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We retrospectively evaluated early clinical results of coronary revascularization using
none but arterial grafts in patients aged 65 years and older. The cases of 449 consecutive patients who had undergone isolated myocardial revascularization were divided into 2
groups: the arterial conduit group (n=107) received a left internal mammary artery (LIMA)
graft and 1 or both radial arteries (RAs), while the mixed-conduit group (n=342) received a
LIMA graft and 1 or more saphenous vein grafts (SVGs), with or without an RA.
There was no significant difference between the groups’ rates of mortality. The arterial conduit group had a significantly shorter overall postoperative hospital stay than did
the mixed-conduit group (mean, 6.6 ± 0.9 vs 7.2 ± 5 days; P=0.04). Linear regression
analysis revealed that the presence of hypertension (β=0.13; 95% confidence interval [CI],
0.054–0.759; P=0.02) and high EuroSCORE (β=0.24; 95% CI, 0.053–0.283; P=0.004)
were the major predicting factors for long hospital stay. Graft-harvest-site infection was
statistically more frequent in the mixed-conduit group than in the arterial conduit group
(6.4% vs 0, respectively; P=0.007). Angiography was performed postoperatively (mean,
24.9 ± 16.3 mo; range, 11–65 mo) in 21 patients. In these patients, all LIMA grafts were
patent, as were 86.9% of the SVGs and 90.9% of the RA grafts.
Myocardial revascularization using all arterial grafts (at least 50% RAs) in patients aged
65 years and older is safe and reliable, produces short-term results equal to those of saphenous vein grafting, and can reduce graft-harvest-site infections. (Tex Heart Inst J 2010;
37(3):301-6)

I

n recent years, more and more elderly patients have been able to undergo coronary artery revascularization because of advancements in surgical techniques.1-3
Although these older individuals are at risk of postoperative sequelae from many
concomitant diseases, the operative results associated with revascularization have continued to improve.4,5 Use of the left internal mammary artery (LIMA) as a bypass
graft for the left anterior descending coronary artery (LAD) is the main innovation
that has improved survival rates and reduced late cardiac events after coronary artery
bypass grafting (CABG).6-8 Use of the radial artery (RA) has also yielded favorable
angiographic and clinical results, including very good long-term patency, better healing of the forearm than of the leg (as a harvesting site, when use of the RA is compared with use of the saphenous vein), and lower risk of wound infection. Although
the RA is now considered a suitable conduit for CABG,9-11 more information is needed on outcomes. We designed this study to evaluate early clinical results of all-arterial revascularization of the coronary arteries using LIMA and RA grafts in patients
aged 65 and older.

Patients and Methods
The study sample comprised 449 consecutive patients aged 65 years and older who
underwent isolated CABG at Turgut Ozal Medical Center from September 2001
through February 2007. These individuals were divided retrospectively in accordance
with the specifics of their operations. One group (the arterial conduit group, n=107)
received arterial conduits only: a LIMA graft and 1 or both RAs. The other (the
mixed-conduit group, n=342) received a LIMA graft and 1 or more saphenous vein
grafts (SVGs), with or without an RA. A computerized clinical database was used to
review the details of each case. The exclusion criteria were certain concomitant proAll-Arterial Coronary Grafting in Elderly Patients
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cedures (left ventricular aneurysmectomy, carotid endarterectomy, and valve or aortic surgery), emergency
operation, and reoperation.

other than the LAD; and only RA conduits were used
to bypass vessels other than the LAD if those vessels exhibited more than 70% stenosis.

Data Collection and Definitions

Postoperative Management

The variables recorded preoperatively were patient age
and sex; body mass index; presence or absence of unstable angina; history of hypertension, diabetes mellitus,
smoking, hyperlipidemia, or chronic obstructive pulmonary disease; previous cerebrovascular accident or
myocardial infarction (MI); presence or absence of carotid artery disease or renal dysfunction; left ventricular ejection fraction; and presence or absence of left
main coronary artery (LMCA) disease. The intraoperative data collected were number of grafts per operation, types of grafts used (for example, LIMA, RA, and
venous grafts), cardiopulmonary bypass (CPB) time,
and aortic cross-clamp time. The data collected in regard to postoperative outcomes were mechanical ventilation time; need for inotropic or intra-aortic balloon
pump support; development of atrial fibrillation, perioperative MI (immediate postoperative period), renal
dysfunction, or infective, neurologic or gastrointestinal complications; re-exploration for bleeding or cardiac tamponade; length of stay in the intensive care unit;
length of overall hospital stay; and operative death (defined as death in the first 30 days after CABG). In addition, each individual’s EuroSCORE was calculated
on the basis of his or her demographic and clinical characteristics. Clinical follow-up was done via telephone
and routine follow-up appointments. The mean follow-up time was 29.7 ± 11.3 months (range, 3–65 mo).
Patients were rechecked at 1 week and 1 month postoperatively, and then every 3 months thereafter.

