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112 The Journal of Thoracic and Card
bjective: Extensive arterial grafting with the radial artery in elderly patients is still
ebated, because of the reduced life expectancy and the supposedly higher peripro-
edural morbidity caused by an accelerated atherosclerosis of arterial grafts in
lderly patients, which might hamper functional results.

ethods: We reviewed our experience with patients undergoing radial artery
yocardial revascularization (coronary artery bypass grafting) between January

003 and December 2006, divided into 2 groups: elderly patients (�70 years, group
) and young patients (�60 years, group B). Hospital outcome and transit-time
owmetric maximum and mean flow, pulsatility index, and graft flow reserve were
ompared. Results were stratified by target vessel, surgical technique, and sub-
roups at risk.

esults: Hospital outcome, troponin I levels, and echocardiographic segmental
inetics were comparable in the 2 groups. Stratifying patients for target vessels, no
ifferences in radial artery transit-time flowmetric results were recorded between the
groups either on-pump or off-pump, as free grafts or Y grafts, or in diabetic

atients and hypertensive patients. Although graft flow reserve was significantly
mproved in all patients (P � .05 in the young and elderly groups, regardless of the
arget vessel, the surgical technique, and the comorbidities), graft flow reserve of
adial artery grafts was comparable between elderly and young patients.

onclusions: Radial artery coronary artery bypass grafting showed similar transit-
ime flowmetric functional results in elderly and young patients, regardless of the
arget vessel, the use or avoidance of cardiopulmonary bypass, the construction of
roximal anastomoses, and the presence of comorbidities. These data explain the
eported better results of arterial revascularization in the elderly and suggest an
ncrease in extensive radial artery grafting in the last decades of life.

 he recent demonstration of improved survival in patients undergoing arterial
revascularization has led surgeons to increasingly use arterial grafts other
than internal thoracic arteries to completely revascularize the heart.1 Of

hese, the radial artery (RA) is the most frequently used arterial conduit worldwide.2

owever, saphenous vein grafts (SVGs) continue to be used extensively and are
ften considered the conduit of choice.3,4

Moreover, with the exponential growth of the geriatric population referred for
oronary artery bypass grafting (CABG), it is not surprising that the SVG continues

o be the backbone of daily coronary revascularization.3,4 It is in fact the second

iovascular Surgery ● November 2007

https://core.ac.uk/display/82697692?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1


m
S
m
b
p
g
m
l
w
s
s
m
p
g
b
g
r
R
r
l
h
S
l
i
l
t
r
p
r
i
c
R

s
q
fl
d
l
fi

s
m
p
R
i
t
g
h

M
T
p
g
p
f
a
w
a
y
f
m

c
o
a
C
w

a
c
t

p
f

S
T
e
o
n
s
e
n
u
i
s
s
h
b
c
u
m
d
a
0

Onorati et al Surgery for Acquired Cardiovascular Disease

A
CD
ost frequently used conduit in both Society of Thoracic
urgeons National and EuroSCORE Databases.3,4 Further-
ore, reluctance to use arterial grafts in elderly patients is

ased on concerns about long-term survival of this cohort of
atients and on the concept that the extensive use of arterial
rafts might be associated with an increased morbidity and
ortality caused by excessive surgical invasiveness, pro-

onged operative time, and higher risk for arterial spasm
ith acute onset of ischemia.5 Despite the recent demon-

tration by Wildhirt and colleagues6 that RA grafts demon-
trated good angiographic, morphometric, and basic flow-
etric (mean flow and resistance index) results in aged

atients, a detailed functional flowmetric behavior of these
rafts has not been reported nor has the flowmetry stratified
y the grafted vessel and surgical technique. In particular,
raft flow reserve (GFR) has not been studied in this high-
isk population.6 On the other hand, other authors confirmed
A graft safety in the young,7 others pointed out the critical

ole of a high-grade angiographic coronary stenosis regard-
ess of age,8 and still others, on the other hand, reported a
igher rate of occlusion in RA grafts compared with that of
VGs.9 Finally, recent studies pointed out that the preva-

ence of preexisting atherosclerotic lesions and calcification
n the RA may hamper their functional short-term and
ong-term results, favoring arterial spasm, thus suggesting
he avoidance of extensive arterial grafting in some high-
isk categories, such as elderly, diabetic, and hypertensive
atients.10 Therefore, the acceptance of extensive arterial
evascularization in elderly patients is still questioned; stud-
es focusing on this topic are still scarce, and to date, it is not
lear whether age per se might be an exclusion criterion for
A grafting.

