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The Outcome of Patients Undergoing Abdominal Aortic
Aneurysm Repair with and without Cardiac Disease

Atsushi Tamura, MD, Yoshiharu Takahara, MD, PhD, Kenji Mogi, MD, PhD, and
Masayoshi Katsumata, MD

Purpose: Wereport the outcome of abdominal aortic aneurysm (AAA) repair with and without
cardiac disease. | n patientswith cardiac disease, we compared staged procedures and simulta-
neous oper ations.

Material and Methods: A total of 217 patients underwent scheduled AAA repair from 1994 to
2005. When the AAA with cardiac diseasewas 5.0 cm or lessin diameter, we performed a staged
procedure. When it wasmorethan 5.0 cm in diameter, we per formed a smultaneous oper ation.
Forty-two patients underwent simultaneous oper ations, and 15 had staged procedures.
Results: No occurrence of major cardiac complication was detected in any patient postoper a-
tively. Therewere no hospital deathsin either the no-cardiac-disease group or the staged-proce-
duregroup. Thereweretwo hospital deathsin the smultaneousgroup. The estimated actuarial
10-year survival rateswere 58.9 + 9.9% and 68.2 + 1.5% for the no-car diac-disease group and
the with-car diac-disease group, respectively (P = 0.85). The 10-year survival rateswere 71.2 £
1.6% and 74.8 £ 1.3% for the one-stage-operation group and the staged-operation group, re-
spectively (P =0.35). Therewasno significant difference with regard to hospital deathsand late
mortality rate among the groups.

Conclusion: Thesimultaneous operation method isa useful techniquein patientshaving both a
large AAA and cardiac disease. (Ann Thorac Cardiovasc Surg 2008; 14: 96-100)
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Introduction

Patients with abdominal aortic aneurysm (AAA) fre-
guently have coexistent cardiac disease such as coronary
artery disease (CAD).Y Cardiac disease is the principal
cause of morbidity and mortality after AAA repair. In
patients with alarge AAA, a staged procedure resultsin
an increased rate of AAA rupture.? In our hospital, all
patients scheduled for AAA repair underwent preopera-
tive cardiac examination and coronary arteriography. The
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optimal management of AAA with regard to cardiac dis-
ease remains controversial. We have been performing si-
multaneous operations on AAAs of morethan 5.0 cmin
diameter with cardiac disease and a staged procedure on
AAAsof 5.0 cm or less in diameter.

In the present study, we have reviewed the outcome of
AAA repair with and without cardiac disease.

Material and Methods

From August 1994 to December 2005, we performed 217
scheduled AAA repair operations (averageage 70.0+£ 7.1
years). Emergency operations for ruptured or impending
ruptured AAAs were excluded in this study. The indica-
tion for AAA repair isadiameter greater than 4.5cm. A
total of 160 patients (average age 69.7 + 7.3 years) had
no cardiac disease, and 57 (26.2%, average age 70.9 £
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Table 1. Preoperative characteristics of patients who under-
went AAA repair

Abdominal Aortic Aneurysm Repair with and without Cardiac Disease

Table 2. Characteristics of patients with cardiac disease, a
simultaneous oper ation, and a staged procedure

With cardiac ~ Without cardiac Simultaneous Staged

disease (N=57) disease (N=160) operation procedure
Age (year) 70.9+6.7 69.7+7.3 P=0.921 No. of Patients 42 15
Male/Female 46/11 119/41 P=0.372 Age (years) 70.7+7.2 720+53 P=0514
AAA size(mm) 54.7+117 55.3+123 P =0.509 Male/Female 36+6 10/5 P=0.136
Hypertension 40 (70.1%) 123(76.8%) P =0.373 AAA size (mm) 580+ 113 453+6.8 P=0204
Diabetes 8 (14.0%) 26 (16.2%) P=0.134 AAA, abdominal aortic aneurysm.
Hyperlipidemia 33 (57.8%) 60 (37.5%) P=0.08

AAA, abdominal aortic aneurysm.

