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Summary. A prospective analysis of 78 patients un-
dergoing coronary artery bypass surgery (CABS) was
carried out to assess clinically the frequency and
course of cerebral complications during the 1st post-
operative week. Detailed evaluation of the patients
showed that neurological abnormalities after CABS
were common, occurring in 40 of the 78 patients
(51%). However, there were no serious cerebral
complications. Changes in reflexes and new focal
signs were found in 26 and 25 cases respectively; in 7
patients (9% ) they were confined to the first post-
operative days. There was no statistically significant
correlation between postoperative outcome and age,
preoperative neurological state or bypass time. How-
ever, some strong associations could be calculated
between a history of cerebrovascular signs or symp-
toms and the appearance of persisting focal signs
or development reflexes during the 1st week after
CABS.
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Introduction

There has been a rapid growth of interest during the
past few years in neurological complications after
open-heart surgery (Javid et al. 1969; Tufo et al.
1970; Branthwaite 1972, 1973; Meyendorf 1976; Mohr
1979; Coffey et al. 1983; Sotaniemi 1983; Sotaniemi
et al. 1986; Aberg 1988). Despite continuing improve-
ments in operative, anaesthetic, and perfusion tech-
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niques, brain injury continues to occur in cardiac sur-
gery with a higher incidence than in any other non-
cerebral operation (Bashein 1988).

So far, few prospective extensive studies have
been devoted to the general survey of all neurological
abnormalities following coronary artery bypass sur-
gery (CABS) (G6tze and Dahme 1980; Breuer et al.
1983; Shaw et al. 1985; Smith et al. 1986; Carella et
al. 1988). Moreover, even in these publications de-
tailed information about the clinical course of neuro-
logical disturbances in the early postoperative phase
is not available.

Hence, it was the aim of this investigation to de-
fine the incidence and severity as well as the dynam-
ics of new clinical abnormalities in the early stage
after CABS and to analyse possible connections with
pre- and intraoperative parameters.

Subjects and Methods

We studied the cases of 78 consecutive patients undergoing
CABS at the Department of Cardiovascular Surgery of the
University of Kiel between May 1987 and October 1988. The
study group included 61 males and 17 females, with an age
range of 39-74 years (mean 59.5, SD 8.2).

Using the New York Heart Association (NYHA) func-
tional classification, all patients were class III. Previous myo-
cardial infarction had occurred in 65%; 44% had a history of
hypertension and 19% had a history of cigarette smoking. The
incidence of diabetes mellitus was 18% ; hyperlipidaemia was
found in 35%. Preoperative Doppler ultrasonographic exami-
nations revealed bilateral stenosis of the internal carotid artery
in one patient of our sample; this finding was additionally con-
firmed by intravenous digital subtraction angiography (DSA).

Anaesthesia and surgery were standardized. Non-pulsatile
extracorporeal perfusion was performed with a Bentley bubble
oxygenator in 45 patients and with a membrane oxygenator in
33 cases. An arterial line filter (40 um) was routinely included
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in the circuit. Extracorporeal flow was maintained at 2.51/m’
per minute at a perfusion pressure of 60-70mmHg. A Sttckert
roller pump was used. Haemodilution was total and a haemat-
ocrit ranging between 26 and 32% was accepted. Cardiopul-
monary bypass was maintained with moderate hypothermia
(rectal temperature between 27 and 32°C); lower temperatures
were used with cold cardioplegia (4°C). The median values of
the bypass time and the aortic cross-clamping time were 80 min
(range 39-140) and 39 min (range 20-112) respectively. The
number of grafts ranged from 1 to 6 (median 3).

After informed consent had been obtained, each patient
underwent a detailed neurological history and examination ac-
cording to a standardized protocol 2--3 days prior to surgery.
Repeat neurological examinations were done by the same in-
vestigator 2-3 days as well as 6-8 days after CABS. All distur-
bances including subtle clinical signs were recorded. The pal-
momental and snout reflexes were assessed according to the
criteria of Tweedy et al. (1982), together with the extensor
plantar response (Babinski’s sign) they were labelled develop-
ment reflexes in this study.

In some cases the proper performance of cerebellar func-
tion tests in the early phase after surgery was vitiated by the
surveillance equipment and postoperative pain. Therefore, the
ratings of past pointing tests were not included in this study of
the immediate outcome.

