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Summary. Of the many complications which may develop after eclamp- 
tic seizures, prolonged unconsciousness is one of the most difficult for 
obstetricians to manage as the pathophysiology of this condition 
remains largely unknown. Computed axial tomography (CT scan) was 
performed on 20 unconscious eclamptic patients, and autopsy was 
obtained on an additional two patients. Changes compatable with cere- 
bral oedema were demonstrated in 75% of patients; cerebral haemor- 
rhage occurred in 9%. A programme of intensive neurological 
management aimed at optimizing cerebral perfusion and controlling 
intracranial pressure is outlined. We have reduced the mortality rate for 
unconscious eclamptic patients from 50% to 17% in our institution. 

Eclampsia still ranks as one of the most frequent 
causes of maternal death throughout the world, 
although improvement in antenatal care has 
reduced its incidence in Western countries 
(Augensen & Bergsjo 1984; Gibbs & Locke 
1976). 

In South Africa, as in many developing coun- 
tries, eclampsia remains a common occurrence. 
Figures from King Edward VIII Hospital, Uni- 
versity of Natal (1983) indicate the development 
of eclampsia in approximately 9 out of every 
1000 deliveries. Between 5 and 10% of patients 
with eclampsia die from the disease process. 
Cerebral dysfunction, renal failure and pulmo- 
nary oedema are the most common terminal 
events (Donnelly et al. 1954). 

Cerebral dysfunction, as manifest by a 
decreased conscious level, occurs in the majority 
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of patients with eclampsia for a variable period 
after seizures. Where cerebral dysfunction has 
been cited as the cause of death, post-mortem 
studies (Melrose 1984; Sheehan & Lynch 1973) 
have revealed intracerebral haemorrhage in up 
to 60% of patients, but the incidence of cerebral 
haemorrhage in non-fatal eclampsia (Beck & 
Menezes 1981) and the related pathophysiology 
(Souter 1980) remains unknown. 

The advent of computed axial tomography 
(CT) scan has facilitated the study of living 
eclamptic patients with cerebral dysfunction, 
and several reports (Beeson & Duda 1981; Ben- 
edetti & Quilligan 1980; Drayer & Rosenbaum 
1976) have documented CT scan appearances 
suggestive of cerebral oedema. Intracerebral 
haemorrhage appears to be a less frequent find- 
ing (Melrose 1984). 

A programme of intensive neurological 
management was devised at King Edward VIII 
Hospital in an attempt to improve the outcome 
for the many eclamptic patients treated 
annually. This programme includes CT scanning 
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high intracranial pressure persisted a 20% man- 
nitol infusion (0.5 glkg) was employed, followed 
by hyperventilation to reduce arterial P C O ~  
levels (PcoI 28 k 5 mmHg). Where these 
measures failed an infusion of Althesin was com- 
menced at 24 pg/kg/min. This was then titrated 
against intracranial pressure in an attempt to 
maintain optimal cerebral perfusion pressures. 
Intermittent drainage of CSF in 5-ml aliquots 
was used in two patients. Althesin (alphaxalone- 
alphadolone), a steroidal short-acting anaesthe- 
tic induction agent, has since been withdrawn 
from generalized usage, because of hypersen- 
sitivity reactions reported in 1 in lo00 patients 
(Evans & Keogh 1977). Its value in reducing 
high intracranial pressure has been confirmed by 
several authors (Stewart et al. 1983; McIlhany et 
al. 1983). 

The illustrative case histories of two patients 
are presented below. 

and intracranial pressure monitoring where 
indicated. 

The purpose of this paper is to describe the CT 
scan changes found in these patients in relation 
to intracranial pressure recordings, and to sug- 
gest a management protocol aimed at reducing 
intracranial pressure and optimizing cerebral 
perfusion. 

Patients and methods 

A total of 192 patients with eclampsia was seen 
at King Edward VILI Hospital over the study 
period of 14 months (1 July 1983 to 30 Septem- 
ber 1984). During this time approximately 
19000 deliveries were performed at this 
hospital. 

All eclamptic patients were managed accord- 
ing to a standardized protocol (Moodley et al. 
1984). Convulsions were immediately controlled 
with magnesium sulphate and blood pressure 
was lowered to a diastolic of between 100 and 
105 mmHg with intravenous dihydralazine given 
in small doses. Dexamethazone was used rou- 
tinely for the initial 24 h, in the belief that this 
may reduce cerebral oedema. 

