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Background: The incidence of coronary artery bypass grafting surgery (CABG) in elderly patients has been increasing.
There are contradictory reports on the early outcome of elderly coronary artery patients as compared with their young
counterparts. We designed this retrospective study to address this issue.

Methods: We retrospectively analyzed the results of 1489 on—pump CABG cases performed at our hospital during a
4.5-year period. Perioperative data such as demographic, medical, clinical, operative, and postoperative variables were
collected and compared between patients 70 years old or younger (Group A, n = 1164) and patients above 70 years of age
(Group B, n = 325). Statistical analysis was performed using the t-test for the continuous and the X tests for the categorical
variables. Significant variables according to the univariate analysis (X° and t-test) were further analyzed using multivariate
logistic regression analysis.

Results: The variables of weight (P value < 0.001), preoperative PO, (P value = 0.005), ejection fraction > 30% (P
value = 0.001), body surface area (P value = 0.003), and hypercholesterolemia (P value = 0.007) were higher in Group A,
whereas preoperative myocardial infarction (P value < 0.001), postoperative low cardiac output syndrome (P value = 0.019),
emergent surgery (P value = 0.003), inotropic drug use (P value < 0.001), preoperative heparin use (P value < 0.001),
re-exploration for bleeding (P value = 0.015), hospital stay (P value < 0.001), low ejection fraction (< 30%) (P value =
0.001), preoperative creatinine > 1.5 mg/dl (P value < 0.001), chronic obstructive pulmonary disease (P value < 0.001),
intra-aortic balloon pump use (P value < 0.001), infection (P value < 0.001), pulmonary complications (P value < 0.001),
atrial fibrillation (P value < 0.001), postoperative renal complications (P value < 0.001), and death (P value = 0.012) were
more frequent in Group B.

Conclusion: CABG in the elderly patients had certain surgical risks such as chronic obstructive pulmonary disease,
preoperative myocardial infarction, emergent surgery, and death. Also, postoperative complications such as pulmonary
complications, inotropic drug use, intra-aortic balloon pump use, and infection were more frequent in the elderly than in the
younger patients.
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Introduction

The development of the health care system has led to a
continuous growth in the elderly population in Iran, which
has been allied with a rise in the number of candidates for
coronary artery bypass grafting surgery (CABG). Our data
indicate a gradual rise in the mean age of patients undergoing
CABG in the Iranian province of Kermanshah. The first
article on the usefulness of CABG in elderly patients was
published by MacDonald.! In that study, the CABG outcome
in the elderly was placed in doubt by this question: “Is the
decision to perform CABG in elderly patients supported by
evidence or by faith?” This was a vitally important quandary
inasmuch as many clinical studies- up to that point- had
excluded octogenarian patients in the comparison between
CABG outcome and that of medical therapy in the treatment
of coronary artery disease (CAD). Flather, Gersh, Sen,
and their colleagues®* in separate studies reported higher
perioperative morbidity and mortality rates in elderly
patients. Cohn et al.’ demonstrated that short-term treatment
costs were higher for elderly patients than for their younger
counterparts. Smith et al.® evaluated the outcome of CABG
in octogenarian patients and reported that the early outcome
was similar between the elderly patients (> 70 years) and
young patients. Nevertheless, because of the small number
of the elderly patients (61 patients), the authors could not
make a strong conclusion because a single individual death
in the elderly population would have increased the death rate
to 5.6%.

The comparison of CABG outcomes between elderly and
young CAD patients is encouraging. Solano et al.” evaluated
this issue and reported that the rate of survival to 3 years
was significantly higher in their elderly group. It is also
noteworthy that several studies have shown substantial
improvement in functional capacity and quality of life after
CABG.? Still, for all these promising observations, elderly
patients continue to have poorer outcomes than younger
patients.’ Risk factors that have an effect on CABG mortality
in younger patients may affect mortality in elderly patients in
a different manner. Further improvements in surgical results
in this high-risk age group necessitate the investigation and
identification of the risk factors affecting postoperative
mortality and morbidity in addition to survival analysis.'®
'In this study, we retrospectively analyzed short-term and
early outcomes in patients who underwent CABG at our
hospital, with a special focus on patients at a minimum age
of 70 years.

Methods

During a 4.5-year period, 1489 patients underwent CABG
at our center. Records of 1469 consecutive patients were
retrospectively reviewed after excluding 20 patients, who

