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COMPARISON OF POST-OPERATIVE NEUROLOGICAL
COMPLICATIONS BETWEEN ON-PUMP AND OFF-PUMP

CORONARY ARTERY BYPASS SURGERY
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Esmaeil Babaei4, Hamid Reza Taghipour5

ABSTRACT
Objective: To assess neurological impairment after the off-pump and on-pump techniques in
patients with first-time isolated coronary artery bypass graft surgery.
Methodology: One hundred twenty patients undergoing first-time isolated coronary artery
bypass graft surgery prospectively at Baqiatallah University Hospital, Tehran, Iran were randomised
to the off-pump or on-pump technique.
Change in NIHSS score was measured at 30 days postoperatively.
Results: The on-pump group showed a significantly greater deterioration in scores than the
off-pump group. The incidence of TIA at 30 days postoperatively was 15.3% (9 out of 60) in the
on-pump group and 5% (3 out of 60) in the off-pump group. (P=0.05). The incidence of Stroke at
30 days postoperatively was 3.4% (2 out of 60) in the off-pump group, while no one from
off-pump group suffered from stroke. (P=0.05)
Conclusion: Off-pump coronary artery bypass graft surgery results in less neurological
impairment than the on-pump technique.
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INTRODUCTION

Coronary artery bypass grafting (CABG)
with cardiopulmonary bypass is still the gold
standard for surgical myocardial
revascularization. Despite advances in tech-
niques and technologies, documented evidence
indicates that cardiopulmonary bypass
remains the major source of intra-operative
brain injury.1

Neurological injury is an important compli-
cation after coronary artery bypass graft sur-
gery. It comprises two types. Type-1 injury in-
cludes stroke, transient ischemic attack (TIA)
and coma (incidence 3 to 6%). Type-2 injury is
more subtle and includes impairment of
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cognitive function. These are defects associated
with attention, concentration, short term
memory, fine motor function, and speed of
mental and motor responses. The incidence of
neurocognitive impairment after cardiac sur-
gery varies from 20% to 80%.2

Although the pathogenesis of cerebral injury
and cognitive dysfunction after cardiac surgery
is multifactorial, there is increasing evidence
that multiple microemboli arising from the as-
cending aorta, the heart chambers, or the by-
pass circuit are the primary pathophysiologic
mechanisms producing diffuse ischemic
cerebral injury.3

Cardiopulmonary bypass is associated with
an intense inflammatory response because of
conversion to laminar flow, blood contact with
the artificial bypass surface, cold cardiac is-
chemia, and hypothermia. This inflammatory
response produces an acute, massive defence
reaction, induces mild-to-huge interstitial fluid
shifts; generates a host of microemboli
(<500ìm); and causes temporary dysfunction
of nearly every organ.3

By noting the fact that an important compli-
cation of CABG is post-op neurologic dysfunc-
tion, which is probably related to cardiopul-
monary bypass circuit, it may be possible to
reduce this complication by preventing of em-
boli formation during the operation. Therefore,
one can hypothesize that results can be im-
proved by eliminating the source of emboli,
namely the extracorporeal circuit.4

This study aimed at comparing the neuro-
logic complications between on-pump and off-
pump cardiac surgery during the first month
after the operation.

METHODOLOGY

We prospectively randomised 120 patients to
conventional coronary artery bypass grafting
surgery using cardiopulmonary bypass (n = 60)
or to off-pump coronary artery bypass graft-
ing surgery (n=60) at Baqiatallah hospital
between September 2007 and March 2008.
Inclusion criteria:
1. All patients older than 65 years of age.
2. All patients with the history of stroke, TIA

or hemiparesis (regardless of age)
3. All patients with left main stem stenosis

(regardless of age)
Exclusion criteria:
1. All patients who did not agree to be part of

the study
2. All the patients who passed away during

the fist month after the operation
3. Emergency operations

Pre-op investigations included medical his-
tory (including cardiovascular risk factors),
physical examination (especially neurologic),
brain CT scan, carotid artery angiography, and
echocardiography.

