
Amaç: Bu çal›flmada, kronik renal yetmezli¤i olan hastalarda
uygulanan koroner bypass cerrahisinin ameliyat an›ndaki ve
ameliyat sonras›ndaki sonuçlar› incelendi.

Çal›flma plan›: Bilinen kronik böbrek yetmezli¤i olan 31
hasta (23 erkek, 8 kad›n; ort. yafl 62.45±9.34; da¤›l›m 41-
75), koroner arter hastal›¤› nedeniyle ameliyat edildi. On
bir hasta ameliyat öncesi dönemde diyalize ba¤›ml›yd›.
Ameliyat öncesi ortalama kreatinin de¤erleri, diyalize ba-
¤›ml› olan ve olmayan hastalarda s›ras›yla 5.88±2.84
mg/dl ve 2.4±1.4 mg/dl idi. On sekiz hastaya on-pump
koroner arter bypass cerrahisi, 13 hastaya off-pump
teknikle koroner arter bypass greft uyguland›. On-pump ve
off-pump bypass yap›lan hastalarda kullan›lan ortalama
greft say›lar› s›ras›yla 2.8±0.9 ve 1.6±0.7 idi. On-pump
grupta komplet revaskülarizasyon hastalar›n %77.7’sinde
sa¤lanabilirken off-pump grubunda %76.9 hastada
sa¤land›. Her iki grup için ameliyat komplikasyonlar›,
mortalite/morbidite ile yo¤un bak›m ve hastane kal›fl süre-
leri incelendi.

Bulgular: Erken mortalite oran› üç hasta ile %9.6 oldu. ‹ki
hastada ameliyatta miyokardiyal infarktüs geliflti, hasta-
lar›n ikisinde intraaortik balon kontrpulsasyonu ile destek
gerekti. Sternal dehisens, enfeksiyon ve nörolojik komp-
likasyonlar gibi ameliyat sonras› sorunlara on-pump
grubunda daha s›k rastland› (p=0.02). ‹ki grup
karfl›laflt›r›ld›¤›nda mortalite, aritmi, ameliyat s›ras›nda
miyokardiyal infarktüs ve drenaj miktarlar› aç›s›ndan gru-
plar aras›nda anlaml› bir fark saptanmad›. ‹statistiksel
olarak anlaml› olmasa da ortalama entübasyon süresi, has-
tane ve yo¤un bak›mda kal›fl süreleri off-pump grupta biraz
daha düflüktü.

Sonuç: Diyalize ba¤›ml› kronik böbrek yetmezli¤i olan ve
koroner arter hastal›¤› için ameliyat planlanan hastalar risk
faktörleri ve efllik eden hastal›klar aç›s›ndan iyice araflt›r›lma-
l›d›r. Kronik renal yetmezli¤i olan hastalarda off-pump koro-
ner revaskülarizasyonun iyi bir tercih oldu¤u düflüncesinde-
yiz.

Anahtar sözcükler: Kardiyak cerrahi prosedürler/yan etki; ameliyat
komplikasyonlar›; kronik böbrek yetmezli¤i/komplikasyon; ameliy-
at sonras› komplikasyonlar.

Is off-pump coronary bypass a good choice in patients
with chronic renal failure?
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Background: Patients with chronic renal disease who under-
went coronary artery bypass grafting were studied and peri-
operative and postoperative results were analyzed.

Methods: Thirty one patients (23 males, 8 females; mean age
62.45±9.34 years; range 41-75) with known chronic renal dis-
ease were operated for coronary artery disease in our clinics.
Eleven patients were dialysis-dependent preoperatively.
Mean preoperative creatinine value was 5.88±2.84 mg/dl in
dialysis-dependent patients and 2.4±1.4 mg/dl in non-dialysis
dependent patients. We performed on-pump coronary artery
bypass surgery in 18 patients whereas 13 patients underwent
coronary artery bypass grafting with off-pump technique.
Mean number of grafts was 2.8±0.9 in patients operated on
with cardiopulmonary bypass and 1.6±0.7 in patients operat-
ed on with off-pump technique. Complete revascularisation
was accomplished in 77.7% of the former group whereas in
76.9% in the latter group. We analyzed both groups in regards
to postoperative complications, mortality/morbidity and dura-
tion of intensive care unit and hospital stay.

Results: Early mortality rate was 9.6% (3 patients). Myocar-
dial infarction developed in 2 patients during perioperative
period and intraaortic balloon pump counterpulsation was
performed. Postoperative complications such as sternal dehis-
cence, infection and neurological complications during early
postoperative period were observed more frequently in pati-
ents undergoing cardiopulmonary bypass (p=0.02). There
was no signficant difference between the two groups with res-
pect to mortality, arrhythmia, perioperative myocardial in-
farction and drainage amount. Mean duration of intubation,
hospital stay and intensive care unit stay were shorter in the
off-pump group, although not statistically significant.

