
conducted in the USA, published by Dib et af.,’ 14
patients underwent myoblast transplantation during
open-chest surgery. The echocardiographic evaluation
as well as PET and magnetic resonance imaging (MRI}
scans showed an increased viability of grafted scar,
whereas the mean EF improved from 22.7 to 35.9%.

In 2004, Menasché et al. started the MAGIC trial, a mul-
ticentre, prospective, randomized, double-blind,
placebo-controlled trial designed to evaluate the
effects of skeletal myoblast transplantation in the
context of severe ischaemic heart failure in a pepulation
of 300 selected patients. The study was prematurely dis-
continued in February 2006 after 120 patients were
enrolled (97 treated) because of the high incidence of
ventricular arrhythmias. The assessment of the risk/
benefit ratio is currently under way and the trial could
be resumed after the approval of the Data Monitoring
Committee.,

Cell transplantation during cardiac surgery has certain
advantages including easy access to the target area and
possible delivery of large numbers of cells per unit.
However, direct transepicardial approach may cause
additional risk to the patient during surgery, since candi-
dates for cell transplantation often have a history of mul-
tiple infarctions and IV dysfunction, and clinical
symptoms of severe heart failure. Moreover, the
interpretation of clinical outcomes obtained from trials
evaluating myoblast injection during CABG is not passible
because the effects of the twe procedures perfarmed at
the same time cannot be easily distinguished and ascer-
tained. However, in Uight of these {imitations and of the
trend towards less-invasive, diagnostic, and therapeutic
pracedures, percutaneous approaches with cell injection
as a sole procedure are under investigation.

Percutaneous myoblast transplantation:
cell injection as a sole procedure

Catheter-based transendocardial or transcorcnary vein
injections, performed as a sole therapy, may aliow the
evaluation of effect of myoblasts without confounders.
It may also enable repeated cell injections in patients
with severe myocardial injuries, since excessive number
of transplanted cells in a single injection may result in
only a small percentage of grafted cells survived. In
fact, despite more than 10 years of work in this field,
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the detivering technique has still to be improved; about
90% of successfully delivered cells leak back out of
the injection site or die within the first week.*® Direct
ceil injection in the ventricular wall can be achieved
both by a transendocardial® or a transcorcnary vein
approach. %

Catheter-based transendocardial injection is per-
formed using a needie catheter directed perpendicularly
to the inner surface of the target area using an electro-
mechanical mapping of the endecardial surface,®%2
Although this technique has been demonstrated to be
feasible, cell delivery by direct injection may be difficult:
endoventricular catheter systems currently available
have limited stability so that a back-fiush of cells from
the puncture site is to be expected. In addition, the
neecle positioned against the endocardial surface does
not follow the heart movements making the injection in
thinned pest-infarction scars or in the border zone of
the infarct very chalienging.

Catheter-based cell infusion through coronary veins isa
relatively new approach recently used in a pilot trial by
Siminiak et al.*® and it consists of a catheter-based endo-
vascular system incorporating an IVUS source and an
extendable needle (TransAccess, Trans Vascular, Menlo
Park, CA, USA). The TransAccess catheter is a monorail,
composite catheter system combining both a phased
array IVUS and a pre-shaped adjustable nitinol needle.
After placing the TransAccess system in the target coron-
ary vein through the coromary sinus, the needle is
oriented using IVUS images of the carresponding artery,
the pericardium, and the ventricular myocardium as
landmarks (Figure 5). The nitinol needle is extended
into the myccardium and a2 micro-infusion catheter
(Intralume, TransVascular Inc.) is then advanced
through the needle while simultancously injecting of
the therapeutic agent. In contrast to the transendocar-
dial approach, where cells are injected perpendicularly,
the TransAccess system delivers cells parailel to the
ventricular wall.

Figure 5 [YUS image of the Transdccess system in a corenary veln, The
needle is orfented using IVUS imaging taking the corresponding artery, the
pericardlum, and the ventricular myocardium as landmarks,

Clinical trials evaluating percutaneous myoblast trans-
plantation performed as a sole pracedure in patients with
post-infarction heart failure studied both endoventricu-
lar and transcoronary-venous catheter systems.

In 2003, the Rotterdam group® injected autologous
myoblast suspensions into the area of post-infarction
injury of five patients using an endoventricutar catheter
under electromagnetic guidance (Figure 6). Although
the small sample size evidently precludes any conclusions
about efficacy, this early experience has primarily docu-
mented the feasibility of this approach. An increase of
LVEF and regional wall motion was observed at 3-month
follew=up by angiography, though nuciear radiography
and MRI failed to confirm this improvement. At 6
months, a trend towards increased LVEF was observed
by both angiography and nuclear scan. A sub-study con-
ducted to evaluate short- and long-term results of
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myoblast transplantation on regional and global L func-
tional by two-dimensional echocardiography with dobu-
tamine infusion and tissue Doppler imaging (TDI)
showed an improvement of target wall systolic velocity
and of global ¥ function during low-dose dobutamine
infusion, indicating an improvement of contractile
reserve.* {Figure 7).

In 2 recent study published by the same group, 10 to 15
injections of autclogous mycblasts using Mycstar
(Cordis, Warren, NJ, USA) were given using an
endoventricular approach. At é-month follow-up, an
increased EF and cardiac output, a reduction of "systolic
volume, and a trend towards improved stroke work
were observed. These haemodynamic improverments
were confirmed by pressure-volume loops analysis 1
year after percutanecus myoblast transplantation.*®
(Figure 8).

Another recently published study describes the results
of transventncuiar injections using the fluoroscopy-
guided MyoCath catheter (Bicheart, Weston, FL, USA)
or the NOGA"-guided catheter system (Biosense-
Webster, Waterloo, Belgium). The study failed to show
improvement in the EF but wall motion score index
improved both at rest and under low-dose dobutamine.*

A third catheter-based study, the POZNAN trial, was
recently published by Siminiak et al.** This study was
performed as a phase-one clinical trial to assess the
safety and feasibility of both the TransAccess® catheter
system and the percutaneous autologous mychiast trans-
plantation performed as a sole therapy. Two to four intra-
myocardial injections deiivered up to 100 million celis in
0.6-2.5 mL of saline solution to each patient. The trial
cenfirmed the feasibility of intramyocardial injections
using the TransAccess® system with an extremely
precise advancement of the micro-lumen catheter in
the remote target area up to 4cm deep within the
injured myocardium. The procedure was reported to be
technically successful in all but one patient and did not
cause any periprocedural adverse event.

The use of both the anterier {nterventricular vein and
the middle cardiac vein, parallel to the posterior des-
cending coronary artery, were shown to be feasible. In
addition, compared with the anterior interventricular
venous approach, in the POZNAN trial, a middle vein
approach to advance the TransAccess® system succeeded
in getting closer to the apical segments of the left
ventricle.”® The lack of procedural success in one
patient, related to the inability to appropriately position
the guiding catheter across the venous valve at the
bifurcation of the great cardiac vein, suggests the need
for a new and refined guiding catheter.

At 6-month follow-up, NYHA class improved in all
patients and EF, assessed by echocardiography, signifi-
cantly increased by 3 t¢ 8 percentage points in six out
of ning patients. '™

Again, efficacy data, although considered promising,
have to be interpreted cautiously because of the smail
size of the sample., These results, however, confirm pre-
vious laboratory findings in which autologous myoblasts
delivered through the coranary sinus route significantly
improved regionat wall mation and global LV function.*

Safety issues related to myoblast
transplantation

it may be speculated that the inability of skeletal myo-
blasts to transdifferentiate to cardiomyocytes and to
form junctions with neighbouring cells may be a substrate
for ventricular re-entry arrhythmia. Current experimen-
tal and clinical data indeed suggest a possibility of
increased risk of arrhythmogenicity. in the first clinical
series published by Menasehé et al_,® four patients whe
underwent autologaus skeletal myoblast transplantations
during CABG received an implanted automatic internal
cardioverter-defibriliators (AICD) due to sustained epi-
sades of ventricular tachycardia (VT). In the Poznan
CABG phase-one experience, episodes of sustained
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Figure 8 PV loops at basetine, 6 months and 12 months after myoblast transplantation. A significant increase fn stroke volume, contractitity
{represented by ESPYR increased slope and leftward shift) and of diastolic stiffness (represented by upward shift and steeper EDPVR) is shown both

at 6 and 12 months.

ventricular tachycardia {VT) were observed in first two
patients during early post-operative peried, but prophy-
lactic amiodarone administration in the cther patients
prevented VT episodes 5o that no anti-arrhythmic treat-
ment was continued later then 6 weeks during fotlow-up.
In the MAGIC trial, designed by Menascheé et al., all the 97
treated patients received an AICD after cell transplan-
tatien; the trial was suspended in February 2006 after

120 patients were enrclled and the assessment of the
risk/benefit ratio s currently under way.

The possible arrhythmogenic effect has been also
naticed in trials using an endoventricular catheter-based
approach. In the study conducted by Smits et ai.,* one
patient received an AICD 6 weeks after the myocbiast
injection and more seriously, two sudden deaths
occurred, triggering the studv steering committee to



consult the independent data safety monitoring board.
The trial was temporarily suspended and resumed after
having implemented the safety measures. Observations
from percutaneous series in the POZNAN trial® indicate
successful prevention of celt transplantation-related ven-
tricular arrhythmias by prophylactic amiodarone adminis-
tration, suggesting that AICD implantations are not
necessarily needed in all patients who undergo myoblast
transplantations.

In the absence of electromechanical coupling, the
arrhythmogenic mechanisms remain unclear. One poss-
ible explanation is that myoblasts, having the ability to
generate burst of action potentials, may induce ventricu-
lar extrasystoles through electrotenic interactions.®
Morecver, an arrhythmogenic role could be related to
the procedure in itself, including myocardial puncture,
inflammatory response to transplanted cells and
immune reactions® rather than to possible problems
with electromechanical coupting between newly devel-
oped myocytes and cardiomyocytes,

At the current stage, with only a small number of
patients having undergone autologous skeletal myoblast
transplantations, it is difficult to predict whether skeletal
myoblasts are reatly arrhythmogenic, especially because
patients with ischaemic LV dysfunction easily develop
ventricular arrhythmia. Nevertheless, future studies on
cell transplantation in patients with post-infarction
heart faiture will have to focus on potential arrhythmo-
genic effect. Similarly, large phase-two/three clinical
trials are needed to assess the efficacy of myoblast trans-
plantation in chronic post-infarction myocardial injury.

Conflict of interest: none declared.
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Introduction

Cardiovascular disease continues to be a major health epldemic
throughout the world and is the leading cause of morbidity and mor-
%lity in the Western world, with its prevalence constantly increasing
in developing countries. At present, coronary artery disease, includ-
ing post-Infarction chronic heart failure, accaunts for over 7 million
deaths per year {over 2 million in Europe alone}, and this number
is expected to nearly double in the next 20 years!2,

These facts ciearly illustrate the need far impravement in the revas-
culasdsation and medical theraples currently awailable, as well as for
the development of novel theraples capable of preventing or revers-
ing negative ramadelling and even regenerating failing myocardium.
In the last 10 years, repair of cardiac muscle by stem cells in
patients with post-ischaemic chronic heart failure has been tested
in several praclinical and phase - clinical studies utilising different
cell types and means of delivery>10,

Although almast all of these studies achieved promising results both
In tarms of safety and efficacy, few direct chinical side-tyeside com-
parisons have been performed, and thus the quest for the Ideal cell
tvpe is still ongoing. Several preclinical studies have recently been
performed to compare the beneficial effects of differant cell types
for cellular cardiomyonlasty {Table 1), According to these preciinl-
cal studles, in the sub-acute or chronic M setting, skeletal myoblast
fransplantation may be more effective than transplantation of bone
marrow menonuclear calls, dermai fibroblasts, cardlac fibroblasts
or adult cardiomyocytesti-14,

These results may be related to the superlor degree to which
myeblasts exhibit resistance to ischaemia as compared with cardio-
cytes. Further, myobiasts appear to have a noticeable impact
on cardiac systolic function as compared with the passive effects
of fibroblasts and other cell types on cardiac compliance!®. To date,
the feasibility of mycbiasts for the treatment of CHF has been con-
firmed in severzl clinical trials in which autologous skelatal
myoblasts were Implanted either during open-chest surgery'®1°
or via peroutancous deiveny®®® as g stand akne procedure
(Table 2}. These encouraging results have led to the design of new
mycebiast transplantation protocols, which are currently under inves-
tigation in ongoing clinical studies and which we hope will impart 8
clearer understanding of their applicability in future clinical practice.

The SEISMIC study: rationale and description

Rationzle

Previous data derived from pre-clinical studies dermonstrated that
the implantation of autologous skeletal myobiasts may lead
replacement of non-functioning myocardlal scar with functional
contractile tissue and consistent improvement In glabal LVEF,
regional wall motion and viability, Results from phase |- ¢linical tri-
als suggest skeletal myoblast implantation at the time of CABG may
lead to similar effects, as do recent studies using percutanecus
dellvery as a stand-alone procedure. For these reasans autalogous
skeletal myablast (MyoCell™) implantation using the MyoCath™

* Corresponding author: Thoraxcenter, Erasmus University Medical Center, Rolterdarn, PO Box 2040, 3000CA Rottardam, The Netherlands.

E-rmail: powj.cserruys@erasmusme.ni

@ Europa Edition 2007, All rights reserved.
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Species el type

Hutcheson et alt Rabbit SKMyo vs, FB

Horackova et al* Pig
Aghutut et al* Rat SKMyo vs, AC133+

Ott et al¥ Rat. SKMyo vs, BMM(s

SKMyo vs. Cardfac FB vs. CardioMyo

SKMyo superior 10 FB, SKMB improve both systohc
and diastolic function. FB only improves diastolic
Myotube formation in SKMyo treated animals,

SKMyo superior to CardioMyo and Cardiac 7B regarding
remodelling; functional improvement in SkMya
treated animals

Myotubes in SKMyo treated group,

No difference regarding LV function

SKMyo superior to BMMCs regarding LV function

FB = fibroblasts; CardioMya = cardiomyacites; BMMCs = bone marrow menenucleated cells; LV = teft ventricle

Table 2. Comparison of clinical studies usmg myoblasls for post-infarction chronic heart failure,

Menasche et al¥? SKMyo 10 264

transepicardial 1 glebal LYEF

Herreros et al® SKMyo 1 3648% transepicandiat T global LVEF, 71 regional wall motion

and 7 viability
Siminiak et af*® SKMyo 10 25-40% fransepicandial 7 global LVEF, 1 regional wall motion
Chachyues of al® SKMyo 20 28+3% transepicardiat T global LVEF, 7 regional wall motion

and T viability
Smits et al* SKMyo 5 36+11% transendocardial - NOGA guided 1T global LVEF, 1 regional walt motion
Siminiak et al SKMyo 9 30-49% rans-COronary-venous 1 global LVEF
Smits et al*® SKMyo 15 34+10% trensendocardial - NOGA guided 1 regional wall motien, NYHA class improvement

SKMye = skeletal myoblasts; NOGA = non-fluorescopic electromechanicat mapping: LVEF = feft ventricle sjection fraction: NYBA = New York Heart

Association

endoventricular catheter delivery system is being evaluaied in this
randomised, controled study to explore the feasibility these cells
may provide In adding & new dimension to the interventional man-
agement of post-Infarct deterioration of cardiae funetlon In patients
with congestive heart fallure.

MyoCell™

MyaCal™ s a proprietary technology of Bioheart Incorporated
(Sunrise, FL, USA} and is composed of gutologous skeletal
ryohlasts expanded ex vivo from an individual patient’s skeletal
striated muscle biopsy. Autofogous skeletal myoblasts are isclated
and subsequently expanded from approximatety 10 grams of a
skeletal muscle blopsy via & proprictary cell culturing process.
Marvest is by trypsinisation, cell collection, and repeated washing
with a cammercially available transport medium to ensure removal
of any residual serum from culturing. Following final re-suspension
in transport medium, release testing is conducted and MyoCell™
is packaged and labelled for return shipment to the patient's treat-
ing physician for intramyocardial implantation. MyoCell™ has been
previously delivered endovascularly via specifically designed percu-
taneous catheter dalivery systems {MyoCath® MyoStar® and
TransAccess®). In the SEISMIC study, MyoCell™ s injected into the
region of akinetic myocardial scar resulting from prior infarction.
Multiple Injections, each confaining 0.5 mi of cell suspension
125 x 10 cells/mL) and spaced approximately 1om apart, are per-
formed ta defiver MyaCeli™ to the target region. The intended dose
of MyoCell™ for cach patient is between 150 and 800 x 10 celis.