were lost due to missing records. The selection of elderly
candidates for cardiac surgery at our hospital is at the
discretion of the individual referring physician, cardiologist,
and surgeon. Routine assessment of the cardiac function via
history angiography and echocardiography is supplemented
by objective measurements of comorbidities, including the
pulmonary function test and carotid duplex for all patients
over 70 years of age and for patients with symptoms of bruits
of transient ischemic attack and cerebrovascular accident.
Patients with forced expiratory volume (FEV1) less than
1100 ml after medical therapy by the internist for chronic
obstructive pulmonary disease (COPD) are usually referred
for off-pump CABG. The patients were divided into two
groups of A and B. Group A was comprised of patients 70
years old or younger and Group B consisted of patients older
than 70 years. The following variables were collected: gender,
age, weight, body surface area, ejection fraction, preoperative
arterial air pressure of oxygen (PO,), preoperative air
pressure of carbon dioxide (PCO,), hypercholesterolemia,
acetyl salicylic acid (ASA) use, preoperative myocardial
infarction, COPD, infection, diabetes, preoperative heparin
use, emergent surgery, clamp and pump time, left internal
mammary artery use, number of grafts, death, re-intubation,
postoperative bleeding, re-exploration for postoperative
bleeding, atrial fibrillation, postoperative inotropic drug use,
intra-aortic balloon pump (IABP) use, opium use, peripheral
vascular disease, left main CAD, hospital length of stay,
postoperative renal complications, postoperative stroke or
pulmonary complications, hematocrit, creatinine higher than
1.5 mg/dl, transfusion volume, postoperative low cardiac
output syndrome, and postoperative myocardial infarction.
Renal failure was defined as creatinine greater than
1.5 mg/dl; myocardial infarction was defined as a new Q
wave or creatine phosphokinase myocardial band (CPK
MB) or troponin rise; infection was defined as purulent
discharge or culture positive or inflammation for which the
surgeon ordered antibiotics; COPD was defined as positive
spirometry or a 3-month history of bronchodilator use;
hypercholesterolemia was defined as a blood cholesterol
level above 250 mg/dl; and the patient was considered
diabetic if receiving a diabetic drug or insulin to control
the blood glucose level. Additionally, hypertension was
defined as either a systolic arterial pressure greater than
140 mmHg or a diastolic pressure greater than 90 mmHg
or use of at least one antihypertensive medication. The term
“early hospital mortality” was used to refer to deaths that
occurred within 30 days postoperatively. The patients were
grouped according to the timing of their surgical operations
as elective or emergent operations. The elective patients
underwent surgery in stable condition, and the emergent
patients underwent surgery within 48 hours of angiography
due to conditions such as unstable angina and left main
CAD. Interventional complications such as tamponade and
respiratory failure were defined as mechanical ventilatory
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support beyond 3 days or the occurrence of adult respiratory
distress syndrome or the need for tracheostomy. The term
“neurological complication” was used to refer to a new
transient ischemic attack or stroke persisting for more than 24
hours. The patients who had left ventricular aneurysm, post-
myocardial infarction ventricular septal defect, moderate to
severe mitral insufficiency, or associated heart valve disease
were excluded from the study.

After the induction and maintenance of anesthesia with
Fentanyl and Propofol, a radial artery line was inserted to
monitor the systemic blood pressure. Following median
sternotomy, cardiopulmonary bypass was established
via routine aortic and venous cannulation and the roller
pump. During cardiopulmonary bypass, oxygenation was
achieved using the Dideco Oxygenator, which was primed
with one liter of ringer lactate. One homo filter was used in
the arterial way. Antegrade and retrograde cardioplegia were
administered in all the patients after aortic cross-clamping.
High potassium cardioplegia was infused into the aortic root
at 15 ml/kg or until diastolic arrest was achieved. Retrograde
cardioplegia was infused via the coronary sinus at 5 ml/
kg, and diastolic arrest was maintained by the infusion of
intermittent cold cardioplegic at 20-minute intervals.
Topical hypothermia with a crystalloid ice slush solution
was applied in all the patients. The body temperature was

Table 1. Preoperative variables in the two study groups

maintained between 30 and 32 °C during cardiopulmonary
bypass. Complete revascularization was attempted via the
left internal mammary artery and the saphenous vein in all
the patients.

For the statistical analyses, the statistical software SPSS
version 11.5 for Windows (SPSS Inc., Chicago, IL) was
employed. The perioperative variables were compared
between Group A and Group B with respect to the categorical
or continuous variables using the chi square or the t-test,
respectively. In addition, mortality and morbidity were
analyzed using multivariable stepwise logistic regression
analysis or linear regression, and the odds ratio of the
significant variables was obtained. A p value less than 0.05
was considered statistically significant.

Results

Group A consisted of 1164 patients, including 603 men
and 562 women at a mean age of 55 £+ 8 years, and group
B was comprised of 325 patients, including 172 men and
152 women at a mean age of 73 + 3 years. The preoperative
variables are described in Table 1. Variables such as sex,
hypertriglyceridemia, total number of diseased vessels, ASA
use, re-intubation, preoperative PCO,, diabetes, cigarette

< >

Grm;ﬁ ;Al §g47)0 y) Grougli(2 5)70 y) P value
Age (y) 55.3+8.2 74.8+3.8 <0.001
Male gender 61.2(712) 60.3 (196) 0.779
Left main coronary artery disease 10.6 (123) 15.1 (49) 0.025
Ejection fraction < 30% 7.6 (88) 17.3 (56) <0.001
ASA use 92.4 (1076) 91.1 (296) 0.419
Preoperative myocardial infarction 5.5 (64) 12.6 (41) <0.001
Smoking 13.3 (155) 15.4 (50) 0.339
Emergent surgery 9.4 (109) 15.1 (49) 0.003
Preoperative heparin use 4.3 (50) 14.5 (47) <0.001
Preoperative PO, (mmHg) 100.7£20.3 97.4+20.0 0.005
Diabetes 21.8 (254) 18.2 (59) 0.151
Hypercholesterolemia 30.4 (354) 22.8 (74) 0.007
Hypertriglyceridemia 27.7 (322) 26.2 (85) 0.589
Opium use 15.1 (176) 15.4 (50) 0.907
Preoperative PCO, (mmHg) 31.7+£5.8 31.5¢5.0 0.633
Peripheral vascular disease 0.6 (7) 1.2(4) 0.241
Preoperative creatinine > 1.5 mg/dl 3.0(35) 7.7 (25) <0.001
Chronic obstructive pulmonary disease 4.3 (50) 13.5 (44) <0.001
Weight (kg) 72.4+11.9 69.7+9.3 <0.001
Body surface area (m?) 1.8+0.2 1.7£0.2 0.003
Hematocrit (%) 43.1+£6.3 439454 0.165

“Data are presented as mean+SD or % (n)