In order to investigate the relationship between age, histo-
ry, pre- and intraoperative findings and the postoperative
state, a configural frequency analysis was performed (Lienert
1971; Von Eye 1988). The application of this method is based
on the assumption that subjects are observed with respect to
different characteristics with a vector of states named “config-
urations” or “types”. For this kind of evaluation binary classifi-
cations of each variable were used, e.g. absence vs presence of
signs; patterns of above vs below median values of quantitative
data. Because of the limited sample size only triples of vari-
ables were considered at one time, for the detection of signifi-
cant associations. To adjust for multiple comparisons the Bon-
ferroni method was applied to the computed P values (initial
critical value = 0.05, adjusted for 2° = 8 comparisons).

Results

Thirty of the 78 patients (38% ) had a previous history
of vertigo, nausea, dizzy and/or fainting spells. Tem-
porary hearing disorders, mostly tinnitus, and chron-
ic headaches were reported by 18 patients (23%)
each. In 14 cases (18%) there had been prior fleeting
signs (hemiparesis, scotoma, diplopia, dysarthria) or
strokes. In addition, 9 patients (12% ) had histories of
previous head injuries.

The preoperative neurological assessment revealed
detectable abnormalities in 35 out of 78 cases (45%).
Minor signs of peripheral nerve disorders (decreased
deep tendon reflexes, sensory loss, paraesthesias,
lower motor weakness) were found in 13 patients.
However, in 28% of all cases (22 patients) the neuro-
logical signs were attributable to the central nervous
system (CNS). Many disturbances could be related
to the cortico-bulbar tracts or cranial nerve nuclei
(the oculomotor, trigeminal, facial and hypoglossal
nerves). In addition, isolated, mostly slight, unilater-

al hyper-reflexia, dysmetria, dysarthria, Babinski’s
sign and resting tremor were observed. In 10 cases,
the patterns of abnormalities were compatible with
circumscribed brain lesions affecting the brain stem
(7 patients), the hemispheres (2 patients) and the spi-
nal cord (1 patient).

After CABS 40 patients (51%) developed new
clinical abnormalities due to CNS dysfunction at any
time during the 1st postoperative week. New de-
velopment reflexes and new focal signs were found in
26 (33%) and 25 (32%) cases respectively. In addi-
tion, 3 patients (4% ) developed brachial plexopathy
affecting the C8 and T1 roots.

Three patients died of cardiac disease but did not
display any CNS signs in the examinations made ac-
cording to the protocol. Severe disturbances, such as
fatal cerebral hypoxic damage, definite strokes or
haemorrhages did not occur in our study group.

A summary of the frequencies and dynamics of
new postoperative signs at both examination times is
given in Table 1. The highest rate of reversibility
during the 1st postoperative week was found for
Babinski’s sign. In 5 of 9 patients this reflex had dis-
appeared after 1 week. Both a unilateral hyper-re-
flexia and an abducens nerve dysfunction were totally
reversible in 6 of the 15 cases concerned. On the
other hand, the newly developed supranuclear facial
pareses were constantly detectable 6-8 days after
surgery in 6 of the 8 affected patients. In general,
there seemed to be no clear-cut difference between
the early clinical course of new focal signs and of new
development reflexes.

After having analysed the distribution of clinical
signs among different patients the manifestation of

Table 1. Frequencies and dynamics of new neurological signs
following coronary artery bypass surgery (CABS) in 78 pa-
tients

Sign Number of patients
Time of occurrence (postop.)  Total
2-3 6-8 2-8
Days Days Days
(post1) (post2) (post
1+2)
Palmomental reflex 5 2 7 14
Snout reflex 2 5 4 11
Hyper-reflexia 4 4 2 10
(unilateral)
Babinski’s sign 5 2 2 9
Facial paresis 1 1 6 8
(supranuciear)
Abducens paresis 2 2 1 5
Ptosis 1 1 1 3




Table 2. Clinical courses of neurological abnormalities after

CABS
Clinical course Number Area of CNS
during 1st post- of patients dysfunction
operative week Hemi- Brain Uncer-
sphere stem  tain
1. Complete
recovery 8 (20%) 1 4 3
2. Incomplete
recovery 5 (13%) 1
3. No change 12 (30%) 0 3 9