Pre-op neurologic data of the patients were
gathered using NIHSS scale (The National In-
stitutes of Health Stroke Scale) to calculate the
pre-score. The same scale was used to gather
information 30 days post-operatively (post-
score). NIHSS is a systematic assessment tool
that provides a quantitative measure of stroke-
related neurologic deficit. The NIHSS is a 15-
item neurologic examination stroke scale used
to evaluate the effect of acute cerebral infarc-
tion on the levels of consciousness, language,
neglect, visual-field loss, extraocular move-
ment, motor strength, ataxia, dysarthria, and
sensory loss. Ratings for each item are scored
with 3 to 5 grades with 0 as normal. As a
result, higher scores indicate more severe
neurological problems.

Written consent was taken from all patients
after explaining the whole procedure. Deci-
sions regarding type of surgery (on-pump or
off-pump) were made according to scientific
indications by the cardiac surgeons themselves
and neither any of the patients nor this survey
had any role in making that decision. The sur-
vey was done double blinded, as the surgeons
did not know which patients were in the sur-
vey, and the post-op examiners did not know
the type of operation which was done for the
patients.

Clinical decisions on patient management on
the intensive therapy unit and the ward were
taken by blinded staff and were based on local
protocols and guidelines, including decisions
on extubation, blood transfusion, & discharge.
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RESULTS

Each group consisted of 60 patients. In on-
pump group, there were 46 males and 14 fe-
males with mean age of 68 ± 8.5 years-old. Off-
pump group also consisted of 60 patients (45
male and 15 female) with mean age of 71 ± 6.9
years old. Age difference between two groups
was not statistically significant.

Baseline characteristics were similar between
patients in two groups (Table-I). Mean LDL
level of on-pump and off-pump groups was
147.2 ± 28.2 mg/dl and 144.2 ± 28 mg/dl, and
this difference was not statistically significant.
Mean triglyceride level of on-pump and off-
pump groups was 239.7 ± 50mg/dl and 235.7
± 57.9mg/dl, which was not statistically
significant.

Hypertension was defined as systolic pres-
sure >140 mmHg or diastolic pressure
>90mmHg. Patients with normal blood pres-
sure who were already on antihypertensive
medication were also considered as being hy-
pertensive. In on-pump group 59 had hyper-
tension (five patients with uncontrolled hyper-
tension). In off-pump group, 55 patients were
hypertensive (seven patients with uncontrolled
hypertension). However, this difference was
not statistically significant.

Regarding diabetes mellitus, 30 patients from
on-pump group and 19 patients from off-pump
group were diabetic; however the difference
was not statistically significant. Patients who
were regular smokers for more than year be-
fore the operation were considered as smok-

ers. There was also no statistically significant
difference between the prevalence of smoking
in two groups.

Type-2 injuries (dizziness, blurred vision, and
slight decline in level of consciousness) hap-
pened in eight patients from on-pump group
and two in off-pump. However, this  differ-
ence was not statistically significant (p=0.27).

In case of serious psychological problems
(including delirium, depression anxiety and in-
somnia, severe enough to necessitate psychi-
atric consultation) seven patients from on-
pump group suffered such problems while no
one from off-pump group had such problems,
and this difference was significant.

Three patients from on-pump group and one
patient from off-pump group had visual prob-
lems including blurred vision, visual-field loss,
or impaired extraocular muscles movements.
However, this difference was not significant
(P=0.61).

In case of serious neurological problems, in
on-pump group 9 patients (15.3%) had TIA
and two patients (3.4%) suffered from stroke.
In off-pump group, three patients (5%) had TIA
and no one suffered from stroke and this dif-
ference was statistically significant (P=0.05).
(Table-II).

NIHSS pre-scores were 0.23±0.96 and
0.28±0.99 in on-pump and off-pump groups
respectively. Post-scores were 1.28±2.78 and
0.50±1.75 in on-pump and off-pump groups
respectively and this difference was statistically
significant (Table-III). In other words, the re-
sults of our survey show that the prevalence

Table-I: Baseline characteristics of the patients in two groups
On-pump group Off-pump group P-value

Male patients 46 45 NS
Mean age 68 ± 8.5 year-old 71 ± 6.9 years-old NS
Age > 65 year-old 45 patients 54 patients NS
LDL cholesterol 147.2 ± 28.2 mg/dl 144.2 ± 28 mg/dl NS
Triglyceride level 239.7 ± 50 mg/dl 235.7 ± 57.9 mg/dl NS
Hypertension 59 patients 55 patients NS
Diabetes mellitus 30 patients 27 patients NS
Smoking 15 patients 15 patients NS
NS: Not Significant

Neurological complication after CABG
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of neurological complications, which is showed
by NIHSS score, is more in on-pump cardiac
surgery comparing to off-pump surgery.