ASA, Acetyl salicylic acid; PO,, Arterial pressure of oxygen; PCO,, Arterial pressure of carbon dioxide
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smoking, opium use, left internal mammary artery use,
clamp time, pump time, hematocrit, and peripheral vascular
disease were almost the same in both groups. However,
age, weight, ejection fraction, preoperative heparin use,
hypercholesterolemia, postoperative stroke or pulmonary
complications,  postoperative  renal  complications,
postoperative inotropic drug use, postoperative low cardiac
outputsyndrome, emergent surgery, postoperative myocardial
infarction, body surface area, preoperative creatinine level
more than 1.5 mg/dl, weight, IABP use, hospital stay, re-
exploration for bleeding, death, and COPD were different
between the two groups. Group B had a higher frequency
of postoperative low cardiac output syndrome, COPD,
preoperative heparin use, emergent surgery, postoperative
myocardial infarction, stroke, infection, and preoperative
creatinine higher than 1.5 mg/dl, while Group A had higher
hypercholesterolemia, body surface area, ejection fraction
greater than 30%, preoperative PaO,, and weight (Tables 1
and 3) The predicting factors for postoperative stroke in the
logistic regression analysis in the total study population were

COPD, opium use, postoperative myocardial infarction, and
peripheral vascular disease, whereas in the elderly patients,
the significant variables were clamp time and hematocrit
(Table 2). The intra- and postoperative courses are also
displayed in Table 3. Group B required longer hospital stays.
The overall in-hospital mortality rates were 1.9% and 4.3% in
Group A and Group B, respectively (P value < 0.012). Major
complications such as stroke, postoperative low cardiac
output syndrome, inotropic drug use, atrial fibrillation, death,
IABP use, postoperative pulmonary complications, and
infection were more frequent in Group B (P value < 0.05).
The overall mean length of hospital stay was 14.7 + 5.7 days.
The factors that could predict the hospital length of stay
according to the linear regression analysis were inotropic
drug use, cerebrovascular accident, age, female gender,
and infection in the total study population; in the elderly
subjects, however, these factors were peripheral vascular
disease, weight, emergent surgery, and clamp time (Table
4). The IABP was inserted in 11.7% of the elderly patients.
The predicting factors for the IABP insertion were infection,

Table 2. Factors predicting postoperative stroke in the elderly by logistic regression analysis

Univariate Multivariable
OR 95% CI P value OR 95% CI P value
Age (y) 1.04 0.91-1.19 0.583
Male gender 0.76 0.25-231 0.628
Left main coronary artery disease 0.46 0.06 - 3.61 0.459
Ejection fraction < 30% 0.87 0.19 - 4.03 0.857
ASA use 1.18 0.15-9.44 0.874
Preoperative myocardial infarction 0.24 0.01 -4.15 0.885
Smoking 0.45 0.06 - 3.52 0.445
Emergent surgery 1.03 0.22-4.77 0.975
Preoperative heparin use 0.48 0.06 - 3.80 0.488
Preoperative PO, (mmHg) 0.99 0.96 - 1.02 0.584
Diabetes 2.08 0.62 - 6.99 0.238
Hypercholesterolemia 1.02 0.27 - 3.80 0.978
Hypertriglyceridemia 0.84 0.23-3.13 0.797
Opium use 0.19 0.01-3.29 0.656
Preoperative PCO, (mmHg) 1.04 0.93-1.17 0.490
Peripheral vascular disease 2.54 0.13 - 49.59 0.395
Preoperative creatinine > 1.5 mg/dl 0.42 0.02-7.23 0.998
Chronic obstructive pulmonary disease 1.17 0.25-5.46 0.843
Weight (kg) 0.99 0.94 - 1.06 0.962
Body surface area (m?) 0.23 0.01-6.31 0.387
Hematocrit 0.93 0.87-0.99 0.044 0.93 0.87-0.99 0.043
Clamp time (min) 0.93 0.89 - 0.98 0.005 0.93 0.89 - 0.98 0.005
Pump time (min) 0.970 0.95-0.99 0.011

OR, Odds ratio; CI, Confidence interval; ASA, Acetyl salicylic acid; PO,, Arterial pressure of oxygen; PCO,, Arterial pressure of carbon dioxide
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Table 3. Intraoperative and postoperative variables in the study groups”

< >

tten s P value
Left internal mammary artery use 97.9 (1139) 97.8 (318) 0.995
Length of hospital stay (d) 12.6+£3.3 17.0+4.8 <0.001
Pump time (min) 87.3+28.2 85.2427.5 0.319
Clamp time (min) 47.1£17.7 46.8+17.2 0.949
Postoperative exploration for bleeding 9.7 (113) 14.5 (47) 0.015
Intra-aortic balloon pump 3.0 (35) 11.7 (38) <0.001
Postoperative renal complications 3.9 (45) 14.2 (46) <0.001
Postoperative pulmonary complications 2.1(24) 12.9 (42) <0.001
In-hospital death 1.9 (22) 4.3 (14) 0.012
Atrial fibrillation 5.5(64) 13.5 (44) <0.001
Postoperative stroke 1.4 (16) 4.0 (13) 0.002
Inotropic drug use 6.2 (72) 15.7 (51) <0.001
Infection 4.1 (48) 8.6 (28) 0.001
Postoperative low cardiac output syndrome 8.3(97) 12.6 (41) 0.019