The maximum number of injections for each implantation proce-
dure i5 32 and the maximum number of ¢ells injected is 800 x 108,

MyoCath®

The Bioheart MyoCath® catheter (Figure 1) is a 115 em fong. 8 Fr
reedle injection catheter with a ceflectable tip and extendable 25 G
stainless steel needle, A deflection knob and needle advancernent
control trigeer are Lused (Figure 2) to manoeuvre the tip, acwance
the needle and control the needle depth,

Buring the procedure, a smalk incision is made In the patient's grein
to provide arterial access in customary fashion. The catheter is
advanced thraugh an arterial femoral sheath retrograde across the
aorlic valve and into the left ventricular cavity. The injection tip of the
MyoCath® is then positioned to the desired Injection site of the feft
ventricle (via flugroscopic guidance), The needle is advanced to 2
pre-set length by depressing the needle advance/retraction contral,
causing the needle to penetrate the target tissue o the pre-set
depth. The atfached syringe is then depressed to deliver the thera-
peutic dose (0.3 ml/per injection) to the Injection site, After
injection, the needle is retracted, the tip is repositioned, and anoth-
er injection 15 made. Subsequent injections, approximately 1 em
apart, are made to alt desired areas affected by prior infarct to com-
plete the cellular cardiomyoplasty procedure.

The Bioheart MyoCath® delivery system has been used in more
than 50 patients and three clinical studies worldwide without note
of any serfols adverse ciinical events during the implantation
procedure,



The SEISMIC trial

Study design

The SEISMIC Tral {Safety and Effects of Implanted [Autologous]
Skeletal Myobiasts [MyoCell™] using an Iriection Catheter) is a
phase |I, open-fabel, randomised, multicentre study designed
1o assess the safely and cardiovascular effects of myogenic muscle
stem cells, as delivered by the MyoCath®, in congestive heart failure
patients post myocardial infarction(s), Forty-six patients were targets
ed far enrolment at 12 study centres troughout Eurape, with two-
thirds of the patients randomised to the MyoCell™ treatment arm,
and the ather third randoralsed to the control arm (and receiving
standard medical theragy only),

Here we repart the OSMB Interlm analysis of the first 25 ran-
domised patients.

Enrolment was completed in the beginning of 2007, Per protacol,
ail cligible patients experienced a Q-wave myocardial Infarction
at least 90 days prior to the surgical muscle blopsy resulting In
a large area of akinesia (as confirmed by anglography and echocar-
diography) and residual global left ventricular ejection fraction
at screening of 2 20% and £ 45% (as assessed by MUGA scan).
Functional class was NYHA [l ar [I1 withaut requirement, or indlca-
tion far revascularisation {ruled out by angiography or dobutamine
stress scintigraphy), Qptimal medical therapy was to have been ini-
tiated at least 2 months prior to study entry, and all patients enrolleg
must have been fitted with an ICD {sIngle-lead) at least 6 months
prlor te enralment in the protocal. Al randomised patients were

Figure 1. Cell delivery and distributien (green) performed using the
new tip-closed with side ficles Myocath fon the left) and the ofd tip
with single end-hole catheter (on the right).

Deflection knob

-—

Warking length

initiated on ant-arrhythmic therapy (amiodarone) at screening,
for at least one menth pre- and post- procedure; both groups were
followed for Bmenths and evaluations were done at baseline,
1menth, 3 months and & months by office visits as well as by lab-
gratory and instrument tests (ECG, echocardiography, dynamic
ECG-Holter and MUGA scan at 6-month FU).

The primary safety endpaint of the study is the observed nurmber of
serious adverse events (SAE) In the treatment arm vs, control arm
at 3 and 6 months, while the primary efficacy endpoint is observed
impravement In WYEF {as measured by MUGA) at 3 and 6 months
vs. baseline for bath the treatment and contral arms. Additional sec-
ondary endpoints include improvement in E-minute walk time,
NYHA classification, QOL scare (Minnesota), glabal and replonal
contractiiity, wall thickness, coronary perfusion and changes in
overall infarct size at 3 and 6 months vs. basellne. SAEs were
defined by the study pratocol as any adverse event deemed fatal,
iife-threatening, requiring unexpected hospitalisation or resutting
in permanent impairment, as well as any evenis which the invest-
gator deemed Jeopardising toward the patient.

Preliminary safety data

Safety data was avaflable in Decernber 2005 on 25 of the 45 ran-
domised patients (15 treated with Myocel™, 9 controls}, with
a minimum follow-up period of 3C-days for all patients evaluated.
Al baseline, trested patients on average experlenced thelr last
i 9,35 years prior to screening {range 2-21), while control patlents
on gverage were 7124 years removed fram thelr last MI (range 2-16).
Ten treated patients had documented prior history of VT {63%) while
& control patients had experienced prior VT 167%). In the freatment
arm, mean WVEF was 30.0%10.4%, with 8 patients {50%) NYHA
Class lll, white conltrol arm patients entered with a mean LVEF of
32.8%x11.1%, with 3 patients (33%) NYHA Class I{. On average,
treated patients provided 7.9+4 grams of muscle tssue and were
Injected with 598£110x10° cells over 24+4 Injections. Al patients
were treated with cells 2 50% positive for CO56 staining.

Twelve non-hierarchical serious adverse events (Table 3) occurred
in the treatment group in & of 16 patients: 1 death (due %0 multl
organ failurel, 6 VT with apprapriate [CD firing (5 deemed possibly
related to cell therapy and all resoived), 1 case of warsening heart
failure (patient recovered), 1 case of pericarditis {patient recov-

0

Injection port

Insertlon depth gauge
Needle depth control

¥
1R

CIL ")
X

Figure 2. The Myocath™ hand piece.
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Table 3. Description of ahythmic Serfous Adverse Events (SAE)
occurred in the treatment arm.

VI+ICD firing 3

Recovered Probable to Myocell
VT+ICD firing 11 Recovered  Probable to Myocell
VT+ICD firing 12 Recovered Probable to Myogell
VT+ICD firing 25 Recovered Probable to Myocell
VI+ICD firing 8 Recovered  Probable to Myocell
VIHIED firing  Priorto cell Recovered Mot related with Myocel]

impiantation

NSVT 7 Self resolving Plausible to Myocell

VT =ventricular tachycardia; ICD = implantable cardioverter defibriifa-
tor; NSVT = non-sustained ventricular tachycardia

ered), 1 NSVT (self-resolving), 1 post-biopsy haematoma (resclvec)
and 1 report of herpes zoster {resolved). In the contre! arm, two
non-hieratchlcal serious adverse events occurred In 2 of 9 patients:
1 non sustained VT and 1 diverticuntis, both which resoived,
Regarding the trested patients, VTs eplsodes with 1CD firing
oceurred In 4 patients (2 patients with 2 events and 2 patlent with
I event each). One patient had two separate episodes at day 5 and
11 post transplantation and, after a period of clinlcal recovery, pro-
gressively declined and died of multiple organ fallure approxirate-
iy 30 days after the index procedure, The other mult-firing ICD
patlent experienced 2 separate firings at 12 and 25 days post trans-
plantation, with compiete recovery thereafter and no further reports
of VT. The cther 2 patients experiencing 1 event each both fully
recovered, with rio ather VTs episodes were abserved. One patlent
experienced approprlate 1CD shock 8 days post implant, while the
other patient experienced appropriate ICD shock prior 1o the cell
implantation procedure, All arrhythmic events occurred within the
first month following the transplantation procedure,

Of note, 3 of the 4 treatec patients experiencing 6 VT events were
confirmed nan-complignt with prophylactic amiodarone use per
pratocol, ang all 4 of these patients had documented prior history
of VT with IGD firing prior to entering the study.

Preliminary efficacy data

Though the limited amount of data curently aveilable does not
altaw for meaningfui insight into the efficacy of the MyoCell therapy,
prefiminary trends appear encouraging.

Six-minute walk distance data avallable for 3 treatment group patlents
and 4 control group patients demonstrate six minute watk distance
improved, on average, 97451.4 meters as compared to an average
deefing of 20-:147.1 meters expenenced by the control group patients,
NYHA Class data avallable for & treatment group patients and
& control group patients ravealed that 37.5% of the treatment group
patients improved by at least one NYHA Class at 3 months follow-
ing treatment as compared to 0% of the contral group patients.
50% of the treatment group petients improved by at least one
NYHA Class at & months foliowing treatment as compared o 25%
percent of the control group patients who improved.

Nane of the treatment group patlents experienced a decling in
NYHA Class at either 3 ar 6 months following treatment.

LVEF as assessed by MUGA also showed 2 trend in improvement
for the treatment grous, with treated patlents Improving from
30.0 %+10.4% at baseline to 31.7%x21.8% at 6 months while
controt patients declined from 32.8%=11.1% to 31.7%=£8.3% over
the same time,

50% of treated patients experienced an improvement in LVEF while
57% of the control patiants exhibited & reduction in LVEF.

Conclusions

Management of heart fallure patlents with acgvanced cardiomyopa-
thy Is a daunting task - patients often present with multiple medizal
conditions, a history of arrhythmia and Hittie availabie In terms of
alternative treatments to standard medical therapy. Novel therapies
are needed to pravide improved treatment options, and cell therapy
is 2 promising start to this endeavour. Thaugh complete efficacy
data are not yet avallable and safety data are nct yet fully adjudicat-
ed, these preliminary resulis suggest that myoblast therapy for CHF
is targely safe and effective. Arrhythmic events are largely manage-
able with close observation and prophylactlc use of [CDs and amio-
darone therapy; when arthythmic SAEs do occur, they typically
appear during the first month following implantation anc can farge-
ly be mitigated with appropriate medical management. Patients
recelving myoblast-based cell therapy also tend to show improve-
ment In quaiity of ife and mechanical function over time, as evi-
denced in prior lcompleted} ¢linlcal studies and n the initial trends
reported above, We look forward to recelving the final data in order
to reach mare definitive conclusions,

Appendix

The foliowling Investigators and institutions participated in the SEIS-
MIC study: PW, SerrLys, Erasmus MC, Rotterdam, The Netherlands;
J. Bartunek, 0LV Zlekenhuls, Azist, Beiglum; v, Legrand, CHU de
Liege Sart-Tiiman, Llege, Belgium; W. Van Mleghem, ZOL Campus,
StJan, Genk, Belguim: C. Nignaber, Univarsity Hospital Rostock,
Germary; J. Schofer, Mamburg Unhversity Cardlovascular Center,
Hambrg, Germary; £, Hehrlein, University of Frefburg, Germany:
J. Waltenberger, Unlversity Hospital, Maastrient, The Netherlands;
C. Macaya, Instituto Cardiovascular, Hospital Clinleo San Carlos,
Madrid, Spai; A. Gershilck, University of Lelcester, Gienfield Hospital,
leicester, United Kingdom; N. Peters, St Mary's Hospital and
tmperial College, London, United Kingdom: T. Siminlak, Paznan
University Schogt of Medical Sclences, Poland; P. Smits, MCRZ,
Rotterdam, The Netherlands,
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Introduction

Cardiac failure secondary to lschaemic heart disease is a leading
cause of marbidity and mortality. Infarction leads to cell loss by
oxdative stress and reperfuslon injury. Chronic ischaemia and
myocyte loss produces progressive expansion of the infarct area,
fibrous replacement of the myacardium and predisposes to dilation
of the teft ventricle?, & major factor In survival®, Progenitor/stem cell
therapy has potentlal for promoting structural and functional repair
of the myacardiom,

Pragenitor/stem cells may stimuiate either angiogenesis®® by the
release of growth factors and ant-apoptetic factors (ncluding Akt,
VEGF and FGF), and/or vasodiiation (by VEGF) with an increase in
INOS bioavallability that may help maintaln cell viablitty and encour-
age tlood flow. More cantroverslally, progenitorsstem cells fram the
bane marrow, circulating blood or embryonlcally-tierived, may lead
o myocardial cell regeneration®?, However to date, improvements
In cardiac funetion and structure have been modestss,

Cument dellvery fechniques Include 2-D angiographisally guided
endocardial injection and catheter based Intracoronary release,
Mowever, these techniques have general fimitations that include
imprecise on-table |dentification of the best areas to target, poor

abllity In targeting a specific area, and mediocre identification of the
treated area at follow-up. In additlon, Intracoronary release has spe-
cific drawbacks such as Induction of Ischaemia, or the ‘shedding of
cells into the general circulation, Two particular clinlcal settings that
appear particularly appropriate for progenitor/stem cell therapy are
those of recent antarior myocardial infarction that results in reduced
L function ang of chronic, ischaemic, diated cardiomyopathy.
The development and integration of electromechanical mapping
technology, NOGA™ XP (Biologics Dellvery Systems™, Cordis
Corparation, Diamond Bar, CA, USA} with the develapment of a mag-
netically navigable Injection catheter, the MyoStar™ injection catheter
{Bioiogics Defvery Systems™), couid transform call delivery.

This article will review the principles of magnetic navigation with
the forthcoming technology; conslder how locallsation, delivery and
Tollow-up might potentiagfly be Improved compared with current
tachnlgues; discuss the relevance 1o two of the clinlcal settings that
might derive the moest benefit; and mention the possibilities of
improved percutaneous revascufarisation that might be used
to optimise the local millel for progenitor/stem call survival. The
purpese of this article is to suggest and speculate upon how this
technology might allow integration of the real-ime visuafisation
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of target tissue with she directed dellverabiity in order to reduce
procedure times and irradiation, and to simuitaneously improve
efflcacy and fallow-up.

Magnetic navigation system

The magnetic navigation system [Nicbe®, Sterectaxis, St Louis,
MQ, USA) consists of two adjustable permanent magnets on either
side of the fluorasceopy table (see Figure 1),

In essence the systerm does three things. Firstly, the system oper-
ates using a 3-D reconstruction that is either produced from angio-
graphic images {as in the case of corenary arteries) or, alternative-
ly, an imported 3-D reconstruction from an external system ¢.g,
NOGA™ XP. Secondly, the spatlal orientation and lcation of this
reconstruction |$ matched to the real-life patlent's intermal cardiac
anatomy; i.e, corenary artery ar cardiac chamber. Thirdly, the model
gives the real-time, online vectors to direct an external magnetic
fieki to orientate @ magnet on an Intravascular device to match the
direction required for navigation through the 3-D reconstruction,
The result is the abllity to use 3-D informatlon in real-time In patient
therapy.

Figure 1. Magnetic navigation system is shown with the magnets in
position on either side of the patient,

The magnetic navigation system has been described in detail pre-
viously*211_ Briefly, the interacting magnetic field produces a
15 em uniform magnetic field of .08 Tesla that can be increased
to 0.1 Tesla. Computer controlled movements of the magnets
allow regirection of this externally applied magnetic field vector in
360° in all planes. For cardlac chambers a 3-D volume rendered
reconstruction is imported and aligned for navigation. For coro-
nary artery use, the 2-0 locatlons of points on X-ray images are
known in relation to the Image intensifier, anglography system and
table and this allews production of a 3-D reconstruction from
2 views separated by at least 30°. The result is real-tme, on-tale
incalisation of the reconstruction within the chest of a patlent dur-
ing a procedure 1o atlow direction of therapy. Adjustment of the
magnetic vectors from the model synchronised to the X-ray
system adjusts tip-magnet direction in the patient to produce
deflection of the wire, This gives reproduclbly precise steerlng of
the tip of the Intravascular device and this steering Is independent
of the factors that can restrict conventional procedures such as
poor transmission of maniputation.

New technology for progenitor/stem

cell delivery

Previcus methods for endocardial stem cell delivery had several
drawbacks In identification, cell dellvery and therapy. identification
of the shtes far injections was poor and depended on strategles such
25 marking acetate sheets overlaid an the X-ray sereen, delivery was
time-consuming with poor targeting, ang follow-ub was hampered
by imprecise knowledge of where the Iniections had been and
therefore depended on generalised LV measurements rather then
the regian of interest,

The magnetic navigation system can Integrate other 3-D volume
rendered information such as MSCT, MRI or the NOGA® XP
mapplng system, see Figure 2, o give precise steering/direction
of injegtions.

