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Myocardial infarction and other cardiovascular events constitute the leading causes of
death in dialysis-dependent, end-stage renal disease patients. Due to growth in the el-
derly population, the number of uremic patients who need surgical revascularization is
likely to increase. Whether or not coronary artery bypass grafting is safe for patients on
long-term dialysis remains a great concern.

We retrospectively reviewed all cases of elective or urgent isolated coronary artery
bypass grafting in our hospital, from 1 January 1998 through 31 March 2003, and iden-
tified 23 consecutive patients with dialysis-dependent renal disease (Group D). Twenty-
two of them were on hemodialysis, and 1 was on peritoneal dialysis; the mean duration
of dialysis was 19.2 ± 22.5 months. We chose 69 matched non-dialysis patients who
underwent bypass grafting in 2001 to serve as our control group (ND). Preoperative,
operative, and postoperative data on these patients were compared.

Group D consisted of 14 men and 9 women with a mean age of 63.8 ± 9.9 years,
and the mean number of distal anastomoses was 3.5 ± 1.2. There were no significant
differences between the 2 groups in preoperative factors, intubation time, intensive
care unit stay, major complications, and 30-day mortality. However, uremic patients had
a greater tendency to bleed, longer postoperative hospital stays, and more late deaths.

We conclude that under a well-prepared dialysis program and meticulous perioperative
management, coronary artery bypass grafting can be performed in dialysis-dependent 
patients, with increased but acceptable perioperative morbidity and mortality risks. (Tex
Heart Inst J 2004;31:224-30)

ialysis treatment is one of the great technical successes of 20th-century
medicine; it provides the chance of prolonging life in end-stage renal dis-
ease (ESRD) patients. The worldwide prevalence of treated ESRD con-

tinues to climb: in countries with established ESRD treatment programs, the
prevalence across all age groups varies from 6% to 16% and is highest in Japan and
Taiwan.1 Taiwan has the 2nd highest prevalence of ESRD in the world and has the
highest prevalence in all age groups above 20 years (>3,000 per million persons
aged 45 and older).1 Because of the growing numbers of elderly patients who are
entering dialysis programs today, the number of dialysis patients who will require
myocardial revascularization is expected to increase. There are many complications
in treating ischemic heart disease in dialysis patients, such as poor general condi-
tion before surgery, poor water and electrolyte control, calcified aorta and periph-
eral arterial trees, and the necessity for simultaneous operations. Coronary artery
bypassing grafting (CABG) has become the standard treatment for ESRD patients
with coronary artery disease because it has been shown, in this subset, to yield bet-
ter overall and angina-free survival than does percutaneous transluminal coronary
angioplasty (PTCA).2,3 Nevertheless, management of the water–electrolyte balance
in these patients remains an important issue. Through close cooperation with our
staff nephrologists and the use of ultrafiltration, we performed routine dialysis pro-
tocols and integrated surgery into the patient’s routine schedule. The aim of this
study was to review our management policies and examine our 5-year surgical ex-
perience with CABG in patients on long-term dialysis.

Patients and Methods

Twenty-three consecutive, dialysis-dependent, ESRD patients (14 men and 9
women, with a mean age of 63.8 ± 9.9 years) underwent elective, isolated CABG
at our institution from 1 January 1998 through 31 March 2003. We retrospective-
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ly reviewed all these patients’ demographic and clini-
cal data, including coronary risk factors, comorbidi-
ties, preoperative cardiac and angiographic profiles,
operative data, postoperative complications, and 
results; this study group we called our D (dialysis)
group. Our ND (non-dialysis) control group com-
prised 69 matched non-dialysis patients (61 men and
8 women, with a mean age of 63.8 ± 11.2 years) who
had undergone CABG in 2001 and who matched
Group D in age and operative method. Patients who
underwent emergent CABG or concomitant surgery
of the heart valves or other vessels, or major general
surgery, were excluded from both study groups.

