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Fatal ischaemic brain oedema after early thrombolysis with tissue
plasminogen activator in acute stroke

P J Koudstaal, J Stibbe, M Vermeulen

Abstract
Two patients with acute major, disabling cerebral
infarction with presumed middle cerebral artery
occlusion were treated with the clot specific throm-
bolytic agent tissue plasminogen activator roughly
three and a half hours after the onset of symptoms.
Both patients had a normal computed tomography
(CT) scan before treatment. No appreciable
systemic bleeding complications occurred, apart
from bruising. One patient had bleeding into the
subarachnoid space from a microscopic angioma,
which was found at necropsy. Haematological
monitoring of the two patients showed pronounced
fibrinogenolysis and c2 antiplasmin consumption in
one. One patient showed transient improvement
during the infusion. In both cases extensive infarc-
tion, partly haemorrhagic in one, with massive
concomitant oedema was found on repeated CT.
Both patients deteriorated and eventually died as a
consequence of transtentorial herniation. In the one
patient who came to necropsy a moderate, probably
pre-existing smooth stenosis of the ipsilateral
carotid artery was found, all cerebral vessels being
patent.

It is concluded that thrombolytic treatment with
a clot specific agent such as tissue plasminogen
activator started three to four hours after a major
ischaemic stroke may be hazardous, not because
of haemorrhagic transformation of the original
ischaemia but because early reperfusion may pro-
mote massive, potentially fatal cerebral oedema.

Introduction
As most ischaemic strokes are caused by thrombo-

embolism,' 2 thrombolysis may ibe a potentially
important treatment. Clinical trials with fibrinolysin,3
plasmin,4 streptokinase,5 and urokinase6 showed that
this treatment was associated with haemorrhagic trans-
formation. of the original cerebral infarct. These early
trials have been criticised,78 mainly because in all of
them treatment was started at least eight hours after the
onset of symptoms. By that time permeability changes
in the blood-brain barrier have occurred, which may
result in mild to moderate haemorrhagic infarcts once
the blood flow is restored.9 Recently a series of patients
with stroke were treated with streptokinase intra-
arterially within six hours, leading to effective recanali-
sation in 90% of patients (proved by angiography) and
clinical improvement in 60%. '°
An important drawback with the fibrinolytic agents

listed above is the activation of plasminogen outside
the clot, which may induce a lytic state. Tissue type
plasminogen activator is more clot specific in that it
promotes the conversion of plasminogen to plasmin
only when bound to fibrin in a thrombus.""2 This
treatnment proved highly effective in patients with
acute myocardial infarction.'31-5

The application of tissue plasminogen activator in
acute cerebral infarction is limited to studies in
animals, which showed a significant reduction in death
and severity of neurological dysfunction without any
concomitant bleeding complication,'68 and to a single,
favourable report in a patient with vertebrobasilar
occlusion.'9
The aim of this clinical study was to investigate

whether tissue plasminogen activator can be given
safely to patients with acute cerebral infarction of less
than four hours' duration.

Patients, methods, and results
The two patients described below were the first of a

series of 10 planned for a pilot study of thrombolysis
with tissue plasminogen activator in acute stroke which
was begun at this hospital in November 1987.

ELIGIBILITY FOR STUDY

Criteria for entry to the study were acute symptoms
of ischaemia in the carotid territory lasting more than
one hour and less than four hours; no spontaneous
improvement; severity of symptoms such that the
patient was unable to walk or stand unaided, use the
affected arm, or give name and address; age under
75; and a normal computed tomography (CT) scan.
Reasons for exclusion were impaired consciousness;
any concomitant disabling disorder; acute cerebral
symptoms from causes other than artery to artery
embolism, such as migraine, anaemia, thrombocytosis,
hypoglycaemia, and an obvious cardioembolic source
on admission; and contraindications to tissue plas-
minogen activator, such as a bleeding disorder,
recent surgery or biopsy, hepatic or renal disease,
chronic, poorly controlled hypertension (systolic blood
pressure >220 mm Hg and diastolic pressure
>120 mm Hg for at least one hour despite antihyper-
tensive treatment, and use of anticoagulants.