6.7 years) had cardiac disease preoperatively. Table 1
shows their preoperative characteristics.

When the AAAs with cardiac disease were 5.0 cm or
less in diameter, we performed a staged procedure. Fif-
teen patients had staged procedures (Table 2). For CAD,
percutaneous coronary intervention (PCI) was the first
choice. AAA repair could not be performed until more
than one month after PCI because the patients needed to
take antiplatel et medicine continuously for amonth after
PCI, especially when a coronary stent was used. For pa-
tients with no indication of PCI, or those with other type
of cardiac disease, we performed the cardiac operation
first. AAA repair was then performed within two weeks
after the operation; this was because an increased risk of
postoperative AAA rupture has been observed after this
period.? Five patients underwent a coronary artery by-
pass graft (CABG), 2 a CABG and aortic valve replace-
ment, and 8 a PCl before AAA repair (Table 3).

When an AAA with cardiac disease was more than 5.0
cm in diameter, we performed a simultaneous operation.
Forty-two patients had simultaneous operations (Table 2).
From May 1994 to April 1999, we performed standard
on-pump CABGs with cardiac arrest. Since June 1999,
we have been performing off-pump CABGs. When the
target coronary vessel was the left anterior descending
branch (LAD) or the right coronary artery (RCA), we
performed a reversed-J inferior ministernotomy, as we
described previously.”? Reversed-J inferior minister-
notomieswere undertaken in 16 casesinvolving off-pump
CABG. We used an intraoperative whole blood
autotransfusion system because of decrease needs for
homologous blood transfusions (BTFs). Heparin sodium
was administered throughout the CABG and AAA repair,
and the activated clotting time was kept at 150 to 180 s.

For aortic valve regurgitation or aleft ventricular an-
eurysm, a full median sternotomy was performed. Hep-
arin sodium was given at a dose of 300 1U/kg to achieve
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Table 3. The procedure for cardiac disease
Staged procedure (N = 15)

Simultaneous operation (N = 42)

On-pump CABG 12 PCI 8
1 vessel 3 CABG 5
2 vessels 4 CABG+AVR 2
3vessels 5

Off-pump CABG 27
1 vessel 24
2 vessels 2
3vessels 1

CABG + Dor 1

AVR 2

CABG, coronary artery bypass graft; AVR, aortic valve re-
placement; PCI, percutaneous coronary intervention.

atarget-activated clotting time of greater than 450 s be-
fore the commencement of a cardiopulmonary bypass
(CPB). After the cardiac procedure, the skin incision was
extended to the lower abdomen, and the abdomina aneu-
rysm repair was conducted as usual while being supported
by CPB.

In the simultaneous operation group, 12 patients un-
derwent on-pump CABGs, 27 off-pump CABGs, 1 a
CABG and Dor operation, and 2 had aortic valve replace-
ments (Table 3). In the CAD patients of the simultaneous
operation group, one vessel disease was most common
(69.2%), rather than two or three.

Statistical methods

Data were presented as the mean + SD. Significant dif-
ferences are reported for P values of less than 0.05. All
statistical analyses were performed using the SPSS for
Windows software programs.

Results
Table 1 shows that there was no significant difference

with regard to preoperative characteristics between with
and without cardiac disease.
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All patients underwent uneventful operations. No oc-
currence of acute myocardial infarction or major cardiac
complication postoperatively was detected in any of the
groups. In the staged procedure group, no patients had an
AAA rupture before an AAA repair.

There were no hospital deaths in the no-cardiac-dis-
ease group, and there were two hospital deathsin thewith-
cardiac-disease group, both in the simultaneous opera-
tion group. One patient died because of renal and respi-
ratory failure. The other had simultaneous renal cell car-
cinomaresection and died of brain metastasis postopera-
tively. There was no significant difference with regard to
hospital death between the no-cardiac-disease and the
with-cardiac-disease groups (P = 0.059), or between the
simultaneous operation and the staged-procedure groups
(P =1.00).