Electrocardiographic analyses were performed immediately after each operation; on postoperative days 1, 2,
and 4; and just before hospital discharge. Patients received intravenous nitroglycerin for the first 24 hours
after surgery, provided that systolic blood pressure was
>90 mmHg. A calcium-channel blocker (diltiazem)
was administered intravenously during the operation
and was continued through day 1. Oral calcium-channel blocker therapy was continued for 1 year after surgery. Patients were also prescribed a regimen of aspirin
(300 mg daily), starting immediately after extubation.
Cholesterol-lowering agents were prescribed after hospital discharge and, along with aspirin, were continued
indefinitely as long-term maintenance therapy.

Surgical Technique

Details of the surgical techniques used for complete
revascularization by means of arterial grafts only have
been described previously.12 Most of the operations in
this study (n=426; 94.9%) were performed using CPB,
and the remainder (n=23; 5.1%) were performed offpump. In each case in which an RA was used, the adequacy of collateral circulation to the hand was evaluated
preoperatively with the Allen test, and then again intraoperatively by means of digital plethysmography. Radial-artery harvesting was carried out using our previously
documented technique,12 simultaneously with LIMA
harvesting. Saphenous veins were harvested using conventional methods. The preoperative exclusion criteria
for RA harvesting were a positive Allen test, significant
RA stenosis, severe RA plaque or calcification as revealed
by Doppler ultrasonography, or a history of vasculitis
or Raynaud’s disease. The choice of graft material was
left to the surgeon, but certain protocols applied. The
LIMA was used routinely as a graft for the LAD; RA
and SVG conduits were used mainly to bypass vessels
302
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Statistical Analysis

The data were statistically analyzed using SPSS for Windows, version 10.0 (SPSS Inc.; Chicago, Ill). Data for
patient characteristics and outcomes were expressed either as a percentage of total or as mean ± SD. Group categorical data were compared using the c2 test or Fisher’s
exact test. Results for continuous variables were compared using an independent t test. A P value of less than
0.05 was considered significant. Linear regression analy-
sis and logistic regression analysis, respectively, were performed to identify independent factors associated with
hospital stay and harvest-site infections.

Results
The preoperative demographic characteristics are summarized in Table I. The mean age was 69.2 ± 3.9 years
in the arterial conduit group and 70.4 ± 4.5 years in the
mixed-conduit group. There were no significant differences between the 2 groups with respect to sex distribution; prevalence of chronic obstructive pulmonary
disease; frequency of previous percutaneous transluminal coronary angioplasty; prevalence of hypertension,
obesity (body mass index, ≥30 kg/m2), hyperlipidemia,
smoking, diabetes mellitus, unstable angina, or LMCA
disease; proportions of patients with previous MI or
cerebrovascular accident; or proportions of patients with
carotid artery disease or renal dysfunction. There were
also no statistical differences between the groups with
respect to mean number of diseased vessels, mean left
ventricular ejection fraction, or EuroSCORE.
The operative data are presented in Table II. There
were no signif icant differences between the groups’
mean cross-clamp times or mean CPB times. The mean
numbers of coronary bypass grafts were 3.14 ± 1 in the
arterial conduit group and 3.08 ± 0.8 in the mixed-conVolume 37, Number 3, 2010

TABLE I. Results for Preoperative Variables in the
Study Groups

Variable
Age, yr
Women

Arterial
Conduit
Group
n=107 (%)

MixedConduit
Group
n=342 (%)

P Value

69.2 ± 3.9

70.4 ± 4.5
106 (31)

34 (31.8)

TABLE II. Results for Intraoperative Variables in the Study
Groups

Variable

Arterial
Conduit
Group
n=107 (%)

MixedConduit
Group
n=342 (%)

P Value

0.232

LIMA used

107 (100)

337 (98.5)