Infarct localisation is possible by current techniques such as MSCT,
which is capable of identifying infarcted areas of myocardiumi?,
and integration can provide 2 3-D volume rendered map of the
damaged myocardium. However this information is not reai-time
and was of limited use In treating the patient on the table,

New technology Is under current development. The NOGA® XP
mapping system gives information on the functlonal and electrical
properties of the myocardium sfmultaneously with real-tme, precise
localisation by producing a map of the laft ventricle {see Figure 2).
This may atlow differentiation between the extent of the infarct and
perHnfarct reglons as well as giving valuable information for foliaw-
up. This, together with the MyoStar™ injection catheter 1o allow
magnetically enabied cell defivery (see Figure 3) may nat only allow
areas to be identified by eleciricat and mechanical mapping meas-
urements but alse deliver injections of cell therapy.

Potentially, this could give several major advantages. Firstly,
integration of real-time electromechanical mapplng would give a
real-time, on-table 3-0 LV map for exact focaiisation. Secondly,
slactromechanlcal mappling may discriminate between viable and
nan-viable infarcted areas e.g. Identifying electrically active but
non-contractile areas such as stunmed myocargium. Therefore
this combiration of detection methods could enable new strate-

Figure 2. Graphic showing reconstruction of LV mapping,
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Figure 3. MYOSTAR™ jnjection catheter fo have electromechanical guidance provided by the NCGAT X

gies that tajior delivery of cell therapy to particular areas, Thirgly,
a magneticaily navigable injectlon catheter could precisely dlrect
cell injection and simultaneously integrate spatlal and electrical
information. Fourthly, an efectromechanical map could ald follow-
up both to Identify the region on the map that was previously treat-
ed, and also to glve quantifiable informatian for specific locatians
on the map. Definable delivery of stem cells would aliow Investl-
gation of specific [ocations or patterns of cell delivery. As different
parts of an infarcted area may have discardant elecirical and
mechanical properties, with Intact electrical but poor mechanical
activity, this may allow Identiflcation of stunned myacardium in
penumbral segions that might derive particular benefit from stem
cel injection, Additionally, current estimates of the resolution of
the new system suggest that this could localise positions to within
L that would represent a major improvernent, An idea of the
type of the information that may be availaiie with this system for
diagnesis and follow-up is seen In Figure 4.

Limitations of current cell delivery techniques
The strategy of endecardial injection has suffered from a number of
fimitations. The current technique of LV anglography gives mediccre
localisation as the entire LV volume is seen only in 2-D pictures fram
different views. This techniqua gives [ittle idea of the location of the
watershed or penumbral arga that might contein stunned rather
then necrotic cells. Injection sites, and partleularly areas that might
be particuiarly susceptible to improvement with celf therapy, are
poarly identifiable In real-time, and are difficult to access with
current equipment.

Intracorenary injection has been the other widely used technigue
and has Its own fimitatlons. Release of celis depends an
hasmatogenous spread, and this may be poor in areas that are
aoorly revascularised or are sl occluded, therefore reducing
the effectiveness in these areas, This inhomogeneous delivery may
prevent delivery to salvageable argas that have competitive flow

Prazzeuns
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Figure 4. NOGA™ electrical {UNIV, at topi and mechanical (LLS, at
bottom} maps from a human patient in the stem eel! treatment group.
The maps on the left are those performed at the time of injection and
maps at right are those at four month foffow-up. An area of viability,
showing normal electrical activity, can be noted en the upper right map.
The maps on the right show improvement in both electrical and
mechanicat funetion. LLS = linear local shortening: UNIV = unipolar
voltage.

from a neighbouring territory that Is, however, insufficient for
long-term survival. As intracoranary inJection often uses occluslon of
the proximal vessel this resuits In further ischaemic insult with
further, possibly Irreversible, damage and cell loss and reducer
parfusion pressure leading fo coflapse of pinched microvasculatur::.
Additionally, loss of cells that do pass through the microvasculature
inta the general circulation, alss known as ‘shedding’, may lead
to the drawback of these progenitor celis reachling areas where con-
ditions favourable for anglogenesis are present but clinically
unwanted, e.g. necplastic necvascularisation or ischaemic areas
such as refinapathy.
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Implications for the clinical situation

of cell delivery

Twa particular sktuations may be particularly appropriate for treat-
ment of cell therapy; these are recent anterior infarction with slgnlf.
icant LV impairment and non-revascularisaiie chronle lschaemic
cardiomyopathy. While these situations have some simliarity such
2s extensive cell loss and unattractiveness for cardlotheracic sur-
gery, there are specific reasons why precisely directed endocardlal
injection may hold particular advamtages. These have advantages
over and above the general advantages of improved diagnosis with
two modalities, precise site-directed defivery and follow-up dis-
cussed adove.

The purpose of using celf therapy In the treatment of recent acute
Ml is to prevent maladaptation or remodeliing and so preserve LV
contractile function and thus exerclse tolerance. This group may be
the most effective group to treat with cell therapy In order 1o max-
imise myocardial call sahvage. As discussed above, endocardial
injection may be advantagecus over intracoronary deifvery as it
delivers cells to areas that have a restricted or ahsent blood supply,
This direct delivery via the endocardlum overcomes the problem of
tissue swelling related to ischaemic damage that may cause pinch-
ing of the microvasculature to reduce haematogenous delivery to
pertipheral sections of the infarct territory, Le. to the penumbral
argas that may be particularly suitable for salvage. In addition,
endocardial injectlon decreases shedding of cells Into the circula-
tin since cells are injectad within the tissue thus rlacing decreasad
numbers of cells info the bloodstrear,

In the treatment of chronlc heart fallure there has aiready been tis~
sue loss and often, this is combined with severe Ischaemic coro-
nary disease. Cell therapy aims to reverse the chronic changes by
impraving the vascular bed and salvaging as much myocardium as
possible. This situation would partlcularly benefit from addition of
new myocardial cells, although the abifity to produce new myocytes
remains controverslal, Precise dellvery to electrically and mechan-
ically definable areas ¢ould allow uniform coverage or other gfstri-
butions to target speclfic areas. In addition the risk of perforation
of a thin myocardium may be minimised by wse of electrical signals
via the adjustable and retractable needle providing exact depth
control together with monitoring of the ECG for reverse potentiais.

Revascularisation

A further option enabled by the magnetic navigation systern is the
abillty to treat complex coronary disease, As the oredominant cause
of IV dysfunction is ischaemic heart disease, the partial or complete
recovery of the native coronary circulation may encourage both
recovery of native myocytes and provide 2 mifleu for befter uptake
and differentlation of stem cells,

The abllity of the systern to support PCIl has been demonsteated in
a number of scenarios from simple to complex lesions' and evi-
dence suggests that this System may be particularly advantageous
in more difficult anatomy®® and Is capable of successfully treating
CTOs'S, The Integration of MSCT data (see Figure 5) allows
the missing segment of the vessel to be judged (see Flgure 8} and
the superimposition of this data by co-reglstration gives an Indlca-
tion of the pathway,

Figure 5. The panel on the left shows the raw data from angiography
and the panel on the right shows the reconstructed MSCT.

Figure 6. The panel on the ieft shows the co-registered points applied
to the MSCT image that was Imported into Navigant and the panei on
the right shows the computer reconstructed pathway that is derived
from CT and projected orto the reconstruction in Navigant.

Conclusion

Maghetlc navigation may 2ld the performance of cardiac stem cell
transplantation by allowing Integration of spatially localised, 3-D vol-
ume rendered information with real-ime tissue visualisation in mul-
tiple modalities to give site directed deliveralbylity to reduce proce-
dure times and Iradlation, and 'mprove efficacy simultanecusly.
The development of the NOGA® XP system and the magnetically
navigable MyoStar™ Injection catheter may lead to improved detec-
tion of non-functional myocardium, better detlvery and more pre-
cise follow-up,
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ggf:iz’;’;f;w"a”' Aims: Haemoplobin based cxygen carmiers (HBOCs) are considered in the treatrnent of patients with acute coronary
syndromes, syndromes (ACS) undergaing percutaneous corenary intervention {PCI). in fight of their potential vasopressor and
haemeglobin-based colloidal properties, their effect on coronary physiology, safety and tolerability needs to be established.

oxygen carrier Methods and results: In this phase [ pilot trial, 45 patients were randomly assigred, (1:1:1) to deuble blind

freatment with a 30 minute intravenous (IV) Infusion of either 15 or 30 g of HBOC-201, compared to an
equivalent volume of non-oxygen carrier colioid contrel. Systemic, pulmenary, and coronary haemodynamics
were studied during this infusion period, v MBOC-201 administration produced an increase in systolic blood
pressure (SBP), puimonary capiliary wedge pressure and calculated systemic vascular resistance {SVR) and a
concomitant decrease In cardiac output (CO); there was & decrease in mixed venous saturation (SVO2)
fellowing IV HBOC-201. The left ventricular stroke waork Index {LV8WI} was not altered by HBOC-2C1 treatment.
Of note, na corenary vasoconstriction was observed, nor were there significant changes In resting average peak
velocity (APY), coronary-artery diameter, volumetric coronary hlood flow, or coronary vascular resistance. The
percentage of patients with adverse events did not differ between the HBOC-201 treated and control groups
{76% vs. 63%, respectively, P=0.49). Seven serious acverse events (SAE} occurred in six patients in the
treatment group and two in two patients in the control group. Only one SAE (hypertension) was judged HBOC-
201 related, Patients in both the HBOC-201 and contro! group had a similar incidence of Increased liver alanine
transaminase (313% vs 31%, respectively, NS} 10% of the patients in the HBOC-201 group had increases
greater than three times the upper limit of normal. Differential increases were noticed in some inflammatory
markers {IL-6, CRP} 18-24 hours after infusion between the HBOC-201 arms and the control group.
Conclusion: No compromise in the coronary blood flow or LVSW! was observed despite HBOC-201's knawn
vasoactive effects, One SAE was adjudicated as “drug related” and fully resolved. The clinical relevance of
the ditferential rise in cerfain biochemical markers and the adverse effects of plasma haemoglobin in the
context of ACS needs further investigation.
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Introduction

Prompt reperfusion of ischaermic myocardium is the maior focus of
acute treatment of patlents with ST-segment elevation myecardial
infarction (STEMI), With (primany} PCH emerging as the new gold
standard of ACS reperfusion therapy, new guestions are arising
about the best pharmacc-invasive strategy to it the amount of
myocardial damage occurring during the ischaemia and early
reperfusion periods. Because of their ability to deliver oxygen,
HBOCs have been considered for use in the treatment of ACS.
HBOC-201 is 2 cell-ree polymerisad bovine-haemoglebin solution in a
balanced salt sciution. HBOC-201 may act as a direct tissue oxygen
donor and an “oxygen bridge” between RBCs and tissuesi?,
facifitating oxygen transport from erythrocytes throlgh: plasma to the
endotheliurm and organs and eventually to post-stenotic areas where
plasma oxygen transport can improve tissue oxygenation.3 HBOC-201
can be stored at room temperature for a period of up to three years. In
a dag myocardial ischaemia-reperfusion model, infusion: of HBOG-201
prior to coronary artery ccclusion reduced myocardial infarct size.?
The clirrent study is the first attempt at introgucing HBOC-201 in
the treatment of ACS and addresses safety issues in the controlled
setting of elective PCI.

Methods
Study design

The COR-0C0T trial was a randemised 3-arm (1:1:1}, double-blind,
piacebo-controlled, dose-finding pilot (phase |1} study designed to
investigate the safety and tolerabllity of IV HBOG-20L versus an
eguivalent amount of artificial colloid In patients with siable angina
and non-ST-segment elevation (NSTE) ACS scheduled for elective
PCL

The study had one centrol arm and two active trestment arms with
HBOC-201 delivered at different doses. In one arm 230 ml HBOC-201,
equivalent to 30 g bovine Hemoglobin (Hb) was infused over
30 minutes. in the second arm 115 ml of HBOC-201 was infused over
15 mirusdes, at the same infusion speed of the first arms thus delivering
15¢ of Hb, sequentiatly followed by 2 115 ml infusion of Veluven-
Fresenius (a colloidal volume expander chesen for i molecular weight,
similar to that of the stutly drug). The control arm consisted of 230 ml
Voluven-Fresenius infusec over 30 minutes, Randomisation was
stratified by clinical site, using permuted blacks of six patients.5 Patients
were allocated to a treatment by a central allocation telephone service,
Patients, investigators and the members of the Bata Safety
Monitoring Board (DSMB) were blinded to the treatment allecation
during the study pericd. For blinding purposes In the catheterfsation
laboratory a deuble dummy technigue was used {(see cnline-only
Data Supplement for details). The study was performed under
Medical Ethics Commitiee approval and in accordance with the
Declaration of Helsinki.

Patient population

The patients were enrolled in five centres in The Netherlands,
Germany and Belgium selected for their expertise in cardlac
physiclogy studies [Appendix 1, online-only Data Suppiement).

Patierts were efigible for the study if they had elther unstable angina
or NSTE ACS and had a severe stencsis in at least one corenary
artery efigivle for PCI, All patlents had to provide written informed
consent. Major exclusion criterla were: significant haemodynamic
compromise requlring Inotropic or vasopresser suppert, significantly
altered left ventricular function (election fraction <35%), severe
hypertension (>180/110 mmMg) not adequately controlled by
antihypertensive therapy at time of study entry, renal impafrment
{serum creatinine »1,6 mg/dl} or contra-indications to the use of
adenasing andfor stangard drugs for coronary intervention and
coranary artery disease. The patient weight at inclusion was limited
to @ maximam of 110 kg.

tutly procedures

The catheterfsation laboratory procedure was divided inta three
consecutive phases: the baselne, the study drug Infusion perlod
{230 ml sofution/30 minutesy and the index PCI procedure.
Haemodynamic monitoring andé control anglography were
performed at baseiine ang at three consecutive Ime pants (10,
20", 307 during the study drug infusion period, PCl, including
adjunctive therapies, were performed according to standard
institutional gractices, Mo standard medications used In the
management of patients with ischaemic heart disease were
withheld by the study protocol, stopping rules on study drug
infusion were predefined (onfine-only Data Suppiement),

Safely endpoints and assessments

The primary endpoint of the study was the in-hospltal safety
assessment including systemic and coronarny haemodynamics,
thrombetic events, untoward drug interaction effects, allergic
reactions, drug-dye interactions, met-haemoglabin formation,
serious adverse events, as well as biochemical markers of
inflammation, myocardial necrosis, rénat and hepatic function. The
extent of deviation of biood values beyond the limits of normal was
graded by the DSMB/CEC members. Caleulated measurements of
eGFR (estimated glomerular filtration rate) by the Cockroft-Gaul
equation were used for estimating and reporting renat dysfunction.”
Additional analysis Inciuded a 30-cay clinica! follow-up, death {all-
cause mortality), recurrent myotardial infarction, recurrent
myocardial ischaemia and serious adverse events.