Moreover, surgeons have recently discovered the pos-
ibility for an intraoperative functional assessment of the
uality of their CABGs with the aid of the transit-time
owmetry (TTF), the intraoperative results of which pre-
ict graft patency at angiographic follow-up.11 Again, the
iterature lacks studies comparing intraoperative TTF

Abbreviations and Acronyms
EF � ejection fraction
GFR � graft flow reserve
IABP � intra-aortic balloon pump
LITA � left internal thoracic artery
OPCABG � off-pump coronary artery bypass grafting
PI � pulsatility index
RA � radial artery
SVG � saphenous vein graft
TTF � transit-time flowmetry
WMSI � wall motion score index
ndings of arterial grafts in elderly patients. 3

The Journal of Thoracic
Therefore, it was the aim of the present study to
ystematically review our experience with the TTF
ethod in elderly (�70 years) and young (�60 years)

atients undergoing myocardial revascularization with
A grafts during the last 4 years at a single academic

nstitution, stratifying results by target vessel, surgical
echnique used (on-pump and off-pump CABG and free
raft or Y-graft), and associated risk factors (diabetes and
ypertension).

aterials and Methods
he present study evaluates clinical and flowmetric results of a
rospective series of elderly patients (�70 years, group A) under-
oing RA CABG during isolated myocardial revascularization,
erformed either off-pump (OPCABG) or on-pump and either as
ree grafts or with a Y-graft construction, during the last 4 years at
single academic institution. The elderly patients were compared
ith a cohort of young patients (�60 years, group B) undergoing

rterial CABG during the same time period. Patients aged 60 to 70
ears were excluded from the study to better differentiate elderly
rom young patients, so as to obtain a significant difference in the
ean age of the 2 groups analyzed.

The study protocol was approved by the institution’s ethical
ommittee/institutional review board, and informed consent was
btained from each patient. Sixty-five consecutive elderly patients
nd 53 consecutive young patients undergoing first-time elective
ABG between January 2003 and December 2006 with RA grafts
ere enrolled in the study.

Thirty-six (55.4%) patients belonging to group A had diabetes,
nd 37 (56.9%) had hypertension. When young patients were
onsidered, there were 37 (69.8%) diabetic and 28 (52.8%) hyper-
ensive patients.

Exclusion criteria were additional cardiac or vascular surgical
rocedures and severe systemic comorbidities (dialysis, hepatic
ailure, cancer, and autoimmune disease).

urgical Intervention
he RA was always harvested in a pedicled fashion. The RA was
valuated in all cases with the modified (percentage of arterial
xygen saturation) Allen test, the results of which were considered
egative when hand vascularization became normal in less than 6
econds and percentage of arterial oxygen saturation was recov-
red in the same time. The graft was harvested only from the
ondominant forearm in all cases. Low-current electrocautery was
sed for the subcutaneous tissue and the deep fascia in the prox-
mal half of the incision, with the distal deep fascia incised with
cissors. The subsequent dissection continued with a harmonic
calpel (Ethicon Endo-Surgery, Cincinnati, Ohio) by using the
ook blade and the variable mode at moderate intensity. RA
ranches that bled during or after transection, as well as the major
ollateral branches, were controlled with small clips. All RAs
nderwent gentle palpation before transection, and no cases of
acroscopic calcification, atherosclerotic plaques, or both were

etected. Topical vasodilators were not used during RA harvest at
ny time. After harvest, the RAs were placed in 100 mL of NaCl
.9% with 50 mg of diltiazem, 30 mEq of papaverine buffered with

0 mEq of NaHCO3, and 5000 IU of heparin until their use as

and Cardiovascular Surgery ● Volume 134, Number 5 1113
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rafts. All the RAs harvested were used as conduits. RA pedicles
ere always secured with 2 epicardial stitches using 6-0 polypro-
ylene sutures on both sides after completion of distal anastomo-
es. RAs were proximally anastomosed to the left internal thoracic
rtery (LITA) in the Y-graft construction and to the ascending
orta in all other cases. In particular, 15 (23.1%) patients in group

and 18 (34.0%) patients in group B underwent Y-graft construc-
ion because of diffuse aortic atherosclerosis, calcifications, or
oth. When the aorta was the RA blood source, the proximal
nastomosis was performed with aortic side clamping by using 6-0
olypropylene sutures before distal anastomoses in OPCABG and
fter crossclamp removal in conventional CABG during cardio-
ulmonary bypass. Obtuse marginal branches, the right coronary
erritory, or the diagonals were the targets of RA grafts. Distal
nastomoses were performed with 8-0 polypropylene stitches. The
nly criterion adopted to RA grafting was the presence of a critical
oronary lesion (�80%) proximal to the anastomotic site. Intra-
enous or oral vasodilators, except for enoximone infusion, were
ever used after RA grafting.