0.208

0.878

One or more
RAs used

107 (100)

35 (10.2)

0.0001

Both RAs used

54 (52.9)

—

0.0001

Diabetes mellitus

26 (24.3)

66 (19.3)

Hypertension

43 (40.2)

155 (45.3)

0.263
0.35

Obesity

20 (18.7)

57 (16.7)

0.628

Body surface
area, m2

1.7 ± 0.2

1.7 ± 0.2

26.2 ± 3.8

0

342 (100)

0.0001

0.664

Sequential
grafting of RA

49 (45.8)

7 (2)

0.0001

25.4 ± 4.1

0.08

Y anastomosis
of RA grafts

8 (7.5)

—

0.0001

53 (49.5)

170 (49.7)

0.975

T anastomosis
of RA grafts

19 (17.8)

—

0.0001

Alcohol
consumption

7 (6.5)

20 (5.8)

0.899

Sequential LIMA
grafting

8 (7.5)

—

0.0001

Family history
of CAD

28 (26.2)

88 (25.7)

0.928

Off-pump
procedure

4 (3.7)

19 (5.6)

0.112

COPD

18 (16.8)

82 (24)

0.121

No. of grafts
per operation

3.08 ± 0.8

0.534

Body mass
index, kg/m2
Smoking

Prior stroke

—

9 (2.6)

0.09

Hyperlipidemia

34 (31.8)

98 (28.7)

0.62

Unstable angina

18 (16.8)

58 (17)

0.974

14 (4.1)

0.87

Peripheral vascular
disease

4 (3.7)

Carotid artery
disease

22 (20)

Prior myocardial
infarction

64 (59.8)

232 (67.8)

0.126

Prior PTCA

12 (11.2)

22 (6.4)

0.103

Renal insufficiency

1 (0.9)

8 (2.3)

0.366

1-Vessel disease

5 (4.7)

14 (4.1)

0.795

2-Vessel disease

44 (41.2)

112 (32.7)

0.112

3-Vessel disease

58 (54.2)

216 (63.2)

0.092

1 (1)

13 (3.8)

0.136

LV ejection
fraction

0.52 ± 0.08

0.48 ± 0.1

0.078

EuroSCORE

4.7 ± 1.8

5.4 ± 1.9

0.068

LMCA disease

96 (28.1)

0.124

CAD = coronary artery disease; COPD = chronic obstructive
pulmonary disease; LMCA = left main coronary artery; LV = left
ventricular; PTCA = percutaneous transluminal coronary angioplasty
Data are expressed as mean ± SD or as number and percentage. P <0.05 was considered statistically significant.

duit group. The LIMA was used for surgical revascularization of the LAD in all cases in the arterial conduit
group (100%), and in 337 (98.5%) of the cases in the
mixed-conduit group. The sequential anastomoses in
the arterial conduit group were performed using the RA
Texas Heart Institute Journal

SVG used

3.14 ± 1
1.3 ± 0.5

1.6 ± 0.4

Cross-clamp
time, min

70.5 ± 19.3

74.3 ± 16.6

0.072

CPB time, min

94.6 ± 21.9

93.8 ± 29.5

0.801

No. with proximal
anastomosis to
the ascending
aorta

0.0001

CPB = cardiopulmonary bypass; LIMA = left internal mammary
artery; RA = radial artery; SVG = saphenous vein graft
Data are expressed as mean ± SD or as number and percentage.
P <0.05 was considered statistically significant.

in 49 cases (45.8%) and the LIMA in 8 cases (7.5%).
Both RAs were used in 54 (50.5%) of the arterial conduit group. In the mixed-conduit group, SVGs were
used for all of the cases. The mean number of patients
with proximal anastomosis to the ascending aorta was
significantly higher in the mixed-conduit group (1.3 ±
0.5 vs 1.6 ± 0.4; P=0.0001).
The findings for postoperative outcome are listed in
Table III. There was no difference between groups with
respect to hospital death (1.9% vs 2%, respectively) or
postoperative intensive care unit stay. However, the arterial conduit group had a shorter overall hospital stay
than did the mixed-conduit group (6.6 ± 0.9 vs 7.2 ±
5 days; P=0.041). Linear regression analysis to evaluate the factors associated with hospital stay revealed
that EuroSCORE (β=0.24; 95% CI, 0.053–0.283;
P=0.003) and the presence of hypertension (β=0.13;
95% CI, 0.054–0.759; P=0.03) were factors independently associated with hospital stay. The harvest-site inAll-Arterial Coronary Grafting in Elderly Patients
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TABLE III. Results for Postoperative Variables in the
2 Groups
Arterial
Conduit
Group
n=107 (%)