4. Progression and/
or additional
new signs 9 (22%) 2 5 2

6 (15%) 1 2 3
40 (100%) 5 16 19

5. Late signs

Total number

postoperative neurological findings was studied on an
individual basis. An overview of all clinical courses of
neurological disturbances during the 1st week after
surgery is given in Table 2. There were 8 patients
who developed fleeting signs only detectable 2 or 3
days after operation. There were another 5 patients
with an incomplete recovery, 12 with no changes and
9 patients with progression of early postoperative ab-
normalities and/or occurrence of additional new signs
(unilateral hyper-reflexia, Babinski’s sign, scotoma).
Six cases did not reveal neurological disturbances
until the end of the 1st postoperative week. With re-
spect to the individual combinations of signs we con-
cluded that the brain stem was involved in 16 cases
and the hemispheres in 5 cases (left-sided 4, right-
sided 1). The exact anatomical site of dysfunction re-
mained uncertain in 19 cases with isolated signs or
primitive reflexes.

To analyse possible interdependencies between
the neurological history, coronary risk factors and
preoperative state, intraoperative variables and the
immediate outcome, binary data of these parameters
were subjected to a configural frequency analysis.
Statistical associations between triples of variables
were examined by comparing the observed number
of patients exhibiting specific combinations of fea-
tures with the number predicted from the overall in-
cidence rates, assuming that the presence of one was
independent of the others.

A multivariate approach with the strongest posi-
tive associations is shown in Table 3. A “type” con-
sisting of 10 patients was found that showed the com-
bination of a previous history of cardiovascular symp-
toms and new focal signs after surgery both at the
first and second examination. A second subpopula-
tion of 10 cases was characterized by an abnormal

279

Table 3. Configural frequency analysis: strongest positive as-
sociations between triples of clinical parameters in 78 CABS
patients

Characteristics Number of cases X
observed

(predicted)
10 (3.22)

1. History with signs 14.28*
and/or symptoms

and

new focal sign

at 2-3 days post

and

focal sign

at 6-8 days post

II. History with signs 13.77*
and/or symptoms

and

new development reflex

at 2-3 days post

and

development reflex

at 6-8 days post

10 (3.28)

III. New development 14.02%*
reflex at 2-3 days post

and

development reflex

at 6-8 days post

and

no new focal sign

11(3.75)

* P<0.001 (df = 1)

history and new development reflexes constantly de-
tectable until the end of the 1st postoperative week.
There was a considerable overlap with a third config-
uration of 11 cases indicating a marked difference be-
tween patients developing new focal signs and those
with new development reflexes following CABS.

Statistically reliable configurations which include
the age of the patient, preoperative neurological dis-
turbances, intraoperative features or a fluctuating
course after surgery could not be found. However, a
tendency of some kind of relationship was calculated
for the combination of age below 61 years, normal
history and no occurrence of development reflexes
after surgery (n =10; x> = 4.20). There was a rather
weak association between the appearance of new
focal signs and additional new development reflexes
combined with an aortic clamp time above the me-
dian value of our distribution (n =7; %> = 3.84).

Discussion
The present study confirmed the well-known inci-

dence of neurological disturbances following CABS
(39-64%: Gotze and Dahme 1980; Breuer et al.
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1983; Shaw et al. 1985; Smith et al. 1986; Carella et
al. 1988). Fifty-four per cent of our patients develop-
ed new clinical abnormalities obviously related to
perioperative brain injury. In addition, there was a
relatively high proportion of patients (45%) showing
clinically detectable neurological dysfunctions prior
to surgery, underscoring the importance of a pro-
spective approach in determining cerebral complica-
tions following CABS. Similar rates of preoperative
findings (27-35%) were reported in previous studies
(Gotze and Dahme 1980; Breuer et al. 1983; Shaw et
al. 1985).

In our population major neurological complica-
tions did not occur. Many patients with new clinical
findings displayed one or two subtle focal signs often
attributable to the motor system and sometimes ac-
companied by corresponding symptoms. However,
approximately one-third of our patients exhibited
new development reflexes only detectable by a sys-
tematic neurological examination. These findings are
similar to those of Shaw et al. (1985) and Carella et
al. (1988) who emphasized a significant increase of
incidence rates of primitive reflexes following CABS.