Central venous and radial artery pressures 
were monitored in all patients and endotracheal 
intubation was undertaken when required to 
secure an adequate airway, oxygen therapy and 
frequent arterial blood gas determinations were 
performed to prevent cerebral hypoxia. Termi- 
nation of pregnancy was achieved by caesarean 
section, if vaginal delivery was not imminent 
within 4-6 h of admission. Urgent delivery was a 
management priority in comatose patients. 

Patients remaining unconscious 6 h post- 
delivery and those with localizing neurological 
signs, underwent CT scanning. Intracranial 
pressure monitoring was then performed in 
patients with severe brain oedema on CT scan, 
where the Glasgow coma scale was 9/15 or less 
(i.e those patients who are unable to open eyes, 
obey commands or speak) (Teasdale & Jennett 
1974). A GE8800 CT scanner was used and 
intracranial pressure was monitored through a 
ventricular or subdural catheter via a Statham 
P50 transducer connected to a continuous bed- 
side recording system. 

High intracranial pressure was managed 
according to a fixed protocol as follows. All 
patients were nursed in a neurosurgical intensive 
care unit in the semi-sitting position (30") to 
minimize intracranial venous pressure. When 

Patient no. 1 

Miss N.N., a 20-year-old unbooked primigravid 
patient at approximately 26 weeks gestation, 
was admitted via a peripheral clinic to a district 
Mission Hospital, with a history of generalized 
convulsions. A diagnosis of eclampsia was made 
on a blood pressure recording of 170/140 mmHg, 
mean arterial pressure (MAP) of 150 mmHg and 
gross proteinuria. Intravenous diazepam was 
administered and transfer arranged. 

On arrival at the referral hospital it was esti- 
mated that the patient had been fitting intermit- 
tently for 18 h. The fetal heart was not detected 
and the fetus was felt to be severely growth- 
retarded. There was minimal response to painful 
stimuli with flaccidity of all four limbs and no 
localizing neurological signs. She had evidence 
of early aspiration pneumonia, and gross 
generalized oedema. 

Control of convulsions with magnesium sulph- 
ate and lowering of the blood pressure was 
undertaken. Following a hysterotomy, the 
patient was electively ventilated for 4 h. 

Examination at this stage revealed no change 
in her level of consciousness, estimated at 
Glasgow coma scale 4/15. Her blood gases were 
normal, haemoglobin 9.5 g/l, white cell count 
25 000 and crude clotting time 5 min. There was 
evidence of renal failure in that her serum 
potassium was 6.8 mmol/l and urea 12.6 mmol/l, 
with minimal urine output in response to i.v. 
frusemide. 
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A CT scan was performed and this revealed 
diffuse white matter low density consistent with 
vasogenic cerebral oedema (Fig. 1). The basal 
cisterns were visible at this stage. 

An intracranial pressure monitor revealed an 

initial pressure of 43 mmHg (normal 10-15 
rnmHg). Mannitol infusion (0.5 g/kg) and hyper- 
ventilation were commenced. 

A clotting profile revealed elevated fibrinogen 
degregation products with low haemoglobin and 

Fig. 1. (a) Scan series of patient no. 1 (N.N.) performed 8 h after 
caesarean section for eclampsia. Widely patent basal cisterns are 
noted in cut 2, and moderate diffuse white matter oedema is seen. 
(b) CT scan series performed in patient no. 1 (N.N.) 48 h later. 
Note complete effacement of basal cisterns in cut 2, and gross 
progression of brain oedema. 
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Fig. 2. CT scan series of patient no. 2. (K.H.) demonstrating 
‘watershed’ pattern brain oedema. Basal cisterns are uneffaced. 
Low density areas involve the white matter of the tempero- 
parietal-parieto-occipital and high parietal regions. 

platelet levels, suggestive of a consumptive 
coagulopathy. 

Over the next 12 h intracranial pressure rose 
to reach levels around 60 mmHg in spite of large 
doses of diuretics, steroids, mannitol and sub- 
sequently an Althesin infusion. A repeat CT 
scan revealed massive progression of cerebral 
oedema with obliteration of basal cisterns (Fig. 

Shortly afterwards the patient developed fixed 
dilated pupils and her blood pressure dropped to 
100160 mmHg (MAP 73). A simultaneous fall in 
intracranial pressure was noted. Twelve hours 
later formal testing for brain function revealed 
the patient to be brain dead. Ventilation was 
therefore discontinued. 