MixedConduit
Group
n=342 (%)

P Value

Inotropic therapy
required

8 (7.5)

32 (9.4)

0.551

IABP required

1 (0.9)

9 (2.6)

0.299

8.6 ± 3.6

9.2 ± 3.7

0.133

2 (1.9)

8 (2.3)

0.774

2.4 ± 0.8

2.6 ± 1.3

0.146

Prolonged ICU
stay (≥6 d)

3 (2.8)

16 (4.7)

0.401

Hospital stay, d

6.6 ± 0.9

7.2 ± 5

0.04

Hospital death
(first 30 d)

2 (1.9)

7 (2)

0.643

Re-exploration
for bleeding
or tamponade

3 (2.8)

5 (1.5)

0.36

Atrial fibrillation

20 (18.7)

70 (20.5)

0.689

2 (1.9)

9 (2.6)

0.656

Pneumonia

—

2 (0.6)

1

Perioperative MI

—

4 (1.1)

1

Postoperative TIA
or stroke

—

6 (1.8)

0.356

GIS complications

1 (0.9)

2 (0.6)

0.251

Superficial-wound
infection

—

4 (1.2)

1

Deep-wound
infection

—

1 (0.3)

1

Graft-harvest-site
infection

—

22 (6.4)

0.007

Sternal dehiscence

1 (0.9)

2 (0.6)

0.532

Renal dysfunction

1 (0.9)

3 (0.9)

1

—

4 (1.2)

1

Variable

Mechanical
ventilation
time, hr
Prolonged
ventilation
time (≥24 hr)
ICU stay, d

Substantial pleural
effusion

Deep vein thrombosis

GIS = gastrointestinal system; IABP = intra-aortic balloon pump;
ICU = intensive care unit; MI = myocardial infarction; TIA = transient ischemic attack
Data are expressed as mean ± SD or as number and percentage.
P <0.05 was considered statistically significant.

fection rate was significantly higher in alcohol-drinking
patients than in nondrinkers (18% vs 5%; P=0.04).
However, alcohol was not independently associated
with harvest-site infection. There were no significant
differences between the groups with respect to the incidence of perioperative low-output syndrome (the re304
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quirement for inotropic support or intra-aortic balloon
pump support) or mean mechanical ventilation time.
There were also no significant differences between the 2
groups’ rates of postoperative sequelae, including re-exploration for bleeding or tamponade, atrial fibrillation,
perioperative MI, major pleural effusion, pneumonia, gastrointestinal and neurologic events, superficial
or deep-wound infection, sternal-wound dehiscence,
new-onset renal dysfunction, and deep vein thrombosis
(DVT). There were no infections at any of the RA harvesting sites, whereas 22 (6.4%) of the mixed-conduit
group developed infection at saphenous-vein harvesting
sites (P=0.007). The only complication associated with
RA harvesting was transient paresthesia in 15 patients
(14%).
During follow-up, 21 patients with symptoms of angina (8 in the arterial conduit group and 13 in the
mixed-conduit group) underwent angiography at 24.9
± 16.3 postoperative months (range, 11–65 mo). A total
of 66 grafts were examined in these individuals, including 21 LIMAs, 22 RAs, and 23 SVGs. All the LIMAs
were patent, as were 90.9% of the RAs and 86.9% of
the SVGs.

Discussion
Our findings indicate that, for patients aged 65 years
and older, short-term results after revascularization using
only arterial conduits (mostly RA grafts) are similar to
short-term results observed after conventional coronary
surgery using mixed-conduits (including SVG grafts).
The only differences we detected between our arterial
conduit and mixed-conduit groups were hospital-stay
times and harvest-site infection rates, with higher numbers of harvest-site infections and longer hospital stays
in the mixed-conduit group.
Although the impact of coronary revascularization
with the use of all-arterial grafts has been well documented in the general population, there are few published data on this practice in application to elderly
patients. Our study of patients aged 65 years and older
suggests that complete arterial revascularization using
mostly RAs and conventional CABG using a mixture
of arterial grafts and SVGs yield similar early postoperative outcomes. However, we observed higher numbers
of graft-harvest-site infections and longer hospital stays
among SVG recipients.
The reported incidence rates for leg-wound complications after SVG harvesting in all age groups range from
1% to 24%.13-15 Commonly documented leg-wound
complications after SVG harvesting include dermatitis,
cellulitis, greater saphenous neuropathy, chronic nonhealing wounds, and lymphoceles. These major adverse
sequelae result in substantial morbidity and longer hospital stays, higher hospital costs, later mobilization, and
additional surgical procedures.16
Volume 37, Number 3, 2010

