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Introduction

The number of patients undergoing surgery due to coronary
artery disease has dramatically increased worldwide during
the last two decades. Considering the cardiothoracic proce-
dures in 2015 in Germany, every second patient was older
than 70 years.1 Previous studies have shown that coronary
artery bypass graft (CABG) revascularization even for an
elderly population is a safe option with better long-term
results than percutaneous coronary intervention (PCI).2–4

The long-term efficacy of arterial revascularization espe-
cially of the left internal thoracic artery (LITA) on the left
anterior descending (LAD) has been proven in many stu-

dies.5,6 Although the harvesting of venous graft material was
felt to be easier and several itemswere developed to improve
the quality of the veins,7 venous grafts often show occlusion
rates of 5 to 10% per year.8 Therefore, long-term durability is
often comparably bad. As long-term survival of complete
arterial revascularization is mostly higher than venous or
combined revascularization, the trend goes to a preference of
arterial revascularization especially in the younger popula-
tion.9 There especially bilateral internal thoracic artery
(BITA) use seems to improve survival rates.10 For elderly
patients, the usual revascularization procedure is the LITA on
LAD and saphenous vein graft (SVG) on right coronary artery
(RCA) and circumflex artery (RCX).11 For patients older than
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Abstract Background Patients receiving arterial grafts have superior late survival after cor-
onary artery bypass graft (CABG) surgery. The aim of our study was to evaluate themid-
and long-term results of total arterial (TA) revascularization in the elderly.
Methods Between January 2005 and December 2012, a retrospective study on age-,
gender-, and EuroSCORE-matched patients aged 70 years and older was performed.
Altogether, 356 patients who received isolated CABG were assigned to either TA group
or control (CON) group.
Results No significant differences were noted in regard to preoperative risk factors.
The number of distal anastomoses was significantly higher in the CON group (3.6 � 0.6
vs. 2.9 � 0.8; p < 0.001). Postoperatively, no significant differences were noted in
regard tomorbidity or mortality. There were no significant differences in mortality rate
at 1 year (5.6 vs. 5.2%; p ¼ 0.98), or 5 years (9.0 vs. 12.1%; p ¼ 0.39) between both
groups. However, the TA group was associated with significantly higher rate of event-
free survival (p ¼ 0.017).
Conclusion This study suggests that TA revascularization is an effective procedure.
Lower rates of late cardiac events encourage the use of this concept for the elderly.
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70 years, arterial revascularization is usually used if no
venous grafts can be obtained. This can be due to saphenous
varicosis, prior vein extraction, or peripheral vascular dis-
ease with critically diminished leg perfusion. Yet, as the
survival rates presented from other study groups are com-
pletely in favor of arterial revascularization for the younger
population,12,13 the aimofour studywas to assess thebenefit
for patients older than 70 years of total arterial (TA) revas-
cularization compared with conventional CABG surgery.

Materials and Methods

Patients and Study Design
At our department, 178 patients aged 70 years and older
with an isolated CABG and complete arterial revasculariza-
tion were enrolled into this retrospective, observational
analysis from January 2005 to December 2012. Patients
who had off-pump surgery and patients with cardiogenic
shock or combined procedures were excluded. Internal
mammary arteries were harvested as pedicled conduits in
both groups. TA revascularization strategies included LITA
plus radial artery (RA) or BITA.

The cohort (TA group) was matched for age, gender, and
EuroSCORE with patients who had conventional CABG (LITA
plus SVGs) (control [CON] group) during the same period,
thus providing two comparable populations of 178 patients
in each group. However, it was not possible to match the
groups for diabetes mellitus.

Data were collected and extracted from the institution’s
database and from medical records. The institutional ethics
committee approved the study protocol and authorized its
conduct and follow-up. Individual patient consent for inclu-
sion in the study was obtained.

The primary end point was the short- and long-term rates
of major adverse cardiac and cerebrovascular events
(MACCE), a composite of death or a major adverse event
(myocardial infarction, stroke, or repeat revascularization).
Secondary end points were intraoperative variables (extra-
corporeal circulation time, cross-clamp time, number of
distal anastomoses), and postoperative course (ventilation
time, drainage loss, acute renal failure).

