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Early neurological complications of coronary artery bypass
surgery

PAMELA J SHAW, DAVID BATES, NIALL E F CARTLIDGE, DAVID HEAVISIDE,
DESMOND G JULIAN, DAVID A SHAW

Abstract

A prospective study of 312 patients undergoing elective coronary
artery bypass surgery was undertaken to determine the
incidence, severity, and functional impact of postoperative
neurological complications. Detailed evaluation of the patients
showed that neurological complications after surgery were
common, occurring in 191 of the 312 patients (61%). Although
such a high proportion ofthe total developed detectable changes,
serious neurological morbidity was rare. Neurological disorders
resulted in death in only one patient (0.3%) and severe disability
in only four (1-3%). Forty eight patients were mildly disabled
during the early postoperative period, and the remaining 138 with
neurological signs had no serious functional disability.
The postoperative neurological disorders detected included

one death from cerebral hypoxic damage. Prolonged depression
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of conscious level was observed in 10 patients (3%) and definite
stroke in 15 (5%); 78 (25%) developed ophthalmological abnor-
malities and 123 (39%) primitive reflexes; postoperative
psychosis was observed in four (1%); and 37 (12%) developed
disorders of the peripheral nervous system.
The incidence of serious neurological problems such as fatal

cerebral damage, stroke, and brachial plexopathy is in accord-
ance with experience elsewhere. Lesser abnormalities, whose
detection required detailed neurological examination, were
much commoner than expected from previous reports.

Introduction

Neurological complications of heart surgery have been recognised
since the early description by Fox et al in 1954.1 Extracorporeal
circulation has been implicated as a source of neurological mor-
bidity in many subsequent studies.2-8 The neurological disorders
detected have affected all levels of the nervous system. Their
reported incidence has varied widely, from 0 to 100%,9' 0depending
mainly on the timing of postoperative assessment, the neurological
skill of the assessors, and other differences in study design. The
incidence of severe neurological complications has undoubtedly
decreased owing to improvements in surgical and anaesthetic
methods and particularly in extracorporeal circulation equip-
ment." 12 Milder complications have attracted less attention,
perhaps because they are transient or are less of a threat to life than
the primary cardiac disorder.
Coronary artery bypass surgery using saphenous vein grafts was

introduced by Favaloro in 1967.13 This procedure has become
increasingly important in the management of patients with
ischaemic heart disease. Compared with patients undergoing other
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forms of heart surgery those undergoing coronary artery bypass
grafting are a group in whom there is likely to be a higher incidence
of subclinical or symptomatic cerebrovascular disease. Little infor-
mation exists on the neurological morbidity associated with
coronary artery bypass surgery, previous studies having referred
mainly to surgery for congenital or valvular heart disease. In view of
the current demand for substantially increased provisions for
coronary artery bypass operations'4 it is particularly important that a
clear picture of postoperative neurological complications of all
grades of severity should be available.
The present prospective study was designed to: (a) define the

incidence, magnitude, and clinical course of neurological and
neuropsychological abnormalities occurring after coronary artery
bypass surgery and (b) identify preoperative, operative, and post-
operative factors that may predispose to these complications. The
incidence and severity of clinical neurological abnormalities
detected during the first seven days after surgery are described.
Preliminary findings in the first 100 patients have been reported. Is

Patients and methods
The study cohort comprised 312 patients who underwent elective

coronary bypass surgery from September 1983 to August 1984 at the
regional cardiothoracic centre in Newcastle upon Tyne. The following
groups of patients were excluded from the study: those undergoing
emergency surgery or requiring intensive care unit surveillance immediately
before operation; those scheduled for valve replacement or aneurysm
resection in addition to coronary bypass surgery; those admitted less than
24 hours before surgery; and those who did not speak English. Of the
patients eligible to participate, 92% were entered into the study. The cohort
included 276 men (89%) and 36 women (11%), with an age range of 33-70
(mean (SD) 53-4 (7 4)).
The anaesthetic regimen used was based on a modified form of