We used the traditional SVG-harvesting technique
in our patients, but there are some effective alternatives.
Greenfield and coworkers17 evaluated wound-healing in
a group that underwent minimally invasive SVG harvesting by means of the SaphLITE retractor system;
and Crouch and coworkers18 evaluated wound complications and vein-graft quality in a group that underwent endoscopic SVG harvesting. Both Greenfield and
Crouch reported that their techniques were effective alternatives that led to improved wound-healing and less
morbidity, when compared with traditional SVG harvesting. In contrast, arm-wound complications after RA
harvesting are rare. Tatoulis and coworkers 19 evaluated
RA-harvest-site results in 2,417 patients who received
one or more RA grafts during CABG and observed a
0.08% incidence of fingertip ischemia. They also reported a 0.4% incidence of forearm hematoma and no
major forearm infections. In our study, we observed infection at the harvest site in 22 (6.4%) patients in the
mixed-conduit (including SVG) group and no harvestsite infections in the arterial conduit (mostly RA) group.
Traditional SVG harvesting often requires a long incision to obtain a suitable length of graft vessel, and this
is especially common in elderly patients because of the
vein’s dilated and ectatic structure in that age group.
We observed DVT in 4 patients in our mixed-conduit
group (1.2%), and we attribute this to late postoperative
mobilization. One of the reasons for early death in this
group was acute pulmonary embolism caused by DVT.
In contrast, there was no instance of DVT in our arterial conduit group. The hospital stay for this group was
significantly shorter than that for the mixed-conduit
group in our study, which we attribute to early mobilization—enabled by the absence of a leg incision and the
potential sequelae of SVG harvesting. The other major
predicting factors for long hospital stay in our study
were hypertension and a high EuroSCORE.
Although the difference between our arterial and
mixed groups with respect to frequency of cerebrovascular accidents did not reach statistical significance, there
was a higher rate of cerebrovascular events among patients who received SVGs. This is noteworthy because
the mean number of patients who underwent proximal
anastomosis to the ascending aorta was significantly
higher in the mixed group. Anastomosis of RA grafts
to the LIMA or to other RA grafts in T or Y fashion
eliminates the need for proximal anastomosis to the ascending aorta, which is particularly important in elderly
patients who have atherosclerosis in this portion of the
aorta.
Early RA patency rates for all age groups after CABG
(that is, patency in the first 3 months) have been reported to range from 96% to 100%, and the rates at 1
to 2 years range from 84% to 100%.20-22 The patency
rates for RA grafts in our elderly patients were similar to
those reported in previous studies; however, only a small
Texas Heart Institute Journal

subset of our patients underwent postoperative angiography.
Other Limitations. Our investigation had several limitations in addition to the general absence of follow-up
angiographic results. Our retrospective methodology is
among them. Another limitation is that patients were
not randomly assigned to receive a single category of
graft materials (RA or SVG); rather, decisions about
graft types were left mainly to the surgeon, and patients
received either a mixture of arterial grafts or a mixture
of arterial and saphenous vein grafts.
Conclusion. As we have specified, RA grafts in our
study were used only to bypass target vessels that exhibited more than 70% stenosis. We observed that patients
65 years and older who underwent all-arterial revascularization had perioperative morbidity and mortality
rates similar to those of patients in the same age cohort
who underwent conventional CABG with 1 or more
saphenous veins. Further, our data indicate that, for
this age group, the use of RAs in CABG may offer the
additional benefits of fewer harvest-site infections and,
consequently, shorter hospital stays. In alcohol-drinking
patients, an RA graft can be chosen to decrease the risk
of harvest-site infection. Overall, our findings suggest
that all-arterial revascularization using mostly RAs is a
reliable, feasible, and safe surgical approach that yields
major acute outcomes similar to those of SVG use.
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