The early results of the analysis were presented at the
44th Annual Meeting of the German Society for Thoracic and
Cardiovascular Surgery.14

Surgical Management
All patients had a routine general anesthesia. Median ster-
notomy was applied in all patients. Usually, LITA was har-
vested while SVG for the CON group and RA for the study
populationwere prepared. After opening of the pericardium,
extracorporeal circulation was installed. This was usually
doneby venous cannulation of the right atrial appendage and
arterial cannulation of the aorta. Mild hypothermia (34°C)
was used. Myocardial protection was obtained by antegrade
application of cold blood cardioplegic solution. Distal ana-
stomoses were accomplished in a standard fashion using
Prolene 8–0. In the study group, RA could be connected
directly to the aorta or if sequentially anastomosed to the

right and left coronary system as a Y-graft to the LITA. Right
internal thoracic artery (RITA) could be connected to the RCX
or to the RCA. Rarely, RITAwas used as a free graft. In the CON
group, SVGswere usually directly connected to the aorta. The
surgeries were accomplished by many different surgeons. It
can be assumed that complete arterial procedures were
performed by more experienced surgeons.

Statistical Analysis
Statistical analysis was done using the SPSS 18.0 software
(SPSS, Chicago, Illinois, United States) and Stata 10 SE (Sta-
taCorp., College Station, Texas, United States). Normality of
continuous variableswas assessed by Lilliefors’ test. Values of
continuous data are presented as mean � standard devia-
tion or as median with range or interquartile range when
appropriate. Categorical variables are displayed as frequency
distributions (n) and simple percentages (%). Univariate
comparison between the groups for categorical variables
was made using the chi-square test and the Fisher’s exact
test when appropriate. The probability of event-free survival
was determined on the basis of survival curves using the
Kaplan–Meier’s method and compared using the log-rank
test. Statistical significance was considered when p < 0.05.

Results

Demographic data and clinical presentation are summarized
in►Table 1. The patients had a mean age of 75.2 � 4.0 years.
Male gender was 68.5%. The EuroSCOREwas 10.8 � 10.2%. In
general, no significant differences were noted between the
two groups with regard to preoperative risk factors and
clinical presentations. Acute myocardial infarction was
19.1% in TA group and 16.2% in the CON group, but not
significant. Yet, the rate of patients with diabetes mellitus
was significantly higher in the CON group (34.3 vs. 22.5%;
p ¼ 0.02).

Operative Data
In the study group, LITA was used in all cases. In 58.4%, the
RITA was obtained. RA graft was taken in 153 patients
(86.0%). In the CON group, LITA was used in all but one
patient and RITAwas used in six patients (3.4%). The number
of distal anastomoses was significantly lower for the TA
group (2.9 � 0.8 vs. 3.6 � 0.6; p < 0.001). Nevertheless,
complete revascularization was accomplished to a
similar degree in both groups (98.3 vs. 99.4%). Extracorporeal
circulation time was significantly shorter in the TA group
(98 � 25 vs. 108 � 28 minutes; p ¼ 0.004). Cross-clamp
time was equal (65 � 19 vs. 65 � 21 minutes) and did not
show significance (p ¼ 0.97). The intraoperatively adminis-
tered number of packed red blood cell units was not statis-
tically significant. The intraoperative data can be seen
in ►Table 2.

Outcomes
Postoperative data are summarized in ►Table 3. No differ-
ences in early postoperative and late complications were
observed between both groups. The re-exploration rates, due
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to profuse postoperative bleeding or cardiac tamponade (3.9
vs. 3.4%; p ¼ 0.70) and the 48-hour drainage loss (900 mL
[500–1,400] vs. 600 mL [450–1,400]; p ¼ 0.09) did not differ
significantly. Consequently, postoperative blood transfusion
was comparable between the groups (►Table 2).