Conclusion: Patients with dialysis-dependent chronic renal
failure who present with coronary artery disease should be
thoroughly evaluated preoperatively for risk factors and coex-
istent severe diseases. We believe that in patients with chron-
ic renal failure, off-pump coronary revascularization is a good
alternative.

Key words: Cardiac surgical procedures/adverse effects; intraopera-
tive complications; kidney failure, chronic/complications; postoper-
ative complications. 
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Cardiac pathologies are among the most important fac-
tors of mortality in patients with chronic renal failure.[1]

Cardiac diseases have been reported to be responsible
for 44% of deaths in patients on long term dialysis treat-
ment.[2] Risk of acute myocardial infarction, angina pec-
toris, pulmonary edema due to left ventricular dysfunc-
tion, sudden death, congestive heart failure and com-
plex ventricular arrhythmias are more frequent in these
patients. Dilated cardiomyopathy, hypertrophic hyper-
kinetic disease and development of calcifications
involving cardiac valves and other cardiac structures
are important complications related to renal failure in
these patients.[1] Moreover, morbidity related to cardiac
disease causes more problems in those patients who are
on hemodialysis therapy. Dialysis sessions may have to
be ended prematurely due to hypotensive or anginal
attacks.

Patients with decreased renal function but who are
not on dialysis therapy (serum creatinine ≥2.0 mg/dl)
present with an increased operative risk. Even if revas-
cularization is provided, long-term freedom from car-
diac events is less in patients with renal dysfunction
than that in patients with normal renal function.[3]

Dialysis-dependent renal failure patients also have
increased risk for coronary artery bypass graft opera-
tions. It is well known that renal failure is an important
risk factor in cardiac operations, performed under car-
diopulmonary bypass (CPB).[1]

About two thirds of chronic renal failure cases are
caused by primary hypertension, diabetes mellitus, or
both. These diseases also cause serious cardiovascular
pathologies and this coexistence makes the treatment
highly complex. Moreover, an aggressive atherosclerot-
ic process involving all coronary arteries is observed in
patients with renal disease just as in diabetes. Presence
of hypertension, hyperlipidemia and abnormal carbohy-
drate metabolism all contribute to this accelerated ath-
erosclerosis.[4] The optimal management of these
patients, the pre- and postoperative measures, and the
choice of operative strategies very important implica-
tions. Potential problems associated with CPB, such as
fluid-electrolyte balance, hemoglobin concentration,
and hemostasis, all make optimal perioperative man-
agement indispensable.

PATIENTS AND METHODS

Patient characteristics. Thirty one patients (23 males, 8
females; mean age 62.45±9.34 years, range 41 to 75 years)
with known chronic renal disease who were operated for
coronary artery disease in our clinics were included in
the study. Eleven patients were dialysis-dependent pre-
operatively, all being on hemodialysis. Demographic
data and preoperative cardiac pathologies of patients are
summarized in Table 1. Etiology of renal failure was

hypertensive nephropathy in 9, diabetes mellitus in 8 and
lupus nephropathy in 1 patient. In 2 patients, renal
parenchymal disease was detected ultrasonographically
whereas etiology of renal dysfunction was not clear in
the remaining patients. Two patients were included in
dialysis programme one week before the operation.
Mean duration of dialysis in the remaining patients, who
were on dialysis programme at preoperative period, was
3.65±2.87 (range; 0.6-8) years. Mean EF was
50.00±7.99% (range; 35-64%). Mean preoperative
serumcreatinine value was 5.88±2.84 mg/dl in dialysis-
dependent patients and 2.4±1.4 mg/dl in nondialysis-
dependent patients. One of the patients who had renal
artery stenosis had underwent PTCA and stent implanta-
tion before the operation. This patient had impairment of
renal function but was not on dialysis. Due to established
renal failure, no corrective procedure for stenotic renal
artery was performed before coronary revascularization.
The female patient with lupus erythematosus was not in
an acute flare-up stage at the time of revascularization.

Operation and postoperative follow up. All patients
underwent a hemodialysis procedure 24 hours before
the operation in order to attain optimal fluid-electrolyte
and urea-creatinine values. All coronary artery bypass
grafting (CABG) operations were performed through
median sternotomies with or without CPB. In both
groups left internal mammarian artery was used unless
there was a contraindication. Right internal mammarian
artery was used only in 1 patient who underwent a sec-
ond operation due to restenosis of left anterior descend-
ing artery distal to the first anostomosis.