‘Data are presented as mean+SD or % (n)
Table 4. Factors predicting long hospital stay by linear regression method in the elderly patients
Univariate Multivariable

r P value coefficient 95% CI P value
Age (y) 0.031 0.593
Gender (female/male) 0.121 0.029
Left main coronary artery disease 0.056 0.311
Ejection fraction < 30% 0.092 0.106
ASA use 0.052 0.351
Preoperative myocardial infarction 0.031 0.582
Smoking 0.003 0.961
Emergent surgery 0.164 0.003 2.045 0.651 - 3.441 0.004
Preoperative heparin use 0.111 0.045
Preoperative PO, (mmHg) -0.084 0.131
Diabetes -0.021 0.714
Hypercholesterolemia -0.032 0.569
Hypertriglyceridemia -0.035 0.532
Opium use -0.072 0.194
Preoperative PCO, (mmHg) 0.007 0.904
Peripheral vascular disease 0.111 0.047 5.576 1.067 - 10.084 0.016
Preoperative creatinine > 1.5 (mg/dl) 0.051 0.359
Chronic obstructive pulmonary disease 0.098 0.078
Weight (kg) -0.144 0.009 -0.061 -0.115 - -0.007 0.026
Body surface area (m?) 0.001 0.986
Hematocrit (%) -0.059 0.293
Aortic clamp time (min) 0.222 <0.001 0.061 0.032 - 0.091 <0.001
Pump time (min) 0.187 0.001

ASA, Acetyl salicylic acid; PO,, Arterial pressure of oxygen; PCO,, Arterial pressure of carbon dioxide

respiratory complications, and inotropic drug use in the total  and weight (OR = 0.94) in the elderly subjects (Table 5).
study population and opium use (OR = 2.24), ASA use (OR  Renal failure occurred in 7.7% of the elderly patients, and the
= 0.22), preoperative PO, (OR = 0.96), COPD (OR = 0.27),  predicting factors for renal failure in the logistic regression

80

J Teh Univ Heart Ctr 8(2) APRIL 28, 2013 http://jthc.tums.ac.ir



Coronary Arteries Bypass Grafting Surgery in Elderly Patients

TEHRAN HEART CENTER co—

analysis were postoperative atrial fibrillation (OR = 11.4),
re-intubation (OR = 2.5), death (OR = 10), IABP use (OR =
2.7), left main CAD (OR = 0.5), sex (OR = 0.2), and ejection
fraction (OR = 0.9) in the total study population; nonetheless,
in the elderly patients, these factors were reduced to four:
preoperative myocardial infarction (OR = 4.1); left main
CAD (OR = 8.8); death (OR = 5.4); and atrial fibrillation
(OR =17.4). The variables that influenced in-hospital death in
the entire study population according to the logistic analysis
comprised postoperative creatinine more than 1.5 mg/dl,
COPD, type of surgery, cerebrovascular accident, infection,
ejection fraction greater than 30%, atrial fibrillation, and
gender; in the elderly subjects, however, emergent surgery
(OR =3.55), preoperative PO, (OR = 0.96), and preoperative
PCO, (OR = 0.85) influenced in-hospital death (Table 6).
There was a significant difference in operative mortality
between the men and women, with the mortality rates in the
male and female groups being 2% and 4.8%, respectively.
The factors that correlated with gender according to the
logistic regression analysis were comprised of weight,
body surface area, diabetes, preoperative PO,, preoperative

hematocrit, infection, re-exploration for bleeding,
ejection fraction, and hypercholesterolemia in the total
population and postoperative low cardiac output syndrome,
hypercholesterolemia, weight, preoperative creatinine
smaller than 1.5, and body surface area in the elderly subjects.
Also, 7.7% of the patients who had emergency surgery
expired; the mortality rate in the elective group was 2.1%. In
the univariate analysis, emergency surgery correlated with
weight, preoperative PCO,, preoperative PO,, preoperative
myocardial infarction, COPD, preoperative creatinine more
than 1.5 mg/dl, ejection fraction, preoperative hematocrit,
left main CAD, preoperative heparin use, aortic clamp
time, pump time, and hospital length of stay. In the logistic
regression analysis, emergent surgery correlated with
only preoperative myocardial infarction, left main CAD,
preoperative creatinine more than 1.5 mg/dl, preoperative
hematocrit, hospital length of stay, and pump time in the
entire study population, whereas in the elderly patients,
emergent surgery correlated only with preoperative
myocardial infarction, left main CAD, death, and hospital
length of stay. Atrial fibrillation occurred in 13% of the

Table 5. Factors predicting postoperative IABP use in the elderly patients by logistic regression analysis

variables Univariate Multivariable
OR 95% C1 P value OR 95% C1 P value
Age (y) 0.99 0.91-1.09 0.960
Male gender 0.49 0.25-0.97 0.040
Left main coronary artery disease 1.06 0.42-2.70 0.896
Ejection fraction < 30% 2.19 1.02-4.73 0.046
ASA use 0.37 0.15-0.93 0.035 0.22 0.08 - 0.61 0.004
Preoperative myocardial infarction 0.80 0.27-237 0.680
Smoking 0.28 0.06 - 1.19 0.084
Emergent surgery 1.32 0.55-3.19 0.541
Preoperative heparin use 0.30 0.07-1.29 0.105 0.26 0.06-1.18 0.001
Preoperative PO, (mmHg) 0.97 0.95-0.99 0.003 0.96 0.94 - 0.99 0.001
Diabetes 0.50 0.17-1.46 0.202
Hypercholesterolemia 2.21 1.08 -4.53 0.031
Hypertriglyceridemia 1.55 0.76 - 3.19 0.232
Opium use 221 1.00 - 4.89 0.051 2.24 0.94 - 5.30 0.008
Preoperative PCO2 (mmHg) 1.04 0.97-1.12 0.238
Peripheral vascular disease 2.56 0.26 -25.24 0.421
Preoperative creatinine > 1.5 (mg/dl) 1.03 0.29-3.63 0.960
Chronic obstructive pulmonary disease 0.32 0.08 - 1.40 0.131 0.27 0.06 - 1.26 0.005
Weight (kg) 0.96 0.92 - 0.99 0.040 0.94 0.90 - 0.98 0.005
Body surface area (m?) 0.69 0.09 -5.31 0.717
Hematocrit (%) 0.97 0.92 -1.03 0.356
Aortic clamp time (min) 1.01 0.99 - 1.03 0.599
Pump time (min) 1.01 0.99 - 1.02 0.311