Because of the paucity of signs in many individual
cases of our study a classification into various syn-
dromes of the carotid and vertebral-basilar arteries
or small penetrating branches (Caplan 1980; Fisher
1982; Toole 1984) could not always be obtained with
any certainty.

Previous investigations concerning the immediate
outcome have focused on different degrees of disabil-
ity and therefore contain some discrepancies as to the
remission of neurological signs after CABS (Gotze
and Dahme 1980; Shaw et al. 1985; Smith et al.
1986). In our study different clinical courses during
the 1st postoperative week could be observed which
were not associated with a particular type of brain le-
sion or the preferential occurrence of either focal
signs or development reflexes (cf. De Reuck et al.
1981).

Current hypotheses are that the mechanisms in-
volved in the genesis of development reflexes are
likely to be multiple (Nathan and Smith 1955; Van
Gijn 1978; Maertens de Noordhout and Delwaide
1988). Therefore, they may only be taken as an un-
specific indicator of cerebral dysfunction. Although
the concept of “primitive reflexes” is extensively
questionned (Landau 1989), we believe that the reap-
pearance of these signs after CABS could serve as a
first hint of some kind of brain dysfunction in the
early postoperative phase, when a sophisticated as-
sessment of the mental state at the bedside is not pos-
sible.

The configural frequency analysis revealed signifi-
cant relationships between a history of cerebrovascu-

lar symptoms and the occurrence of persisting new
focal signs in one subpopulation, and of new develop-
ment reflexes in a second subpopulation. The dichot-
omy of signs reflected in these configurations could be
related either to more global or more focal cerebral
manifestations of ischaemia during CABS (Stockard
et al. 1973; Malone et al. 1981; Sarnquist 1988).
However, the data of our study do not allow any defi-
nite conclusions regarding the mechanisms of brain
damage (Aberg 1988).

Another notable finding of the present study was
the lack of significant correlation between age, pre-
operative abnormalities, bypass time and the post-
operative outcome. This is at variance with the find-
ings of Branthwaite (1972) who found age over 60
and preoperative signs predictive factors of neurolog-
ical complications; however, considering only slight
or moderately severe disturbances our results are
similar to the data of Breuer et al. (1983), Smith et al.
(1986) and Carella et al. (1988).

All these studies reveal that no single parameter
proved significant for neurological risk prediction in
CABS. It is therefore tempting to consider that the
examination of a greater number of patients with
data analysis by means of exploratory multivariate
modeling will lead to the selection of an optimal set
of various pre- and intraoperative variables which
play an important part in the neurologic outcome,
perhaps more so than single factors.

Acknowledgements. The authors are indebted to Prof. H.
Speidel, President-Elect of the International Consortium for
the Study of Neurological and Psychological Reactions to Car-
diac Surgery, Department of Psychotherapy, University of
Kiel, for suggesting this study. They also gratefully acknowl-
edge the help of all colleagues of the Department of Cardio-
vascular Surgery, University of Kiel, who kindly organized the
neurological examination and wish to thank Mrs. E. Kahl for
typing the manuscript.

References

Aberg T (1988) Cerebral injury during open heart surgery:
studies using functional, biochemical, and morphological
methods. In: Hilberman M (ed) Brain injury and protec-
tion during heart surgery. Martinus Nijhoff, Boston, pp 1-
12

Bashein G, Bledsoe SW, Townes BD, Coppel DB (1988)
Tools for assessing central nervous system injury in the car-
diac surgery patient. In: Hilberman M (ed) Brain injury
and protection during heart surgery. Martinus Nijhoff,
Boston, pp 109-135

Branthwaite MA (1972) Neurological damage related to open-
heart surgery. A clinical survey. Thorax 27:748-753

Branthwaite MA (1973) Detection of neurological damage
during open-heart surgery. Thorax 28:464-472

Breuer AC, Furlan AJ, Hanson MR, Lederman RJ, Loop FD,
Cosgrove DM, Greenstreet RL, Estafanous FG (1983)



Central nervous system complications of coronary artery
bypass graft surgery: prospective analysis of 421 patients.
Stroke 14:682-687

Caplan LR (1980) “Top of the basilar” syndrome. Neurology
30:72-79

Carella F, Travaini G, Contri P, Guzzetti S, Botta M, Pieri E,
Mangoni A (1988) Cerebral complications of coronary by-
pass surgery. A prospective study. Acta Neurol Scand 77:
158-163