INVESTIGATIONS

Angiography was not performed. CT scans were
made on admission and repeated after one, three, and
seven days. Laboratory measurements were haemo-
globin concentration, packed cell volume, platelet
count, serum urea and creatinine concentrations, and
hepatic enzyme activities. Parameters of coagulation
and fibrinolysis measured were fibrinogen concentra-
tion (by the method of Clauss20), fibrin-fibrinogen
degradation products (latex test; Boehringer-Mann-
heim, Almere, The Netherlands), plasminogen and u2
antiplasmin activities (both by amidolytic assays),
thrombin time (sensitive for both fibrin-fibrinogen
degradation products and heparin), reptilase time
(prolonged by fibrin-fibrinogen degradation products
but unaffected by heparin), and heparin neutralisation
by protamine using the thrombin time.
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Results ofmonitoring haemostasis

Case 1 Case 2

Normal Before End of After After After Before End of After After After
range treatment treatment 2 h 6 h 24 h treatment treatment 2 h 8 h 24 h

Fibrinogen(gl1) 1-8-3-6 2-4 <0-1 0-3 0 4 1-0 3-7 0-8 1-0 0-8 1-3
Fibrin degradation products (mg/l) <10 <10 100 60 80 70 <10 160 > 100 60 -

Plasminogen(U/ml) 0-85-1-20 0-80 0 31 0 40 0-39 0-57 1-12 0-46 0-52 0-60 0 70
a2 Antiplasmin (U/ml) 0-85-1-20 0-82 ND 0 07 0-21 0-44 1-02 0-07 0-12 0-36 0-69
Reptilase time (s) 20-27 24 52 50 49 23 31 49 46 44 31
Thrombin time (s) 9-13 >60** 28 25 28 17 13 >60* 23 22 49*

ND=Not detectable.
*Contamination with heparin from indwelling catheter.

TREATMENT

Treatment with tissue plasminogen activator (Acti-
lyse; Boehringer-Ingelheim) started with a bolus
injection of 10 mg, followed by continuous infusion of
50 mg for the first hour and 40 mg for the second and
third hours (total 100 mg).

PATIENTS ACCEPTED INTO STUDY

From 1 November 1987 till 1 April 1988, 59 patients
with an acute major ischaemic stroke were admitted to
our department. Reasons for exclusion were: age over
75 (32 patients); admission more than four hours after
onset of symptoms (16); neurologicat' deficit too mild'
(one) or improving spontaneously (four); congestive
heart failure and atrial fibrillation (two); and use of
anticoagulants (two). Seven of the non-eligible patients
died in hospital. Causes of death were pneumonia in
two patients, urosepsis in one, and coning in four.
During the first five months of the study only two

patients were eligible for treatment.
Case I
The first patient was a 63 year old left handed

man, whose history included a nephrectomy in 1950,
myocardial infarction in 1977, and psoriasis and
hypertension, for which he was taking propranolol.
Stroke was mnanifested by a sudden onset of paralysis of
the left arm and leg and inability to speak. On
admission one and a half hours later he was alert, had a
forced deviation of head and eyes to the right, and was
unable to speak but obeyed simple commands with his
*right arm. There was a complete leftsided hemiplegia
and Babinski's sign was present on the left. Blood

pressure was 170/100 mm Hg. Laboratory results,
chest x ray picture, and an electrocardiogram were
normal, as was a CT scan of the brain.
Three and a half hours after the onset of symptoms

the patient began treatment with tissue plasminogen
activator. One hour later the forced deviation of head
and eyes disappeared and the patient could give his
name and address. He appeared well oriented and
answered simple questions intelligibly. There was
minor bruising at the injection sites. A few hours after
the infusion, however, the patient became mute again
and vomited twice. Next morning he appeared drowsy
and did not obey commands. CT was repeated and
disclosed a massive infarction with concomitant
oedema of the right hemisphere affecting both the
anterior and middle cerebral arteries. The infarct was
partially haemorrhagic with evidence of bleeding into
the subarachnoid space, but there was no substantial
intracerebral haemorrhage. Monitoring of haemostasis
showed pronounced systemic fibrinolysis and a2 anti-
plasmin consumption (table). The patient continued
to deteriorate. A third CT scan showed increased
ischaemic cerebral oedema with consequent herniation
of the temporal lobe but no increase of the haemor-
rhagic components ofthe infarct. The patient died two
and a half days after the onset of the stroke.
At necropsy a tight, smooth stenosis of the right

internal carotid artery was found. All cerebral vessels
were patent and there was no evidence of thrombus
formation either within the brain or in the heart.
Microscopic examination showed an angioma on the
right parietal brain convexity which had probably been
the cause of the subarachnoid bleeding.

FIG 1-Case 2. CT appearances ofbrain on day 3
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Case 2
Our second patient was a 59 year old man with a

history of intermittent claudication. He was receiving
naproxen, which he used irregularly. At about 5 30 pm
he suddenly fell down while taking a shower. He
remained conscious but unable to speak or move his
right arm. On admission he was alert, had a forced
deviation ofthe eyes to the left, and could not speak but
obeyed simple conmmands. He had a right hemianopia
and paralysis of the right arm and face. Plantar reflexes
were normal on both sides. Blood pressure was
150/100 mm Hg. Laboratory' findings, chest x ray
appearances, an electrocardiogram, and a CT scan
were all normal.
Three hours 20 minutes after the onset of symptoms