ClI, Confidence interval; ASA, Acetyl salicylic acid; PO,, Arterial pressure of oxygen; PCO,, Arterial pressure of carbon dioxide
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Table 6. Factors predicting in-hospital death in the elderly patients by logistic regression analysis

Univariate Multivariable
variables OR 95% CI P value OR 95% CI P value
Age (y) 0.99 0.85-1.14 0.859
Male gender 0.35 0.11-1.07 0.065
Left main coronary artery disease 0.42 0.05-3.30 0.410
Ejection fraction < 30% 2.83 0.91 - 8.80 0.072
ASA use 1.29 0.16 - 10.20 0.812
Preoperative myocardial infarction 1.16 0.25-5.39 0.848
Smoking 0.41 0.05-3.22 0.397
Emergent surgery 4.67 1.55-14.13 0.006 3.55 0.97 - 13.02 0.055
Preoperative heparin use 0.44 0.06 - 3.47 0.438
Preoperative PO, (mmHg) 0.95 0.92-0.98 0.002 0.96 0.93-0.99 0.021
Diabetes 0.15 0.01-2.49 0.404
Hypercholesterolemia 1.95 0.63 - 6.00 0.245
Hypertriglyceridemia 0.46 0.10 - 2.09 0.313
Opium use 0.41 0.05-3.22 0.397
Preoperative PCO, (mmHg) 0.81 0.74 - 0.90 <0.001 0.85 0.78 - 0.94 0.001
Peripheral vascular disease 2.36 0.12 - 45.87 0.421
Preoperative creatinine > 1.5 (mg/dl) 2.09 0.44-9.89 0.354
Chronic obstructive pulmonary disease 1.07 0.23-4.94 0.933
Weight (kg) 0.97 0.91-1.03 0.259
Body surface area (m?) 0.13 0.01-2.97 0.199
Hematocrit (%) 0.98 0.90 - 1.08 0.712
Clamp time (min) 1.02 0.99 - 1.05 0.123
Pump time (min) 1.01 0.99 - 1.03 0.323

ASA, Acetyl salicylic acid; PO,, Arterial pressure of oxygen; PCO,, Arterial pressure of carbon dioxide

elderly patients, and the predicting factors for the occurrence
of atrial fibrillation in the logistic regression analysis were
diabetes, re-exploration for bleeding, infection, and re-
intubation.

Discussion

Atherosclerosis in the elderly is a common phenomenon.
CAD, hypertension, renal artery stenosis, stroke, and
peripheral vascular disease are all related to atherosclerotic
vascular changes and are more prevalent in elderly
patients.!*!* Limited application of catheter intervention for
patients with severe CAD could be related to the increased
number of emergency surgical operations in the elderly; and
in this study, we observed this difference between urgent
and elective patients. There were significant differences with
respect to inotropic drug use, stroke, death, and left main
CAD between our elective and emergent patients. Since the

82

global cardiac function is decreased in the elderly, a history
of congestive heart failure is more frequently observed
in elderly patients.”” The increased frequency of female
patients among the elderly receiving CABG has been noted
in previous reports.!® In the present study, gender indeed
had a significant effect on the rate of CABG. Not only the
longer life expectancy of women but also exacerbation and
acceleration of atherosclerosis and increased body mass
index after menopause, which are concomitant with lifestyle
changes, lead to an increased percentage of the women who
undergo CABG in higher age groups. Our study revealed
that there were significant differences as regards age, body
surface area, preoperative hematocrit, weight, preoperative
PO,, preoperative PCO,, hypercholesterolemia, transfusion
volume, IABP use, opium use, postoperative myocardial
infarction, postoperative low cardiac output syndrome,
postoperative renal complications, clamp time and pump time,
and number of grafts between the elderly men and women.
Our elderly male patients had a higher frequency of opium
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addiction and re-exploration for postoperative bleeding than
our elderly females, who had more preoperative creatinine
greater than 1.5 mg, lower body surface area, lower weight,
lower preoperative PO, higher preoperative PCO,, higher
hypercholesterolemia, higher prevalence of IABP insertion,
lower opium use, lower ejection fraction, lower preoperative
hematocrit, lower number of grafts ,lower pump time, lower
clamp time, higher mortality, and higher postoperative
low cardiac output syndrome. It is worthy of note that the
prevalence of COPD in the elderly female patients was
higher than that of the elderly male patients (17.1 vs. 11.2%);
however, the difference was not statistically significant.
CAD in women is known to have a poorer prognosis than
in men.'” ¥ In our logistic regression analysis, gender did not
correlate directly with mortality but it did influence mortality
indirectly by age, body surface area, ejection fraction, and
preoperative hematocrit. In this analysis, the elderly females
were older and had lower body surface area, EF, and
preoperative hematocrit than the elderly males. Curtis et al."
found that female gender was indicated as a risk factor for in-
hospital mortality in the elderly. This variable did not reach
statistical significance according to the logistic regression
in our study; there were significant differences in operative
mortality in the univariate analysis between the men and
women (3.1% vs. 10.1%, respectively) and the factors that
correlated with gender according to the logistic regression
analysis included body surface area, postoperative low
cardiac output syndrome, hypercholesterolemia, weight,
preoperative creatinine more than 1.5 mg/dl, and preoperative
hematocrit. It has been previously demonstrated that female
gender appears to be a risk factor for in-hospital mortality
due to diabetes, older age, emergent surgery, complications
of percutaneous coronary intervention, low ejection fraction,
calcified CAD, COPD, and small coronary artery diameter.-*
One of the important issues that has not been reported in
previous studies but was observed in our study population
is the existence of different mechanisms and patterns of
COPD and interstitial lung disease. In the Iranian province
of Kermanshah, females in rural regions tend to use biomass
and wood fuel for cooking and heating in the home; repeated
smoke inhalation causes non-smoking COPD and interstitial
lung disease. On the other hand, the high incidence of COPD
in elderly male patients has different mechanisms. The
elderly males appeared to have more COPD in consequence
of cigarette smoking and opium use, both of which appeared
to be independent predictors of mortality. The incidence of
opium use in our patients was approximately 19.3% and
9.4% of the CABG male and female patients, respectively.
There are two conventional routes for opium inhalation in
Iran. In the more common method, the opium user utilizes
a device named “Vafour”, which filters the smoke from the
melting “Taryak™ (opium) in the head of the device. Some
of the inhalational smoke is deposited along the lengthy
internal wall of the Vafour and converts into a concentrate