Of 65 elderly patients enrolled, 21 (32.3%) underwent OPCABG,
hereas 19 (35.8%) of 53 young patients received off-pump CABG
perations.

lowmetric Analysis and GFR
ssessment of each graft was performed during stable hemody-
amic conditions, with a mean arterial pressure ranging between
5 and 75 mm Hg in both groups generally 30 minutes after
rotamine administration. Flowmetry of the grafts was performed
ith a transit-time flowmeter (HT313; Transonic Systems, Inc,

thaca, NY). Different probe sizes (2, 2.5, or 3 mm) were available
o avoid distortion or compression of the graft. Skeletonization of
small segment of the RA, LITA, and right internal thoracic artery
as necessary to reduce the quantity of tissue interposed between

he vessel and the probe. Maximum, mean, and minimum flows;
ow curve; and pulsatility index (PI) were obtained directly from

he flowmeter. The curves were always coupled with the electro-
ardiographic tracing to correctly differentiate the systolic from
he diastolic flow. TTF measurements were interpreted as sug-
ested by Di Giammarco and associates.12 The maximum, mini-
um, and mean flow were reported in milliliters per minute, and
I was reported as an absolute number. Data from arterial conduits
ere recorded and compared between the 2 groups. In the Y-graft

ubgroup TTF results were collected at the level of the proximal
A graft segment.

It is institutional policy to insert an intra-aortic balloon pump
IABP) preoperatively, before anesthetic induction, in patients
ith unstable angina despite maximal intravenous nitrates with

ssociated poor left ventricular ejection fraction (EF) with or
ithout very critical left main coronary stenoses to improve myo-

ardial protection before the completion of myocardial revascular-
zation. According to the previous demonstration that IABP re-
ruits GFR during assistance,13 mean flow and PI were recorded in
ll patients undergoing preoperative intra-aortic balloon pumping,
oth during IABP support and during temporary cessation, so as to
valuate GFR. In particular, 32 elderly (49.2% of group A) and 29
oung (54.7% of group B) patients underwent preoperative IABP

nd were therefore the objective of GFR study. GFR was calcu- m

114 The Journal of Thoracic and Cardiovascular Surgery ● Nov
ated from the mean flow assessed during 1:1 IABP support
ivided by mean flow at baseline (IABP off).14

ostoperative Care, Biochemical Analysis, and
chocardiographic Results
ccording to an institutional policy, inotropes were started imme-
iately after aortic crossclamp removal with enoximone at a dos-
ge of 5 �g · kg�1 · min�1.14 Inotropic support was defined as
ow dose when enoximone was administered at a dosage lower
han or equal to 5 �g · kg�1 · min�1, medium dose when
noximone was used at a dosage of between 6 and 10 �g · kg�1 ·
in�1 or dobutamine was added at a dosage of between 5 and 10
g · kg�1 · min�1, and high dose when enoximone or dobut-
mine infusion was greater than 10 �g · kg�1 · min�1 or epi-
ephrine at any dose was added.

Determinations of blood concentrations of cardiac troponin I
nd myoglobin were conducted preoperatively before anesthetic
nduction and postoperatively at 12, 24, 48, and 72 hours.

Echocardiographic scans were performed with a transthoracic
cuson Sequoia C256 system (Acuson Corp, Mountain View,
alif) with probe 3V2C and always by the same 2 physicians in a
lind manner at the time of hospital admission and before dis-
harge. Left ventricular EF and wall motion score index (WMSI)
ere recorded.

tatistical Analysis
tatistical analysis was performed by using the SPSS program for
indows (version 10.1; SPSS, Inc, Chicago, Ill). Continuous

ariables are presented as means � standard deviation, and cate-
oric variables are presented as either absolute numbers or per-
entages. Data were checked for normality before statistical anal-
sis. Normally distributed continuous variables were compared by
sing the unpaired t test, whereas the Mann–Whitney U test was
sed for those variables that were not normally distributed. Cate-
oric variables were analyzed with either the �2 test or Fisher exact
est.

esults
he 2 groups demonstrated comparable demographic data,
xcept for age and EuroSCORE (Table E1). Intraoperative
ata are also shown in Table E1.

Hospital mortality was comparable between the 2
roups: 1 (1.9%) patient belonging to group B died from
troke, whereas 2 (3.1%) patients belonging to group A (P

.577) died during hospitalization, 1 for low-output car-
iac state after perioperative myocardial infarction and an-
ther from multiorgan failure after pneumonia. No differ-
nces were recorded between the 2 groups either in terms of
ostoperative acute myocardial infarction (group A: 2/65
3.1%] vs group B: 0/53; P � .301) or need for postoper-
tive IABP (group A: 4/65 [6.2%] vs group B: 3/53 [5.7%];
� .613). No IABP-related complications were registered

uring the period of assistance, except for a temporary limb
schemia that completely recovered after IABP withdrawal.