Table 4 shows perioperative data of the with-cardiac-
disease group. The operative time of the staged proce-
dure groups was the total of time required for both the
cardiac operation and AAA repair. The mean operative
time of the simultaneous operation group was 283.3 +
78.2 min, and that of the staged procedure group was 288.0
* 132.7 min. The mean CPB time of the simultaneous
group was 89.0 £ 33.9 min, and that of the staged proce-
dure group was 102.0 + 39.9 min. Eighteen patients
(42.9%) had BTFs in the simultaneous group, and 5
(33.3%) in the staged procedure group. Transfusion re-
quirements averaged 4.6 £ 2.2 units of packed red blood
cell in the simultaneous group, and 3.2 + 1.7 units of
packed red blood cellsin the staged procedure group. The
mean postoperative ventilation time was 396.6 + 272.6
minutes in the simultaneous operation group, and 543.0
+ 442.2 min in the staged procedure group. The mean
postoperative hospital stay was 27.4 + 14.5 daysin the
simultaneous group, and 30.8 + 15.3 days in the staged
procedure group. There was no significant differencewith
regard to perioperative data between the two groups.

In the simultaneous group, 1 patient had mediastinitis
and needed an omental flap implant, 1 had multiple cere-
bral infarction, 1 had bleeding and needed a chest
reexploration, 3 had pneumonia, and 5 had respiratory fail-
ure and needed Bipap mask supports. In the staged proce-
dure group, 1 patient had pneumonia, and 1 had ileus.

The perioperative data of both groups were considered
sufficient, and the number of patients with morbidity was
within permissible range.

Lateresult
Figure 1 shows the Kaplan-Meier plot of the late deaths.
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The estimated actuarial 5-year survival rateswere 82.1 +
4.1% and 85.3 = 5.2% , the 10-year survival rates were
58.9 + 9.9% and 68.2 = 1.5% for the no-cardiac-disease
and the with-cardiac-disease groups (P = 0.85). The 5-
year survival rates were 89.0 + 5.2% and 74.8 £ 1.3%,
and the 10-year survival rateswere 71.2 + 1.6% and 74.8
+ 1.3% for the one-stage operation and staged-operation
groups, respectively (P =0.35, Fig. 2). Therewasno sig-
nificant difference with regard to the mortality rate among
the three groups.

Discussion

The coexistence of cardiac disease and AAA in the same
patient is not an uncommon finding. Moreover, cardiac
disease isthe leading cause of both early and late mortal-
ity following AAA repair. Some cardiac screening mea-
sures exist, such as coronary angiography, stress electro-
cardiography, and radionuclide myocardia screening. The
use of routine coronary angiography in the evaluation of
patients under consideration for AAA repair has gener-
ated considerable controversy. Hertzer and colleagues
have described their experience with 1,000 coronary
angiogramsin peripheral vascular patients. They reported
that severe correctable CAD wasidentified in 25% of the
entire series,” and severe CAD was also identified in 31%
of the AAA patientsin their report. In our hospital, we
routinely perform coronary angiography ion patients
scheduled for AAA repair. We have found cardiac dis-
ease in 26.2% of our patients. This result suggests that
routine preoperative cardiac catheterization in AAA pa-
tientsis auseful cardiac screening measure.

The treatment of AAA patients with cardiac disease
remains controversial. Patients have two treatment op-
tions: staged or simultaneous. Some researchers have re-
ported that coronary artery revascularization could pos-
sibly lead to an increased occurrence of postoperative
AAA rupture. Durham and colleagues reported an 11%
incidence of aneurysm rupture after cardiothoracic sur-
gery.? Nora and colleagues reported a 38% rupture rate
after elective colon resection in patients with known
AAAS.Y Blackbourne and colleagues have contended that
elective AAA repair should be undertaken within two
weeks of coronary artery revascularization because the
risk of postoperative AAA rupture appears to increase
after this period.? Size appearsto be the best predictor of
rupture. Nevitt and colleagues reviewed 176 patients with
AAAsand found 16 to have had aruptured AAA, all with
aneurysms larger than 5 cm.® In our hospital, when the
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Table 4. Perioper ative data of patients of a simultaneous group and a staged procedure group