neuroleptanalgesia, supplemented by a volatile agent, nitrous oxide, and
muscle relaxants. All operations required exposure of the heart through a
median sternotomy and cannulation of the ascending aorta and inferior and
superior vena cava. After systemic heparinisation cardiopulmonary bypass
was instituted with moderate haemodilution and hypothermia (28°C). Three
types of disposable oxygenator were used: Travenol membrane (46%),
Harvey bubble (34%), and Cobe membrane (20%). A Stockert roller pump
and cardiotomy reservoirs with integral microaggregate filtration were used.
Arterial line filters were not included in the circuit. The system was routinely
primed with a balanced electrolyte solution. Cardiac activity was stopped
with aortic cross clamping, topical cooling, and infusion of potassium
cardioplegic solution into the aortic root. Intracardiac venting was not
routinely used. Non-pulsatile perfusion was used in 57% of operations and
pulsatile perfusion in 43%. Clotting time, blood gases, plasma electrolyte
concentrations, and packed cell volume were measured regularly through-
out the procedure, and arterial, central venous, and pump line pressures
were continuously monitored.

All patients were assessed before and after surgery by one investigator
(PJS). In the two days before surgery the patients underwent detailed
clinical neurological assessment to define preoperative neurological abnor-
malities and identify previous episodes of neurological illness and possible
risk factors for cerebrovascular disease. In addition, a neuropsychological
evaluation was made using a battery of 10 standard tests. Postoperatively the
patients were seen and neurologically assessed on a daily basis. Repeat
psychometric testing was performed on about the seventh day. Post-
operative neurological investigations such as computed tomography and
electroencephalography were performed when clinically indicated.

Results
One hundred and nine of the 312 patients (35%) had detectable

abnormalities on preoperative neurological examination. Minor signs,
including peripheral nerve disorders and abnormalities of tendon or
primitive reflexes were present in 93 (30%) patients. Eight patients (3%) had
residual signs of stroke or retinal vascular occlusion. In 20 patients (6%)
ophthalmological abnormalities were observed, including diabetic retino-
pathy, choroidoretinitis, retinitis pigmentosa, and glaucomatous changes.
Rarer findings included Bell's palsy in two patients, Parkinson's disease in
three, steroid myopathy in one, signs resulting from a partially resected
sphenoidal wing meningioma in one, and an amnestic syndrome resulting
from previous heart surgery in one. Such preoperative abnormalities
emphasise the importance of prospective evaluation of the patients.
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POSTOPERATIVE RESULTS

Four patients (1%) died. Three of the deaths were due to cardiac
disorders, and one resulted from extensive brain damage. Of the 312
patients, 191 (61%) developed new clinical abnormalities after surgery.

Fatal cerebral hypoxic damage occurred in one patient, who became
profoundly hypotensive at the end of his operation. He remained in the
vegetative state until his death on the 16th postoperative day. Histological
examination of the brain showed diffuse cortical neuronal ischaemic change
most noticeable in the parietal cortex.

Prolonged depression ofconscious level for more than 24 hours after surgery,
not attributable to sedative drugs, occurred in 10 patients (3%). Normal
consciousness returned within three days in five patients and within eight
days in three. One patient did not become normally alert for 12 days, and
another, mentioned above, remained in a vegetative state until death. Five of
the 10 patients had a stroke and all eight of those who had repeat
psychometric testing showed considerable cognitive impairment. In one
patient the development of acute renal failure contributed to the encephalo-
pathy, but in the others no specific metabolic disorders were identified.

Definite stroke occurred in 15 patients (5%): two had hemiparesis and
dysphasia; one hemiparesis and cortical blindness; one hemiparesis and
hemianopia; one hemiparesis, quadrantanopia, and parietal syndrome; two
hemianopia and non-dominant parietal syndrome; one hemianopia and
dysphasia; one inferior quadrantanopia; and six cortical hand weakness. In
four the stroke caused major functional deficit, but the 11 others were not
severely disabled. In 12 of the 15 patients the cerebrovascular accident was
discovered immediately on recovery from anaesthesia. The three others
developed their stroke postoperatively-within the first 24 hours in two and
on the third day after surgery in one. The signs indicated damage of the left
hemisphere in seven patients and of the right hemisphere in seven. One
patient, who developed a left hemiparesis and cortical blindness, had areas
of infarction in both cerebral hemispheres, as shown by computed tomo-
graphy. Possible minor stroke occurred in a further nine patients (3%). Two
developed reflex asymmetry, one a unilateral intention tremor, and one
showed transient unilateral sensory inattention. A further five patients
developed isolated extensor plantar responses that were unilateral in two
cases and bilateral in three.