Patient symptoms and adverse everits were evaluated by the study
Investigators using a graded severity index.® An independent Data
Safety Monitoring Board/ Clinical Event Committee (DSMB/CEC)
reviewed aggregate safety data (inciuding blood values) to identify
potentfal patient safety issues. Safety monitoring and agjudication of
clinical events with respect to their clinical relevance was performed
by this commitiee, The data as classified by the DSMB/CEC was
used in the finaf safety analysis unless otherwise specified,

A doppler steerable guidewire (036 mm [0.014 in] in dlameter)
{Flowire, volcans Corporation, Ranche Cordova, CA, USA) was
positioned in a reference coronary artery without any significant
stenesis and was coupled to a real-time spectrum analyser and
video cassette recarder. Coronary flow velocity and coronary flow
reserve measurerents were performed at baselne and after the
study drug infusion perfod in the first 30 consecutive study patients,
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To assess coronary flow reserve [the ratio of peak hyperasmic
veloeity to average peak velociy at base line), maximal hyperaemia
was induced with peripheral IV infusion of adenosine (140 pgikg/min)?
Each measurement was dupficated to check for consistancy.
Coronary blood flow was calculated as foliows: (the average peak
velocity +2) x the cross-sectional area of the coromary artery,
calculated as mx {dlameter of the artery + 27, which assumed a
time-averaged parabeiic velocity profile and a cylindrical coranary
artery,0 Coronary vascular resistance {in mmHg/ml/min) was
calculated for the reference vessels as the mean arterial pressure
divided by the coronary bleod flow, The coronary vascular
resistance index was calcuiated as the average peak velocity {APY)
hyperaemic divided by the mean arterfal pressure at rest.
Quantitative coronary anglographic assessments of the vessel segment
comprising the flow wire as well as the carcnary diameter at the tip of
the Doppler wire, (between two side branches), were performed by an
independent core laboratory (Cardialysis, Rofterdam, The
Netherlands) with the use of edge-detection techniques.®t

Systemic haemodynamic measurements included arterial blood
sressure, recarded from a 7 Fr guiding catheter in the ascendlng
aoria; pulmonary-artery and caplilary wedge pressure (measured
from the distal port of a 7 Fr Swan-Ganz catheter} and right atriel
pressure {measured from the proximal port of the Swan-Ganz
catheter), The heart rate and cardiae output, determined by
thermodiiution, were also recorded. Standard haemodynamle
formulas were used to calculate systemic and pulmanary vascular
reslstance and their indexes,

Statistical analysis

Continuous baseline characteristics were analysed with ane way
analysis of variance and categorlcal variables with the Fisher's Exact
test. For individual variables, vaiues during and after administration
of the study drug were compared with baseine values by a mixed
model analysis of variance on change from pre-infusion with the
factors of time, treatment and time by treatment Interaction. The
different groups were compared by an analysis of covariance with
treatment as a factor and the pre-infusion value as a covariate.
Muitiple comparlsons between the ireatment groups were
performed with the Bonferroni correction. Differences were
considered significant when P values were fess than (.05, All
statistical analyses were performed with SAS version 8,

Cardialysis {Ratterdam, The Netheriands} was the core laboratary
for angiographic and ECG analysls and the data rmanagement and
coordinating centre. All listed authors (see appendix 1, anline-only
Data Supplement) participated in the study deslgn, enrclment of
patients, and/or data interpretation,

Results
Study population

A total of 47 patients were enralled between December 2003 and
March 2005. During this period, In November 2004, the Steering
Committee temporarlly suspended patient enroiment on the
recommendation of the DSMB ta permit a detailed analysis of a SAE
described below. This SAE was adjudicated by the committee and

individual review to be procedure and not drug related. The study
was allowed to resume In January 2005, At this occasion the DSMB
raised It's cancern about the critical elevations in SBP foliowing IV
HBOC-201 encountered in some patients and a protocol
amendment instructing SBP management was issued, Of the 47
patients randomised, one patient withdrew consent before any
study drug infusion and one patient did not receive any study
medication: both patients were excluded from analysis, The
remaining 45 patlents concluded the planned 30-day follaw-up.
Analysis was by intention 1o traat, including one patient in whom the
30 g dose was inadvertently infused instead of the 15 g dose.

As shown in Tabie 1, treatment groups were equally matched with
respect to age, welght, anginal status and the overall cardiovascular
risk profile at screening. There were five diabetic patients in the
HBOGC-201 group and none in the contral group.

Table 1. Baseline characteristics of the study poepulation.
: A5 gHe

£ (Lt
Age, years 60.6 £7.5 56.8 +10.3
Male 11 (69) 12 (71) 10 (83}
Weight 20.2+12.4 84.1412,4 8131134
Stable angina 3{19) 4 (24) 6 (50)
Unstable angina
Total 13 (81) 13 {76) 6 {50)
Class 1B 3(19) 3{18) o
Class ITB & (50) 8 {47 6 (509
Class TTIB 2(13) z(12) 0
Previous non-Q-wave ML 3 (19) 0 2(17)
Previous PCI 3(18) 1(6) 217
Diabetes Melitus i 3 (18) 2 (17)
Hypercholesterolaemia 6 (38) 4 (24} 9 (75)
Cigarette smoker 4 (25) 4 (24) a
Hypertension 10 (63) g (53) 8 (67)
Diastolic hipod pressure
{mmHg) 75.3413.4 77.6x11.2 72.3412.2
Systolic blood pressure
{mmbg) 13104205 1407 2184 139418.0

Data is represented as numbers with percentages or as mean values with
standard deviations,

Systemic hemodynamic effects

The most impartant haemodynamic effects of an IV Infusion of
HBOC-201 are summarised In Table 2. in both active treatment
groups, there were significant increases in systemic arterial blood
pressure (systolic, diastolic, or mean pressure) in conjunction with a
significant reduction in cardiac index at 30 minutes after HBOC-
201 infuslon, The caiculated systemic vascular resistance {SVR)
{and pulmonary vascular resistance, PYR) was significantly
Increased in these patients. A dose relationship could not be
established for these phenomena (Figure la-bec-d). Critical
elevations In SBP following |V HBOG-201 administration, for the
purpose of this study deflned as 2 SBP »180mmHg, was seen in
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Figure 1.1 Relative change with respect to baseline values in systemic mean blood pressure (a), cardiae ouiput (b), systernic vascuiar resistance
(¢} and central venous (right atriaf) pressure (d). Effect of controt or IV HBOC 15 g and 30 g on MBP (al), SVR (b1}, CO (¢} and CVD {d1).
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Figure 1.2 Relative change with respect to basaiine values in pulmonaty mean blood pressure (3), cardiae output (B), systemic vascular resistance
{c} and pulmonary cardiac wedge pressure (). Effect of control or 1Y HBOC 15 g and 30 g on PAP mean (1.23), PYR (1.2b}, €O (1.2c) and PCWP
{1.24). Measurements were made at basefine (pre-infusion) and at three different Hime-points during & 30 minute infusion period: 10, 20" and
30%=end of infusion. Yalues are shown as means 250 for alf patients.
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9/29 {31%) of the patlents. Critical biood pressure elevations were
reduced fallowing the protocol amendment that instructed the use
of appropriate antihypertensive treatment (IV nftroglycerin) when
necessary; 7/20 (35%) patients before the amendment versus 2/9
(22%) patients post amendment, One patient was unresponsive 1o
iV nltroglycerin and required nifedipine In order 1o control blood
pressure, However, despite the reduction in absolute number of
patients experiencing a ¢linically significant hypertensive episode,
thare was no difference between the amaunts of nitroglycerin (NTG)
used before and after the DSMEB amendment instructing the use of
NO denors to correct systolic blood pressure (a detalled description
is provided in the onime-only data supplement), At two hours post
infusion (data not shown), any statistical difference in MAP
remained between the active treatment groups and the control
graup. A significant decrease in heart rate was seen oniy in the
HBOC-201 15 g group.

In all three groups the pulmonary capiliary wedge pressure (PCWP)
increased following Infusion at 30 minutes; the increment was
significantly greater in both HBCC-201 groups compared to control,
{Table 2, Figure 1.2-d}, never reaching the predefined critical level
of 20 mmHg. There were no significant changes in calculated left
ventricllar strake work Index.

A significant decrease In mixed venous saturation (SVOZ2) was
roticed following v HBOG-201 ({baseline: 77.4%+7.7%,
30 minutes: 70.7%x8.3%, p=0.002); in seven patients below the
level of 65 %. Howaver, the index of systernic axygen consumption
(V02}, assurming an arterial oxygen saturation (SaG,) of 97% in al
patlents, did not change from baseline {calculation, see online-only
data supplement).

Table 2, Systemic and pulmonary h d ic variables at baseli

Coranary haemodynamic effects

The effects of IV HBOC-201 on the diameter of coronary arteries
(reference vessel) and on flow velocily before and after IV adenasine
administration are shown in Teble 3, intravenous administration of
HBOC-201 caused no significant changes In the resting APV,
coronary-artery diameter or coronary vascular resistance. The
coronary biaod fow velocity reserve tended to Increase and this

" Mixed Venous Oxygen $aturation (MVOS)

=<4

= MVOS (%)

&0

Pre-Infusien 10 min, 24 mln, 30 min.
Figure 2. Relative change SVO2 with respect fo hasefine values.
Measurements were made at basefine (pre-infusion) and at three
different time-points during a 30 minute infusion period: 10", 20" and
30=end of infusion. Values are shown as meanszstandard errer.

and at the end of the study drug infusion period.

Systolic Blood Pressure {mmHg) 1454824 15330" 0.34
Mean Arterial Pressure {(mmHg) 100212 113+15* 0.02
Puimonary Arterial Pressure {mmHg)
Systole 247 29+7 0.002
Dlastele 1245 167 0.006
Mean 1716 2246 0.001
Pulmanary-capillary wedge pressure
{mmHg) 944 pre <0.001
Heart rate (beats/min} 6948%* 60+8 0.001
Cardiac index {litres/min/m?) 2874048 251056  0.008
Systemic-vascular resistance index
{dyn.sec.em-5) 13304270 1820s527*  <0.001
Left Ventricular Stroke Work Index
{g.m/m?) 5111 54+11 .52

05 HBOG 20
valliei (%)
140415 158426 0006 126825 123220 0.49
7411 112¢16*  <0.001  80#13 9013 0.95
2347 3048 0.003 218 2445 0.13
1245 16 <0001 1143 1244 0.30
1745 2145 G001 1443 17s4 0.06
1013 1543 <001 843 1143 0.69
5749 57412 046 6048 5947 0.36
2664036 2.45:0.55" 015 2641044 204059 0,002
14092235 17994370 <0001 12894360 13774305 0.02
5545 59220 0.9 4931 5% 0.07

Data is represented as numbers and percentages or mean values with standard deviations

n: Number of patients per indicated group
{+}: P values calculated with the mixed lincar analysis of variance model,

*: Different from contral {P<0.05). Calculated with analys's of covariance with baseline value as covariate
**: Different from control and HBOC-201 30 g {P<0.05), Calculated with one-way analysis of variance

Avarage for basetine/post infusion is derived from matched data

In the high dose treatment group, data were available for 17 out of 12 patients
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Table 3. Coromary haemodynamics at baseline and at the end of the study drug infusion peried.

-Baseline:

stifusion Pvalie’fs) Pastinfiision’

Dastotic Systalic Velocity Ratio ~ at rest
Average Peak Velocity — hyperemic {cm/sec)
Average Peak Velocity - at rest (em/sec)
Coranary Flow Reserve

Mean Arterial Pressure - 2t rest (mmHg)

Coronary Blood Flow - at rest (ml/min}

Coronary Artery Diameter by QCA (mm)

Coronary Yascular Resistance — at rest (mmHg/ml/min)

17821,03 1.5040.65*  0.03
45118 57425 0.01 36416 tlh 0.59
1848 22412 0.09 1948 1824 0.60
2.6420.03 2701072 074

2,7240.68  2.6340.77 035
4.3242.28 4.7042.82 0.68

162:0.40  1,9120.87 019

2.1040.58 1.9710,81 0.67

Control (=10}

BOCE20T(=is)

97110 116214 <0.001 102+14 99411 0.37
2813 33220 0.26 28413 25¢15 0,72
2.5340,50  2.3540.49 0.43
£.5242.20 5.00+2.50 0.64

BOL-201 {nw15)

Coronary Vascular Resistance index

0.47£0.16  0.490.21 0.36

0.9%

Data 3¢ represented as mean values with standard deviations followed by number of ohservations, *: Different from control at (P<0.05). Calculated with analysis
of covariance with baseline valke as covarinte, (+) P value calculated with mixed Bnear analysis of variance model, Means5D followed by number of observations,
Coronary Vascular Resistance: - At bascline 6 missing values (4 issing reference diameter, 2 missing Mean Arterial Pressure/Average Peak Velocity):

- At post infusion 7 missing values (% missing reference diameter, 2 missing Mean Arterial Pressure/Avetage Peak Velocity); For mean arterfal pressure,
coronary bloed flow and coronary artery diameter, only patients with an existing value for coronary vascular resistance are included.

increase may be related to a significant augmentation in driving
pressure. A detailed QCA analysis of the reference vessel did naot
show any angicgraphic coronary vasocenstriction brought about by
the study drug (Table 1, online-only Data Supplement), Coronary
flow studies were terminated early (n=31) after a futllity analysls by
the DSMB considering the presented data and the potential patient
burden of this Invasive procedure,

Safety and tolerability

This study was aimed at providing as much safely information as
possible about the |V administration of HBOC-201 in acute
cardiology and PCL The mean [+8D] amount of stlidy drug solution

Table 4. Reported adverse events (serious and non-serious)

infused in this study was: 2381 {x£34.2) m! for the 15 g HBOC-
201group, 230.3 (£3.0) ml for the 30 g HBCC-201 group and
247.9 (£67.2) ml for the Voluven only group. One patient
accidentally recelved two units of Voluven, in none of the patients
dld the study drug Infusion have to be stopped for predefined
safety reasons.

Patients were followed up for 30 days post PCI. During this period, no
acditional SAE cccurmed. The number of patients wha experfenced at
least one adverse event was higher in the active freatment groups
(75.9% pooled), as compared to the control group (62.5%) (Table 4),
the difference is not significant statisticafly (p-value=0.49). In total,
eighteen adverse events were considered to be study drug related,

i Np: (¢ Ne:Np |

Adverse events Total 15,10 (63} 19,11 (65} 23,11 (92)
Product-retzted 6,6 (35)* 12,8 (67)*
Procedure-related 5,5 (31) 2.2 (12} 6,5 (42)

Serious adverse events Total 2,2 (13) 3,2 (12) 4,4 (33}
Product-related o 1,1 (%) o
Procedure-related 1,1 (6} 1,1(8)

Serious adverse events

as coded by ICD-9 code Abdominal pain 1,1{6) 0 1,1(3}
Cardiac amest L1 (69 il 1139
Chest pain )] 0 ] 0
VA L1089 j+ 1139
GI haemorrhage (low) 1,1 (6)F ¢ 1139
Haematemesis 0 1,1 (8) 11(3)
Hypestension[GDubel] 1.1 (6 o 1,1 (3)
Ner-S§t-segrent elevation
acute coronary syndrome 1,1 (6} ¢ 3,3 (25) 3,3 {10)
Malaise & fatigue 0 1.1 (8) 1,1(3)
Nausea & vomiting o 1,1 (8} L1(3)

n: number of patients; Nesnumber of events; Np=number of patients that experienced an event; %: percertage of patierts that experienced the event; CVA:
Cerebro Vascular Accident; GI; Gastro Intestinal; §: the same patients *: different from control (P<0.05}, Calculated with Fisher's Exact Test.
Hypertension: table only includes hypertensive episodes reported by the investigators {table 4 bis: incidence of critical elevations of blood pressure

adjudicated by CEC, online version only)



one of which {2 hypertensive episode) was serlous, The difference in
the number of events between the IV HBOC-201 treatment groups
and the Voluven groups was mainly driven by the rise in tiver (n=6)
and/or pancreas enzymes (=1} and the number of hypertensive
episodes (n=10) (SBP>180 mmHg). In addition, one HBOC-201-
treated patient experienced abdominal pain,

One patient suffered a periprocedural electromechanical
dissociation (EMD}, which foliowed 2 prolonged wedging of the
pulding catheter during the PCI procedure. The patient reguired &
prolonged resuscitation In the cathetesisation laboratory. The
clinical evolution was complicated by a watershed cerebral
infarction and lower gastrointestinal blesding, The patient
experienced a full recovery. This incldent was subject to detailed
investigation by the DSME supported by an independent
reurologist while patient enrclment in the study was temporarily
suspended, The EMD, reporied as an SAE, was adjudicated io the
pracedure and not to the study drug; the neurclogical event
reported as an SAE was putatively atiributed to the period of
hypotensian experienced during the prolonged cardlac
resuscitation of this patient. The cardiac arrest and “watershed
Infarction” were counted as ane event.

Na clinically significant changes were noted In haematological or
chemical values following vV HBOC-201, except for the cardiac
markers and liver transaminases. A significant rise in CK-MB fevels
>3times ULN was documented in one patient, but this enzyme
abnormality was not likely due to HBOC-201 treatment as the
patient suffered procedure related sericus complications and had a
prolorged resuscitation period,

Through hospital stay, patients in both the H80C-201 and control
group had a similar incidence of increased liver alanine
transaminase (31% vs 31%, respectively, NSY; 10% of the patients
in the active HBOC-201 group had elevated aspartate
aminotransferase (AST) or alanine aminotransferase (ALT) or lactate
hydrogenase (LOH) enzymes (>3 times ULN} compared with none
in the cantrol group (Yabie 5). No patients had an abrarmal total
oifirubin {»3.0 me/dl and = 100% Increase) or Alkaline Phosphatase
(>250 1U/L and 2 100% increase) value, and no jaundice or hyper
bilirubinaemia was reporied. Two patients in the treatment group
showed an increase in pancreatic enzymes {serum amylase >1.5
ULN), No effect of the drug was observed on the renai function
(Table 3), Overall, there was a slight increase in plasma
methaemogiobin level following IV HBOC-201 (average value pre~
HEBOC: 0.50% / £-8 hours post-HBOC: 0.75%, P= 0.007 and post
18-24 hours 3.90%, P<0.001) with two patients above the cut-off
level of 1.0% (data not shown),

The {¥ HBOC administration was associated with a statistically
significant differential increase In Inflammatory markars {1L-6, and
CRP), measured at 18-24 hours after HBOG Infusion, between the
treatment arms and the control group, without any clear dose
response relationship (Figure 3).