which has the high value of pure opium and is called
“Shyreh”. This opium concentrate can be consumed orally.
In the second method, addicts use a simple device named
the “Sikh and Sang”, which has two simple components,
i.e. a thermal source and a thin metal rod, in contrast to the
Vafour, the smoke leaving this device enters directly into the
respiratory tract and causes a destructive effect. The most
important extracts of opium are morphine and codeine, but
other alkaloids and inert substances such as chocolate and
animal blood are in the list of opium constituents that have
been consumed by patients. The resulting smoke of these
inert substances can wreak havoc on the respiratory tract and
beget asthma, bronchitis, and COPD. In regard to the effect
of opium smoke on the respiratory tract, there is always a
confounding factor: concomitant cigarette smoking, which
is a known risk factor for COPD. It is worthy of note that the
incidence of isolated opium addiction is low and the number
of opium addicts who are also cigarette smokers is high. A
low ejection fraction has not been reported to be a risk factor
for mortality in univariate analysis in the elderly.?** Our
univariate analysis revealed operative mortality rates of 12.5
% and 4.5% in the patients with left ventricular dysfunction
(left ventricular ejection fraction < 30% and > 30%),
respectively (P value = 0.02); this result was similar to the
KO et al. study.?’ Factors that predict in-hospital death in our
elderly patients by the logistic regression analysis comprised
preoperative PO,, preoperative PCO,, and emergent surgery
(Table 6). However, in similar previous studies, the in-
hospital mortality rates in the elderly were between 2.3%
and 16.2%.'"° Sahar et al.?® found mortality rates of 12% and
4% in patients older than 70 and younger than 70 years,
respectively. In the Curtis study,' elderly patients were
further sub-grouped into various age groups, and a 14.7%
mortality rate was reported in the patients older than 80 years
and a 4.2% mortality rate in those 70 years or less. Between
the pre-, intra-, and postoperative variables, the preoperative
factors and condition of patients are reported to be the most
significant predictors of mortality.”?! Type of surgical
operation has been shown to be a predictor of increased
mortality in some studies.” ?¢ We divided our patients with
respect to the type of surgical operation into elective and
emergent operations. Our experience also indicates that
there are higher mortality risks in emergent operations than
in elective ones (12.2% vs. 2.9%). In our univariate analysis,
emergent surgery was also correlated with preoperative
myocardial infarction, left main CAD, hypertriglyceridemia,
body surface area, transfusion volume, length of hospital stay,
infection, smoking, preoperative creatinine more than1.5 mg/
dl, and death, while our logistic regression analysis revealed
emergent surgery as a dependent variable correlating with
only left main CAD, length of hospital stay, preoperative
myocardial infarction, and death. Female gender did not
constitute statistical significance as a predictor of the type of
surgical operation. Curtis et al.!? reported that female gender
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was a risk factor for in-hospital mortality in the elderly; this
variable reached statistical significance in our study. There
was a significant difference in terms of operative mortality
in our study between the elderly men and women: the latter
appeared to have more risk factors for in-hospital mortality
due to a higher prevalence of postoperative bleeding, higher
prevalence of postoperative low cardiac output syndrome,
smaller body surface area, lower weight, lower number of
grafts, lower preoperative hematocrit, higher postoperative
blood transfusion, higher frequency of IABP insertion,
lower ejection fraction, lower preoperative PO,, and lower
preoperative PCO,, whereas the former group was more
frequently cigarette smokers (18.4%) and opium users
(18.8%) (Only 8.5% and 10.2% of the elderly women
were opium users and cigarette smokers, respectively).
The prevalence of COPD in the elderly women was higher
than that in the men (16.1% vs. 14.1%); the difference,
however, was not statistically significant. We think that this
controversial finding could be related to undiagnosed non-
smoking COPD amongst our elderly female patients. This
phenomenon is concerned with a history of exposure to
non-cigarette smoke such as biomass, wood, animal dung,
and bakery. The majority of our patients denied having been
exposed to cigarette smoke, yet they had been exposed to
biomass and wood smoke for decades. A meticulous history
taking can demonstrate such conflicting findings. If internists
fail to consider this issue (low score of the spirometry profile
in non-smoking COPD patients), they may consider it as
lack of cooperation on the part of patients or malfunction of
the spirometry device.