In patients operated with CPB, activated clotting
time (ACT) was kept over 500’’ and to prevent volume
overload hemofiltration was used during perfusion
when necessary. Potassium-rich solutions were not used
and hemoglobin levels were kept above 10 g/dL. To
optimize preload, fresh-frozen-plasma was used for
fluid replacement and packed red blood cells to increase
the hematocrit levels when needed.

Patients spent postoperative first 2 days in the inten-
sive care unit (ICU). If potassium levels and urea-crea-
tinine values were stable and if volume status was nor-
mal, hemodialysis was not started until the 2nd postop-
erative day and none of the patients required dialysis
earlier. Balanced glucose-insulin solutions were admin-
istered to the patients with high potassium levels, to
reduce serum potassium levels to normal. The frequen-
cy of the dialysis was determined on an individual basis
by closely monitoring laboratory results and the status
of the patients.

Statistical analysis. Statistical analyses were performed
by SPSS 11.0 software for windows (SPSS Inc.,
Chicago, USA Ill). All data are presented as
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mean±standard deviation for continuous variables, as
numbers with percentage for categorical variables.
Differences between categorical variables were tested
using the x2-test and Fisher’s exact test; differences
between continious variables were tested using Paired t-
test. p≤0.05 was considered to be significant.

RESULTS

Mean arterial pressure during perfusion was 87±3.1
mmHg in patients undergoing CPB whereas mean sys-
tolic arterial pressure was 113.2±13.1 mmHg in those
operated with the off-pump technique (Table 2).
Although mean number of grafts per patient was higher
in the on-pump group (2.8±0.9 vs. 1.6±0.7) complete
revascularization ratio was similar in both groups
(77.77% vs. 76.9%).

Early mortality was 9,67% (3 patients). Two of these
were operated on-pump whereas 1 was operated off-
pump. One of the on-pump patients died of sepsis sec-
ondary to sternal infection on postoperative 22nd day
and other two patients died of low cardiac output on
postoperative 8th and 10th days. All three patients had
nondialysis-dependent renal failure preoperatively but
required hemodiafiltration in the ICU due to further
deterioration of renal functions.

Anterior myocardial infarction developed in two
patients during perioperative period and both required
high dose inotropic and intraaortic balloon pump sup-
port because of low cardiac output syndrome. One of
these patients underwent CPB and the other was oper-
ated with the off-pump technique. Additional two
patients required high dose inotropic support and both
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Table 1. Preoperative demographic data

Characteristic On-pump Off-pump

Sex
Male/female 15/3 8/5
Age 62.16±8.06 62.84±11.22
Coronary artery disease + ischemic mitral regurgitation 1 2
Previous myocardial infarction         7 9
Left main coronary artery disease 2 0
Diabetes mellitus 8 2
Insulin dependent 2 1
Hypertension 15 8
Smoking                11 7
Canada class I-II    6 2
Canada class III-IV 12 11
New York Heart Associarion class I-II 17 11
New York Heart Associarion class III-IV 1 2
Hyperlipidemia 15 8
Obesity 3 2
Peripheric vascular disease 3 1
History of cerebrovascular accident 2 1
Renal artery stenosis 1 1
Chronic obstructive pulmonary disease 3 1
Ejection fraction <40% 3 7
Preoperative dialysis 5 6

Table 2. Operations

Variable On-pump Off-pump

Mean systolic arterial pressure 87.07±3.17 113.22±13.14
Duration of total perfusion 103.22±34.76
Duration of cross-clamp 65.5±23.99
Graft number/patient 2.83±0.92 1.69±0.75
Complete revascularization 14 (77.7%) 10 (76.9%)
Use of left internal mammarian artery 16 (88.88%) 12 (92.30%)
Use of right mammarian artery 1 (5.55%) 0
Concomitant procedure Mitral ring annuloplasty 0



were lost due to low cardiac output. Again, one of these
patients was in on-pump group and other was in off-
pump group. Supraventricular and ventricular arrhyth-
mia were observed at similar frequencies in each group
(Table 3).

Eight patients who were not dialysis-dependent pre-
operatively required hemodiafiltration in ICU due to
increased urea-creatinine levels and volume overload
secondary to cessation of urinary output and 1 patient
due to high potassium levels. Three of these patients
required chronic dialysis therapy thereafter.

In 1 patient operated with the on-pump technique,
generalized tonic-clonic convulsion developed during
early postoperative period and was treated with anti-
convulsant therapy. In the off-pump group, no neuro-
logic or sternal complications observed whereas in the
on-pump group 3 patients required reintervention for
sternal dehiscence one of which was secondary to ster-
nal infection.