Discussion
We report on the first study in which HBOG-201 has been
administered to patients with acute coronary syndromes
undergoing PCI.

The COR-0001 trial
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Figure 3. Effect of control or Y HBOC 15 g and 30 g on s-ICAMI (2},
IL-6 (b} and CRP (c). A dese relakionship could not be established for
any of these markers in the active IV HBEQC-201 arms.
Statistical analysis Is performed on log-scale. Fer presentation, the
geometric meanxthe standard-error is given on the original scale.

* Significantly different from pre-infusion (P<0.05). Effect of time.

# Significantly different from control at 18-24 hours (P<0.05). Effect
of troatment.
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Tabke 5. Laboratory testing on organ function (Lver/kidney)

Peak AST > 3x ULN~

Peak ALT (SGPT} 1-3x ULN"4

Peak ALY (SGPT) = 3x ULN*

Peak ALP »2x LEN® 9 o 0
Increase in serum Creatinine (Cr) >0.5mg/dl 0 ¢ 1(8)
Decrease in eGFR=25% from baseline 1(7) ¢ 3 (25
Ter »0.5mg/dl or LeGFR>25% 1(7) o 325

*ULN: upper Bmit of ngrmaly AST: aspartate amingtransferase; ALT: alanine transaminase; ALP: alkaling phosphatase; eGFR: estimated glomerular filtration

rate,

Cut-off lovels for total Bilincbin, serum alanine aminotransferase and atkatine phosphatase lovels were chosen according to the definition of drug-refated
hegatetaiicity.™ The mean change in ALT expressed as a fatio (24 hrs follow up/Baseling) was .71 {control, P=0.02) vs 1.01 (HB0C-201, P-0.91}, the mean
change in ALP expressed as 3 ratio (24 hrs follow up/Baseline) was .07 (control, P=0.02) vs 1.11 (HBO(-201, P=0.09).

# AlL 11 patients in this group had elevated ALT values at the baseline

Several haemoglobin-based oxygen carriers are currently being
studied in clinical trials for various Indications. Most are derived
frem human or bovine blood and have been chemically modified,
resulting in molecules that differ in size, molecufar weight,
oxygen affinity, viscostly, and oncotic activity, Every formulation
should be considered & unigue drug with its own physical
characteristics, pattern of biological activity, and profiie of
adverse reactions.

HBOC-201 i a cell free, endetoxin free, ghutaraldehyde cross-linked
bovine polyhaemoglobin In soiution with an average malecilar
welght of 250 kDa (molecular welght ranging 130-500 kDa) and a
viscosity less than plasma {1.3 centipaise at 37°C}. Only trace
amaunts (2%) of unmodified haemoglobin ard stabllised tetramer
(molecular weight 65 kDa) are detected. HBOC-201 has an oxygen
dissaciation curve that is right-shiftled with 2 Py of 40 mmHg,
compared to 27 mmHg for native human haemoglobin. These
features provide excellent oxygen-transport properties.

The pathobiclogical effects of cell-free plasma haemoglobin are a
concern.?? Vascular homoeostasis s dependent on the
compartmentalisation or physical separation of haemoglobin from
the endothelium.!? However, unlike singie haemoglobin molecules,
polymerised-HBOCs like HBOC-201, that are mostly in the form of
large soluble haemoglobin complexes (98% is 2 130 kDa), are not
expected to readily cross the intercellular endothelial junctions of
blood vessels o exacerbate vasoconstrictive effects.

HBCC-201 is a coliold solution, and avoidance of circulatory
overload is another important consideration. fn our study
population, a volume of up to 250 ml HBOG-207, equlvalent o 30 g
haemoglobin glutamer-250 bovine, was Infused over a 30 minute
time period. In nona of the patients did the study drug infusion have
1o be discontinued for pre-defined safety reasons, such as an
excessive Increase in pulmonary wedge pressure.

¥ HBOC-201 in thls study population resuited in an increase in
systolic blood pressure, 2 decrease in CO, and an increase in
calculated SVR suggesting & vascconstrictive effect. A critical
elgvation in SBP could be reversed by the intravenous
administration of a nitric axide doner, nitroglycerin, consistent with 2
putative role of nitric oxide scavenging in vaseregulation. ¢4

The increase In SYR (afterload) in patients receiving HBOC-201
most likely contributed to the differential increase in POWP between
the control and treatment greups. The increase In prefoad cbserved
after HBOC-201 must be interpreted as a normal physiological
cumpensatory reaction to an increase in afterload (only observed in
the HBOGC-201 group) and o an increase in plasma volume
expansion linduced in both groups). This increase in filling pressure
does not reflect an intrinsic myocardial depressing effect of the
compound nor @ detrimental effect on the myocardial systolic
function, since the Left Ventricular Stroke Work Index (LySWI)
remained unchanged regardiess of the treatment received.

A decrease in mixed venous saturation was observed in both
treatment arms and in some patients saturation went below 65%
(Mean SV0, at baseline 77.4, at 3¢ minutes 70.7, p=0,002). The
most plausible explanation for this phenomenon Is a reduction in
resting cardiac output associated with study drug infusien;
consequently the arterio-venous O, difference would have to
Increase by lowering the mixed venous saturatior. The metabolic
demand of patients lying at rest on the cath lab table was probably
unchanged and hence not a facter contributing to the fall in Sv02.
There is no Indication that vV HBOC-201 affected global oxygen
cansumption.

Our data clearly show that IV MBOC-201 had no effect on resting
and hyperaemic corgnary bigod flow. This suggests that the
adtoregulatory mechanism of the coronary circulation was not
adversely affected by the infusion of HBOC-201, In addition, there
was no anglographic coronary vascconstriction observed in the
major epicardial vessel brought about by this drug.

This safety and feasibllity study was designed to detect as mary
safety signals as possible; the DSMB was prospectively informed
about the potential side effects of [V-haemoglobin solutions. The
multitude of endpoints speciically scrutinised by efther the
investigators ar the DSMB and CEC may have contributed to the
apparently large number of adverse events reported.

Systemic removal of bivavailable nitric oxide has already been
shown 1o contribute to clinical marbigities, in¢luding severe
oesophageal spasm and dysphagia, abdominal pain and
thrombosis."1® The low Incidence of these nitric oxide-related
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clinical side effects in the present study, as compared to the
literature, may be explained elther by the lower dose of IV HBOC-
201 used, by a concomitant use of nitric axide donrors and/or by the
unique properties of the investigational drug,

A transient rise in concentrations of liver transaminases andlor
nancreatic enzymes was seen in 10% of the patlents following V-
HBOC-201. These patients were typically asymptomatic and without
clinical sequelae during the 30 day follow-up. Since the liver is the
narmal Hb catabolic site, the absorption-distribution-metabollsm
and exergtion {ADME) of HBOC-201 also involves the hepato-
pancreatic systems, possibly inducing an upreguiation of enzyme
acfivity in response te an in¢reased metabolic load. Elevations of
fransaminases and lipase have been observed in previous animal
studles and clinleai trials with HBOC-201. These enzyme elevations
are penerally nat assoclated with bepatic or pancreatic dysfunction.
The potential ¢linical imporance of the increases In liver
transaminases should be the subject of further investigation.

No adverse effect of the driug on remal funclion was observed,
Nevertheless, given the recognised nitric oxide scavenging patential
of the hazmoglobin solutions, caution shoulth be exercised when
administering active HBOC-201 to patients with known renal
dysfunction or In circumstances where the renal plasma fiow s
kriown to be reduced {l.e., NSAID use).

Nitric oxide reacts with oxyhaemoglobin to rapidly form the
oxidation preduct, nitrate (NO3-}, and methaemoglobin which is
inaciive.®® The comparatively slow reduction of methaemoglobin
back to the active form makes the formation of methaemoglobin of
patential clinical impartance. In this study, the plasma level of
methaemaglobin Increased slightly follawing IV HBOC-201,
remaining within the ghysiological range in mast of the patients.
When the circulating methaemogiobin values in both treatment
doses ware pooled, a significant difference was found beween the
are-infuslan value versus the 18-24 hour value {ratic 1.76,
£=0.003). This difference is not considered clinically significant.

In our study, the circulatory levels of hs-CRP, IL-6 and s-ICAM in the
whole population remained in the broad range of variability
observed in natients with ACS undergolng PCL? The differential
rise in circuiatory levels of inflammatary markers following IV HB0C-
201 compared to the contrel freatment Is in accordance with
previols observations Indicating pre-inflammatory properties of
plasma haemoglobin and heme.2 Heme stimuiates the expression
of the adhesion malecules ICAN-1 (nzacellular adhasion molecule-1),
VCAM-1 tvascllar cell adnesion molecule-1) ang Sselactin on
endathelial calls i vitro.32% Tha clinical significance and extent of
our observations has to be estabiished In further work.

Study limitations: These results reasonably apply to medium- to low-
risk patents suffering CAD and ¢annot be extrapolated to patients
with an evolving or recent transmural myocardial necrosis or
haemadynamic instability because such patients were excluded
fram this study, [V HBOC-201 might provoke more pronounced
systemic haemodynamic effects In patlents with other
cardiovascuiar conditions or different baseline characteristics. The
favourable profile of HBOC-201 in this trlal warrants additional
animal studies ard clinical trials, Inciuding in particular, studies in
higher risk ACS (STEMY) patient populations, The current trial did

not facus on myocardial oxygen consumption or tissue oxygenation
during IV HBOC-201. Investigation of HBOC-201 oxyzen transport
properties and the potential for this therapeutic to preserve
rnyocardial tigsue oxygenation in humans is currently under way.

In conclusion, desgite its known vasopressor effect, intravenous
administration of HBOC-201 daes not Interfere with the
autoregulation of coronary blood flow both at rest and after maxima!
hyperaemia. The safety profile of HBOC-201 in this study reflects
many of the known side effects of haemoglobin based salutions.
When clinically contextualised, the SAEs abserved In the HBOC-
201-treated patients arose from other factors and, with the
exception of increased biood prassure, were not considered
product related, However, some adverse events (AEs) of cell-free
plasma haemogloblin sbserved in this study remain a concern and
need further Investigation. This wark provides a first step towards
exploring 2 new pharmacological strategy that could broaden the
temparal windaow for PCI, particularly in patients suffering a STEMI.
While we recognise that this small population study did notinciude
STEM| patients, investigated oniy two doses of MBOG-201 and was
not aimed at demonstrating efficacy or beneficial effects of this
oxygen carrier during ischemia, the results are encouraging encugh
to pursue addltional studies to gather that information.
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intersenticns, .- . Aims: To test the hypothesls that Intracaronary infusion of pre-oxygenated HBOC-20L during brief, total
~Gxygen donor - . o carorary artery ceclusion would preserve left ventricular function.

S Methods: Immediately following a successful PCl, the target coronary artery was occluded without {“dry
oeclusion™) —or with- infusion of precsypenated HBOC-201 distal to the stent via the guidewire shaft of an over-
the-wire balloan for up t three minutes at an infusion rate of 48 mi/min. A cross-over design was applied. Early
signs of myocardial ischaemla were evaluated by ieft ventricuiar pressure-volume loops and intracoronary ECG.
A 12-lead Holter ECG was activated before the PCl and deactivated four hours after the study period. Primary
endpoints were change In [eft ventricular relaxation indlces and in the sum of ST segmant deviations.

Results: Nene of the measured parameters differed significantly from thelr respective baseline values during
HBOC-201 infusion. By contrast, efection fraction (EF), cardiac output (CO) and minima rate of LV pressure
change (dP/dT,,) decreased significantly and the end diastolic pressure (EDP) and time canstant of
relaxation Ingreased significantly during dry ocolusions {P<0.05). The end diastolic pressure-volume
refationship (EDPVR) at the fixed prossure level of 30 mmHg (V,y), an index of myacardial compliance,
reflacted greater myocardial stiffiness during dry occlusions compared 1o occlusions with HBOC-201 Infusion,
Conclusions: Intracoronary infusion of oxygenated HBOGC-201 is capable of preserving left ventricutar
function, likely through maintenance of myocardial oxygenation. It is hypathesised, that in an acute setting,
HBOC-201couid serve as an axygen bridge to reperfusion by PCI extending the “golden” time pericd
during which permanent myocardtal damage is unlikely.
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Introduction

HMBOC-201 s a ceilfree, endotoxin-free, glutaralgehyde-
polymerised haemoglobin sclution produced by chemical
modification of bavine haemcglabin. Initially developed as an
alternative to reg blood cells for anaemic surgical patients, HBOG-
201 has the ablllty to restare tissue oxygenation In persistently
Ischaemic tissue. By faciltating oxygen dfffusion and convective
oxygen delivery, HBOC-201 may act as a direct oxygen donor and
increase oxygen transfer between red bloed cells and between
RBECs and tissuest?, These mechanisms could improve tlssue
oxygenation3, especially in post-stenotic areas that free plasma, but
not RBCs, is capable of reaching, HBOC-201 can be stored atroom
temperature for & period of up to three years and does not require
cross-matching,

Because MBOCs can deliver oxygen, they have been considered as
an adiunct treatment in ACS, Studies conducted in animal modals
demonstrated that both the prophylactic (before Induction of
ischaemia) and fate (after ischaemiz ohset) HBOC Infusion are well
toierated and effective®S.

The safety and tolerabillty of HBOC up to 230 mi in low 1o moderate
risk cardlac patients scheduled for elective PCI has recently been
investigated in the COR-001 trial. This stugy showed that
intravenous HBOC-201 administration did not compromise
autoregulation of coranary blocd flow, despite the known
vasoeonstrictive praperties of this drug, or myocardiat function as
assessed by the left ventricllar stroke work, A transient increase in
the mean arerial blood pressure (MAP) and systemic vascuiar
resistance was observed, consisient with the purpored nitric-oxide
seavenging activity of the drug.

The present study 's & first step towards establishing the efficacy
and safety of oxygenated HBOC-201 in preserving myocardial
furction using PCI techniques to induce brief coranary artery
acelugion i humans. Additional safety information regarding intra-
caoranary defivery of oxygenated HBOC-201 has aiso been collected.

Methods
Swdy desizgn

The COR-0002 plict trial is @ single-centre, phase |, placebo-
controlled, crossover, single-blind study concelved to test the
hypothesis that HBOC-20L administration improves myocardial
“axygenation” and rmyocardizl function guring brief coronary
ocelusion. Enrglied subjects underwent coranary bafloon occluston,
with and without oxygenated MBOC-201 Intracaronary infusion (11-
12 grdi at 48 ml/min up to 3 min), The study was approved by the
Medical Ethics Committee of the Erasmus Wedical Centre
{Rotterdam, The Netherlands) and was performed in accordance
with the International Conference on Harmonlsation of Good Clinical
Practice (ICP/GCP) guldalines.

Patients

Patlart Inclusion ang exclusion ceiterla are summarnised in Table 1.
In brief, patients were eligible for the study If they were admitted for
either documented silent ischaemia, stable argina or unstable

TREATHERF -5
77~ Comnory secluslar- - ﬁ;;n:w

S

PRETRENTENT )

émnnm oeelusion. b

3 min

Figure 1. The COR-0002 trial was divided inlo three phases:
a preparation period {pre-treatment phase), a treatment phase and
a fotiow-up phase. The study period began after the lesion was
successiully treated (PC! and stenting). Continvous 12-lead HOLTER
ECG was recorded from pre-FCI 1o four hours after the study pericd
ended (follow-up). PCI: percutaneous coronary intervention.

angina (Braunwald class 11512, To optimlse safety and size of the
area at sk, ellglbifity was further constrained to patients with a
target leslon in the proximal part of the left anterlor descending
coronaty artery, In the absehce of assoclated angiographically
visible collateral vessels, Further, a successful index PCI, with focal
stenting of the terget lesion during the same ¢ath lab session, was
required prior to inftiating the study perfod.