Post-mortem revealed haemorrhages in the 
liver and adrenal medulla, pulmonary oedema 
and a soft swollen brain with signs of uncal trans- 
tentorial herniation (coning). Neurohistology 
revealed fibrinoid arterial wail necrosis, peri- 
vascular microinfarcts and brain oedema. Wide- 
spread hypoxidischaemic neuronal damage was 
found. 

1). 

Patient no. 2. 

Mrs K.H., a 37-year-old para 7, gravidity 8, was 
delivered vaginally at home of a normal healthy 

male infant weighing 3-1 kg. Shortly afterwards 
she became confused and developed seizures. 
The patient was admitted to hospital within 

2 h of delivery. On admission her blood pressure 
was 160/110 mmHg (MAP 126) and moderate 
proteinuria was demonstrated. She did not obey 
commands, and her Glasgow coma scale was 
8/15. 

Routine anticonvulsant and hypotensive 
therapy was commenced and the patient was 
referred for CT scanning which revealed patchy 
areas of low density indicative of white matter 
oedema (Fig. 2). Following insertion of an intra- 
ventricular pressure monitor the pressure was 
found to be 25 mmHg. This rapidly rose to 50 
mmHg. A right hemiparesis was present. 
Steroids, mannitol, Althesin infusion and inter- 
mittent cerebrospinal fluid aspirations were 
carried out to control intracranial pressure. 

On the third day after delivery, the intra- 
cranial pressure began to settle to normal levels 
and spontaneous eye opening occurred, but 
during the course of the afternoon the intra- 
cranial pressure suddenly rose again. A repeat 
CT scan showed progression of the cerebral 
oedema. 

Over the following 24 h the patient’s level of 
consciousness improved with spontaneous eye 
opening and movement. The intracranial pres- 
sure fell rapidly to near normal levels, and there 
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Fig. 3. Occipital oedema. 

was no evidence of the previously recorded right 
sided weakness. The patient was extubated and 
discharged from the intensive care unit. 

A 6-week follow-up visit revealed normal 
blood pressure, renal function and neurological 
status. A tuba1 ligation was advised. 

Results 

Clinical features 

Twenty-two eclamptic patients remained in 
coma 6 h  or more following delivery, two of 
these patients died before inter-hospital transfer 

Table 1. Clinical features in 22 patients in coma after 
eclampsia 

Clinical variable Mean (Range) 

Age (years) 21.3 (15-37) 
Gestation at onset of 

seizures (weeks) 36 (30-40) 
Parity W 7 ) *  
Glasgow coma scale 6 (3-9) 
Time taken for seizure 

Blood pressure on first 
hospital admission 
(mmHg) 166/110 (130/90-210/128) 

Mean arterial pressure 

control (h) 5.6 (0.3-20) 

(mmHd 128 (103-141) 

*Eighteen patients were in their first pregnancy. 

for CT scan. The clinical features of these 22 
patients are outlined in Table 1. Most were 
young primigravida around 36 weeks gestation; 
the majority were unbooked or had received 
minimal antenatal care before their first presen- 
tation with seizures. Average blood pressure for 
the group measured at the time of first hospital 
admission was 1661110 mmHg (MAP 129). The 
interval between the first and last seizure ranged 
from 25 min to 20 h and reflects the long and 
often slow referral chain which operates in cer- 
tain rural areas in Natal, which may be up to 
300 km from King Edward VIII Hospital. This 
interval was significantly correlated with the 
severity of changes on CT scan (Table 2). The 
most marked CT changes were seen in those 
patients with the longest duration of seizures. 
Five patients died, two of whom were found to 
have an intracerebral haemorrhage (Table 3 ) .  

CT scan features 

Twenty patients underwent CT scanning (Table 
2). In five patients CT scan appearances were 
regarded as normal. A brain stem haemorrhage 
was diagnosed in one patient. The remaining 
patients all demonstrated CT scan low density 
areas interpreted as cerebral oedema of varying 
degrees. 