In the current study, the prevalence of COPD in the patients
70 years old or younger was different from that of the elderly
patients, amongst whom 5.5% of the men versus 2.4% of the
women had COPD. In multiple studies presented by Mohan,
Tsai, and Salomon,**?” a low ejection fraction was a risk for
mortality in the elderly according to univariate analysis. We
found operative mortality rates of 4.5% versus 12.5% in the
patients with a left ventricular ejection fraction > 30% and
< 30%, respectively; nevertheless, this variable was not an
independent predictor of mortality in the logistic analysis.?®
This result was in concordance with that of the KO et al
study, in which the mortality rates of the patients with an
ejection fraction > 30% and < 30% were 2.4% and 4.4%,
respectively.?’ Islamoglo et al.30 showed that old age was a
predictor of mortality in patients with a low ejection fraction.
Cane et al.*! found that alongside high mortality rates in
comparison to younger patients, CABG in elderly patients
is associated with more complications such as postoperative
low cardiac output syndrome, arrhythmia, prolonged hospital
stay, and respiratory failure. The incidence of postoperative
complications was between 24% and 69.5% in the studies
of KO and Montague.” ** In our study, the incidence rates
of such complications as postoperative low cardiac output
syndrome, postoperative IABP use, re-exploration for
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postoperative bleeding, postoperative stroke, postoperative
renal complications, postoperative pulmonary complications,
atrial fibrillation, and death in the elderly subjects were
12.6%, 11.7%, 14.5%, 4%, 14.2%, 12.9%, 13.5%, and
4.3%, respectively. The most frequent complications were
re-exploration for postoperative bleeding, and postoperative
renal complications have not been demonstrated by previous
studies to be a common complication, as indicated by Avery
and Horneffer et al.>* ** Our univariate analysis of each
risk factor with the perioperative variables revealed that
overall morbidity was influenced by some variables such
as postoperative low cardiac output syndrome and a low
ejection fraction. Postoperative low cardiac output syndrome
was found to be an independent risk factor for complications
such as respiratory complications, renal failure, inotropic
drug use, prolonged intensive care unit (ICU) stay, and
length of hospital stay. Horneffer et al.** showed that the
overall postoperative morbidity was influenced by prolonged
pump time and cross-clamp time. In our study, prolonged
cross-clamp time (> 60 minutes) was not a predictor of
complications in the postoperative period and prolonged
pump time was only associated with a prolonged ICU stay.
The additional risk factors associated with older age like
malnutrition, respiratory muscle weakness, and chronic
infection combined with postoperative low cardiac output
syndrome increase the risk of prolonged mechanical support
and lead to tracheostomy and its undesirable consequences
such as pneumonia and multi-organ failure. The in-hospital
mortality rate of the elderly patients in our study was 4.3%,
which is within the range of previous reports.* 3¢ The lack
of functional reserves in elderly patients and the increased
presence of chronic medical diseases combined with late
referral patterns may predispose elderly patients to higher
morbidity and mortality rates than younger patients.
Postoperative stroke is difficult to predict preoperatively.
In one study, among 13 cases of postoperative stroke in
the elderly, no patient had a preoperative history of stroke.
Additionally, postoperative atrial fibrillation requiring
medical control occurred more often in the elderly than
in the younger patients (13.5% vs. 5.5%) with a p value
< 0.05. The authors also argued that atrial fibrillation
would be a life-threatening complication; however, it had
no effect on hospital mortality as determined by logistic
analysis.”? In our study, factors predicting atrial fibrillation
were re-intubation, diabetes, infection, and postoperative
re-exploration for bleeding. The most important factor in
predicting postoperative atrial fibrillation was re-intubation.
The etiology of atrial fibrillation following cardiac surgery
may be multifactorial, and includes intraoperative handling
of the right atrium,*” suture of the cannulation site,”’ suture
at the site of a retrograde cannula,’” a large hematoma in the
atrial wall,*” venting of the right superior pulmonary vein,*
traumatic laceration of the atrial tissue,*® inadequate atrial
tissue preservation by cardioplegia,* inadequate use of
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iced slush/cooling of the atria,*' beta-blocker withdrawal,*
hypothyroidism, withdrawal of thyroid hormone replacement
therapy in the preoperative period,* pericarditis, and many
other factors.** Suture line, hematoma, and other traumatic
causes of atrial fibrillation lead to a lack of uniformity in the
atrial refractory period, and dispersion of refractoriness is
the underlying mechanism causing vulnerability of the atrial
tissue to develop atrial fibrillation. Hypothyroidism reduces
cardiac contractility and raises peripheral resistance as well
as capillary permeability and gives rise to atrial fibrillation.
On the other hand, thyroid replacement therapy improves
cardiac diastolic function as well as systemic vascular
resistance and may induce myocardial ischemia and cardiac
arrhythmia. Therefore, experts have not reached a consensus
about the need to replace thyroid hormone in patients with
CAD.#

One of the most important risk factors for postoperative
atrial fibrillation in our study was re-intubation, which was
also reported by Holford et al.*’ Patients with COPD, asthma,
acute respiratory distress syndrome, and other risk factors for
respiratory failure have a high incidence of re-intubation and
atrial fibrillation. Patients with these lung diseases may have
an intrapulmonary shunt, ventilation-perfusion mismatch
associated with atelectasis, reduced vital capacity, and other
abnormal ventilatory mechanics following cardiac surgery,
which aggravate arterial hypoxia and create the hypoxia
of the atrial tissue and atrial fibrillation. The atrial tissue is
more vulnerable to hypoxia than the myocardium. Another
risk factor for predicting atrial fibrillation in the current
study was re-exploration for postoperative bleeding. In these
patients, high blood transfusion caused pulmonary edema
and adult respiratory distress syndrome, which through
hypoxia mechanism led to atrial fibrillation. In our study,
COPD was not a predictor of atrial fibrillation; this is one
of the limitations of our study and was in consequence of
the absence of a unanimous interpretation of the spirometry
results by the internists. The odds ratio of re-intubation in
our study in the logistic regression was 9.6. It is probable that
hypoxia leads to atrial fibrillation, which begets low cardiac
output; this vicious cycle brings about further deterioration
of hypoxia and fatal events. Creswell et al.*® showed that
patients with postoperative myocardial infarction have more
premature atrial contractions, which can predispose them to
atrial fibrillation. Our study did not investigate premature
atrial contractions as a risk factor for atrial fibrillation, which
is another limitation of our study. In another retrospective
study, Leitch et al.* confirmed the relationship between
postoperative infection and atrial fibrillation. The odds ratio
of infection in our study in the logistic regression was 8.6.
The most important infection in the postoperative period is
respiratory infection, which allied to hypoxia mechanism
causes atrial fibrillation. Postoperative functional recovery
in our elderly patients required a longer time period than
in our younger patients, although the surgical quality with