The frequency of dialysis was determined on an
individual basis by closely monitoring laboratory
results and the status of the patients in patients with
dialysis-dependent renal failure. The frequency of post-
operative hemodialysis was similar to that of preopera-
tive hemodialysis. Cessation of dialysis due to hypoten-
sion or hemodynamic instability was not necessary in
any patients. In patients who were not dialysis-depen-

dent preoperatively, indication of dialysis was deter-
mined by laboratory results, potassium levels and find-
ings of volume overload.

DISCUSSION

The underlying cause of death in 40-50% of hemodial-
ysis patients is coronary artery disease. It is not well
known whether the progression of the coronary artery
disease has a more accelerated course in hemodialysis
patients, but many studies report that cardiac disorders
have dismal outcome in the presence of coexisting dis-
eases, including established renal failure.[5]

Calcification of the heart valves, coronary arteries, and
the conduction system, and the probability of septic
events such as endocarditis, are typical complications
of long-term hemodialysis.[6] In spite of the fact that
reports on the outcomes of cardiac procedures and their
effects on the long-term prognosis of patients with renal
disease are scarce, recent findings indicate acceptable
medium and long-term results.[7,8]

CPB, hemodynamic factors and toxic effects on kid-
neys have been proposed to be responsible for the
development of acute renal failure during postoperative
period. When this renal impairement becomes severe
enough to necessitate dialysis mortality increases
markedly and was reported to be 60% to 100%.[9,10]

Also, for nondialysis -dependent patients, Rao et al.[11]

report higher blood transfusion requirements and a
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Table 3. Mortality and morbidity

Variable On-pump Off-pump

Mortality 2 1
Myocardial infarction 1 1
Inotrop use 2 2
Intraaortic balloon pump use 1 1
Arrhythmia

Supravantricular tachycardia 2 2
VPB/VT/VF 1/0/0 2/0/2

Dialysis requirement 5 4
Chronic dialysis 2 1
Sternal 

‹nfection 1 0
Dehiscence 3 0

Neurologic complication 1 0
Revision for bleeding 1 0
Postoperative blood loss 527.77±177.58 388.46±354.23
Transfusion requirement unit

Packed red blood cells 2.25 1.75
Fresh frozen plasma 1.25 1
Whole blood 1.15 0.75

Duration of intubation 17.94±20.24 12.5±5.72
Duration of intensive care unit stay 9.5±17.33 6.23±5.23
Duration of hospital stay 18.44±14.14 14.38±9.82

VPB: Ventricular premature beat; VT: Ventricular tachycardia; VF: Ventricular fibrillation.



higher incidence of low cardiac output syndrome result-
ing in longer ICU and hospital stays.

Complications after coronary artery bypass surgery
are seen more often in dialysis-dependent renal failure
patients than in other patients.[6,7] Accelerated athero-
sclerosis and diffuse cholesterol embolization produce
cerebrovascular or visceral vascular complications. The
high percentage of preoperative myocardial infarctions
in these patients and the presence of triple-vessel dis-
ease and calcific arterial lesions all point to an acceler-
ated progression of atherosclerotic disease.
Postoperatively, the more frequent need of inotropic
medications also indicates a higher risk of major car-
diac events in these patients. In various studies,
advanced age has been the most important predictive
factor in survival in these patients, but cerebrovascular
disease, an ejection fraction of less than 0.35, and the
need for hemodialysis are other strong predictive fac-
tors.[12] Due to the presence of calcified coronary artery
lesions, surgeons usually have had to perform incom-
plete revascularizations in dialysis-dependent
patients.[13] Although mean number of grafts per patient
was higher in the on-pump group (2.8±0.9 vs. 1.6±0.7)
complete revascularization ratio was similar in both
groups (77.77% vs. 76.9%). The reason is that at the
beginning patients with low number of diseased vessels
was selected for off-pump coronary revascularization.
With the development of new surgical techniques for
off-pump coronary surgery, patients with stenosis of
distal circumflex branches have become suitable for
off-pump coronary revascularization.