The demographic data are set forth in Table I. Pre-
operatively, 22 of the 23 (96%) patients in Group D
were on hemodialysis, and the remaining patient was
on peritoneal dialysis; the duration of dialysis ranged
from 1 to 81 months (mean, 19.2 ± 22.5 months).
The causes of ESRD were diabetic nephropathy in 
14 patients (61%), glomerulonephritis in 1 (4%),
polycystic kidney disease in 1 (4%), and unknown

origin in 7 (30%). In Group ND, the male-to-female
ratio was significantly higher. Group D had signifi-
cantly more frequent histories of hypertension, hyper-
lipidemia, and left main disease. Anemia was more
commonly observed in Group D, although the differ-
ence did not reach statistical significance.

Six patients (26%) in Group D and 16 patients
(23%) in Group ND underwent off-pump coronary
artery bypass (OPCAB) grafting, and the others in
both groups received CABG under conventional car-
diopulmonary bypass. The cardiopulmonary bypass
operations were performed under cardioplegia at
moderate hypothermia (28–32 °C), with use of a
roller pump (flow rate, 1.2–2.2 L/min/m2) and mem-
brane oxygenator. We used topical cardiac cooling and
infused a blood hyperkalemic cardioplegic solution by
the antegrade or retrograde approach, or both.

From late 2000, we gradually increased the number
of OPCAB procedures. We used apex suction (Star-
f ish™ 2, Medtronic Inc.; Minneapolis, Minn; or 
Pyramid Positioner, Estech, Inc.; Danville, Calif ) to
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TABLE I. Demographics and Preoperative Factors of the Patients

D Group (n=23) ND Group (n=69)
Patient Characteristic No.    (%) No.    (%) P Value

Age (mean ± SD) 63.8 ± 9.9 63.8 ± 11.2 NS

Male 14 (60.9) 61 (88.4) 0.01

Coronary risk factors
Diabetes 15 (65.2) 34 (49.3) NS
Hypertension 20 (87.0) 38 (55.1) 0.006
Hyperlipidemia 19 (82.6) 39 (56.5) 0.027
Smoking 10 (43.5) 45 (65.2) NS

Comorbidity
Cerebrovascular accident 6 (26.1) 7 (10.1) NS
Peripheral vascular disease 2 (8.7) 4 (5.8) NS
COPD 1 (4.3) 8 (11.6) NS
Peptic/gastric ulcer 6 (26.1) 12 (17.4) NS
Cancer 4 (17.4) 4 (5.8) NS
Hyperureicemia 10 (43.5) 27 (39.1) NS

Cardiac profile
Unstable angina 20 (87.0) 45 (65.2) NS
Myocardial infarction 10 (43.5) 30 (43.5) NS
Mean LV ejection fraction 0.54 0.61 NS
Atrial fibrillation 3 (13.0) 8 (11.6) NS

Angiographic profile
Left main 15 (65.2) 24 (34.8) 0.015
Number of diseased vessels 3.0   ± 0.2 2.8   ± 0.5 NS 

(mean ± SD)

Preoperative laboratory data
Creatinine (mean ± SD) 7.94 ± 3.03 1.21 ± 0.58 0
WBC (cells/mm3) (mean ± SD) 8.58 ± 3.86 7.21 ± 2.01 NS
Hematocrit (mean ± SD) 29.3   ± 3.4 38.6   ± 5.6 0
Platelet (cells/mm3) 217.8   ± 76.3 253.0   ± 76.4 NS

(mean ± SD)

COPD = chronic obstructive pulmonary disease; D = dialysis; LV = left ventricular; ND = non-dialysis; NS = not significant; 
WBC = white blood count



elevate the apex of the heart. Stabilization of the tar-
get arteries was accomplished by a cardiac wall stabi-
lization platform (Octopus III stabilizer, Medtronic
Inc.; CTS tissue stabilizer, Cardiothoracic Systems
Inc.; Cupertino, Calif; or OPVACR Synergy Stabiliz-
ers, Estech, Inc.).

All patients received a 2nd-generation cephalospor-
in (Cefmetazole), 1 g intravenously for antimicrobial
prophylaxis 30 minutes before surgery and again post-
operatively, every 6 hours for 48 hours.

