View metadata, citation and similar papers at core.ac.uk brought to you by fCORE

provided by SZTE Doktori Ertekezések Repozitérium (SZTE...

Department of Cardiology, Faculty of Medicine
Albert Szent-Gyorgyi Clinical Center

University of Szeged

Clinical value of procedures in invasive cardiology
for the assessment and relief of myocardial
iIschemia

Imre Ungi MD

Summary of PhD thesis

2009


https://core.ac.uk/display/267808973?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1

1 INTRODUCTION

The severity and consequences of myocardial ischéminfluenced by
several anatomical, pathophysiological, and phaotogical factors.

Diversity of the clinical appearance of CAD is pairity determined by (1)
variability of progression of coronary artery aitmalerosis, (2) different
functional significance of apparently similar coaoy stenoses, (3)
influence of specific metabolic and pathophysiotoginditions of the heart
on adaptation to myocardial ischemia, and (4) phaotogical

modification of the ischemic response. Coronaryi@ggphy is still the

most accepted standard means for assessing theregsmmn of

atherosclerotic plague formation, however, due t® invasive nature,
repeated cardiac catheterizations can not be aeontethod for the follow-
up of progression of CAD. A reliable stress tesy, BET would obviously
be valuable for the non-invasive prediction of pesgion of CAD, and for
the optimal timing of repeated catheterizationymptomatic patients with
previously detected CAD.

However, DET might be inferior to other non-invasimethods targeting a
specific vessel segment in post-PCl cases of plessiestenosis.
Theoretically, CFR measurement by TEE can be use@ semi-invasive
follow-up for functional evaluation and predictiaf long-term success of
PCI. Systematic use of STEE for follow-up of po§itpatients can help us
selecting subjects with significant restenosis &igh-risk ischemia and
referring them to a repeated invasive study.

The diverse clinical appearance of CAD is resulted only from the
variable nature of atherosclerosis progressionaanéstenosis process, but
also from the individual differences in responsengybcardium to ischemia.
This is, at least in part, due to the preconditibsgte of the myocardium to
ischemia. One of the human models of ischemic pmitioning most
frequently applied in humans is PCI, where, conteelwrief periods of
balloon inflation provide an opportunity to perfoand assess the effects of
preconditioning.

Although preconditioning provides a remarkable @#tbtection, its
effectiveness is attenuated in some animal modeliseases, including
hyperlipidemia, diabetes, nitrate tolerance, hésltre, and aging. Among
these factors, little is known about the effectshgpercholesterolemia on
preconditioning in humans. Not only short ischemépisodes, but
additionally certain pharmacological agents cano agecondition the



myocardium.  This  phenomenon is termed ‘pharmaco#gi
preconditioning’. There is strong evidence, that fhrotection associated
with preconditioning involves the early release lohdykinin and the
subsequent activation of bradykinin B2 receptofse Pprotective effect of
intracoronary infusions of bradykinin, administeqaibr to angioplasty, has
been described in patients with severe coronaeyyadisease. These results
suggest that locally administered ACE inhibitorsvdndeneficial effects
against myocardial ischemia in both acute corosgndromes and chronic
conditions of ischemic heart disease.

Overall, the aim of thesis was to determine thaicdil value of different
procedures in invasive cardiology for the accurated case-specific
assessment and mechanical or parmacological céliefyocardial ischemia
in the variable environment of CAD progression @uhemia sensitivity.

2 PRIMARY GOALS OF THE THESIS

1. The great variability and the unpredictable natofeatherosclerosis
progression makes difficult to plan the regularaisive follow-up of
patients with borderline coronary artery stenosesl/@ diffuse
atherosclerotic disease. Two series of clinicalestigations were
performed to work out a less invasive follow-upagtgy in patients
with CAD.

a) Analysis of the results of repeated dipyridamotesst
echocardiography to predict the angiographic pregjom of
coronary artery disease.

b) Repeated semi-invasive coronary flow velocity reser
measurements by transoesophageal echocardiograpdry f
prediction of restenosis following PCI.