The pre-PCI standard 12-ead ECG recording corresponds to the
baseline for quantitative dynamic analysis of ST changes over time
curing the study perlod. Written informed consent was obtained
fram all patients before the Initiation of any study-specific
procedures, ncluding pre-treatment sedation.

Study procedures

Datz collection points and study design are depicted in Figure 1. Al
subjects were followed from study incluslon to hospital glscharge.
Ar Independent physician was appeinted to monltor safety and
welfare of the study subjects and review the clinlcal everts during
the study period.

Comcomitant treatment

Standard medications used I the management of subjects with
ischaemic heart disease were not withheld per study protocol with
the exception of analgesics. Use of analgesics was restricted as
much as possible and were not administered Immediately before
study ¢rug infusion.

PRE-TREATMENT PHASE

Labworatary testing, inciuding haematology (haemoglobin,
haematocrit, piatelets and INR) and blood chemistry (creafinine,
LDL, AST, ALT, amylase, troponin T, CK totai and CK-mhbi), was
performed at pretreatment baseling (within 24 hours of the study
period) and eight hours pest PCI. HBOC-201 was pre-oxygenated
within 24 hours of the study period using @ proprietary system
deslgned and vafidated for this purpose (Figure 2),

Continlous 12-lead Heiter monltoring, On arrivat In the cath lab, the
patient was connected to a continugus i2-iead Hoiter ECG
recording device which was activated before the PCl ang
deactivated four hours after the study peried. The Hoiter data were
sent 1o an Independent ECG qore laboratory (Gardlalysis,
Ratterdam, The Netherlands) where ST segment changes over time
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Table 1. Key mclusmn/e»duswn criteria.
Inclusion’ : ; :
- Males or femalas between 18 and 80 years of age

- Stable angina pectoris ({05~ Class 1, 2, 3, 4) or unstable angina
(Braunwald class I-IIT, B} or documented slent ischaemia.

- Baseline ECG with stable sinus ehythm and no signs of myscardial
ischaemiz, with no @ waves, bundle branch bleck or infra ventricular
conduction disturbances,

- Normal left ventricular wall motion with preserved {ejection fraction
=55%) systolic global left ventricylar function,

- Non-ogriusive stenosis, located in the proximal segments of the left
anterior descending artery and/or crcumflex artery or right corprary
artery requiring PCT with coronary stenting.

- Secondary Tnclusion criteria to be assessed after completion of
stenting procedure.

Key exclusion criteria

- Non-ST segment, elevation rrsycwrdzahnfarchun (pahents wzth any
troponin T elevation within the {ast 5 days).

- History or ECG avidence of prior myocardial infarction in the
territory supplied by the vessel undergoing PCL, intraventricular
conduction defects/baseline ST-segment ahnarmalities on the
surface ECG.

- Mederate to severe aortic or mitrat valve disease.
- Anglographically visible coliateral vessels to the target vessel

- Hypertension not adequately controlled by anti-hypertensive
therapy at the time of study entry (> 140/100 mmHg).

~ Uncompensated congestive heart failure or signs of pulmonary
gedema.

- Significant haemodynamic compromise and/or cardiogenic shock
requiring inotropic or pressor support.

- Known history of COPD with FEV, <10 L

- Serum creatinine > 1.6 mg/dL.

Sécondary exclision to be assessed upon completion of coronary.

stanting proceduré :

Active myocardial ischaemia

Corenary spasm

TIMEin treated vessel < 3

Any deterioration in subject’s status between informed consent and
randomisation, ie SBP > 180 mmHy, POWP or LVEDP » 20 mmHg

C0S: {anadian Cardiovascular Seciety Scate; P(T: percutancous coronary
intervention

Oxypanciod HDOT-201
Processng Skd

Trunaier Pungp

Figure 2. in vitro oxygenation system. In this closed eireuit system,
HBOC-201 is pumped across a liguid-gas exchange apparatus in
which the gas side Is supplied with 2 continueus stream of medical-
grade oxygen. The exiting oxygenated HBOC-201 is rollected into pre-
steritised bags at a concentration of 11-13 gidl.

were analysed by an experienced, independent analyst who has no
knowledge of the order of study treatments. ST-segment shift
compared to baseline was analvsed in the lead that demonstrated

the most severe alterations as well as in all leads showing ST-
segment changes = 1 mm (at 60 ms after the J-point}.

Patient instrumentation, Vascular access was obtained using the
femoral approach with a standard Seldinger technique, Usuzlly, 2 6
or 7 Fr arterial sheath was selected. Prior to starting the PC
procedure, @ conductance catheter was inserted into the left
ventricle by an additional 8 Fr arterial sheath (detalls concerming the
haemodynamlc data acquisition are provided below in “Left
ventricular haemodynamics”™), A Swan-Ganz catheter was placed in
the pulmonary artery via the femaral veln for cardlac cutput
determinations by thermal and hypertonic saline {MaCl 10%)
dilution methods.

INDEX PCI PROCEDURE PHASE

An index PGl procedure was performed according to standard
institutional practices, All patients were pretreated with aspirin and
clopidogrel (300 mg) 2-8 hours prior to the Intervention, PCI
procedural suceess was defined as successful stent depleyment in
the target lesion with a residual percent in-stent diameter stenosls of
<15% and TIMI 3 flow of the target vessel without the need far
bypass surgery and in the absence of death,

THE STUDY PHASE

Upon suecessful completion of the index PCI procedure, a short
overthe-wire (OTW) bailoen (Helios 1.5, Goodman, Japan) was
positioned inside the stent using a conventional 0.014 inch
guidewire (Balance Middle Weight, Guidant, Indianapalis, IN,
USA), The OTW balioon was used to temporarily re-occlude the
stented segment and to perform the study-specific, selective
Intracoronary infusion. Before any study drug Infusion, an
occlusion test was performed with contrast injection threugh the
guiding catheter to confirm that complete occlusion could be
achieved, A conventional 0.014-inch guidewire (Balance Middie
Weight, Guidant, Incianapolis, IN, USA) was Inserted outside the
OTW balioor, distal o the stent Gn the “region of interest”) to allow
for continuous “onfine” intracoronary ECG monitoring (Figure 33,
Printouts of these ECG recordings were collected and sent to the
independent ECG core laboratory (Cardiaiysls, Rotterdam, The
Netherlands),

Guidewire
for ECG

Guééﬁng
catheter

Figure 3. A short aver-the-wire balloon was positioned inside the stented
segment using a fong conventignal (0.014 inch gwidewire (Balance
Middle Weight, Guidant, Indianapolis, IN, USA). ECG signs of
rmyocardial ischaemia were assessed by an intracoronary lead positioned
in the guidewire shaft of the over-the-wire bafloon catheter and placed
distal to the stent I the region of inlerest, OTW over-the-wire.
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Study ceelusion and fluid infuston: All subjects underwent two Intra-
stent balloon occlusions (baiioon inflation pressure=0.5 atrn).
During one occlusion, a continuous fntracoronary infusion of pre-
oxygenated HBOC-201, warmed 1o 37°C, was administered through
the OTW lumen at a rate of 48 mimin [maximum velume Infused is
144 mi). HBOC-201 was warmed via an in-line clinicafl fluld warrmer
[Astotherm®pius, Model AP220S, Futuremed America, inc.,
Granada Hills, CA, USA} positioned immediately proximal to the
intracoronary OTW helios balloon catheter. HBOC-201 was
contained within the sterlle, high-pressure [nfusion line wrapped
areund the heating cofl of the clinical fluig warmer. The infusion rate
of 48 m| per minute was selected, based on the efficacy of
intracoronary oxygenated HBOC-201 in swine subjected to
simultaneous corenary ocelusion. The infusion rate employed in
this preclinical study was extrapofated to a corresponding rate in
man after adjustment for differences in the average body welghts of
the arimals and subjects of the COR-0002 rial.
The control coclusion pericd was performed similarly, but without
Infuslon (termed "dry occlusion™). Subjects were assigned to
recelve pre-oxygenated HB0C-201 during the first occlusion period
and no-infusion during the second period ar vice versz, Cach
occlusion and infusion period lasted for up to three minutes. Three
patients recelved oxygenated HBOC-20L during the first coronary
oeclusion and twa patients received a dry octlusion as the first
experimental intervention. Pre-determined criterfa for premature
interruption of the bafloon occlusions were:
- 2100% increase of left ventricular end-diastolic pressure
{LVEDP} from baseline
- Sustained verdricylar anhythmias (verdricular tachycardla or
vertricular fibrillation)
- Intolerable chest pain tangina)
- Significant hypertension (systemic biood pressure rise to
> 180 mmHg)
— Significant LV dysfunction (EF decrease to less than 35%)
Once the balloon bad been deflated and the infusion stopped,
a “resting perlod” of 20 minutes followed for all recorded parameters
o return o baseling (In particular LVEDP), The trestment period
concluded after the second deflation, once all parameters had
returned to their baseline values. A contral angiogram was performed
immediately after each balioon deflation 1 allow off-line quantitative
coronary angiography [QCAN of the region of interest.

Left ventricular haemodynamics

Left ventricular haemodynamic data were recorded before, during
and after the procedure by online left ventricular pressure-volume
signals obtained by a 7 Fr combined pressure-conductance
catheter (CD Leycom, Zoetermeer, The Netherlands) introduced
into the left ventricle via the femoral arery. The catheter wes
connected 1o a Cardlac Function Lab (CFL-512, CB Leycom,
Zostermeer, The Netherlands) for display and acquisition of
pressure-volume loops. Paratlel conductance and cardiac output
were determined by muitipe injections of hypertonic saline solution
and thermodilution, respectively, th order to calibrate the volume
signals of the conductance catheter. Data analysis was performed
off-ine by custom-mace software. Cardlac function was quantified

by cardiac output and stroke volume, stroke work, end-dlastolic and
end-systolic volume, LV efection fraction, end systolic and end
diastalic pressure, maximal 2nd minimal rate of LV pressure change
(GP/GIMAX and dP/dMIN}, The Isovolumic relexation pericd
tdefined as the period between the Yme point of ¢P/IMIN and the
time point where dP/AT reached 10% of the dP/HMAX value) was
analysed using phase-plot analysls and the time constant of
refaxation (Tau} was then determined, The end dlastaile pressure-
valume refationship (EDPVR) was estimated using the method
adopted by Kiokz et a2, The change in dlastolic distensiblity was
calculated by the relative left and rightwarg shifts of the EDPVR at
the fixed pressure level of 30 mmHg (V30). Systemic
haemodynamics were quantfied by systolle, diastelic and mean
systemic arterial pressure recorded every three minutes through the
puiding catheter for the duration of the study period to investigate
any possible hypertensive effects of HBOC-201 infuslon.

Obiectives

The main ohjectives of this study (Table 2) were early signs of
myocardial ischaemia during intrastent balloon [nflation defined as
changes in left ventricular refaxation {Tau and dP/dTy,,,} and changes
i the sum of ST segment deviations (assessed by continuous 1.2-lead
Holter ECG monitorlng) compared to baseling, Secondary objectives
included changes in the cardiac performare measured Iy LV
nressure volume loap analysis, clinical signs of myocardial ischemia
and changes in coronary vascular tone measured by QCA,

Because of the crossover study desfgn, it is not possible to make a
tirect comparisan between treatment modalities (HBOC-201 vs.
dry acelusion), However, 1t was possible to assess treatment safety
Table 2. Study endpoints.

PREAN ERdpoTHE
The change in left ventricular relaation indices (relaxation time
constant Tau {ms] and pressure-hatf time [ms] as measured by left
ventricle pressure-volume loop analysis) and the change in the sum of
ST seqment deviations fas assessed by continuous 12-lead Holter ECG
monitoring) compared to baseline,

Secondary endpoints TN
~ Left ventricular haemodynamics as assessed by left ventricle
pressure-volume [oops. Parameters taken into accourt are,

- heart rate

- left ventricle end-systelic pressure and volume,
- left vertricle end-diastolic pressure and volume,
- maximal and negative dP/dt (mmkKg/s),

- left ventricle ejection fraction {%),

- laft ventricle stroke work (mmHg.mt).

~ The change of ST segment as recorded at intracoronary £CG
measures during balloon inflation,

- The local (vasoconstrictive) effect of HBOC-20%(r) on coronary
artery diameters as assessed with off-line quantitative coronary
analysis based on angiograms performed before and immediately
after study drug Tnfusions.

- Safety endpoints as meastred by in-hospital occurrence of
= thrombotic events by: abrupt vessel closure (angiographic)
- aniaphylactic type of reactions by: clinical signs
- ife-threatening cardiac arthythmias {sustained ventricular
mchycardia, ventricular fibrllation, asystole, 2nd or 3rd degree
atrial-ventricular hlock) as recorded by the 12-lead Holter ECG
- any (serious) adverse events

——




from the haemodynamic responses, intracoronary and Holter 12+
lead ECG monitoring and QCA measurements during the treatment
period. Holter 12-lead ECG monitoring continued for four hours
after concluslon of the study period and a 12-lead ECG was
recorded at discharge or four days post treatment, whichever was
earlier, Bloog chemistry (LDH, ALT, AST, amylase, CK, CK-MB,
tropanin T) was collected 5-8 hours post-reatment for comparison
to pre-index PCH baseline values. Additional safety endpoints
included the in-hospital ccurrence of adverse events.

Statistical analysis

Variables with normal distribution were analysed using parametric
tests while variables with a non-normal distribution were analysed
with non-parametric tests. Continuous variables are expressed as
meanxSD or median + interquartile range (IGR) and differences
were compared using Student ¢ test or Mann Whithey test.
Catepgarica! variables are expressed as counts and percentages,

All values were normalised in order to account for baseline varlabiiity.
Normalisation was done by dividing each response to freatment
(HBOC-infusion or dry coolusion} by the respective baseline. This
method of normalisation was selected because it was an appropriate
strategy o minimise the varabliity associated with differences in
baselines between subjects, Differences were assessed by T- test or
chi-square test. All statistical tests were two-tailed. All analyses were
performed using SPSS version 12 statistical software {3PSS Inc.,
Chicago, IL, USAN. A P value <C.05 was considered significant. Due to
the descriptive nature of this study, no sample estimation was utilised.

Resuits

Subject baseline characteristics are deseribed in Table 3. Patients
(n=5) of mean age of 54.4+14 vears underwent stent implantation
for proximal {n=5) and/or mid LAD lesion (n=1} and were enrclled
in the present study. Stent per patient ratio was 1.8+1.3. Diagnasis

Froat
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at admission was class I stable angina for ail five patients,
Hypertension was present in two patients, hyperchalesterolaemia in
three and famiiiar risk factor in one patient. No patient was diabetic,
The mean ejection fraction (EF) was 66=10% and the mean
EurcSCORE was 1.1+0.32%. Procedural and haemodynamic
resuits are illustrated In Figures 4, 5 ang 6, None of the measured
haemodynamic parameters differed significantly from their
respective baseline values during HBOC infusion, When data
abtained durlng HBOC infusion and dry occlusion phases were
compared, a statistical difference was shown for all systolic and
diastolic performance indexes evaluated except dP/ATMAX. EF, CO
and dP/dTMIN decreased significantly during dry occiusions from
median values of 0.88 (IQR 0.08), 1 (0.06) and 0.99 {0.08) 10 0.78
{0.22), 0.8 {0.16) and 0.85 (0.16), respectively. EDP and Tau

BHOBHGEBEHOEBHOEBHOTEHZ®Q

Figure 4. Box plot iffustrating the changes in haemodynamics that
oecwred during HBOC infusion (H) and dry occlusion (0) compared to
baseline values (B). Soiid fines inside the boxes: median; box ends: 1QR.
Stars and clrcles; oulsiders,
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Figure 5. Pressure-volume loops derived from the five patlents at baseline, during HBOC-201 Infusion and dry eclusion. Ar important righivward
shift of the PV loop occurred in alf patients except PTODS during dry acciusion, By contrast, HBOG-201 infusion increased ESY and EDV in only

one patient (PTOG4).
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Figure 6. Mean EDPVR and V30 at baseline, during HBOC-201
infusion and dry scclusion,

Table 3. Baseline characteristics.