Similar proportions of patients in the 2 groups required

edium doses of inotropes (group A: 14/65 [21.5%] vs

ember 2007
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roup B: 15/53 [28.3%]; P � .263), as well as high doses of
notropes (group A: 3/65 [4.6%] vs group B: 5/53 [9.4%]; P

.252). No differences were recorded between the 2
roups either in perioperative troponin I or myoglobin con-
entrations (Table E2). Similarly, intensive therapy unit stay
group A: 2.39 � 1.26 days vs group B: 1.81 � 1.05 days;

� .069) and hospital stay (group A: 7.47 � 3.42 days vs
roup B: 6.56 � 1.75 days; P � .067) proved to be similar.

Postoperative predischarge echocardiography demon-
trated a comparable recovery in the 2 groups of either left
entricular EF (group A—preoperative EF: 42.4% � 8.6%
s postoperative EF: 49.8% � 7.8%; statistical probability
ithin group: P � .01; group B—preoperative EF: 41.4% �
.1% vs postoperative EF: 50.6% � 7.3%; statistical prob-
bility within group: P � .01; statistical probability between
roups: P � .250) and WMSI (group A—preoperative

able 1. TTF results of on-pump and off-pump RA CABG s
peration Graft type TTF results

PB-CABG LITA-LAD (44 in group
A vs 34 in group B)

Maximum fl
Mean flow
PI
DAP

RA-OM (27 in group A
vs 14 in group B)

Maximum fl
Mean flow
PI
DAP

RA-RX (9 in group A
vs 13 in group B)

Maximum fl
Mean flow
PI
DAP

RA-DIAG (8 in group A
vs 7 in group B)

Maximum fl
Mean flow
PI
DAP

PCABG LITA-LAD (20 in group
A vs 19 in group B)

Maximum fl
Mean flow
PI
DAP

RA-OM (6 in group A
vs 7 in group B)

Maximum fl
Mean flow
PI
DAP

RA-RX (10 in group A
vs 7 in group B)

Maximum fl
Mean flow
PI
DAP

RA-DIAG (5 in group A
vs 5 in group B)

Maximum fl
Mean flow
PI
DAP

TF, Transit-time flowmetry; RA, radial artery; CABG, coronary artery bypas
horacic artery; LAD, left anterior descending artery; PI, pulsatility index; DA
IAG, diagonals; OPCABG, off-pump myocardial revascularization.
MSI: 1.48 � 0.32 vs postoperative WMSI: 1.26 � 1.09; c

The Journal of Thoracic
tatistical probability within group: P � .01; group B—pre-
perative WMSI: 1.51 � 0.34 vs postoperative WMSI: 1.24

1.06; statistical probability within group: P � .01; sta-
istical probability between groups: P � .213).

When hand complications caused by RA harvesting were
onsidered, 5 (7.7%) patients belonging to group A and 3
5.7%, P � .477) patients belonging to group B had tem-
orary (3 days to 2.4 months) postoperative paresthesia.
ne (1.5%) patient in group A had postoperative deep

orearm infection requiring surgical debridment of the
ound and chronic antibiotic therapy; however, the patient

ully recovered, and the wound completely closed after 3.6
onths.
In no cases did RA grafts demonstrate unsatisfactory

esults, but all RAs showed good TTF values.
When TTF values stratified by the target vessel were

ed by target vessel
Group A (elderly) Group B (young) P value

52.7 � 27.5 64.6 � 31.5 .429
26.5 � 17.7 31.7 � 23.2 .427
1.51 � 0.80 1.40 � 0.82 .610
47.2 � 4.9 47.9 � 4.8 .193
78.9 � 34.2 73.1 � 33.3 .656
40.9 � 21.7 42.3 � 19.2 .505
1.25 � 0.73 1.29 � 0.38 .152
48.1 � 4.4 47.5 � 4.4 .505
63.7 � 41.8 62.0 � 28.6 .568
30.3 � 20.8 28.7 � 15.7 .507
1.77 � 0.94 1.98 � 1.22 .183
47.3 � 3.1 48.7 � 3.4 .145
50.6 � 32.8 53.8 � 35.2 .601
29.4 � 17.6 27.9 � 15.1 .476
1.45 � 1.08 1.38 � 0.78 .652
45.5 � 3.0 46.5 � 2.6 .333
42.2 � 18.3 45.3 � 19.7 .756
23.7 � 14.3 23.9 � 15.1 .810
1.39 � 0.67 1.33 � 0.77 .701
46.6 � 3.5 46.4 � 3.1 .802
72.1 � 55.8 69.4 � 48.7 .391
34.3 � 26.5 38.3 � 21.9 .431
1.39 � 0.52 1.31 � 0.58 .725
46.6 � 3.7 46.7 � 3.8 .861
62.9 � 30.8 59.6 � 34.7 .833
39.9 � 22.1 34.4 � 21.5 .659
2.36 � 1.20 2.20 � 1.32 .273
44.4 � 3.6 44.5 � 2.4 .941
46.1 � 27.3 51.1 � 24.7 .756
24.7 � 17.3 25.9 � 18.1 .810
1.69 � 0.77 1.73 � 0.82 .701
43.0 � 1.6 42.7 � 1.9 .670