2. With the human experimental model of ischemic ahdrmacologic
preconditioning we intended to prove that

a) The adaptive response of the myocardium to isché&rattenuated
by different pathologic states, eg. hypercholegtena.

b) Pharmacologic stimuli — e.g. ACE inhibitor pretraant — may
have a potential for improving the protective effe¢ ischemic
preconditioning.



3 METHODS
3.1. Study populations and protocols

3.1.1. Non-invasive prediction of angiographic progression of coronary
artery disease by dipyridamole-stress echocardiography: A series of 60
patients were selected for whom DET and diagnastionary angiography
had been repeated over a period of 15 years. Eatiogeams and coronary
angiograms were recorded and interpreted indepdéyddry separate
reviewers blinded to the results of the other tests

3.1.2. The coronary flow velocity reserve measured by stress
transoesophageal echocardiography evaluates the success of coronary
interventions: The population of 31 patients underwent LAD-PQliding
bare-metal stent implantation. STEE was performedwerage 8+13 days
before PCl and on average 5+4 weeks after it. Adtliontrol STEE
examination was also performed, 33120 weeks dfieisticcessful PCI. All
patients were controlled and undergone telephonesutation 58+10
months after PCI.

3.1.3. The effect of hypercholesterolemia on anti-ischemic effect of
preconditioning during coronary angioplasty: The investigations were
carried out in single-vessel coronary disease ptielected for PCI.
Following exclusion of patients not eligible foretlstudy, 15-15 patients
were classified into normocholesterolemic and hgpelesterolemic.

3.1.4. Myocardial protection with enalaprilat in patients unresponsive to
ischemic preconditioning during percutaneous coronary intervention:
Patients referred for elective PCI with stable aagand single-vessel
coronary artery disease were selected for the sfthy 20 patients included
in the investigation were randomly allocated tdeitthe control group or
the enalaprilat group, in such a way that eachgamntained 10 patients.

3.2. Diagnostic and interventional methods applieth the studies
3.2.1. Coronary angiography

Diagnostic coronary arteriography was carried outhwthe use of
standardized projections. All coronary arteriogramesre reviewed and
analysed visually by two independent observers. Hbenosis was
considered significant in the event of a lumen aesluction > 75%. For the



study to evaluate prediction of angiographic pregi@n of coronary artery
disease, for any given stenosis and both angiogr@@# measurement
was performed by an automatic edge-detection systmthe basis of a-
priori criteria, patients were defined as angio@rapprogressors if any
progression of stenosis was detected visually atliere was any stenosis
>30% for which >20% progression of stenosis was swesl by
guantitative coronary angiography. The extent ofDCWas also evaluated
by means of the Duke scoring system.

3.2.2. PCI protocol

A percutaneous femoral or transradial approach wsed for PCI. The

coronary artery lesion was crossed with PCI guidewratients underwent
repeated balloon inflations, with periods of repsidn. In the

preconditioning studies, completeness of the casonacclusion was

assessed by a short injection of contrast matdriahe study to evaluate
the protective effect of enalaprilate, a continuoisacoronary infusion of
saline (control group; n = 10) or enalaprilat (apallat group; n = 10) was
started immediately after deflation of the firstlban occlusion using the
guiding catheter. After cessation of the secontitioh, the study protocol
was terminated.

3.2.3. Quantitative assessment of myocardial ischemia during PCI

Myocardial ischemia was assessed by measuremetiteointracoronary

ST-segment elevation by lead C1 of the ECG momigpsystem connected
to the coronary guidewire. Intracoronary ECG, amtfaiortic blood-

pressure signals were recorded online, and thety &eat was evaluated by
an independent physician in a blinded arrangeméhé total ischemic

burden was characterized by measuring the meane@hent deviation

(mV) and the peak ST-segment elevation (mV). Theadyics of the

evolution of ischemia was characterized with tineetito reach 0.5 mV ST-
segment elevation.