Dialysis Program. To simplify our hemodialysis and
postoperative nursing care plan, we performed dialysis
in accordance with the patients’ previous routine. We
scheduled hemodialysis on the day before surgery, in
accordance with the usual schedules for 22 of the 23
patients in Group D. Intraoperative ultrafiltration was
performed in patients on cardiopulmonary bypass,
but not in OPCAB patients. Postoperatively, Group
D patients underwent their usual hemodialysis on the
2nd postoperative day. One patient, who had been in
a peritoneal dialysis program for several years, under-
went his usual continuous ambulatory peritoneal dial-
ysis on the day before surgery. In the operative theater,
he also received intraoperative ultrafiltration during
cardiopulmonary bypass, and he then underwent peri-
toneal dialysis again in the surgical intensive care unit
during recovery.

Statistical Analysis. Statistical analysis was performed
using Student’s t-test for continuous variables, and the
χ2 test or Fisher’s exact test for categorical variables.
Continuous variables were expressed as mean ± SD.
Discrete variables were presented as percentages. A 
P value of less than 0.05 was considered significant.
All statistical analyses were performed using SPSS
10.0 (SPSS, Inc.; Chicago, Ill).

Results

Operative data are shown in Table II. Roughly the
same percentages of patients in groups D and ND un-
derwent OPCAB (around 25%) and left internal
mammary artery (LIMA) grafting (about 85%). Op-
erative times (from skin incision to skin closure), car-
diopulmonary bypass times (from start of bypass to
off pump), aortic cross-clamp times, intra-aortic bal-
loon pump use, postoperative leukocyte levels, and
cardiac enzyme changes (data obtained immediately
after surgery) were not significantly different between
groups D and ND. Excluding those patients (2 in
Group D and 4 in Group ND) who either died on the
table or underwent reoperation for massive bleeding,
Group D had higher drainage output from chest
tubes and higher platelet consumption than did
Group ND, but they did not need more blood trans-
fusions. In our hospital, the indications for blood
transfusion were low hemoglobin levels (below 10

gm/dL), severe bleeding, and substantial chest tube
drainage.

The postoperative profiles are shown in Table III.
There were no significant differences between the 2
groups in mean duration of mechanical ventilation or
in length of stay in intensive care. Group D, however,
required significantly longer postoperative stays than
did Group ND. No obvious differences in major
complications were noted between the 2 groups, ex-
cept for poor leg-wound healing and cellulitis, which
was more common in Group D and was the chief rea-
son for that group’s longer postoperative stays. Al-
though 2 patients in Group D and 1 patient in Group
ND underwent reoperation due to persistent bleeding
or tamponade, the statistical difference was not signi-
ficant. Sternal infection was defined as a superficial
sternal wound with pus or infection in need of wet
dressing; mediastinitis was defined as deep sternal 
infection in need of re-exploration and additional sur-
gical intervention; postoperative neurologic complica-
tions included seizure and acute cerebral infarction as
shown by magnetic resonance imaging; arrhythmia
was defined as any atrial fibrillation, or atrial or ven-
tricular premature contractions recorded on charts or
requiring extra medication.

Early Mortality. The 30-day mortality rates of
groups D and ND were 8.7% and 4.3%, respectively
(not significant), while the late mortality rates were
17.4% and 2.9%, respectively (P=0.033). In Group
D, there were 2 in-hospital deaths within 30 days: 1
OPCAB patient, discharged on postoperative day 8,
died on day 15 of unknown causes at home and was
unresponsive to resuscitation at the emergency room;
and the other, a pump patient, died unexpectedly on
postoperative day 12 of sudden sustained ventricular
tachycardia, during hemodialysis. In Group ND, all 3
deaths within 30 days occurred on the table: 1 pump
patient was allergic to protamine, which resulted in
failure of cardiac pumping and failure to resuscitate;
and 2 patients who experienced sudden ventricular
tachycardia during OPCAB died after their surgeries
even after conversion to extracorporeal membrane
oxygenation.