Simultaneous operation  Staged procedure

Hospital death 2 (4.7%) 0 (0%) P=1.00
Operative time (min) 283.3+78.2 288.0 £ 132.7 P=034
CPB time (min) 89.0+ 33.9 102.0 £ 39.9 P=0.52
BTF (units) 4.6 £ 2.2 (42.9%) 3.2+ 1.7 (33.3%) P=047
Postoperative ventilation time (min) 396.6 + 272.6 543.0 £ 442.2 P=0.83
Postoperative hospital stay (days) 274+145 30.8+15.3 P=0.92
CPB, cardiopulmonary bypass; BTF, blood transfusion.
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Fig. 1. Kaplan-Meier survival estimates stratified by the with-
out-cardiac-disease group (—) versus the with-cardiac-disease
group (---).

AAA is5.0 cm or less in diameter, we adopt the staged
procedure. When it is greater than 5.0 cm in diameter, we
adopt a simultaneous operation. There were no ruptures
in the staged procedure group under this strategy.

The hospital mortality of simultaneous operation was
recently reported as 0%—12%;29 our hospital mortality
of 4.7% is comparable to these reports. However, full
median sternotomy and CPB are invasive to a patient
undergoing a simultaneous operation of thiskind. To de-
crease surgical stress, we have developed the following
protocol: For CAD, we undertake off-pump CABG, and
the reversed-J inferior ministernotomy is adopted when
the target coronary isin the LAD and RCA area. The
appeal of acoronary bypass on abeating heart isitsavoid-
ance of CPB, which isresponsible for renal, pulmonary,
and cerebral vascular complications, and also for provok-
ing asystemicinflammatory reaction. King and colleagues
speculated that the inflammatory response caused by CPB
might have a direct impact on AAA dilatation, causing
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Fig. 2. Kaplan-Meier survival estimates stratified by the simulta-
neous-operation group (—) versus the staged-procedure group

().

further wall weakening and decreasing tensile strength. ™V
The off-pump CABG procedure reduces intraopetative
myocardial injury because of the absence of ischemic
arrest. Ascione and colleagues reported a simultaneous
CABG and AAA operation with and without CPB.*2 In
their experience, the on-pump group had a significantly
higher incidence of cardio-related events, inotropic sup-
port requirement, longer intubation time, and chest in-
fection episodes. Tota blood loss and transfusion require-
ments were significantly lower in the off-pump group.
Moreover, as our department has reported,” mini-sterno-
tomy reduced severe postoperative pain and respiratory
failure.

For valvedisease or left ventricular aneurysms, we must
ingtitute CPB. After the cardiac procedure, AAA repair is
performed during partial CPB. Blood lost during this pro-
cedureis saved using cardiotomy suction and retransfused
via CPB. While being supported by CPB, the deleterious
effects of infrarenal aortic clamping and declamping on
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myocardial function can be effectively avoided.*®

However, a simultaneous operation has the demerits
of its high invasiveness. We contrive to decrease surgical
stress by adopting the methods mentioned above. Other-
wise, a simultaneous operation avoids repeat anesthesia
and prevents two separate convalescent periods. It also
has other advantages. It may be cost-effective because a
second hospitalization and second procedure can be
avoided. Table 4 shows that the perioperative data of si-
multaneous operation were comparable to that of a staged
procedure. Thus the method of simultaneous operation is
auseful and an effective techniqueif performedin acare-
ful manner.

Late survival after aneurysm repair also seems to be
directly influenced by cardiac disease. Hollier and col-
leagues have demonstrated a 5-year survival rate of 67%
and a 10-year survival rate of 40.7% in arecent series of
aneurysm repairs. Late deaths were attributable to car-
diac disease in 38% of the patients.*¥ With regard to our
hospital late survival, there has been no significant dif-
ference between the no-cardiac-disease and the with-car-
diac-disease groups, or the simultaneous and staged pro-
cedure groups. The late survival rates were satisfactory
inal groups.