Other factors determining intensive care unit (ICU) stay
such as temporary dialysis (5.6 vs. 6.2%; p ¼ 0.98), pulmonary
infections (6.7 vs. 5.6%; p ¼ 0.83), or postoperative neurolo-
gical complications (3.9 vs. 2.8%; p ¼ 0.77) were also compar-
able. Nevertheless, the incidence of postoperative sternal
wound infection was higher in the TA group, although this
difference was not statistically significant (5.1 vs. 2.8%;
p ¼ 0.41). The median length of stay in the ICU (22,3 vs.
2 days;2,3 p ¼ 0.92) and hospital (97–12 vs. 8.5 days;7–12

p ¼ 0.45) were similar between the groups. The 30-day mor-
tality was lower in the TA group (2.8 vs. 3.9%; p ¼ 0.77), but
without statistical significance (►Table 3).

Follow-updataarepresented in►Table 4. Themean follow-
upwas 8.2 � 2.1 years. Follow-upwas 99.4% (177 patients) for
the study population, and 97.2% (173 patients) for the CON
group. Therewere no significant differences inMACCE rates at
1 year (9.8 vs. 8.1%; p ¼ 0.71), 3 years (11.3 vs. 13.3%;
p ¼ 0.63), or 5 years (15.8 vs. 21.4%; p ¼ 0.22) between the
groups. Furthermore, there were no significant differences in

mortality rates at 1 year (5.6 vs. 5.2%;p ¼ 0.98), 3 years (7.3 vs.
7.5%; p ¼ 0.99), or 5 years (9.0 vs. 12.1%; p ¼ 0.39) between
both groups. However, the 5 years repeat revascularization
rate (3.3 vs. 6.9%; p ¼ 0.15) and the number of patients who
need a repeat revascularization due to graft failure (1.1 vs.
4.0%; p ¼ 0.10) were lower in the TA group and therefore
showed a trend which did not yet reach significance. Further-
more, the Kaplan–Meier’s curves revealed that the TA group
was associated with significantly higher rates of event-free
survival (p ¼ 0.017) (►Fig. 1).

Discussion

Most of the studies have shown that even for elderly patients,
CABG is a better choice than PCI especially in patients with
three-vessel disease.15,16 After the demonstration of higher
life expectancies for younger patients having undergone TA
revascularizations, it remains unclear whether elderly
patients also benefit from this concept. Thereby it seems
to be unimportant which second arterial graft is used as
shown in “the RApatency and clinical outcome trial.”13,17We
therefore investigated if patients older than 70 years also
benefit from TA revascularizations.

Age is known to be a risk factor concerning outcome of
CABG.18 Saran et al demonstrated that age older than
70 years is a high risk factor comparable to ejection fraction
below 40%, body mass index more than 30 kg/m2, chronic
lung disease, and diabetes.19 To strictly evaluate the revas-
cularization concept in their analysis, the study group was

Table 1 Demographic data and clinical presentation

TA group
(n ¼ 178)

Control
group
(n ¼ 178)

p-Value

Mean age, y 75.2 � 4.0 75.2 � 4.0 1.0

Gender male 122 (68.5%) 122 (68.5%) 1.0

EuroSCORE, % 10.8 � 10.2 10.8 � 10.2 1.0

Body mass index,
kg/m2

27.4 � 4.6 27.1 � 4.2 0.52

Ejection fraction, % 59 � 15 61 � 14 0.19

Three-vessel
disease

153 (86.0%) 161 (90.4%) 0.25

Urgency of surgery

Elective 117 (65.7%) 104 (58.4%) 0.19

Urgent/
emergent

61 (34.3%) 74 (41.2%) 0.19

Acute myocardial
infarction

34 (19.1%) 42 (16.2%) 0.37

Diabetes mellitus 40 (22.5%) 61 (34.3%) 0.02

Peripheral
vascular disease

34 (19.1%) 20 (11.2%) 0.05

Arterial
hypertension

163 (91.6%) 156 (87.6%) 0.29

Atrial fibrillation 46 (25.8%) 32 (18.0%) 0.13

Chronic obstruc-
tive pulmonary
disease

21 (11.8%) 17 (9.6%) 0.61

Abbreviation: TA, total arterial.
Note: Statistical significance was considered when p < 0.05. All sig-
nificant p-values were highlighted.