ting; CPB–CABG, on-pump myocardial revascularization; LITA, left internal
stolic arterial pressure; OM, obtuse marginals; RX, right coronary territory;
tratifi

ow

ow

ow

ow

ow

ow

ow

ow

s graf
P, dia
onsidered, elderly patients undergoing RA grafting dem-
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nstrated comparable results with young patients, either for
n-pump CABG or OPCABG (Table 1).

Furthermore, to rule out differences in GFR between
lderly and young patients, of 61 patients (32 elderly and 29
oung patients) undergoing preoperative IABP insertion,
ntraoperative TTF analysis with either 1:1 IABP or tempo-
ary cessation was performed. IABP support of 1:1 recruited
FR in all these patients, and no differences were detectable

n graft mean flow and PI between the 2 groups, either in
n-pump or off-pump CABG (Table 2). Similar GFR was
etected either in off-pump or on-pump CABG (Figure 1).

When subgroups at higher risk for atherosclerotic in-
olvement of RA grafts were analyzed, again no differences
ere recorded between old and young diabetic and hyper-

ensive patients in mean flow (Figure E1) and PI (Figure
2). Again, GFR proved similar in RA grafts of young and
ld diabetic patients (Figure 2, A), as well as young and old
ypertensive patients (Figure 2, B).

Finally, although no Y-grafts were done on diagonal
ranches, no statistical differences were found between
lderly and young patients when the RA was used in a Y

able 2. TTF results (mean flow and PI) of RA grafts durin
nd off-pump CABG
peration Graft type TTF results

PB-CABG RA-OM (10 in group A
vs 7 in group B)

Mean flow

PI

RA-RX (6 in group A
vs 7 in group B)

Mean flow

PI

RA-DIAG (5 in group A
vs 5 in group B)

Mean flow

PI

PCABG RA-OM (5 in group A
vs 4 in group B)

Mean flow

P.I.

RA-RX (3 in group A
vs 3 in group B)

Mean flow

PI

RA-DIAG (3 in group A
vs 3 in group B)

Mean flow

PI

TF, Transit-time flowmetry; PI, pulsatility index; IABP, intra-aortic balloon
evascularization; RA, radial artery; OM, obtuse marginals; RX, right coron
1:1 IABP versus baseline (IABP off). †Elderly versus young patients.
ashion to revascularize obtuse marginal branches or the S

116 The Journal of Thoracic and Cardiovascular Surgery ● Nov
ight coronary territory, either in mean flows, PIs, or GFRs
Table 3).

iscussion
umerous advances in operative techniques and periopera-

ive care have resulted in an increasing number of patients
n the seventh or eighth decade of life being referred for
ABG.15 It therefore becomes increasingly important to
etermine which operative techniques enhance periopera-
ive and long-term survival and quality of life. Moreover,
espite the higher intraoperative and postoperative risks in
lderly patients, studies have demonstrated a survival ad-
antage both in the short and long term for surgical therapy
n these patients.16,17

It is well known that the LITA, because of its superior
atency rate, is the conduit of choice for CABG in all
ublished series of the literature. When arterial grafts other
han the LITA (first of all the RA) are considered, the
emonstrated advantages on short-term and long-term prog-
osis in young patients are questioned in elderly patients. In
articular, the literature is still in conflict on this topic.

IABP assistance according to grafted vessel in on-pump

up A Group B P value* P value†

25.4 62.6 � 21.3 Group A .001 .446
Group B .001

1.23 2.10 � 1.18 Group A .04 .359
Group B .03

21.6 51.3 � 21.1 Group A .001 .417
Group B .001

1.38 2.49 � 1.51 Group A .005 .773
Group B .009

19.3 45.7 � 16.8 Group A .002 .598
Group B .003

1.58 2.45 � 1.29 Group A .001 .206
Group B .003

26.4 49.9 � 18.0 Group A .008 .542
Group B .007

1.11 2.62 � 1.26 Group A .02 .577
Group B .02

22.8 48.5 � 20.7 Group A .010 .187
Group B .009

1.62 2.53 � 1.55 Group A .05 .078
Group B .02

7.4 35.2 � 10.0 Group A .03 .293
Group B .04

0.75 2.63 � 1.16 Group A .05 .597
Group B .05

; CABG, coronary artery bypass grafting; CPB–CABG, on-pump myocardial
rritory; DIAG, diagonals; OPCABG, off-pump myocardial revascularization.
g 1:1