respect to the number of grafts, left internal mammary artery
use, clamp time, and cardiopulmonary bypass time was
almost the same between the two groups. The incidence of
death was different between the two groups by the univariate
analysis (t-test); and in the logistic regression analysis, the
postoperative predictors of in-hospital death in the elderly
comprised preoperative PO,, preoperative PCO,, and need
for emergent surgery. The total numbers of the grafts and
the left internal mammary artery grafts were almost the
same in both groups. Aortic clamp time and pump time
were not significantly different between the elderly men
and women. Postoperative low cardiac output requiring
intra-aortic balloon pump, stroke, and respiratory failure
were the major forms of morbidity in the elderly. The longer
postoperative recovery period in the elderly may be the
reflection of increased incidence of major complications in
the elderly. On the other hand, the delayed recovery in the
elderly may simply be due to the aging process affecting the
lung, kidney, liver, and central nervous system. Apropos of
the postoperative course, our elderly patients required longer
hospital stays.

Our study was performed in a single institute with a
single surgical group, which may have rendered the resulting
operative data biased. The postoperative length of stay was
longer than that reported in a previous investigation.’ This
would be a reflection of the local cultural background and
late discharge by the ICU physicians. In summary, CABG
in elderly patients can be performed with acceptable risks.
Successful surgical revascularization in the elderly may
provide freedom from cardiac events, as is the expected
case in younger patients; be that as it may, considerable
controversy remains as to whether the health care system
budget and government resources should be even further
extended in the case of elderly patients so as to provide
the most cost-effective method for preserving quality of
life and independent living. In our experience, the risk
of death and complications may not be the determining
factors in a patient’s decision to undergo surgery. Our
results indicate that the presence or absence of certain
preoperative and postoperative variables can be drawn upon
to predict a prolonged postoperative hospital stay. Patients
with preoperative risk factors such as emergent surgery
or peripheral vascular disease who develop postoperative
complications have the longest length of stay. Patients with
preoperative risk factors such as morbid obesity or low
body mass index may develop postoperative complications
and will have the longest length of hospital stay. However,
patients with preoperative risk factors who do not develop
postoperative risk factors will still have significantly shorter
lengths of stay. In the present study, the two most common
reasons for a prolonged length of hospital stay were peripheral
vascular disease and emergent surgery. The R? of a prolonged
hospital stay was 11.4%, which exhibited a bias alongside
the existence of some other unknown variables, affecting our
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results. We focused on elderly patients and defined a set of
liberal criteria for preoperative IABP use so that the number
of patients requiring postoperative IABP insertion would
be minimized because postoperative IABP is known to be
associated with a high prevalence of vascular complications.
The preoperative criteria for IABP insertion encompassed
emergent surgery, failed percutaneous transluminal coronary
angioplasty or critical left main stenosis, significant left
ventricular dysfunction (left ventricular ejection fraction <
30%), and unstable angina refractory to medical therapy. The
elderly patients who received the IABP represented higher-
risk patients, with a greater proportion having low ejection
fractions and less preoperative acute myocardial infarction
than those not receiving preoperative IABP. Despite this
higher predicted operative risk, there were no statistically
significant differences in the operative mortality and
postoperative complication rates between the patients who
received preoperative IABP and those who did not. However,
patients who received the IABP had a longer postoperative
hospital stay than those who did not require the IABP. This
difference probably reflects the increased postoperative
morbidity associated with factors such as COPD and opium
use. COPD and opium addiction are complex variables,
which in our elderly patients were associated with a low
ejection fraction and postoperative low cardiac output
syndrome. Opium addiction is a risk factor for CAD, and
a majority of opium addicts have a low ejection fraction. In
our study, opium addiction was a risk factor for COPD and
it was associated with low preoperative PO, as well as lower
weight and preoperative heparin use. Low preoperative
PO, causes preoperative hypoxia and further reduces the
ejection fraction and increases need for IABP insertion.
In very low or high body mass index values, respiratory
dysfunction is allied to respiratory muscle dysfunction. Fat
tissue accumulation in the thoracic and abdominal walls
impairs the ventilatory function in post-CABG patients. A
rise in the body mass index is typically associated with a
reduction in FEV1, forced vital capacity (FVC), total lung
capacity, functional residual capacity, and expiratory reserve
volume. A reduction in these respiratory parameters is
correlated with cardiopulmonary bypass-induced edema,
postoperative respiratory dysfunction, hypoxia, low cardiac
output syndrome, and need for IABP insertion.>-2

Conclusion

In summary, CABG can be carried out with acceptable
risks in elderly patients. Successful surgical revascularization
in the elderly is likely to confer freedom from cardiac events,
as is the expected case in younger patients. Nonetheless,
significant controversy persists as to whether the health care
system budget and government resources should be even
further extended in the case of elderly patients in order to
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offer the most cost-effective method for the preservation of
quality of life and independent living. In our experience, the
risk of death and complications may not be the determining
factors in a patient’s decision to opt for surgery.
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