Age 54,4414
Men 5 {100)
Arterial hypertension 2 (50
Hypercholesteralaemia 3 (50)
Current $moking )]
Diabetics 0 ()]
Familiar risk factor 1 (20
Previous AMI 0 (0)
Previous PCI 1 (20
Previous CABG LI
Previous cerebrovascular event 1 (20
Stable anging 5 (100}

Class 5 (100
VEF 66+10
Lesion location

proximat LAD 5 (100)

mid LAD 1 (20)
Stent/patient 1.821.3
EuroSCORE 130,32

AMI: acute myocardiat infarction; PCT; percutaneous coronary intervention;
CABG: coronary artery bypass graft: LVEF: left ventricular ejection fraction;
LAD: left anterior descending.

Data are number (%) or mean (sstandard deviation),

Mmereased significantly during dry occlusians from median values
of £ (0.39) and 1 (0.16} to 1.5 (0.71) and 1.21 (0.23), respectivefy,
The change in ¢P/dTMAX was not statistically significant (from
1{0.04) to 1 (0.28), p=0.71). During dry occlusion, an important
tightward shift of the PV loop occurred in all patients but PTOOS,
white during HBOC infusion, ESY and EDV did not increase with the
exception of PTOC4. V30 decreased from 172 ml at baseline %o
164 ml and 1568 ml guring HBOC infusion and dry occlusion,
respectively (p=0.21).

Intrastent occlusions performed with Infusion of pre-oxygenated
HBOC-210 all lasted the intended three minutes duration;
specifically, criterla for premature interruption of the inflation were
never met. However, mean duration for dry occlusions was

2.13%0.12 min and premature termination of the occlusion was
necessary in all subjects. Tabie 4 identifies the reasonis) for
terminating the dry occiusion in each patient.

Intracoronary ECG data were available in four out of five patients.
Data from patient two (PTO02) were considered not analysable by
the independent core faboratory, ST segrment changes are shown in
Figure 7, During HBOG infusion, ST segment showed na significant
changes from baseline while it was found to be slgrificantly elevated
during the dry occlusion phase in patients three, Tour and five,
Of note, transthoracic ECG did not show any significant change both
guring the study phase and during the occlusion period,

Table 4. Reasons for premature interruption of dry ocelusion
phase,

PTO01

multiple extrasystates

235 LVER<35%
PTO02 2,05  EDP=20mmHg  muitiple extrasystoles
PTOO3 246 LVEF<35%
PTOO4 2 VT
PTO0S Y 231 Chest pain mulbiple extrasystoles

LVEF: teft ventricular ejection fraction; EDP: end diastulic pressure;
VT: ventricular tachycardia

QLA of the arterial segment distal to the stent (Table 5) ¢id nat show
rmajor differences in reference vessel diameter (RVD), minimal
lumen diameter (MLD} and diameter stencsls (DS} during infusion
of HBOC compared to baseline values.

From a safety point of view, mean systolic blood pressure (SBP)
increase during the HBOC infusion was 10.8+10.5 mmHg. SBP
never reached the critical values defined prospectively for protocol
specified pharmacological intervention with nitrates and/or nifedipine,
There were no noteworthy findings in the clinical chemistry
narameters and no serfols adverse events in any patient through
the 4-day foliow-up phase ccourred,

Discussion

The main results of this study are: 1) Infracoronary infusion of
oxygenated HBOC-201 maintained left ventricular haemodynamic
status during totel proximal LAD occlusiony 2) WY systoiic and
diastelic properties were not affected during HB0C-201 infuslon
while they significantly deteriorated during the dry occlusion;
3} intracoronary ECG showed no significant ST segment changes
during HBCC infusion; 4 QCA indicated no conduit coronary
vasoconstriction by the study drug; 5) HBOG-201 ofic not cause any
adverse event or significantly alter blood chemstry parameters
through the follow-up period,

The COR-0002 study was designed to test the hypothesis that pre-
oxygenated MBOC-201 is capable of supporting myocardial
metabalism and preserving function during total coronary ccclusion
in humans. The experimental design selected is a sequential
intrastent angioplasty bafioon inflation model with intracoronary
infusion of pre-oxygenated HBOC-201 compared to the same
ocelusion with no Infusion. Parameters of systolic and diastolic
function and 8T segment changes were measured to determing
whether intracoronary delivery of oxygenated HBOC-201
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Figure 7. Intracoronary (red ling) and surface (grey fines) fead changes in ST segments during the dry occiusion and HBOC-201 infusion
imerventions, During HBOC infusion, ST segrment showed ne significant changes from baseline while it was found to be significantly elevatod

duting the dry oeclusien phase in patients three, four and five.

Table 5. Quantitative coronary angiography (QCA) analyms.

RVD () ¥ S
FT B 0 H 8 0 H 8 3 H
601 31 2.58 277 2.5 223 2.27 i 16 18
002 311 NA 3.23 244 NA 2.27 22 NA 30
003 2.28 2.23 2.07 Ly 1.86 2 Fi 17 3
004 2.22 2.23 222 194 197 1.84 13 12 7
005 2.86 2.67 2.28 1.95 1,76 1.78 32 4 22

#T: patient: RVD: reference vessel diameter; MLB: minimal lumen diameter; DS: diameter stenesis; B: Baseline; 0 ocelusion phase; H: HBOC infusion.

0 myocardlum at risk mitigates Ischaemia. Local delivery of
oxygenated autologous bload to the myacardium at risk through the
central lumen of a dilated ballgon catheter has previously proven
ta be safe, feasible and effective in patients In the setting of routine
coronary angioplasty. A one minute coronary occlusion and
simultanesus Infusion of blocd at 60 mifmin reduced, but did not
eliminate, arrhythmias and angina assoclated with cantral
occiusions performed In the absence of infusion. Higher infusion
rates tested only in vitro resulted in cancerning levels of haemolysis
and potassium release, events that are obviated with Infusien of
HBOC-201. As in this prior study, we selected a comparable, iow-
risk CAD patient population scheduled for elective PC to assess the
impact of intracoronary pre-oxygenated HBOC-201.

Percutaneous coronary angioplasty provides a unique opportunity
to study the response of the human myccardium to brief periods of
controlled ischaemia and reperfusion and the potential Impact of

study drugs. The present study involved repeated intracoronary
ballean inflations with an intervening period of narmal perfusicn
follawing successful depioyment of a stent in an isolated proximal
LAD stenosis. Acute recruitment of collateral vessels and ischaemic
preconditioning may be a major confounding factor during
successive balloon Inflatlens in PTCA studies®*5, Pravious studies
have shown that if the durafion of the flrst baltoon inflation is longer
than a “threshold” of ~ 60 to 90 seconds, indicatars of myocardial
ischaemia including chest pain severlty, abnormalities of left
verntricular regional wall motion and ST-segment elevation are
affenuated during subsequent balloon Inflations. These
observations provide avidence of myocardial adaptation Induced by
the first period of ischaemial™9, We anticlpated this potential
interference by using an alternating crossover clinical trlal design.
Furthermare, patienis with anglographically evident collateral
vessels supplving the area of interest were excluded®.
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The evaluation of early signs of myocardial ischaemiz in this trial
refled on continuous, invasive recording of PV loaps, a technique able
to provide detailed, refiable date on ventricular and myocardial
performance?! throughout the entire cardiac cycle. isovolumic
relaxation was evaluated by the peak rate of pressure decline
{AP/ITMIN) and by the ventricular relaxation time constant Tau {1).
During the dry neclusion phase, early after balloon inflation,
dPMTMIN significantly decreased while = significartly increased,
both early indicataors of myocardial lschaemia. During HBOC infusion,
neither ¢P/AT nor Tau changed significantly from baseline values,
suggesting HBOC substantiatly moliified the Ischaemla otherwise
inguced by balioon infiation. Alterations of the isovalumic relaxation
phase are the earfiest angd most sensitive signs of Ischaemia-nduced
left ventricular dysfunction, Early asynchronous segment re-extension
and regional non-uniformity 21se contrlbute to early onset and slower
rate of ventricular pressure fall and might contribute to these diastolic
disturhances®. Passive ventricular characteristics are welt described
by the end-diastolic pressure-vclume relationship (EDPVR}L
Myacardial ischaemia often results in elevated left ventricular end
diastalic pressures and in changes of the slope and pasition of the
entire EDPYRZ, Such shifts, when thay ocour, reflect a volume-
Independent Increase in chamber stiffness,

in this serles of subjects, LVEDP did not significantly increase during
HBOC infusion, but increased continually in all subjects during the
dry occiusion. Consistent with these results, V,, decreased more
evidently dguring dry ocelusion than during HBOC infusion,
indicating greater myocardial stiffness during dry occlusion, It is
interesting to note that the slope of the EDPVYR remained
unchanged during coronary occlusion with HBOC infusion
compared to the dry occlusion phase, suggesting worsening of
diastalic propertles predominantly due to a recuction of myocarefial
distensibility. The pathophysiclogical mechanisms of this shift are
not completely understood but It is thought to be due to an
increased ievel of Intraceliular Ca++ during diastole®® and 1o
impaired myosin-actin cross-bridge inactivation secondary to
elevated ADP concentrations®™®, Ventricular interactions and
sericardlal constraints may also contribute 1o these shifis,

Akl to digstolic function, systolic functions ars mporantly influsnced
by fechaemia. HBOC largely averted systolic dysfunction. Ejection
fraction (EF) and stroke volume (8V), major indexes of the efection
phase properties, did not show signfficant varlatiens from besefine
during coronary occlusions with HBOC infusion while they were
significantly reduced during the dry occlusion phase. These results
were achievable despite the fact that the occlusions were performed
in the preximat part of the LAD coronary artery which supplies a large
“area at risk” Consistent with these results, dP/T,,,, commoniy
used a5 an lsovolumic phase index of cardiae contractflity, did not
vary significantly from baseline during HBOC Infuslon suggesting
preservation of systolic myocardial performance, 1t is also noteworthy,
however, that the dP/dT,,, values dig net differ frem baseline even
after the onset of ischaemic conditions during dry occlusions,
notwithstanding a wide JQR and outliers, Itis likely that the shortness
of the ischaemic period (criteria for premature interrugtion of the
ischemic period were met in all subjects) and the load-dependence of
dP/dT.... mitigated the real effect of ischaemia on the mvocardium.

Early electrical signs of ischaemia in the area of interest were detected
by using intracoronary ECG, a technique able to detect eanly signs of
ischagmia with high sensitivity®. In this series of patients, HBOC
infusion did not cause any significant alteration of the ST segment.
The nan-significant changes that occurred durdng the infusion phase,
moreover, were only negative alterations (ST depression), suggesting
that the myocardial wall was efflciently and pratected by the drug, On
the contrary, & significant 5T elevation, a sign of transmural
ischaemia, was defected In three out of four patients during dry
occlusion phase. In PTOOL, the ST efevation did not reach significant
levels mast likely because the octiusion was Interrupted relatively
early, due to severe EF impairment (EF<35%) and the presence of
multiple extra-systeic beats. In 2l patients, ST tended to remain
glevated even after the baloon deflation while ne ST alterations
oceurred during the resting periods following HBOG infusian,

In the COR-0001 clinical trial? the major side effect of the study
drug was an increase of systernic vascuiar resistance, @ mechanism
not completefy understood but possibly related to putative NO
scavenging by HBOCs. Importantly, however, intravenously
administered HBOC-201 had no effect an conduit or microvascutar
coronary tone in COR-000T subjects, in the present study, QCA
analysis demonstrated that the intracoronary infuslon of HBOC also
failed to alter conduit coranary artery tone, as indicated by a lack of
effect on RVD, MLD and DS. The absence of coronary
vasoconstriction, despite exposure to undiluted HBOC-201, further
supports the potential utility of HBOC-201 in complicated patient
subsets such as those with coronary artery dlsease.

Limitations

The present pilot study reports the restlts from a small serles of five
patients, Therefore, cautlon must be exercised In the interpretation
of these data.

Although oxygenated HBOC-201 substantially preserved LV functlon,
amelicrated or prevented cardiac arrhythmiza and sharply reduced or
climirated coronary angina, treatment with study drug in this clinicat
trial was not fully optimised. In swine studies, intracaronary infusion
of oxygenated HBOC-201 at 30 mimin preserved approximately
80% of 1V regional wall motion during coronary artery acsiusion
{unpublished data). Lower infusion rates vield proportionately less
pratection against coronary ecclusion and higher Infusion rates
achieved fufli preservation of reglonal wall motion in swine.
Extrapoiating the 30 ml/min Infusicn rate in pigs to the average
patient welght in the current clinical trial vields an infusion rate of
48 ml/min, the rate administered to subjects In this frial. Hence,
higher intracoronary infuslon rates based on Indlvidual body weights
or coronary flows may have provided even greater LV protection
against interruptions in cotorary blood flow,

In summary, intracoronary oxygenated HBOC-201 represents a new
category of pharmacologic strategles that may have utlity in patients
undergoing PCl. The results of this exploratory trial provide
preliminary evidence that HBOC-201 can effectively preserve
ryocardial rechanicat and electrical properties in the face of total
coronary occiision, This represertts an important next step in the
clinlcal development program for this product as a ireatment for acute
mvocardlat ischaemic syndromes. Future studies will be required



to determine if intraceronary andfor Intravenous oxygenated HBOC-
201 can enharce treatment efficacy In more complicated patient
populations including STEM! and in cases where lesion access is
difficult or when microvascular pathology contributes 10 low TIMI fow.
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Taking into consideration the published literature to date, the use of drug-eluting stents (DES)
in patients with unprotected left main (ULM) coronary artery disease appears overall beneficial
in comparison with bare metal stents (BMS). In particular, the use of DES is associated with sig-
nificant reductions in target lesion revascularization, target vessel revascularization and MACE
{major adverse cardiac events). In unspecified lesions, in-stent restenosis has been linked to the
occurrence of acute coronary syndromes; butin the setting of left main restenosis, the risk of sud-
den cardiac death becomes a concern. Thus, the antiproliferative action of DES is of paramount
importance in ULM lesions, and to date, DES should Itkely be recommended whenever percutane-
ous coronary interventions (PCI} for ULM is envisioned. Pooled analyses of registry data confirmed
the early and mid-term safety and efficacy of DES implantation over BMS, under the premise that
P(l is performed by experienced operators. Also, very-long-term follow-up of patients with ULM
coronary artery disease treated with DES demonstrated a satisfactory rate in both single and
composite outcomes. The progressive reduction of adverse events over time suggests

that DES are persistently effective. When PCl is performed electively, the event-free survival
over a period of 3 years is excellent. This is independent of lesion location, stenting technique or
type of drug-eluting stent used. When PCl is performed emergently, the favourable long-term
clinical outcomes are hampered by lower event-frae survival at shorter term follow-up.

Itis interesting to note that in the in diabetic population with unprotected left main coronary
artery disease the efficacy of DES is significantly influenced by the use of insulin. In fact, adverse
outcomes comprising cardiac death, myocardial infarction, need of re-intervention and MACE
was significantly increased in patients with insulin-dependent diabetes mellitus. The safety
profile of drug-eluting stents appeared overali consistent with what has been reported in
recent trials and registries focusing on selected patient/lesion subsets. The incidence of definite
acute, sub-acute, late and very late stent thrombosis was low and not significantly related to
cardiac death.

Neotwithstanding the encouraging results obtained with DES for the treatment of ULM
coronary artery disease, current guidelines still recommend surgical revascularization as the
primary procedure. In all major institutions, current standard approach to patients presenting
with significant ULM coronary artery disease is to have them evaluated by both interventional
cardiologists and cardiac surgeons and to reach the decision to opt for PCl or surgery by con-
sensus, on the basis of hemodynamic conditions, vessel / lesion characteristics, the presence of
comorbidities and patient and/or referring physician preferences.

The results of the recently published SYNTAX trial represent a milestone and certainly will be
taken into consideration in the upcoming guidelines. Guidelines are dynamic and in constant
flux and have to be updated according to new evidences coming from clinical experience.

New-generation DES approved for clinical use, new technical strategies, new adjuvant thera-
pies performed in the cath-lab, and prolonged dual antiplatelet treatment have significantly
decreased the risk of adverse events (including late in-stent thrombosis), making PCl a safe and
effective alternative to surgery in several high-risk subsets of patients.
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In the context of chronic total occlusions both sirolimus-eluting stents and paclitaxel efut-
ing stents have now been reported to be correlated with improved long-term clinical and
angiographic outcomes compared with their BMS counterparts. Several studies reported high
procedural success rates (particularly evident using the retrograde approach), single digit rest-
enosis rates and no increase in stent thrombosis or late occlusion after DES implantation. Good
clinical results were observed also in chronically occluded saphenous vein grafts. Though the
benefit of DES in this lesion subset has not been formally evaluated {SVG lesions have been
excluded from randomized trials), the available data coming from cbservational studies are
encouraging. Remaining issues are the long-term safety and efficacy of DES in SVG lesions,
considering that long-term events frequently result from the progression of other lesions in
the vein, Regardless of the future progress in this field, we think that DES treatment currently
is the best approach for SVG lesions. Despite extensive real-life use of DES in patients with
multivessel disease, we cannot deny that sufficient data are still lacking. Rather than looking at
the incidence of new revascularizations, which may be considered an acceptable “side effect” of
any PCl strategy compared with CABG, we need to demonstrate equivalency or superiority in
terms of Ml and death evaluated no earfier than 5 years.