Gro

64.2 �

2.05 �

57.2 �

2.37 �

44.2 �

2.77 �

54.1 �

2.67 �

49.5 �

2.57 �

34.6 �

2.58 �

pump
ary te
ome authors have clearly demonstrated that the RA is a
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CD
referred target for atherosclerotic lesions,6,10,18 therefore
uggesting care in its use as a conduit for CABG10; others
ave excluded age per se as a contraindication6; others
eported a higher occlusion rate in RA grafts compared with
VGs regardless of age9; and finally, some authors have
xcluded atherosclerotic lesions as having a potential to
ffect graft patency and endothelial function and suggest
hat RA grafting is appropriate in advanced decades.18

oreover, it has to be considered that all these studies
ocused on the histopatholgic and morphometric analysis of
he arterial conduits rather than their in vivo (ie, after
ompletion of CABG) functional behavior. The recent in-
roduction in the routine surgical practice of TTF has given
urgeons the ability to analyze intraoperatively the results of
heir practice and to detect early graft failure or malfunction.
ccordingly, no RA graft failures were encountered intra-
peratively in our series.

Recent studies have demonstrated that arterial revascu-
arization improves the outcome of patients undergoing
ABG, regardless of the type of arterial conduit used.1,19,20

number of authors have also reported satisfactory results
ith arterial grafts in elderly patients. Muneretto and col-
eagues20 demonstrated that the use of full arterial revascu- t

The Journal of Thoracic
arization in elderly patients did not increase postoperative
omplications, exhibiting a better clinical outcome in the
idterm follow-up in terms of both freedom from angina

nd acute myocardial infarction.20 Borger and associates21

urther showed comparable results in terms of cardiac mor-
idity and mortality in patients undergoing LITA plus RA
rafting and those with bilateral internal thoracic artery
rafting, with a significant prevalence of the RA over the
ight internal thoracic artery in elderly patients. Again, these
tudies focused on midterm and long-term results of arterial
ABG in elderly patients but did not report the intraoper-
tive functional results of arterial CABG. In particular, a
ecent study by Wildhirt and colleagues6 demonstrated good
ngiographic, morphometric, and basic flowmetric (mean
ow and resistance index) results of RA grafts in aged
atients. However, the authors did not analyze in detail the
unctional flowmetric behavior of these grafts nor stratified
owmetry by grafted vessel and surgical technique used (eg,
n-pump vs off-pump CABG and free grafts vs Y-grafts),
nd in particular, they did not study GFR in this high-risk
opulation. This is of particular relevance, considering that
TF has been proved to be predictive of graft patency11 and

Figure 1. Graft flow reserve stratified
by surgical technique (cardiopulmo-
nary bypass, A; off-pump CABG, B) and
grafted vessel. CPB, Cardiopulmonary
bypass; CABG, coronary artery bypass
grafting; RA, radial artery; OM, obtuse
marginal branches; RX, right coronary
territory; DIAG, diagonals.
hat GFR is crucial in determining graft patency.22
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Therefore, the literature lacks studies reporting detailed
TF results of arterial conduits, especially when the last
ecades of life are considered. We reported here not only

able 3. TTF results (mean flow, PI, and GFR during 1:1 IA
urgical technique (on-pump and off-pump CABG)
peration Graft type TTF results

PB–CABG RA–OM (3 in group A
vs 4 in group B)

Mean Flow
PI
GFR

RA–RX (3 in group A
vs 3 in group B)

Mean flow
PI
GFR

PCABG RA–OM (4 in group A
vs 6 in group B)

Mean flow
PI
GFR

RA–RX (5 in group A
vs 5 in group B)

Mean flow
PI
GFR

TF, Transit-time flowmetry; PI, pulsatility index; GFR, graft flow reserv
PB–CABG, on-pump myocardial revascularization; RA, radial artery; OM
evascularization.