Ophthalmological abnormalities were observed in 78 patients (25%). Areas
of retinal infarction, producing the appearance of cotton wool spots,
developed in 54 patients (17%). The infarcts were bilateral in 20 patients and
unilateral in 34. Twenty five out of 54 (46%) had symptomatic visual
disturbance, usually complaining of difficulty in reading or of blurring or
haziness of an area of their peripheral vision. In eight patients one or more
retinal emboli were observed immediately after operation. In each case the
embolus consisted of a yellowish refractile body and was usually lodged at a
vascular bifurcation. Four of these patients were asymptomatic and four
complained of mild visual impairment. Eight patients (3%) developed a
visual field defect; one of these developed a transient hemianopia lasting less
than 24 hours, which has not been included under the heading of stroke.

Fourteen further patients (5%) developed reduction of visual acuity of at
least two points on the Jaeger reading chart, for which no definite cause was
established on clinical examination. This was bilateral in six cases and
unilateral in eight.

Pnimitive reflexes developed in 123 patients (39%). One hundred and seven
(34%) developed palmomental reflexes, of which 48 were bilateral and 59
unilateral. Thirty six patients (12%) developed a pout reflex, and one showed
bilateral grasp reflexes.

Postoperative psychosis was observed in four patients (1%). This consisted
of a florid paranoid hallucinatory state, which in two of the patients was
present immediately after operation and in the other two developed after a
lucid interval of three days. Two patients had other associated abnormalities
of the central nervous system and all four showed impairment on post-
operative psychometric testing. The mental state returned to normal within
48 hours in two patients, but the other two were still mildly disturbed at the
time of discharge from hospital.

Peripheral nervous system complications developed in 37 patients (12%).
Twenty one (7%) developed brachial plexopathy affecting the C8 and TI
roots in all cases. One had bilateral lesions and four showed an associated
ipsilateral Horner's syndrome. Five patients were incapacitated by severe
radicular pain. A further 17 patients developed disorders of other peripheral
nerves: seven in the ulnar nerve; five in the lateral femoral cutaneous nerve;
two in the median nerve; and one each in the radial, common peroneal, and
phrenic nerves.

FUNCTIONAL DISABILITY

Many of the neurological complications detected did not give rise to
significant functional disability. Of the 191 patients with abnormalities, 138
(72%) were not seriously disabled during their time in hospital. Forty eight
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had some difficulty in managing normal everyday activities and were
considered to be mildly disabled. Four patients were severely incapacitated,
to the extent that they would have been incapable of leading an independent
existence. One patient died as a result of neurological damage.

In most cases these postoperative neurological abnormalities were still
present at discharge from hospital. Resolution of the neurological disorder
occurred in only seven patients (4%) during their stay in hospital.

Discussion

The cardiological benefits of coronary artery bypass surgery are
well established in terms of both relief of angina6 and improved
survival in defined subgroups of patients. Improvements in
surgical and anaesthetic methods and cardiopulmonary bypass
technology have resulted in a low incidence of major perioperative
complications. Nevertheless, neurological complications continue
to be a source of postoperative morbidity and mortality. Of the 312
patients in this study, 190 (61%) showed clinically detectable
neurological dysfunction after surgery. Many of these neurological
abnormalities were asymptomatic or produced only mild disability.
We think, however, that their detection and monitoring are
important in relation to future refinements in extracorporeal
circulation techniques, with the ultimate aim of eliminating neuro-
logical hazards in cardiac surgery.
We do not suppose that these findings are peculiar to the