DISCUSSION

Major neurological complications constitute
a growing percentage of serious postoperative
morbidity.5 Changes in cognitive function may
persist with an incidence of 25-30% at 8 weeks
post cardiac surgery, with only slightly lower
levels at one year.4 A longitudinal assessment
of neurocognitive function in patients after
cardiopulmonary bypass surgery showed that
the cognitive decline could still be present in
42% at five years after surgery.5

Major neurologic events, such as disabling
strokes, are some of the most feared complica-
tions with a reported incidence of 0.8% to 5.2%
in patients undergoing cardiac surgery and are
mainly due to embolisation by atheromatous
debris during manipulation of the diseased
aorta. However, cognitive impairment, which
is predominantly caused by microembolisation
of gaseous and particulate matter is a more
common form of neuorological injury related
to coronary artery bypass surgery but at the
same time more difficult to assess or quantify
than stroke.5

Recent randomised trials comparing the
neurocognitive performance of patients after
off-pump surgery or cardiopulmonary bypass
surgery have reported contradictory results.
One trial of 281 patients reported no difference
in cognitive outcome at three and 12 months,6

but in a separate report on 219 patients the
authors still concluded that early cognitive
decline at four days after surgery predicted
cognitive outcome at three months more promi-
nently in patients after cardiopulmonary by-
pass surgery.7 In contrast, two trials, recruit-
ing fewer patients, reported significantly bet-
ter neurocognitive performances in patients
after off-pump surgery.8,9

The off-pump CABG technique has been
shown to improve the outcome in high-risk
patients,10-12 whereas the use of cardiopulmo-
nary bypass has been shown to be associated
with some degree of neurocognitive and neu-
rologic dysfunction.5

A recent large multivariate study in a gen-
eral CABG population including 16,184 pa-
tients showed the off-pump CABG approach
to be protective in terms of reducing the inci-
dence of neurologic injury.13 The frequency of
major perioperative neurological sequelea in
our patients undergoing primary isolated
CABG was less than 2%, which is consistent
with the reported frequency in the recent lit-
erature.14-16 Patients who underwent off-pump
coronary artery bypass grafting surgery had
better preservation of neurocognitive function
as can be concluded from NIHSS scores.

CONCLUSION

There has been a growing interest in off-
pump CABG especially during the last decade,
and the advantages associated with the use of
this technique have been repeatedly empha-

Table-III: Comparison of NIHSS scores between two groups
On-pump group Off-pump group P-value

Pre-opNIHSS score 0.23±0.96 0.28±0.99 NS
30 days post-op NIHSS score 1.28±2.78 0.50±1.75 0.001
NS: Not Significant

Table-II: Neurological problems
On-pump group Off-pump group P-value

Psychological problems 7 patients 0 patients 0.001
TIA 9 patients 3 patients 0.05
Stroke 2 patients 0 patients 0.05



sized. However, controversies still exist con-
cerning the benefits of off-pump CABG in com-
parison to those of conventional CABG. An
analysis of the best available existing evidence
from RCTs clearly suggests that, compared to
conventional CABG, off-pump CABG is asso-
ciated with lower morbidity rates, similar graft
patency, and substantially lower costs.

Our study also shows that patients who
underwent Off-pump CABG, did better than
the patients who underwent on-pump CABG
in the first month post-op period. As
neurocognitive sequelea are among the most
prevalent and important complications of
CABG, off-pump CABG so far has shown
promising results in lowering the rate of such
complications. It must be emphasised however,
that despite early reports of good results, more
long-term studies are needed to firmly encour-
age the use of this technique.