118 The Journal of Thoracic and Cardiovascular Surgery ● Nov
he maximum and mean flows of these arterial conduits, but
lso the PI and, most importantly, GFR, predictive of short-
erm graft function,11,12 demonstrating comparable results

Figure 2. Graft flow reserve stratified
by grafted vessel in diabetic (A) and
hypertensive (B) patients. RA, Radial
artery; OM, obtuse marginal branches;
RX, right coronary territory; DIAG,
diagonals.

ssistance) of RA Y-grafts according to grafted vessel and

Group A (15 patients) Group B (18 patients) P value

38.7 � 18.3 40.9 � 21.2 .741
1.64 � 0.92 1.70 � 0.87 .267
1.68 � 0.33 1.67 � 0.25 .498
34.6 � 25.4 39.1 � 18.8 .690
1.50 � 0.87 1.62 � 0.75 .374
1.52 � 0.51 1.60 � 0.44 .105
26.7 � 19.2 31.0 � 15.6 .825
1.83 � 1.02 1.76 � 0.78 .173
1.55 � 0.40 1.67 � 0.37 .089
31.2 � 22.7 33.8 � 14.2 .581
1.48 � 0.85 1.55 � 0.74 .220
1.65 � 0.38 1.62 � 0.29 .131

BP, intra-aortic balloon pump; CABG, coronary artery bypass grafting;
se marginals; RX: right coronary territory; OPCABG, off-pump myocardial
BP a

e; IA
, obtu
ember 2007
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n young and elderly patients regardless of the type of target
essel, the surgical technique used (on-pump and off-pump
ABG), or the grafting fashion (free graft or Y-graft).
ccordingly, perioperative enzymatic leakage and a predis-

harge echocardiographic finding of a comparable left ven-
ricular functional recovery similarly demonstrated the
afety and efficacy of the procedure.

Moreover, according to the demonstration that IABP
ecruits GFR during assistance,13 we were able to detect in
he subset of patients undergoing preoperative IABP inser-
ion a significant improvement of graft flows and PIs in both
lderly and young patients without finding differences when
omparing the 2 groups. These comparable GFRs further
onfirm that arterial grafts in elderly patients show in vivo
he same functional behavior as do those in young patients,
nd because of the predictive value of TTF on angiographic
raft patency,23 this might explain the better results of
rterial grafting compared with traditional LITA plus saphe-
ous vein grafting in elderly patients reported by other
uthors.1,19-21 Therefore, the potential for GFR evaluation is
nother tool to be kept in mind in patients undergoing IABP
ssistance, because it can further explore the accuracy of the
nastomosis and the quality of the graft. We now routinely
ssess flowmetric values during IABP assistance and, com-
ared with those values obtained during temporary IABP
iscontinuance, when issues on the quality of the surgical
esult are argued.

Furthermore, a poorer graft quality and anastomotic ac-
uracy caused by a technically more demanding procedure
nd the learning curve recently have been suggested in
PCABG,24 with incidence of technical abnormalities of

he distal anastomoses as high as 9.9%.25 Although we have
reviously reported comparable TTF results in our experi-
nce between off-pump and on-pump CABG operations,14

e confirm here similar findings when isolated RA grafting
s considered, further demonstrating that arterial conduits in
lderly patients behave as those in young patients, regard-
ess of the surgical technique used.

Finally, the use of the RA has been questioned in sub-
roups of patients undergoing CABG with risk factors for
n accelerated atherosclerosis, such as diabetes and hyper-
ension. Previous studies have reported conflicting results
egarding the adverse effect of diabetes on surgical out-
omes after arterial CABG, despite the equivocal data re-
ulting from significant differences in the extent of coronary
rtery disease, adequacy of diabetic control, strategy of
onduit selection, and surgical techniques between the stud-
es.26 According to the recent evidence of comparable early
nd mid-term results, including graft patency, of arterial
rafting in diabetic and nondiabetic patients,26 our TTF
esults demonstrated that the in vivo functional properties of
hese grafts are comparable with those of young patients

ith the same risk factors. Our data also confirm those by

The Journal of Thoracic
orusso and coworkers,27 showing a significant impairment
f the endothelium-dependent vasorelaxation and intimal
egeneration of SVGs in diabetic patients not detected in
ITA grafts, as well as those of Wendler and associates,28

ho demonstrated comparable in vitro vasoreactivity of
ITA and RA grafts in diabetic and nondiabetic patients.

In conclusion, our data show that arterial grafts in the last
ecades demonstrate the same in vivo functional results as
o those in the younger decades, together with a comparable
ecruitable GFR regardless of the type of arterial conduit,
he type of target vessel, and the type of surgical technique
sed. All these data might explain the reported better results
f arterial revascularization in the last decades of life in
reviously published series, opening the way to routine RA
rafting and furthermore avoiding aortic manipulation with
he Y-graft technique, allowing early ambulation, and al-
owing minimally invasive approaches with good clinical
nd cosmetic results in the growing number of elderly
atients nowadays referred to CABG.

The main limitation of the study is related to the rela-
ively small sample size of patients enrolled in the study.
his is a result of the single-center design of the study itself,
hich, on the other hand, guarantees uniformity of the

urgical technique and perioperative management of the
opulation throughout the time period considered.