In conclusion, we can perform a simultaneous opera-
tion safely on alarge AAA with cardiac disease. The
method of a simultaneous operation is a useful technique
in patients with larger AAAs and cardiac disease.

References

1. Hertzer NR, Beven EG, Young JR, O’'Hara PJ,
Ruschhaupt WF 3rd, et a. Coronary artery diseasein
peripheral vascular patients. A classification of 10000
coronary angiograms and results of surgical manage-
ment. Ann Surg 1984; 199: 223-33.

2. Durham SJ, Steed DL, Moosa HH, Makaroun MS,
Webster MW. Probability of rupture of an abdominal
aortic aneurysm after an unrelated operative procedure;
a prospective study. J Vasc Surg 1991; 13: 248-52.

3. Blackbourne LH, Tribble CG, Langenburg SE, Mauney
MC, Buchanan SA, et a. Optimal timing of abdomi-

100

10.

11.

12.

13.

14.

nal aortic aneurysm repair after coronary artery
revasculaization. Ann Surg 1994; 219: 693-8.

. Takaharay, Sudo, Ishida K, Matsuura K. Simulta-

neous coronary arterial bypass surgery using mini-ster-
notomy and off-pump methods and abdominal aneu-
rysm repair. Eur J Cardiothorac Surg 2001; 19: 935—
7

. Nora JD, Pariolero PC, Nivatvongs S, Cherry KJ,

Hallett JW, et a. Concomitant abdominal aortic aneu-
rysm and colorectal carcinoma: priority of resection. J
Vasc Surg 1989; 9: 630-6.

. Nevitt MP, Ballard DJ, Hallet JW Jr. Prognosis of ab-

dominal aortic aneurysms. A population-based study.
N Engl J Med 1989; 321: 1009-14.

. AscioneR, lanneli G, Lim KH, ImuraH, Spampinato

N. One-stage coronary and abdominal aortic operation
with and without cardiopulmonary bypass: early and
midterm follow-up. Ann Thorac Surg 2001; 72: 768—
75.

. Mohr FW, Falk V, Autschbach R, Diegeler A, Schorn

B, et al. One-stage surgery of coronary arteries and
abdominal aorta patients with impaired left ventricu-
lar function. Circulation 1995; 91: 379-85.

. Autschbach R, Falk V, Walther T, Vettelschob M,

Diegeler A, et al. Simultaneous coronary bypass and
abdominal aortic surgery in patients with sever coro-
nary disease—indication and results. Eur J Cardiotho-
rac Surg 1995; 9: 678-84.

Minami H, Mukohara N, Obo H, Yoshida M, Maruo
A, et al. Simultaneous operation of off pump coronary
artery bypass and abdominal aortic aneurysm repair.
Jpn J Thorac Cardiovasc Surg 2005; 53: 133—7.

King RC, Parrino PE, Hurst JL, Shockey KS, Tribble
CG, et a. Simultaneous coronary artery bypass graft-
ing and abdominal aneurysm repair decreases stay and
costs. Ann Thorac Surg 1998; 66: 1273-6.

AscioneR, lannélli G, Lim KH, ImuraH, Spampinato
N. One-stage coronary and abdominal aortic operation
with and without cardiopulmonary bypass: early and
midterm follow-up. Ann Thorac Surg 2001; 72: 768—
75.

Falk V, Walther T, Mohr FW. Abdominal aortic aneu-
rysm repair during cardiopulmonary bypass. rationale
for a combined approach. Cardiovasc Surg 1997; 5:
271-8.

Hollier LH, Plate G, O'Brien PC, Kazmier FJ,
Gloviczki P, et al. Late survival after abdominal aortic
aneurysm repair: influence of coronary artery disease.
JVasc Surg 1984; 1: 290-9.

Ann Thorac Cardiovasc Surg Vol. 14, No. 2 (2008)