Coronary artery disease aside, advances in cardiovascular interventional techniques have
allowed percutaneous treatment of conditions that either previously required open operations
or have not been amenable to treatment,

Hypertrophic obstructive cardiomyopathy is a relatively common condition (prevalence of
around 1 in 2000 persons) . The traditional method for the management of these patients has
been the use of beta-blockers or calcium channel blockers, dual chamber pacing or surgical
ventricular septal myectomy. Over the last decade, percutaneous approach to treatment of out-
flow tract gradient by ablating or creating a controlled infarction of the ventricular septum, has
also been shown to be safe and effective. Percutaneous transluminal septai myocardial abla-
tion {PTSMA) as well as septal coil embolization acutely reduce systolic function and improve
diastolic function, maintaining cardiac output and stroke work. At long-term follow-up, the
effects on general haemodynamics improve; in fact, while the LV-aortic gradient remaines low
and active and passive LV diastolic properties are stable, myocardial contractility and systofic
funcion improve. The indications for performing PTSMA are still being defined. Up to date, this
novel technique may be a particularly attractive alternative in the elderly or those who because
of significant co-morbidities cannot undergo /are refused by surgeons,

The enormous improvements in PCls led to excellent rates of survival after an acute
myocardial infarction, This increase has lead to a concomitant increase in the prevalence of
post-infarction heart failure (HF) with at least a third of patients manifesting HF symptoms
within a year. Currently, this increase is attributed both to limited efficacy of pharmacological
agents at reducing left ventricle remodelling and HF exacerbations , and to underutilization of
these drugs in general practice. Finally, post-infarction HF patients are surviving longer, in part
because of a wider use of implantable cardioverter defibrillators. With the awareness that both
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tissues and bone marrow (BM}) contain undifferentiated immature ‘stem’ cells normally used to
replenish body tissues throughout life , and that these celis can be harvested and delivered to
sites of injury, a new therapeutic option has emerged: the transplantation of stem or progenitor
cells for functional repair or even regeneration of vasculature, acutely injured and/or failing
myocardium or previously irreversibly damaged heart - giving hope for cell-mediated preven-
tion, treatment and paossibly even cure of CVD. Trials performed to date have focused on the use
of BM-MNCs, EPCs, M5Cs and other cells throughout the continuum of cardiovascular disease,
from advanced coronary atherosclerosis to end-stage HF, with the most patients treated follow-
ing AMI. Three recent meta-analyses suggest that BM-MNCs provide statistically significant yet
small {in clinical terms) benefit when administered post-AMI. However, on close examination
of individual studies, the outcomes are discrepant. Whether the discrepancies represent differ-
ences in disease context, patient population, cell type and dose or some other factors remains
to be resclved. In other words, 7 years after the initiation of the first study we stilf have as many
(or more) questions as answers.

Among the variety of cells studied, autologous skeletal myoblasts are one of the most
encouraging cell sources for cardiac repair. They are of their autologous origin, the ability to
be amplified in vitro, and have high proliferative potential resistance 1o ischaemia and pre-
clinical efficacy. These characteristics have led clinical investigators to evaluate the effect of
transplanted autologous myoblasts in patients with post-infarction heart failure. Myoblasts
differentiate into myotubes and maintain muscle properties when transplanted into an infarct
area. The direct contribution

of these engrafted cells in improving systolic function was noticed in several studies that
indicated a

positive effect of skeletal myoblasts on myocardial contractility lasting over time and cor-
relating with the number of implanted cells.

Recently it has been shown that adipose tissue, in addition to committed adipogenic,
endothelial progenitor cells and pluripotent vascular porgenitor cells, contains multipotent
cells, similar to MSCs. ADSC have extensive proliferative capacity, are able to undergo differ-
entiation along both mesenchymal lineages and non-mesenchymal lineages, are known to
secrete a large number of angiogenesis-related cytochines and display and immunoprivileged
behavior.

This finding has generated major interest because, in contrast to bone marrow, large quanti-
ties of adipose tissue can be easily harvested with minimal morbidity, making it an appealing
source for cell therapy. The APOLLO trial will provide important data about the safety and
efficacy of these cells in humans, providing an essential insight on what could be their role in
the treatment of cardiovascular disease.
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In de tot op heden gepubliceerde literatuur lijkt het gebruik van geneesmiddelafgevende stents
(Drug Eluting Stents, DES) bij pati&énten met een aandoening van de linker hoofdcoronair over
het algemeen gunstiger in vergelijking met normale metalen stents (Bare Metal Stent, BMS).
Het gebruik van DES is met name geassocieerd met een significante afname van target laesie
revascularisatie, target vaat revascularisatie en MACE (major adverse cardiac events: ernstige
cardiale gebeurtenissen). In ongespecificeerde laesies wordt restenose van de stent in verband
gebracht met het optreden van een acuut coronair syndroom; in de setting van linker hoofdres-
tenose is het risico op plotse hartdood echter zorgwekkend. De antiproliferatieve werking van
DES is daarom van enorm belang bij ULM (unprotected left main coronary=onbeschermde finker
hoofdcoronair) laesies. Tot op heden moet DES waarschijnlijk worden aanbevolen wanneer per-
cutane coronaire interventies (PCl) voor ULM worden gepland. Gepoolde analyses van registra-
tiedata bevestigden de gunstiger korte- en middellange termijnveiligheid en -werkzaamheid
van DES implantatie in vergelijking met BMS, mits de PCI door een ervaren chirurg uitgevoerd
wordt, Tevens toonde de zeer langetermijn follow up van patiénten met ULM coronarialijden
die met DES waren behandeld bevredigende enkelvoudige en samengestelde resultaten. De
progressieve afnarme van bijwerkingen in de loop van de tijd suggereert dat de effectiviteit van
DES persisteert. Wanneer electieve PCl wordt verricht, is de incidentvrije overleving over een
periode van 3 jaar uitstekend. Dit is onafhankelijk van laesielocatie, stentingtechniek of type
geneasmiddelafgevende stent dat gebruikt wordt. Indien in spoedgevallen PCl wordt verricht,
worden de gunstige langetermijn klinische resultaten verstoord door een lagere incidentvrije
overleving bij kortere termijn follow up.

Interessant hierbij is dat in de diabetespopulatie met onbeschermde linker hoofdcoro-
nairaandoening de effectiviteit van DES significant beinvioed wordt door het gebruik van insu-
line. De negatieve uitkomsten zoals hartdood, myocardinfarct, noodzaak voor re-interventie
en MACE waren zelfs significant verhoogd bij patiénten met insulineafhankelijker diabetes
mellitus. Het veiligheidsprofiel van geneesmiddelafgevende stents bleek over het algemeen
overeen te komen met de rapportage in recente trials en registraties van geselecteerde patiént/
laesie subsets. De incidentie van duidelijke acute, subacute, late en zeer late stenttrombose was
laag en niet significant gerelateerd aan hartdood.

Ondanks de bemoedigende resultaten met DES voor de behandeling van ULM coronari-
alijden, wordt in de huidige richtlijnen operatieve revascularisatie nog steeds als primaire
procedure geadviseerd. In alle grote instellingen is evaluatie door interventiecardiologen en
hartchirurgen de huidige standaardbenadering van patiénten met significant ULM coronari-
alijden, waarbij wordt getracht consensus te bereiken over ofwel PCl ofwel een operatie, op
basis van de hemodynamische toestand, vaat/laesie eigenschappen, de aanwezigheid van
co-morbiditeit en de voorkeur van de patiént en/of arts.

De resultaten van de recent gepubliceerde SYNTAX trial betekenen een mijlpaal en zullen zeker
in overweging worden genomen in de nieuwe richtlijnen. Richtlijnen zijn dynamisch en constant
in beweging en moeten volgens de nieuwste inzichten uit klinische ervaring worden bijgewerkt.
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Nieuwe generatie DES die goedgekeurd zijn voor klinisch gebruik, nieuwe technische stra-
tegieén, nieuwe adjuvans therapieén in het cath-lab, en langdurige duale antiplaatjes behan-
deling hebben het risico op bijwerkingen {inclusief late stenttrombose) significant verlaagd,
waarmee PC| een veilig en effectief alternatief is voor operatie in verscheidene hoogrisico
subsetspatiénten.

Sirolimus-afgevende stents en Paclitaxel-afgevende stents correleren beide in de context
van chronische totale occlusies met verbeterde langetermijn klinische en angiografische
resultaten vergeleken met hun BMS-tegenpolen. Verscheidene studies meldden hoge pro-
cedurele succescijfers (met name evident bij de retrograde benadering), zeer lage restenose-
cijffers en geen toename van stenttrombose of late occlusie na DES implantatie. Er werden
eveneens goede Klinische resultaten waargenomen in chronisch geoccludeerde implantaten
in de vena saphena. Hoewel het gunstige effect van DES in deze laesie subset niet formeel
is geévalueerd (SVG laesies zijn van gerandomiseerde trials uitgesloten), zijn de beschikbare
data uit observatiestudies bemoedigend. Resterende kwesties zijn de langetermijnveiligheid
en -werkzaamheid van DES in SVG laesies, waarbij in overweging moet worden genomen
dat langetermijn incidenten vaak het gevolg ziin van de progressie van andere laesies in de
ader. Ongeacht de toekomstige vooruitgang op dit gebied, denken wij dat DES behandeling
op dit moment de beste benadering is voor SVG laesies. Ondanks het uitgebreide gebruik in
de praktijk van DES bij patiénten met multivaataandoeningen, valt niet te ontkennen dat er
nog onveldoende gegevens beschikbaar zijn. In plaats van ons te richten op de incidentie van
nieuwe revascularisaties, die een acceptabele bijwerking genoemd kunnen worden van een
PCl strategie in vergelijking met CABG, moeten we de gelijkwaardigheid of superioriteit wat
betreft myocardinfarct en overlijden na 5 jaar aantonen.

De wvooruitgang in de cardiovasculaire interventionele technieken heeft het mogelijk
gemaakt aandoeningen die eerder via open operaties werden behandeld of niet behandeld
konden worden nu percutaan te behandelen,

Hypertrofische obstructieve cardiomyopathie is een relatief veel voorkomende aandoening
{met een prevalentie van ongeveer 1 op de 2000 personen). De traditionele methode voor
de behandeling van deze patiénten was het gebruik van bétablokkers of calciumkanaalblok-
kers, duale kamerpacing of operatieve ventriculaire septale myectomie. In het afgelopen
decennium is gebleken dat ook een percutane benadering als behandeling van outflow tract
gradiént door ablatie of induceren van een gecontroleerd infarct van het ventriculaire septum
vellig en effectief is. Percutane transluminale septum myocard ablatie (PTSMA) en septaal coil
embolisatie verlagen acuut de systolische functie en verbeteren de diastolische functie, waarbij
de cardiale output en stroke work blijven behouden. Bij langetermijn follow up verbeteren de
effecten op de hemodynamica, Terwijl de LV aorta gradiént laag blijft, en de actieve en passieve
LV diastolische eigenschappen stabiel blijven, verbeteren de myocardiale contractiliteit en sys-
tolische functie. De indicaties voor het verrichten van PTSMA moeten nog worden vastgesteld.
Deze nieuwe techniek kan in het bijzonder aantrekkelijk zijn voor ouderen of patiénten met
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significante co-morbiditeiten die geen operatie kunnen ondergaan of die door de chirurg
worden geweigerd.

De enorme verbeteringen van PCls hebben tot een uitstekende overleving na acuut myocard
infarct geleid. Deze stijging heeft geleid tot een gelijktijdige stijging van de prevalentie van
postinfarct hartfalen, waarbij tenminste eenderde van de patiénten binnen een jaar sympto-
men van hartfalen (HF) vertonen. Deze stijging wordt nu toegeschreven aan zowel de beperkte
effectiviteit van farmacologische middelen in het verlagen van de remodellering van de linker
ventrikel en HF exacerbatie, en het ondergebruik van deze geneesmiddelen in de algemene
praktijk. Tot slot overleven postinfarct HF patiénten langer, deels vanwege een breder gebruik
van implanteerbare cardioversie defibrillatoren. Met de kennis dat zowel weefsels als beenmerg
(BM) ongedifferenticerde onvolwassen ‘stam’cellen bevatten die normaal gebruikt worden om
tijdens het leven de lichaamsweefsels aan te vullen, en dat deze cellen geoogst en geplaatst
kunnen worden in gebieden met letsel, is een nieuwe therapeutische optie ontstaan: de
transplantatie van stam- of progenitorcellen voor het functionele herstel of zelfs de regeneratie
van vasculatuur, acuut letsel aan en/of falend myocard of een eerder irreversibel beschadigd
hart - hoopgevend voor celgemedieerde preventie, behandeling en mogelijk zelfs genezing
van cardiovasculaire aandoeningen. De trials die tot op heden zijn verricht concentreerden zich
op het gebruik van BM-MNC (beenmerg mononucleaire cel), EPC (endotheliale progenitorcel),
MSC (multipotente stamcellen) en andere cellen in het continulim van de cardiovasculaire
ziekte, van gevorderde coronaire atherosclerose naar eindstadium HF, waarbij de meeste pati-
enten een acuut myocardinfarct hadden doorgemaakt. Drie recente meta-analyses suggereren
dat BM-MNC statistisch sighificante doch gering (in klinische termen) gunstig effect hebben bij
toediening na acuut myocardinfarct. Bij een nauwkeurig onderzoek van de individuele studies
zijn de resultaten uiteenlopend. Of de discrepanties door verschil in Ziektecontext, patiéntpo-
pulatie, celtype en dosis of andere factoren worden verklaard moet nog worden uitgezocht. Met
andere woorden, 7 jaar na de aanvang van de eerste studie hebben wij nog steeds evenveel (of
meer) vragen dan antwoorden.

Onder de diverse cellen die onderzocht zijn, zijn autologe skelet myoblasten een van de
meest bemoedigende celbronnen voor cardiale reparatie. Zij zijn van autologe oorsprong,
kunnen in vitro worden geamplificeerd, en hebben hoge proliferatieve potentiéle weerstand
tegen ischemie en preklinische effectiviteit. Deze eigenschappen hebben klinisch onderzoe-
kers ertoe gebracht het effect te onderzoeken van getransplanteerde autologe myoblasten
in patiénten met postinfarct hartfalen. Myoblasten differentigren in myotubuii en behouden
spiereigenschappen wanneer zij getransplanteerd worden in een geinfarcteerd gebied. De
directe bijdrage van deze geimplanteerde cellen wat betreft de verbetering van de systolische
functie werd opgemerkt in verscheidene studies die een positief effect toonden van skelet-
myoblasten op myocardiale contractiliteit dat in de tijd aanhoudt en correleert met het aantal
geimplanteerde cellen.
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Recentisaangetoond datadipeus weefsel, naastde gecommitteerde adipogene endotheliale
pregenitorcellen en pluripotente vasculaire progenitorcellen, multipotente cellen bevat, gelijk
aan M3Cs. ADCS (Adipose Tissue Derived Celis) hebben uitgebreide proliferatieve capaciteit, zijn
in staat te differentiéren langs beide mesenchymale lijnen en non-mesenchymale lijnen, staan
erom bekend een groot aantal angiogenese-gerelateerde cytokines uit te scheiden en tonen
een immune privileged gedrag.

Deze bevinding heeft grote belangstelling gewekt, omdat, in tegenstelling tot beenmerg,
grote hoeveelheden adipeus weefsel eenvoudig kunnen worden geoogst met minimale
morbiditeit, waarmee het een aantrekkelijke bron voor celtherapie wordt. De APOLLO trial
levert belangrijke data cver de veiligheid en effectiviteit van deze cellen bij de mens, en levert
daarmee een wezenlijk inzicht van wat de rol kan zijn in de behandeling van cardiovasculaire
aandoeningen.
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