Another limitation is the absence of a systematic angio-
raphic control in the 2 groups. Certainly, when graft func-
ion is considered, angiography is still the gold standard
ethod to detect patency; however, it was the aim of the

tudy to detect the acute behavior of arterial grafts in elderly
atients compared with young patients, according to the
ecent demonstration of a good correlation between TTF
esults and angiographic patency rate. Moreover, a system-
tic angiographic control, in the absence of angina, raises
thical issues in performing repeat contrast medium injec-
ion in the elderly, according to their physiologically re-
uced glomerular filtration rate. Finally, it has to be con-
idered that a great majority of elderly patients referred for
ABG had acute coronary syndromes. Therefore, it is the
ain interest of the surgeon to save the life of the patient,

erhaps with arterial revascularization, which carries the
otential for a long-term patency rate.

We thank Professor Tom Roland Karl for his valuable sugges-
ions and continuous support to the study.
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Figure E1. Transit-time flowmetry mean flows in diabetic and hypertensive patients stratified by grafted vessel. RA,
Radial artery; OM, obtuse marginal branches; RX, right coronary territory; DIAG, diagonals.
The Journal of Thoracic and Cardiovascular Surgery ● Volume 134, Number 5 1120.e1
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Figure E2. Transit-time flowmetry pulsatility indices in diabetic and hypertensive patients stratified by grafted
vessel. RA, Radial artery; OM, obtuse marginal branches; RX, right coronary territory; DIAG, diagonals.
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able E1. Demographic and intraoperative data
Group A (elderly), 65 patients Group B (young), 53 patients P value

ge (y) 76.7 � 3.76 51.1 � 8.42 .0001
ale sex 39 (60.0%) 33 (62.3%) .476

uroSCORE (mean � SD) 5.32 � 1.97 2.75 � 1.60 .0001
iabetes 36 (55.4%) 37 (69.8%) .078
ypertension 37 (56.9%) 28 (52.8%) .398
yslipidemia 23 (35.4%) 21 (39.6%) .388
cute coronary syndrome 35 (53.8%) 34 (64.2%) .268
MI �4 wk 23 (35.4%) 25 (47.2%) .134
eft main stem disease 43 (66.2%) 35 (66.0%) .571
reoperative IABP 32 (49.2%) 29 (54.7%) .342
reoperative EF �30% 8 (12.3%) 4 (7.5%) .296
reoperative EF 31%–49% 41 (63.1%) 38 (71.7%) .214
reoperative EF �50% 16 (24.6%) 11 (20.8%) .393
AD TIMI score 0.74 � 0.55 0.72 � 0.68 .408
X TIMI score 1.03 � 0.57 0.98 � 0.69 .642
IAG TIMI score 1.07 � 0.58 1.13 � 0.63 .395
X TIMI score 0.84 � 0.44 0.79 � 0.67 .573
CC time (min) 39.4 � 14.8 38.8 � 15.9 .842
PB time (min) 67.1 � 23.1 72.5 � 24.9 .230
o. of anastomoses/patient 4.35 � 0.78 4.26 � 0.87 .778

ITA 64 (98.5%) 53 (100%) .551
ITA 12 (18.5%) 13 (24.5%) .282
otal arterial grafting 8 (12.3%) 11 (20.8%) .161
ein grafts/patient 2.41 � 0.60 2.32 � 0.72 .116

D, Standard deviation; AMI, acute myocardial infarction; IABP, intra-aortic balloon pump; EF, left ventricular ejection fraction; LAD, left anterior
escending artery; TIMI, Thrombolysis in Myocardial Infarction; CX, circumflex artery; DIAG, diagonals; RX, right coronary artery; ACC, aortic crossclamp;
PB, cardiopulmonary bypass; LITA, left internal thoracic artery; RITA, right internal thoracic artery.

able E2. Perioperative troponin I and myoglobin leakage
T0 T1 T2 T3 T4

roponin I (�g/L) Group A 0.038 � 0.060 1.71 � 1.34 1.72 � 1.46 1.71 � 2.24 1.38 � 2.05
Group B 0.029 � 0.056 1.87 � 0.83 1.80 � 1.39 1.49 � 1.73 1.04 � 1.39
P value .369 .120 .107 .544 .060

yoglobin (ng/mL) Group A 76.8 � 67.7 414.8 � 356 298.8 � 268.7 269.9 � 202.1 169.5 � 136.3
Group B 72.2 � 59.5 374.5 � 345.2 293.6 � 306.2 294.5 � 308.5 223.3 � 206.5
P value .561 .526 .628 .630 .102

0, Preoperative value; T1, values at 12 hours postoperatively; T2, values at 24 hours postoperatively; T3, values at 48 hours postoperatively; T4, values at

2 hours postoperatively.
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