cardiothoracic centre in Newcastle, whose operative mortality and
incidence of fatal neurological complications in coronary artery
bypass surgery compares favourably with those of other major
centres.'8 ' The 61% incidence of clinical neurological complica-
tions found in this study seems comparatively high because we
have documented neurological abnormalities of all grades of
severity and included minor disorders such as primitive reflexes and
ophthalmological changes. If we look at the incidence of the more
important single abnormalities such as fatal cerebral damage,
stroke, and brachial plexopathy we find that our figures are similar
to those in a prospective study by the Cleveland clinic group. The
incidence of fatal brain damage in this study was one out of 312
(0 3%). In the study of Breuer et al death with associated severe
deficit of the central nervous system occurred in three out of 418
patients (077%).20 Definite stroke occurred in 15 out of 312 (4-8%) of
our patients compared with 5 2% of Breuer's.2' We detected
brachial plexus damage in 21 (6-7%) patients compared with an
incidence of 5 5% in the Cleveland clinic study.22

Several retrospective analyses have shown a low incidence of
neurological complications associated with coronary artery bypass
surgery. Lee et al found that 0 7% of 943 patients suffered cerebral
infarction during and after surgery.23 Gonzales-Scarano and Hurtig
reported that 19 of 1427 patients (1 3%) developed postoperative
neurological complications.24 Martin et al found that eight of 253
patients (3 2%) developed intraoperative or early postoperative
stroke.25 In Bojar's retrospective series of 3206 patients 32
developed a major neurological deficit after surgery.26 Coffey et al
found that 63 (3 8%) of 1669 patients developed altered mental
state, stroke, or seizure postoperatively.27 Sotaniemi has clearly
shown, however, that retrospective evaluation of postoperative
neurological complications gives falsely low prevalences when
compared with careful prospective neurological assessment.28
Most patients with postoperative neurological disorders in this

study had routine, uncomplicated operations. It therefore seems
likely that many neurological disorders result from hazards inherent
in the extracorporeal circulation process, which remains an im-
perfect replacement for normal functions of the heart and lungs.

Possible aetiological mechanisms for neurological damage during
heart surgery using extracorporeal circulation include: (a) macro-
embolisation resulting, for example, from air in the perfusion
circuit,29 dislodgment of atheromatous debris from the aorta,30 or
release of left ventricular thrombus during cardiac manipulation.3'
(b) Microembolism of fat,32 air,33 platelet aggregates,34 fibrin,35 or
silicone.36 (c) Cerebral hypoperfusion due to low flow,37 hypo-
tension,8 incorrect placement of the cannula, or cerebrovascular
occlusive disease. (d) Brachial plexus injury owing to excessive
sternal retraction, penetration by a posterior fractured segment of

the first rib, or injury during internal jugular vein cannulation.3940
(e) Other peripheral nerve injuries are likely to result from direct
trauma during surgery or associated with postoperative care.

This is the first large scale study in which patients undergoing
coronary artery bypass surgery have been prospectively assessed by
clinical neurological and neuropsychological methods. Details of
the neuropsychological complications are reported separately. Our
aim was to detect all grades of neurological dysfunction, including
transient and subclinical disorders. A high proportion of patients in
this study developed primitive reflexes after surgery. The clinical
importance of these primitive reflexes is uncertain. They are
thought to be due to supranuclear motor system dysfunction and
represent "release" phenomena resulting from reduction of cortical
inhibition in lower centres. They may be normal phenomena in
some of the healthy population but are most commonly seen in
patients with diffuse cerebral hemisphere disease or lesions of the
frontal lobes.4' We think that their development after cardio-
pulmonary bypass surgery may well reflect mild cerebral injury.
This is supported by the significant association between the
development of primitive reflexes and other signs of damage in the
central nervous system such as stroke (X2=6-16, p<002) and
depression of consciousness (x2 =4 13, p<0 05).
We emphasise that the data reported here refer to only the early

period after operation and that long term follow up is in progress.
This will enable us to describe the recovery patterns of these early
disorders and determine the prevalence of long term neurological
morbidity. It will also establish the impact of early neurological
complications on the patient's domestic life and work.
The application of these methods may help answer some of the

many unresolved questions about cerebral protection during open
heart surgery. The use of membrane v bubble oxygenators, the
employment of pulsatile flow and arterial line filters, the levels of
mean arterial pressure and flow to be maintained, and the use of
agents such as prostacyclin during bypass surgery are all potentially
important factors requiring evaluation.