Coffey CE, Massey EW, Roberts KB, Curtis S, Jones RH,
Pryor DB (1983) Natural history of cerebral complications
of coronary artery bypass graft surgery. Neurology 33:
1416-1421

De Reuck J, Sieben G, De Coster W, Van der Eecken H
(1981) Stroke pattern and topography of cerebral infarcts.
Eur Neurol 20:411-415

Fisher CM (1982) Lacunar strokes and infarcts: a review.
Neurology 32:871-876

Gotze P, Dahme B (1980) Psychopathological syndromes and
neurological disturbances before and after open-heart sur-
gery. In: Speidel H, Rodewald G (eds) Psychic and neurol-
ogical dysfunctions after open-heart surgery. Thieme,
Stuttgart, pp 48—-67

Javid H, Tufo HM, Najafi H, Dye WS, Hunter JA, Julian DC
(1969) Neurological abnormalities following open-heart
surgery. J Thorac Cardiovasc Surg 58:502-509

Landau WM (1989) Reflex dementia: disinhibited primitive
thinking. Neurology 39:133-137

Lienert GA (1971) Die Konfigurationsfrequenzanalyse. I. Ein
neuer Weg zu Typen und Syndromen. Z Klin Psych
Psychother 19:99-115

Maertens de Noordhout A, Delwaide PJ (1988) The palmo-
mental reflex in Parkinson’s disease. Comparisons with
normal subjects and clinical relevance. Arch Neurol 45:
425-427

Malone M, Prior P, Scholtz CL (1981) Brain damage after
cardiopulmonary by-pass: correlations between neuro-
physiological and neuropathological findings. J Neurol
Neurosurg Psychiatry 44 :924-931

Meyendorf R (1976) Hirnembolie und Psychose. Unter beson-
derer Beriicksichtigung der Basalganglienapoplexie bei
Herzoperationen mit extrakorporaler Zirkulation. J Neurol
213:163-177

281

Mohr JP (1979) Neurological complications of cardiac valvular
disease and cardiac surgery including systemic hypoten-
sion. In: Vinken PJ, Bruyn GW (eds) Handbook of clinical
neurology, vol 38. North-Holland, Amsterdam, pp 143—
171

Nathan PW, Smith MC (1955) The Babinski response: a re-
view and new observations. J Neurol Neurosurg Psychiatry
18:250-259

Sarnquist FH (1988) Neurological outcome after “low flow low
pressure” cardiopulmonary bypass. In: Hilberman M (ed)
Brain injury and protection during heart surgery. Martinus
Nijhoff, Boston, pp 13-25

Shaw PJ, Bates D, Cartlidge N, Heaviside D, Julian D, Shaw
D (1985) Early neurological complications of coronary ar-
tery bypass surgery. Br Med J 291:1384-1387

Smith PL, Treasure T, Newman SP, Joseph P, Ell PJ, Schneidau
A, Harrison MJ (1986) Cerebral consequences of cardio-
pulmonary bypass. Lancet I:823-825

Sotaniemi KA (1983) Cerebral outcome after extracorporeal
circulation. Comparison between prospective and retro-
spective evaluations. Arch Neurol 40:75-77

Sotaniemi KA, Mononen H, Hokkanen TE (1986) Long-term
cerebral outcome after open-heart surgery. A five-year
neuropsychological follow-up study. Stroke 17:410-416

Stockard JJ, Bickford RG, Schauble JF (1973) Pressure-de-
pendent cerebral ischemia during cardiopulmonary bypass.
Neurology 23:521-529

Toole JF (1984) Cerebrovascular disorders, 3rd edn. Raven
Press, New York

Tufo HM, Ostefield AM, Shekelle R (1970) Central nervous
system dysfunction following open-heart surgery. JAMA
212:1333-1340

Tweedy J, Reding M, Garcia C, Schulman P, Deutsch G,
Antin S (1982) Significance of cortical disinhibition signs.
Neurology 32:169-173

Van Gijn J (1978) The Babinski sign and the pyramidal syn-
drome. J Neurol Neurosurg Psychiatry 41:865-873

Von Eye A (1988) Some multivariate developments in non-
parametric statistics. In: Nesselroade JR, Cattell RB (eds)
Handbook of multivariate experimental psychology. Plenum
Press, New York, pp 367-398

Received May 30, 1989