Many of the complications associated with CABG
in patients with renal failure may be related to the use
of CPB. Disorders like platelet dysfunction and suscep-
tibility to infection increase the operative morbidity and
mortality. The susceptibility to infections is related to
decrease in leukocyte chemotaxis and leucopenia relat-
ed to CPB. Absence of any infectious complications in
the off-pump group supports this view. During CPB,
there is difficulty in maintaining the fluid-electrolyte
balance in dialysis-dependent patients; and in dialysis
patients operated on-pump, there is greater risk of
bleeding complications.[14] With off-pump CABG it is
possible to avoid adverse effects of CPB on immuno-
logical system and bleeding diathesis and to minimize
these problems. In our series, only 1 on-pump patient
required reoperation for bleeding whereas in the off-
pump group bleeding problem was observed in 1
patient which did not require surgical intervention. The
decreased number of bleeding problems lessens trans-
fusion requirements and thereby transfusion-related
complications. In patients operated off-pump, postoper-
ative drainage and transfusion requirements were less

than on-pump group but this was not statistically sig-
nificant due to low number of patients.

It is widely known that cerebrovascular accidents
are more frequent in patients operated with the on-
pump technique. Obviating the need to cross-clamp the
aorta in diffusely atherosclerotic renal failure patients
has the further advantage of diminishing the risk of
thromboembolic events. None of our patients experi-
enced a cerebrovascular event but in generalized tonic-
clonic convulsion was observed in 1 patient in the on-
pump group. No organic pathology was detected in this
patient and was discharged from the hospital without
neurologic sequale.

Ischemic electrocardiographic changes were
observed in 2 patients during perioperative period and
both required high dose inotropic and intraaortic bal-
loon pump (IABP) support because of low cardiac out-
put syndrome. One of these patients was operated with
CPB and other with the off-pump technique. Diffuse
atherosclerotic disease was present and anterior
myocardial infarction developed in both patients. These
patients were in nondialysis-dependent group and did
not require dialysis during postopertive period. This
shows that atherosclerotic process is also accelerated in
nondialysis-dependent patients and risk of major car-
diac complications is also increased. Both of these
patients were discharged from the hospital.

The maintenance of a good fluid-electrolyte bal-
ance, the avoidance of potassium-rich solutions in vol-
ume replacement, the decreased need for blood transfu-
sions, the avoidance of potassium-rich banked bloods,
and the early use of balanced glucose-insulin solutions
all helped to delay the need for hemodialysis until the
2nd day of the postoperative period. In this way, it may
be possible to delay and thereby lessen the detrimental
effects of hemodialysis on hemodynamic parameters
and on the bleeding diathesis in the very early postop-
erative period. The frequency of postoperative
hemodialysis was determined in accordance to labora-
tory results and patient’s clinical status and was
unchanged from that of preoperative hemodialysis. Of 9
patients who were nondialysis-dependent preoperative-
ly but required dialysis during postoperative period, 4
were in the off-pump group and five in the on-pump
group. There was no difference between groups.

Duration of stay in hospital was longer in patients
with renal failure because these patients had a worse
general condition. Moreover, in order to schedule post-
operative dialysis programme we followed these
patients longer in the hospital. We observed that dura-
tions of intubation, ICU stay and hospital stay were
longer in patients operated on under CPB (Table 3) but
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this was not statistically significant. In the study of
Ascione et al, the need for postoperative inotropic and
intraaortic ballon pump support, prolonged intubation
and the need for transfusions were observed more fre-
quently in patients with nondialysis-dependent renal
failure, and CPB was found to be an independent risk
factor for worsening of renal failure.[15]

Altouhgh coronary artery disease is seen more fre-
quently in patients with dialysis-dependent and non
dialysis-dependent renal failure, it is well known that
cardiac surgical procedures carry a high risk in this
patient subgroup. Concomitant serious diseases as well
as a diffuse coronary arterial pathology make these
patients more complex. An important part of complica-
tions in patients with coronary artery disease and dialy-
sis-dependent renal failure are related to CPB (bleed-
ing, volume overload, cerebrovascular accident). Since
we observed less morbidity, fewer bleeding problems
and shorter durations of stay in ICU in patients operat-
ed on with off-pump technique than in patients operat-
ed on under CPB, we propose to perform off-pump
coronary revascularization whenever it is possible.[16]

Although the need for inotropic support was similar in
both groups in our study, cardiac functions of patients in
off-pump group were worse and off-pump technique
was preferred also in order to avoid adverse effects of
CPB on cardiac functions.

Off-pump coronary revascularization is a technique
that could be preferred in patients with a risk of postop-
erative organ dysfunction, in the presence of diseases
could be accelerated by CPB, (HIV, immune deficiency,
malignant disease) or in patients with pathologies
which requires avoidance from CPB such as coagu-
lopathy. General condition of patients with renal failure,
presence of complex concomitant diseases, tendency
for infection and coagulopathy makes off-pump coro-
nary surgery a suitable technique for these patients. Off-
pump operations decrease the mortality and morbidty
and shorten the durations of ICU and hospital stay.
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