3.2.4. Transthoracic and stress transoesophageal echocardiography

The left ventricular internal dimensions were meaduby 2-dimensional
directed M-mode transthoracic echocardiography. §jgetion fraction was
calculated by the method of Teichholz et al. TEEw& CFR

measurements were carried out according to thelatdrprotocol proposed
by lliceto et al. The coronary flow waveform in th&D was recorded by
pulsed Doppler. Flow measurements were made uresalibe conditions



and after the administration of 0.56 mg/kg dipynatde during 4 minutes.
The CFR was calculated as the ratio of the APVrdutiyperemia to the
resting APV.

3.2.4.1. DET protocol

Two-dimensional echocardiographic and electrocgrdiphic monitoring
were performed in combination with infusion of diglamole at an initial
rate of 0.56 mg/kg over 4 min. Two-dimensional exdrdiograms were
continuously obtained. Echocardiographic diagnostid point was the
development of obvious echocardiographic positiiRggional wall motion
was assessed, and the wall-motion-score index weged. According to
DET criteria, progressors were defined accordingh® satisfaction of at
least one of two criteria: (1) a negative resulD&T in initial testing and a
positive result of DET in second testing; (2) pesitresults both of initial
and of second tests, with the latter having a p&¥akSI 0.12 greater than
that in the former.

3.3. Statistical analysis

Statistical analysis was performed by using anslg$ivariance or the two-
tailed Student's t test for paired data as appatgriThe unpaired t test was
applied for between group comparisons. For dichotmn variables,
Fisher’s exact test was used. Data are reporteteassstandard deviation.
Correlation of [kappa] indices was used when appatg The sensitivity,
specificity and positive and negative predictivéueawere calculating using
standard formulae. In the DET study, ROC analys&s werformed to
identify the stress-echocardiographic parametevigitog the best accuracy.
To establish the predictive power of the CFR eaftgr PCI, ROC curve
was constructed and the area under curve was egpoffor the
preconditioning studies, the effects of repeateddusions were analyzed by
RM-ANOVA. Confidence intervals in pairwise companis were adjusted
to multiplications according to the Sidak formula.

4 MAIN RESULTS

4.1. Non-invasive prediction of angiographic progrssion of coronary
artery disease by dipyridamole-stress echocardiogpdy

The coefficient of agreementk)(with coronary angiography was poor for
resting echocardiography=£0.144), moderately high for clinical variables



(x=0.266), and substantial for stress echocardiografis0.764). The
concordance of stress-echocardiographic data ve#ipect to coronary-
angiography progressors was found 89%. The renwipatients were
‘non-progressors’ in terms of stress-echocardidgagriteria. An excellent
rate of concordance was achieved with a positivd B&ponse becoming
negative (100%) and with a negative DET responsenthang positive
(95%). The concordance was 100% for patients foorwhthe peak
variations in WMSI and DET were chosen post hodten basis of ROC
analysis. Sensitivity of the ‘progressor-patterfi'stress-echocardiography
test for predicting progression of CAD was 87%, cifi@ty was 93%,
positive predictive value was 96%, negative prégicvalue was 77% and
accuracy was 90%.

4.2. Coronary flow velocity reserve measured by sbss
transoesophageal echocardiography evaluates the sess of coronary
interventions

The CFR early after PCI was found to exhibit goadgpostic value in
predicting patients with reintervention (ROC ar@86; p<0.05). The
CFR<1.87 was found to have optimal accuracy seleate cut-off value
with 69% sensitivity and 86% specificity. From pgatis who required rePCI
or CABG, two patients died: one of them from acatgerior myocardial
infarction 29 months after the PCI. From group @lycone patient had a
non-fatal myocardial infarction 30 months after P@b other coronary
events were found in this group. New coronary wdations were not
performed within the 5-year follow-up in group 2daafter the rePCI or
CABG in group 1; all living patients are clinicakbgable now.