We thank the consultant cardiothoracic surgeons Mr A Blesovsky, Mr A
Hedley-Brown, Mr C J Hilton, Mr M P Holden, and Mr G M Morritt at
Freeman Hospital, Newcastle upon Tyne, for allowing us to study the
patients under their care; all the patients who so willingly agreed to take part
in the study; and Ms B Niekirk for secretarial help. This study was
supported by a grant to PJS from the British Heart Foundation.
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SHORT REPORTS

Importance of early tumour exacerbation
in patients treated with long acting
analogues of gonadotrophin releasing
hormone for advanced prostatic cancer

We describe the transient stimulatory effect-"tumour flare"-that
occurred in patients with locally advanced or metastatic symptomatic
prostatic cancer who were treated with either buserelin (D-ser (TBU)6-
LHRH ethylamide) or decapeptyl (D-(Trp)6-LHRH), agonist analogues of
gonadotrophin releasing hormone.

Patients, methods, and results

Forty six men aged 52-82 with symptomatic locally advanced or metastatic
prostatic cancer were treated. Five patients received buserelin 200 [tg thrice
daily, 17 buserelin 200 Ftg five times daily, and eight buserelin 400 [tg thrice
daily intranasally, and five men were treated with monthly depot injections of
buserelin calculated to release the compound at a mean rate of 150 [tg daily.
Eleven patients received depot injections of decapeptyl, which released the drug
at a mean rate of 50, 100, or 200 [tg daily over one month. Treatment was given
for between one month and three years. All patients were assessed according to
the criteria of the National Prostatic Cancer Project.

Objective improvement occurred in 26 of the 35 patients treated with buserelin
and eight of the 11 patients treated with decapeptyl. Seventeen of 32 with bone
pain at presentation and one without, however, had increased symptoms. Pain
was generally first noted to have increased at 12 hours, became maximal at 36
hours, and eased by the end of the first treatment week. A patient with pelvic
lymphadenopathy developed lymphoedema, which resolved after one week of
treatment.
The 17 patients with increased bone pain experienced some additional

problems. Four had increased lymphoedema, which was maximal at the end of
the first treatment week and had resolved at one month. The serum creatinine
concentration in one patient increased from 170 to 600 [tmol/l (1-92 to 6-79
mg/100 ml) at the eighth treatment day and decreased at the end of the second
treatment week.
The most serious case of tumour flare occurred in a patient presenting with

bone pain and grade 4 weakness in the legs, who developed signs of compression
of the cord with complete sphincter dysfunction and grade 3 weakness on the 13th
treatment day. A pretreatment myelogram had shown indentation of the theca at
lumbar disc spaces 1-4 while a myelogram on day 13 showed gross compression of
the theca between the third and fifth lumbar vertebrae (figure). This patient had
spinal radiotherapy and recovered full neurological function. Fourteen of the 19
patients with tumour flare responded to treatment.

Comment

Agonist analogues of gonadotrophin releasing hormone have provided an
appreciable advance in the management of patients with advanced
carcinoma of the prostate.`3 They are equivalent in efficacy to conventional

treatment for prostatic cancer4 but without its disadvantages. Because of the
initial stimulatory effects of all agonists analogues, however, there may be a
corresponding temporary increase in symptoms. Ofthe 46 men in this series,
19 had increased symptoms. In two of this group renal and neurological
function was severely compromised.

Labrie et al suggested that combined treatment with an antiandrogen and
agonist analogues may improve the response and its duration and avoid
tumour flare.' We have described the incidence and potential importance of
the initial stimulatory effects of agonist analogues. These observations do
not minimise the contribution of the gonadotrophin releasing hormone

Changes in myelogram in patient with tumour flare in lumbar region. Left:
Before treatment. Right: On day 13 of treatment.
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