‘Diffuse white matter oedema’ (Fig. l a ,  b) .  Five 
patients demonstrated a low density pattern 
diffusely distributed throughout the white 
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Table 2. CT scan data in 20 patients in coma after eclampsia 
~~~~~~ ~ 

CT scan appearance 

‘Diffuse white ‘Watershed ‘Occipital white Brainstem 
matter oedema’ pattern oedema’ matter oedema’ Normal haemorrhage 

Number of patients 5 4 5 5 
Basal cistern effacement 4 0 1 0 
Intracranial pressure 

- - High 3 1 

(No. monitored) (4) (1) 
- Low 1 

Mean period before 
control of seizures (h) 9.4* 6.3 3.0 0.8 

1 
1 

- 

5 

High intracranial pressure, greater than 20 mmHg for >2 h. 
*Significantly prolonged when compared to normal CT patients. P<0.05. *Kruskal-Wallis test and Dunn’s 
multiple comparison procedure for paired groups. 

matter. This was regarded as the most severe 
form of oedema in that the majority of these 
patients showed associated basal cistern efface- 
ment which may indicate raised intracranial 
pressure (Teasdale et al. 1984). In addition, 
three of the four patients in this group, who 
underwent intracranial pressure monitoring, 
were found to have significantly raised 
pressure. 

‘Watershed oedema’ (Fig. 2).  A further four 
patients demonstrated the so-called watershed 
pattern oedema, maximal between middle cere- 
bral and posterior cerebral artery distribution 
territories. The one patient in this group who 
underwent intracranial pressure monitoring was 
found to have high pressure. 

Table 3. Details of the five patients who died 

Patient Cause of death 

N.N.  

D.Z. 

T.N. 

Gross cerebral oedema, high ICP and 
renal failure 
Intra-pontine bleed (demonstrated on CT 
scan) 
Died before (3T scan, autopsy revealed 
oedematous brain with severe ischaemicl 
hypoxic neuronal damage 

consciousness, but died from adult 
respiratory distress syndrome and renal 
failure 
Died before CT scan, autopsy revealed a 
large frontal intracerebral haematoma 

P.B. Occipital oedema, recovered 

H.S. 

‘Occipital oedema’ (Fig. 3). In the remaining five 
patients small patchy areas of low density were 
noted in the white matter of the occipital region. 

Intracranial pressure monitoring. 

Of the five patients who underwent intracranial 
pressure monitoring, four exhibited pressures in 
excess of 20 mmHg for >2 h duration. In three of 
these patients intracranial pressures rose to 
levels at which cerebral perfusion was jeopar- 
dized and at this stage Althesin infusion was 
employed (Fig. 4). 

Cerebral haemorrhage 

Two patients were found to have cerebral haem- 
orrhages and both these patients subsequently 
died. The first patient, a 35-year-old para 4, fit- 
ted for 5 h before caesarean section, after which 
her level of consciousness remained at Glasgow 
coma scale 4/15. CT scan revealed an intra- 
pontine bleed. The second patient, a 15-year-old 
primigravida, was admitted moribund having 
fitted for many hours during inter-hospital trans- 
fer. Autopsy revealed a large frontal intra- 
cerebral haematoma. 

Discussion 

Eclampsia is still a relatively common occur- 
rence in developing countries, and its 
pathophysiology remains largely unknown. 

CT scans revealed low density areas sugges- 
tive of cerebral oedema in 70% (14 out of 20) of 
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Fig. 4. Intracranial pressure changes in five patients in coma after 
severe eclampsia. Arrows indicate Althesin mannitol ventilation. 

our patients remaining unconscious 3 6  h after 
delivery. Three patterns of cerebral oedema 
were demonstrated which, when correlated with 
basal cistern effacement on CT scan (Teasdale et 
al. 1984), measurement of intracranial pressure 
and duration of seizures, represent a spectrum of 
severity (Table 2). The changes being most 
marked in patients with the longest duration of 
seizures. 

The pattern of oedema demonstrated on CT 
scan involved predominantly cerebral white 
matter (Fig. 1). Vasogenic brain oedema is 
known to produce this pattern of white matter 
low density (Miller 1979). The reasons for a 
vasogenic pattern of oedema are unclear but 
may be related to the generalized vasculo- 
pathy found in eclamptic patients. Vessel wall 
damage may allow transudation of plasma, this 
would be exacerbated by hypertension and 
seizures. 

Rapid control of seizures is necessary to pre- 
vent widespread hypoxic cerebral damage. Max- 
imal brain metabolism during seizure activity 
with consequent depletion of glucose and oxy- 
gen reserves, in addition to the absence of 
normal respiration, results in hypoxic damage. 
Recurring seizures constitute a particularly 
dangerous situation, for worsening cerebral 
hypoxic damage. 

Maintenance of an adequate airway and respi- 
ration during seizures should be an immediate 
priority in eclamptic patients. Frequent arterial 