Table 2 Intraoperative data

TA group
(n ¼ 178)

Control
group
(n ¼ 178)

p-Value

Conduits (%)

Left internal thoracic
artery

178
(100%)

177
(99.4%)

Right internal
thoracic artery

104
(58.4%)

6
(3.4%)

Radial artery 153
(86.0%)

9 (5.1%)

Saphenous vein
graft

0
(0%)

178
(100%)

Number of distal
anastomoses

2.9 � 0.8
3 (2–3)

3.6 � 0.6
4 (3–4)

<0.001

Complete
revascularization

175
(98.3%)

177
(99.4%)

0.96

Extracorporeal
circulation time,
min

98 � 25 108 � 28 0.004

Cross-clamp time, min 65 � 19 65 � 21 0.97

Reperfusion time, min 27 � 11 33 � 15 <0.001

Number of packed red
blood cells, unit

2 (0–3) 2 (0–4) 0.35

Abbreviation: TA, total arterial.
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age, gender, body mass index, ejection fraction, and Euro-
SCORE matched, as well as matched for chronic lung disease.
Also, redo surgeries as well as off-pump surgeries were
excluded from this study. We are therefore sure to have as
fewconfounders as possible to purely observe the underlying
surgical concepts. Yet, we have to admit that it was not
possible to match the study group for diabetes mellitus. This
might be caused by patient preselection: insulin-dependent
diabetes mellitus used to be a contraindication from taking
both internal thoracic arteries (ITAs) in general in this center.
We have to determine that this strategy is against newer
studies, in which it was shown that even diabetic patients
benefit fromBITAs.20Although in the CON group, 100% of the
patients had venous grafts, and some had RITAs (3.4%) and
RAs (5.1%) also.

The number of distal anastomoses was significantly lower
in the study group (2.9 � 0.8 vs. 3.6 � 0.6; p < 0.001). This
might be explained by the lower occurrence of three-vessel
disease in the TA group (TA group 86.0% vs. CON group 90.4%),
which was however not significant. Although the number of
patients with three-vessel disease in our study is higher than
in other cohorts, that is, 72.6 versus 74.3% and 75.2 versus
77.7%.19,21 As we perceived the significant difference con-
cerning numbers of distal anastomoses, we re-evaluated our
patients and evaluated the completeness of revascularization.

There we could not find a significant difference. As the
completeness of revascularization particularly for all arterial
patients is critical for maximizing the long-term benefits,22

we were glad to find revascularization to be completed in
98.3% of the TA patients and in 99.4% of the CON patients. This
is higher than in other studies, in which completeness of
revascularization is described to be �93.323 and 94.7%.21 The
cross-clamp time was almost identical for both techniques.
The number of deep sternal wound infections was higher in
the study group (5.1 vs. 2.8%; p ¼ 0.41). This might have been
otherwise, if more diabetic patients would have been in the
study group. Data for the risk of sternal wound complications
(SWCs) differ and vary between 1.9 and 10.6%.24,25 The rates
of SWCs for our study groups lie within this range, although it
is most likely that for elderly patients, the risk for wound
complications is rather higher than for younger patients. The
recently published article “Randomized trial of bilateral ver-
sus single internal-thoracic-artery grafts”24 supports the
increased risk for wound healing complications after the
use of bilateral versus single internal artery grafts. With
58.4%, the percentage of bilateral artery grafting is very
high in our study group. In contrast to other studies and
multicenter trials, the ITA harvesting was exclusively done in
a pedicled manner. It is usually preferred to harvest as small a
pedicle as possible with stressing the importance of no touch

Table 3 Postoperative data

TA group
(n ¼ 178)

Control
group
(n ¼ 178)

p-Value

Inotropic support 6 (3.4%) 10 (5.6%) 0.44

48-h drainage
loss, mL

900
(500–1,400)

800
(450–1,400)

0.09

Re-exploration for
bleeding

7 (3.9%) 6 (3.4%) 0.70

Number of packed
red blood cells,
unit

2 (0–3) 2 (0–2) 0.12

Duration of
ventilation, h

16 (11–24) 16
(12–21)

0.45

Postoperative
temporary dialysis

10 (5.6%) 11 (6.2%) 0.98

Postoperative
atrial fibrillation

14 (7.9%) 6 (3.4%) 0.11

Pulmonary
infection

12 (6.7%) 10 (5.6%) 0.83

Deep sternal
wound infection

9 (5.1%) 5 (2.8%) 0.41

Stroke 7 (3.9%) 5 (2.8%) 0.77

Intensive care unit
stay, d

2 (2–3) 2 (2–3) 0.92

Hospital stay, d 9 (7–12) 8.5 (7–12) 0.45

30-d mortality 5 (2.8%) 7 (3.9%) 0.77

Abbreviation: TA, total arterial.