Late Mortality. In Group D, 4 patients died after 30
postoperative days. The 1st patient died on postoper-
ative day 46 of severe mediastinitis, the 2nd died on
postoperative day 118 of sudden sustained ventricular
tachycardia, the 3rd died 14 months postoperatively
of peritonitis associated with continuous ambulatory
peritoneal dialysis, and the last died 32 months post-
operatively of bowel ischemia with severe sepsis. In
Group ND, there were 2 late deaths: 1 patient died 3
months postoperatively of cholecystitis with hepatic-
renal encephalopathy, and the other died at home 16
months postoperatively of an unknown cause unrelat-
ed to the heart.
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number of elderly patients who are entering dialysis
programs, the number of dialysis patients who require
myocardial revascularization is expected to increase.
Both PTCA and CABG are technically feasible in pa-
tients with ESRD, and PTCA yields better immediate
survival rates; however, higher recurrent angina and
restenosis rates limit the long-term benefits of PTCA,
so CABG remains the preferred therapy in such pa-
tients.2,3 Whether coronary artery bypass grafting can
be performed safely in ESRD patients, and how, have
remained questions of great concern in recent years.

Fluid overload and pulmonary congestion related
to cardiopulmonary bypass, anemia, and the bleeding
tendency in these patients are sources of worry for
most surgeons. In addition, the dialysis program is 
an important issue for ESRD patients. Because over-

Discussion

Although dialysis prolongs the lifespan and life quality
of patients with ESRD, people who undergo dialysis
still have only an overall 5-year survival rate of 55% to
60%.4,5 Cardiovascular complications are the leading
cause of death in patients with ESRD; these account
for 47% to 54% of deaths in patients who are on
maintenance dialysis.6,7 The higher incidence of coro-
nary artery disease in this patient population can be
attributed to the presence of comorbid conditions that
include hypertension, hyperlipidemia, renal anemia,
f luid overload by arteriovenous shunt, heterotopic 
calcification due to secondary hyperparathyroidism,
and abnormal carbohydrate metabolism that leads to 
accelerated atherosclerosis.2,8 Because of the growing
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TABLE II. Operative Factors

D Group ND Group
(n=23) (n=69) P Value

OPCAB 6 (26.1%) 16 (23.2%) NS

No. distal anastomoses 3.5 ± 1.2 3.2 ± 0.9 NS

LIMA use 20 (87.0%) 58 (84.1%) NS

Duration of operation (min) 324.48 ± 67.19 347.7 ± 87.30 NS

CPB time (min)a 136.5 ± 26.9 (n=17) 140.4 ± 42.7 (n=53) NS

Aortic cross-clamp time (min)a 79.7 ± 21.9 (n=17) 83.8 ± 31.0 (n=53) NS

IABP use 1 (4.3%) 8 (11.6%) NS

Chest drainage (mL)
Day of operationb 764 ± 543 482 ± 374 0.01
1st postoperative dayb 280 ± 128 291 ± 202 NS

Postoperative laboratory data
Creatinine (mg/dL) 6.02 ± 2.66 1.14 ± 0.53 0
WBC (cells/mm3) 11.41 ± 6.08 11.71 ± 4.32 NS
Hematocrit (%) 26.2 ± 3.4 30.6 ± 4.3 0
Platelet (cells/mm3) 155.6 ± 46.8 193.0 ± 62.7 0.01
K+ (mM/L) 4.32 ± 0.69 3.88 ± 0.45 0.008
CK (U/L) 368.2 ± 342.0 495.7 ± 440.4 NS
CK-MB (ng/mL) 14.9 ± 16.0 34.1 ± 59.1 NS

Blood transfusion amount (U)b

WB 1st day 3.9 ± 2.6 4.2 ± 2.3 NS
WB 2nd day 0.5 ± 1.3 0.2 ± 0.5 NS
PRBC 1st day 2.7 ± 5.2 1.0 ± 2.8 NS
PRBC 2nd day 1.9 ± 1.4 0.3 ± 0.7 NS
FFP 1st day 2.4 ± 2.9 2.1 ± 2.8 NS
FFP 2nd day 0.6 ± 1.4 0.2 ± 0.7 NS
Platelets 1st day 7.4 ± 6.0 7.5 ± 6.0 NS
Platelets 2nd day 0 0 NS

aExcluded OPCAB patients
bExcluded patients who received repeat surgery to check bleeding and those patients who died intraoperatively (Group D, n=21;
Group ND, n=65)