4.3. The effect of hypercholesterolemia on anti-isemic effect of
preconditioning during coronary angioplasty

In the normocholesterolemic group, ST-segment d¢il@vashowed a
continuous rise. Repeated occlusions resulted werdo ST-segment
elevations, showing the anti-ischemic effect of cpreditioning. In the
hypercholesterolemic group, a rapid elevation of BT segment was
developed, which was not observed in the subsedquenbcclusions. From
45 to 120 s of the occlusions, there was no diffeeebetween ST-segment
elevations. This shows that in hypercholesterolemjzatients,
preconditioning only slowed down the rapid onsefsshemia seen at the
initial phase of the first occlusion but did nobfact against the evolution
of ST-segment elevation observed by the end of dhelusions. In



normocholesterolemic patients, we observed a $gmf decrease in time
to normalization of the ST segment during repeaggerfusions, while in
the hypercholesterolemic group, this time was $icpitly prolonged after
all the three ischemic periods as compared to threnocholesterolemic

group.

4.4. Myocardial protection with enalaprilat in patients unresponsive to
ischemic preconditioning during percutaneous corong intervention

In the control patients without drug treatment,hbtiie magnitude of the
peak ST-segment elevation and the time coursecbkmia development
were almost identical during the first and secordloon inflations. In
contrast, in the patients infused with enalaprila¢ peak ST-segment
elevation was significantly less, and the timedaah the 0.5 mV elevation
was significantly longer during the second thanirtuthe first occlusion.
The total ischemic burden during the first and secballoon inflations
were similar in the control group whereas in thalaprilat group this was
significantly lower during the second occlusion.

5 DISCUSSION

The main interests of these studies were to exartfieevariability of
myocardial ischemia and its clinical appearances T manifested in the
non-linear progression of coronary atherosclerosisd in the limited
predictability of post-PCl restenosis, as well. #&rer principal
manifestation of this variability is the diverseaathtion capability of the
myocardium to ischemia.

5.1. Non-invasive quantification of myocardial iscemia to improve the
timing of repeated cardiac catheterization.

The first two of our studies proved that both DEW &TEE can correctly

predict the progression of native coronary artesgease or the restenosis
process. Both of these non-invasive tests can bgrexdt benefit for the

invasive cardiologist to correctly assess the iaiilim of repeated cardiac
catheterization.

Serial assessment of repeated DET results allows tn separate
angiographic progressors and non-progressors effigi The unique
feature of the present study is that coronary-agrgishy and stress-
echocardiography results were not only assessadondally, at one point



in time, comparing different patients, but at twtfetent times, using each
patient as his or her own control in order to as$edividual variations in
anatomic angiographic progression and resultsmaftfonal stress testing.

Our second study on STEE-derived CFR in the evialnadf the long-term
success of LAD-PCI proved that the clinical state patients with

functionally successful PCI improved and these sa# not require further
invasive procedures during a 5-year follow-up peridatients whose
condition required rePCl or CABG within half a yed@FR remained
unchanged and two patients died during this follgwperiod. The TEE—
CFR may serve as a noninvasive index of early pgialasty restenosis.

5.2. Limitation of ischemic preconditioning by hypecholesterolemia
and pharmacological enhancement of myocardial iscimeic adaptation

Our results proved that in patients with hypercht@elemia ischemic
preconditioning is limited compared to those wittrmal cholesterol blood
level. This observation is a partial explanation tbe interindividual
variability of preconditioning, however it must l®nsidered clinically
important, because this raise attention to the tlaat hyperlipidemia is a
“double” risk factor; not only that of coronary atsclerosis, but for the
severity of myocardial ischemia, as well. We halkeven here for the first
time in the literature that in hypercholesterolempatients, there is a rapid
elevation of ST segment during the initial phasecafonary occlsuion, a
phenomenon not seen in normocholesterolemic pati€nir results further
show that in hypercholesterolemic patients, remeateclusions although
abolished the initial rapid elevation of ST segmieuit did not attenuate the
maximum ST-segment elevation, and failed to deeret® time to
normalization of ST segment after balloon deflatiomhen compared to
normocholesterolemic patients. These results peovievidence that
hypercholesterolemia enhances the evolution of @wgbal ischemia on
coronary occlusion and significantly inhibits thatischemic effect of
preconditioning in humans. It should be noted h#rat similarly to
hypercholesterolemic patients, in patients witheotldiseases such as
diabetes, heart failure, and aging, the time coofsischemia during PCI
may also be altered that can be assessed by doblea#t analysis of ST-
segment elevation.