Table 4 MACCE 1, 3, and 4 years after surgery

TA group
(n ¼ 177;
99.4%)

CON
group
(n ¼ 173;
97.2%)

p-Value

MACCE at 1 y 17 (9.8%) 14 (8.1%) 0.71

Death 10 (5.6%) 9 (5.2%) 0.98

Stroke 8 (4.5%) 5 (2.9%) 0.57

Myocardial infarction 0 0 0

Repeat revascularization 0 0 0

Stroke 9 (5.1%) 8 (4.6%) 0.97

MACCE at 3 y 20
(11.3%)

23
(13.3%)

0.63

Death 13 (7.3%) 13 (7.5%) 0.99

Myocardial infarction 1 (0.6%) 1 (0.6%) 1.0

Repeat revascularization 0 2 (1.2%) 0.24

MACCE at 5 y 28
(15.8%)

37
(21.4%)

0.22

Death 16 (9.0%) 21
(12.1%)

0.39

Stroke 10 (5.6%) 8 (4.6%) 0.81

Myocardial infarction 3 (1.7%) 4 (2.3%) 0.72

Repeat
revascularization

6 (3.3%) 12 (6.9%) 0.15

Graft failure 2 (1.1%) 7 (4.0%) 0.10

Abbreviations: CON, control; MACCE, major adverse cardiac and cere-
brovascular events; TA, total arterial.
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preparation in our center. This might be a compromise mini-
mizing wound infections while guaranteeing the integrity of
the graft material. There is no clear evidence that skeletonized
harvesting is superior, but a new meta-analysis of 2,633
shows a significant correlation of the incidence of SWCs
with the technique of ITA harvesting. Especially, diabetic
patients seem to benefit from this approach (odds ratio:
0.327; 95% confidence interval: 0.217–0.492; p < 0.001).25

Although we could not have scheduled angiograms for our
patients due to the standards of our ethics committee, our
mid- and long-term follow-up data is almost complete (99.4%
for the study population and 97.2% for the control group) with
a mean of 8.2 � 2.1 years. At this time, graft failure of venous
grafts usually becomes evident.4,26 Strokes were the only
aspect more likely to occur in the TA group at 1, 3, and 5 years.
Yet, no significance could be determined evaluating any
MACCE. In contrast, myocardial infarction, repeat revascular-
ization, and graft failure are more than twice as probable to
occur in the CON group. Apart from that, survival rates at
5 years were satisfactory for both groups (91% for the TA
group and 87.9% for the CON group) without reaching sig-
nificance. These data are slightly better than described by
other groups for this age group.21 Yet, in contrast to Bisleri
et al, who confirmed the superior outcome in TA grafting in
patients with “diabetes,” we can explicitly not draw any
conclusions concerning patients with diabetes in our study.

However, the Kaplan–Meier’s curves revealed that the
patients having received TA revascularizations have signifi-
cantly higher rates of event-free survival even with advanced
age.

Study Limitations
Our study has some limitations. The study is a retrospective
analysis of data from a single center and the sample size

remains small. The patient groups are not randomized or
blinded for the used technique because the surgeons deter-
mine themethodology based on their preferred technique. No
conclusions concerning diabetes mellitus can be drawn as it
wasnotpossible tomatch thestudygroupconcerning this item
due to a preselection bias. Although complete revasculariza-
tion was accomplished to a similar degree in both groups, the
number of grafts differed significantly between the groups.

Conclusion

Nevertheless, this study suggests that TA revascularization is
a safe and effective procedure in the elderly. Lower rates of
late cardiac events encourage the use of TA revascularization
for this study population. However, we conclude that ran-
domized, prospective studies are needed to further investi-
gate the role of TA revascularization for elderly patients
especially re-evaluating the effects of diabetes mellitus.
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