CK = creatine kinase; CK-MB = isoenzyme of creatine kinase with muscle and brain subunits; CPB = cardiopulmonary bypass; 
D = dialysis; FFP = fresh frozen plasma; IABP = intra-aortic balloon pump; K+ = potassium ion; LIMA = left internal mammary 
artery; ND = non-dialysis; NS = not significant; OPCAB = off-pump coronary artery bypass grafting; PRBC = packed red blood
cells;  WB = whole blood; WBC = white blood count



symptoms, quality of life, and overall functional sta-
tus.2,4,12 However, long-term survival remains relatively
limited, and the hospital mortality and morbidity
rates are substantially high, when these patients are
compared with CABG patients who have normal re-
nal function. Many investigators have observed that
additional complications, such as wound infection,
delayed tamponade, and cerebrovascular events, occur
in dialysis patients,4,12,13 but our experience indicates
that complications, in general, do not differ from
those of non-dialysis patients, except for poor healing
of the leg. In comparison with the 9% to 12.9% early
mortality rates in recently published studies of dialysis
patients who underwent elective CABG,5,14 our 8.7%
30-day mortality rate seems acceptable, although it is
still slightly higher than that of the control group. Can
OPCAB improve the surgical results in high-risk
uremia patients? We found, in both our D and ND
groups, that OPCAB results did not differ from con-
ventional cardiopulmonary bypass results in regard 
to early mortality and morbidity. This runs slightly
counter to the findings of Papadimitriou and col-
leagues,10 who concluded that avoidance of cardiopul-
monary bypass might be of some benefit in chronic
dialysis patients. In the early course of our learning
curve in performing OPCAB, 2 patients in the ND
group died due to sudden ventricular tachycardia 
during heart elevation, even after conversion to car-
diopulmonary bypass via extracorporeal membrane

dialysis has not been found to be harmful, some sur-
geons and nephrologists may even prescribe intensive
perioperative dialysis in all dialysis patients who un-
dergo CABG.9 Some recommend dialysis more than
24 hours before CABG, others recommend dialysis as
close to the procedure as possible, while still others
propose intraoperative dialysis, or place a peritoneal
catheter at the time of operation and initiate peri-
toneal dialysis immediately upon arrival in intensive
care.10,11 Some authors still suggest avoiding dialysis
immediately after the operation,10 in order to mini-
mize dialysis-associated hypotension during recovery.

Our ESRD patients who underwent CABG on car-
diopulmonary bypass received intraoperative ultra-
f iltration almost until the weaning process, and 
cooperation with our nephrology teams enabled us to
set our dialysis protocols on the days before and after
surgery. Although patients who underwent OPCAB
did not receive ultrafiltration, we minimized fluid in-
fusion as much as possible during surgery and post-
operative care, and applied the same dialysis protocols
on the days before and after surgery. When performed
in accordance with these dialysis protocols, CABG ap-
pears to be safe and not to impose an extra load on
nephrologists, who must care for a large number of
renal patients, many of whom are not on dialysis.

Coronary artery bypass grafting is the preferred ap-
proach in the treatment of severe coronary disease in
patients with ESRD, because it improves their cardiac

TABLE III. Postoperative Profile

D Group ND Group
(n=23) (n=69) P Value

Mechanical ventilation (hours) 42.1 ± 35.1 26.5 ± 21.7 NS

ICU stay (days) 5.1 ± 3.3 4.2 ± 8.4 NS

Postoperative stay (days) 26.7 ± 26.3 12.2 ± 9.1 0.019

Major complication

Reopen for bleeding or 2 (8.7%) 1 (1.5%) NS
tamponadea

Sternum infectiona 4 (17.4%) 9 (13.0%) NS

Mediatinitisa 1 (4.3%) 0 NS

Postoperative temporary 1 (4.3%) 1 (1.5%) NS
neurologic complicationsa,b

Arrhythmiaa 10 (43.5%) 24 (35.0%) NS

Leg cellulitisa 6 26.1%) 5 (7.2%) 0.03

Surgical mortality (<30 days) 2 (8.7%) 3 (4.3%) NS

Late mortality 4 (17.4%) 2 (2.9%) 0.033

aExcluded 3 patients who died on table in Group ND.
bSeizure or acute cerebral infarction as demonstrated by magnetic resonance imaging