This variability of adaptive response to ischemid myocardium
emphasizes the importance of therapeutic methogsowing the efficacy
of ischemic preconditioning. The last phase of msearch investigated the



therapeutic aspects of the diversity in ischemiecpnditioning. We

attempted to decrease the variability of myocardidptation to ischemia
by pharmacological potentiation of the ischemiccpralitioning in patients

undergoing PCI. The results of this study proveat the myocardium of
patients with limited ischemic preconditioning catill be protected by
combination of the short ischemic episodes withaitdronary enalaprilate
infusion.

The finding of this study supports our previouseyation that in patients
with severe coronary artery disease who underguiedePCl, a single brief
(2-min) period of balloon inflation is not sufficieto give rise to significant
improvements in the intracoronary ST-segment chatiggt occur during a
subsequent, similar period of balloon inflation. Wave now demonstrated
for the first time that the administration of emaitat to such patients
during PCI does induce protection, as revealedidpyifcant reductions in
the mean and peak ST-segment elevation and th¢ afnsehemic changes
during the second coronary artery occlusion. Wesictam, that this timing
of the drug administration could be of particuleaportance in everyday
clinical practice, since, a variable degree of nayd@l ischemia is already
present in a substantial proportion of patientshwécute coronary
syndromes who are referred for emergency PCI. Ia patient subset,
persistence of ischemic symptoms demonstrate ceratity jeopardized
state of the myocardium and, limited preconditignieffect of the
sequential short ischemic episodes. Our resuligedendirect information
that in these high-risk patients — particularlfthnse with slow flow and no-
reflow phenomenon - the administration of intracany enalaprilat can
still be cardioprotective.
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6 CONCLUSIONS (NEW OBSERVATIONS)

1. Spontaneous evolution of angiographically aszbssoronary artery
disease can usefully be monitored non-invasivelpubh variations in
serial dipyridamole-stress echocardiography. Thashmique is highly
feasible, widely available, of low cost, employingn-ionizing energy. This
application can further contribute to the expandinge of stress
echocardiography in the cardiological practice.

2. CFR is significantly higher early after functaly successful PCIl as
assessed by STEEFR of patients with successful LAD-PCI increased t
>2 and they suffered no major clinical events dyrthe follow-up. In
contrast, in thosa priori had a low CFR and no improvement after PCI,
further invasive procedures and major events dadioduring this period.

3. Hypercholesterolemia attenuates the anti-ischengffect of
preconditioning, accelerates the evolution of mydizd ischemia, and
delays the recovery from ischemia on reperfusiompatients undergoing
elective PCI.

4. There is a population of patients with sevenmiary artery disease and
assigned to elective PCI in whom a brief perio¢afonary occlusion fails
to produce protection against the consequences @fbaequent, similar
period of ischemia. We have shown that, in theseepa who seem to be
unresponsive to this initial preconditioning ischiemadministration of
intracoronary enalaprilat during the procedure il elicit adequate
protection.

ABBREVIATIONS

ACE: angiotensin converting enzyme
APV: average peak diastolic flow velocity
ATP: adenosine triphosphate

CABG: coronary artery bypass graft

CAD: coronary artery disease

CFR: coronary flow reserve

DET: dipyridamole-stress echocardiography
DNA: deoxyribonucleic acid

ECG: electrocardiogram

LAD: left anterior descending
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LV: left ventricle

LVEF: left ventricular ejection fraction

NYHA: New York Heart Association

PCI: percutaneous coronary intervention
RM-ANOVA: repeated measures analysis of variance
ROC: receiver-operating characteristics
STEE: stress transesophageal echocardiography
TEE: transesophageal echocardiography
WMSI: wall-motion-score index
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