REFERENCES

1. Schmitz C, Weinreich S, Schneider R, Schneider D,
Speth I, Schulze-Rauschenbach C, et al. Off-Pump ver-
sus on-pump coronary artery bypass: can OPCAB re-
duce neurologic injury? Heart Surg Forum;
2003;6(3):127-30.

2. Zamvar V, Williams D, Hall J, Payne N, Cann C,
Young K, et al. Assessment of neurocognitive im-
pairment after off-pump and on-pump techniques for
coronary artery bypass graft surgery: prospective
randomised controlled trial. BMJ 2002;325(7375):1268.

3. Raja SG. Pump or no pump for coronary artery by-
pass: current best available evidence. Tex Heart Inst J
2005;32(4):489-501.

4. Scarborough JE, White W, Derilus FE, Mathew JP,
Newman MF, Landolfo KP. Neurologic outcomes af-
ter coronary artery bypass grafting with and without
cardiopulmonary bypass. Semin Thorac Cardiovasc
Surg 2003;15(1):52-62.

5. Al-Ruzzeh S, George S, Bustami M, Wray J, Ilsley C,
Athanasiou T, et al. Effect of off-pump coronary
artery bypass surgery on clinical, angiographic,
neurocognitive, and quality of life outcomes:
randomised controlled trial BMJ June 2006;
doi:10.1136/bmj.38852.479907.7C.

6. Van Dijk D, Jansen E, Hijman R, Nierich A, Diephuis
J, Moons K, et al. Cognitive outcome after off-pump
and on-pump coronary artery bypass graft surgery: a
randomised trial. JAMA 2002;287:1405-12.

7. Van Dijk D, Moons K, Keizer A, Jansen E, Hijman R,
Diephuis J, et al. Association between early and
three month cognitive outcome after off-pump and
on-pump coronary bypass surgery. Heart
2004;90:431-4.

8. Zamvar V, Williams D, Hall J, Payne N, Cann C,
Young K, et al. Assessment of neurocognitive im-
pairment after off-pump and on-pump techniques for
coronary artery bypass graft surgery: prospective
randomised controlled trial. BMJ 2002;325:1268-71.

9. Diegeler A, Hirsch R, Schneider F, Schilling L, Falk V,
Rauch T, et al. Neurocognitive outcome in off-pump
versus conventional coronary bypass operation. Ann
Thorac Surg 2000;69:1162-6.

10. Al-Ruzzeh S, Nakamura K, Athanasiou T. Does off-
pump coronary artery bypass (OPCAB) surgery im-
prove the outcome in high-risk patients? A compara-
tive study of 1398 high-risk patients. Eur J Cardiothorac
Surg 2003;23:50-5.

11. Cleveland JC Jr, Shroyer AL, Chen AY. Off-pump coro-
nary artery bypass grafting decreases risk-
adjustedmortality, and morbidity. Ann Thorac Surg
2001;72:1282-8.

12. Bowles BJ, Lee JD, Dang CR. Coronary artery bypass
performed without the use of cardiopulmonary by-
pass is associated with reduced cerebral microemboli
and improved clinical results. Chest 2001;119:25-30.

13. Burecius J, Gummert JF, Borger MA. Stroke after car-
diac surgery: a risk factor analysis of 16184 consecu-
tive adult patients. Ann Thorac Surg 2003;75:472-8.

14. Motallebzadeh R, Bland JM, Markus HS, Kaski JC,
Jahangiri M. Neurocognitive function and cerebral
emboli: Randomized study of on-pump versus off-
pump coronary artery bypass surgery. Ann Thorac
Surg 2007; 83(2):475-82.

15. Zangrillo A, Crescenzi G, Landoni G, Leoni A, Marino
G, Calabrò MG, et al. Off-pump coronary artery
bypass grafting reduces postoperative neurologic
complications. J Cardiothorac Vasc Anesth
2005;19(2):193-6.

16. Biancari F, Mosorin M, Rasinaho E, Lahtinen J,
Heikkinen J, Niemelä E, et al. Postoperative stroke
after off-pump versus on-pump coronary artery by-
pass surgery. J Thorac Cardiovasc Surg
2007;133(1):169-73.

   Pak J Med Sci   2009   Vol. 25   No. 1      www.pjms.com.pk   141

Neurological complication after CABG