D = dialysis; ICU = intensive care unit; ND = non-dialysis; NS = not significant
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oxygenation. After that, we sometimes used the intra-
aortic balloon pump for temporary heart support 
before beginning surgery, used magnesium sulfate
(MgSO4) during the operation, and always took great
care in elevating the heart; now OPCAB is much safer.
In sum, we believe that OPCAB needs much support
from anesthetists and that intra-aortic balloon pump-
ing can make OBCAB surgery much safer. Although
OPCAB did not reduce the incidence of blood trans-
fusion requirements or of postoperative leukocytosis
in our uremia patients (Table IV), it reduced postop-
erative intubation time, improved patients’ postopera-
tive condition, and reduced length of stay in intensive
care and in the wards. So we still suggest that OPCAB
can be useful in the treatment of coronary artery dis-
ease in dialysis patients, except in those who are he-

modynamically unstable; but more cases are needed to
demonstrate this conclusively.

Whether dialysis-dependent uremia patients should
receive complete revascularization is a question of great
concern for most surgeons.7 We aggressively revascular-
ized our dialysis-dependent uremia patients (3.5 ± 1.2
distal anastomoses on average), and the late mortality
rate in our D group exceeded that of our ND group.
However, the causes of excess death were not cardio-
vascular in origin, and for quality-of-life reasons we still
perform complete revascularization when possible.

Conclusion

Patients on chronic dialysis who require CABG con-
stitute a surgical challenge, for their condition is still

TABLE IV. Operative Factors Comparison in End-Stage Renal Disease Patients

OPCAB CPB-CABG
Group (n=6) Group (n=17) P Value

No distal anastomosis 2.5 ± 0.8 3.9 ± 1.1 0.012

LIMA use 6 (100.0%) 14 (82.4%) NS

Duration of operation (min) 283.2 ± 82.0 339.1 ± 56.9 NS

CPB time (min) 136.5 ± 26.9

Aortic cross-clamp time (min) 79.7 ± 21.9

IABP use 0 1 (5.9%) NS

Chest drainage (mL)
Day of operation* 583 ± 177 821 ± 608 NS
1st postoperative day* 236 ± 153 293 ± 122 NS

Postoperative laboratory data
Creatinine (mg/dL) 5.68 ± 2.06 6.50 ± 2.51 NS
Percent rise in WBC 12.00 ± 3.97 11.21 ± 6.76 NS

(cells/mm3) after operation
Percent hematocrit drop 27.60 ± 2.98 25.64 ± 3.42 0

after operation
Percent platelet (cells/mm3) 147.50 ± 58.31 158.47 ± 43.70 0.01

drop after operation
K+ (mM/L) 4.00 ± 0.71 4.43 ± 0.66 0.008
CK (U/L) 411.3 ± 605.0 349.6 ± 170.0 NS
CK-MB (ng/mL) 17.8 ± 26.5 13.5 ± 9.1 NS
CK-MB/CK ratio after operation 0.04 ± 0.03 0.05 ± 0.03 NS

Blood transfusion amount*
WB 1st day (U) 4.6 ± 2.9 3.7 ± 2.5 NS
PRBC 1st day (U) 0.8 ± 1.1 3.3 ± 5.8 NS
FFP 1st day (U) 0.8 ± 1.8  2.9 ± 3.1 NS
Platelets 1st day (U) 0 9.8 ± 4.8 0

Mechanical ventilation (hours) 14.9 ± 10.1 44.4 ± 33.0 0.05

ICU stay (days) 2.6 ± 0.9 5.4 ± 3.1 0.05

Postoperative stay (days) 13.0 ± 10.7 31.8 ± 28.8 0.019

*Excluded OPCAB patients

CK = creatine kinase; CK-MB =isoenzyme of creatine kinase with muscle and brain subunits; CPB = cardiopulmonary bypass; 
FFP = fresh frozen plasma; IABP = intra-aortic balloon pump; ICU = intensive care unit; K+ = potassium ion; LIMA = left internal
mammary artery; NS = not significant; OPCAB = off-pump coronary artery bypass grafting; PRBC = packed red blood cells; 
WB = whole blood; WBC = white blood count
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associated with high rates of early and late death.
However, good preparation, adherence to a routine
dialysis program, and meticulous perioperative man-
agement can reduce the risk to an acceptable level.
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