blood gas measurements are essential to quan- 
tify oxygen therapy. An arterial Po2 level of at 
least 100 mmHg is recommended for all uncon- 
scious patients. 

Optimal control of blood pressure in eclamp- 

tic patients requires considerable judgment and 
caution. The need to reduce blood pressure to 
prevent intracerebral haemorrhage is well 
known. However, our post-mortem data have 
shown that a major cause of brain damage in 
eclamptics is cerebral ischaemidhypoxia, and 
this may be greatly worsened by lowering the 
blood pressure below the level necessary to 
maintain cerebral perfusion in the face of raised 
intracranial pressure (Graham 1975; Ledingham 
& Rajagopalan 1979). Assuming a cerebral per- 
fusion pressure around 40-60 mmHg is required 
to prevent brain ischaemia, and that intracranial 
pressure may be around 20-30 mmHg in severe 
eclamptics (Fig. 4), then a minimum mean 
arterial pressure around 80 mmHg would be 
required (Fig. 5). 

On the other hand, when the mean arterial 
pressure exceeds 150 mmHg, the upper limit of 
cerebral autoregulation is breeched, and wide- 
spread cerebral vasodilatation occurs, leading to 
engorgement, probable further oedema, and 
further elevation of the intracranial pressure 
(Fig. 5) .  

Injudicious rapid reduction of blood pressure 
maybe as dangerous as uncontrolled hyper- 
tension, therefore the optimal mean arterial 
pressure in eclamptic patients with suspected 
cerebral oedema would be between 80 and 100 
mmHg. 

Delivery of the fetus is desirable to terminate 
the eclamptic vasculopathic process. Caesarean 
section is usually the most rapid route available. 
Scrupulous anaesthetic technique aimed at 
avoiding blood pressure fluctuations is essential 
to optimize cerebral perfusion. Where general 
anaesthesia is employed, extubation should be 
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Fig. 5. Mechanisms for the development of brain damage in eclampsia. 

delayed until the patient is fully awake and able 
to maintain an adequate airway. 

Fluid replacement, predominantly with col- 
loids, should be undertaken against central 
venous pressure measurement. Large volumes 
of crystalloids are held by certain authors to 
worsen brain oedema (Miller 1979). 

We have empirically administered steroids to 
our patients for CT scan in the belief that the 
development of vasogenic oedema maybe 
retarded, although no concrete evidence exists 
that steroids are of benefit in eclampsia. 

We have found that the decision to refer 
eclamptic patients should be delayed for several 
hours after delivery, except where localizing 
neurological signs are present, or where deterio- 
ration in consciousness occurs. Many apparently 
comatose eclamptic patients recover rapidly and 
uneventfully after delivery. However, we 
believe CT scanning is desirable for all those 
who are persistently unconscious 4-6 h after 
delivery. Our data suggests that the majority of 
these women will have cerebral oedema. 

Intracranial pressure monitoring should only 
be considered in persistently comatose patients 
with marked CT scan abnormalities. We have 
used basal cisternal effacement on CT scan as a 
criterion of raised intracranial pressure 
(Teasdale et al. 1984), and this was an accurate 
predictor of high pressure in 60% of our cases in 
whom intracranial pressure was monitored. 
Intracranial pressure monitoring should be 
carried out in an intensive care unit, with the 
intention of controlling high pressure and 
improving cerebral perfusion. Measures we 
have found useful include. posture (30" of head 
up tilt to improve venous drainage), 20% man- 

nitol(O.5 g/kg) given as an i.v. bolus, and hyper- 
ventilation to reduce arterial Pco, to 28 ? 
4 mmHg. Where these measures failed, we 
employed Althesin, a steroidal anaesthetic 
induction agent which rapidly reduces brain 
activity and metabolism. We believe Althesin to 
be a safer agent than barbiturates, although 
barbiturate coma is employed in many neu- 
rosurgical centres to reduce high intracranial 
pressure. 

In all of our surviving patients with high intra- 
cranial pressure, a dramatic fall occurred around 
24-36 h after delivery (Fig. 4). We believe this 
corresponds to resolution of the vasculopathy 
rather than the brain oedema itself. We have 
observed persistent low-density on CT scan up to 
7 days after delivery. 

Five out of 192 eclamptic patients in our series 
died, a marked improvement in our previously 
reported maternal mortality. Early CT scanning 
allows differentiation between cerebral oedema 
and cerebral haemorrhage. Aggressive neuro- 
logical management directed towards lowering 
intracranial pressure and preserving cerebral 
perfusion appears to greatly improve the prog- 
nosis for severe eclamptic patients. 
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