the patient began treatment with tissue plasminogen
activator. By the next day his condition had not
altered. On the second day he developed a paresis of
the left leg. The CT scan was repeated on the third day
and disclosed a subtotal non-haemorrhagic infarction
of the left middle cerebral artery and an equivocal
hypodensity in the territory of the right anterior
cerebral artery (fig 1). Monitoring of haemostasis
showed only moderate fibrinogenolysis (table). During
the next days the patient developed -a complete
paralysis of the left arm and leg and consciousness
gradually deteriorated. The CT scan was repeated
twice and showed a total anterior cerebral artery
infarction with a prominent space occupying effect, a
subtotal middle cerebral artery infarction, and a
subtotal anterior cerebral artery infarction of the
opposite hemisphere (fig 2). After the third CT scan
the patient was treated with dexamethasone but to no
avail. He died on day 7 after the onset of symptoms.
Necropsy was refused.

Discussion
These findings show that treatment with tissue

plasminogen activator started between three and four
hours after the onset of symptoms in acute ischaemic
stroke may result in excessive ischaemic oedema
leading to fatal brain herniation. Though our first
patient had bleeding into the subarachnoid space, this
could not explain the massive swelling of the right

hemisphere. Similar brain swelling was seen in the
second patient, who had no bleeding complication. In
experiments changes in endothelial permeability were
recorded as early as two hours after the ischaemic
insult.2' It may be that ischaemia for two to five hours
causes damage to vessels resulting in leakage rather
than haemorrhage and that haemorrhage occurs only
after a longer period of ischaemia.
Our study may be criticised for not having used

angiography to visualise the embolic occlusion and
subsequent dissolution of the cerebral vessels. But this
does not change the importance ofour finding that fatal
brain swelling may occur after treatment with tissue
plasminogen activator. If the patients had not had
occlusion of cerebral vessels then the fatal effect of
thrombolytic treatment would have gone unexplained.
Furthermore, if tissue plasminogen activator is to
become a standard treatment of stroke its safety and
efficacy must be proved in patients with a clinical
diagnosis of cerebral infarction. When treatment is to
be started within four hours it is not possible to
perform pretreatment angiograms. An alternative to
angiography might be transcranial Doppler studies.
Moreover, an angiogram that does not clearly show the
'occlusion may be interpreted as indicating that distal
'migration of the embolic fragments from their initial
sites into smaller vessels has occurred. Finally, the
complete aphasia in both of our patients and the
presence of a large cortical infarction on subsequent
CT scans ruled out small vessel disease as the primary
ischaemic lesion.

It may be argued that the massive oedema in our
patients merely reflected the natural course of large
ischaemic strokes and that only a randomised trial will
give a definitive answer on this issue. Coning, however,
was a rare cause of death in the 56 non-eligible patients
with cerebral infarctions of comparable severity; only
four died of ischaemic cerebral oedema. The chance
that two consecutive patients would have died from
coning is therefore 4/56x4/56=16/3136, or 1/196. It
remains to be seen whether very early treatment
with tissue plasminogen activator (that is, within
two hours), which is being investigated in North
America,22 is safe.

We thank Mrs Betty Mast for secretarial help.
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Abstract
Eleven euthyroid patients with severe Graves' eye
disease were treated with intravenous methyl-
prednisolone and followed up for six months or more
by ophthalmological assessment, orbital computed
tomography (CT), photographs, and antibody
measurements. Papilloedema resolved in the single
patient in whom it was present; visual acuity was
abnormal in seven eyes initially and in only one eye
after treatment; the intraocular pressure differential,
which reflects muscle dysfunction, was initially
abnormal in 18 eyes but showed a progressive
and distinct improvement; nine patients showed
substantial improvement in inflammatory signs.
Exophthalmos improved early after treatment, but
this improvement was not maintained. Orbital CT
showed a pronounced reduction in the bulk of eye
muscles after treatment in eight of nine patients.
Autoantibodies to the thyroid stimulating hormone
receptor declined. Adverse effects were trivial.
Thus eight patients showed a clear response to
intravenous methylprednisolone as judged by
ophthalmic assessment and CT scan. The two
patients who showed little response and one who had
none all had a long history (more than a year) of
ophthalmopathy. Results were better than those
with oral steroids and adverse effects less.
Treatment of Graves' eye disease is more likely to

be effective if given early; patients should be referred
promptly to specialist centres, where treatment
with intravenous methylprednisolone should be
considered.

Introduction
Graves' ophthalmopathy is a distressing condition

which may give rise to diplopia and blindness as well as
to unsightly inflammation and proptosis. Treatment of
severe ophthalmopathy is not satisfactory. Surgical

treatment (orbital decompression) may be employed in
centres where it is available, but it is not without
complications. Most doctors would prefer medical
treatment if possible, and as Graves' ophthalmopathy
is almost certainly an autoimmune disease, attempts
have been made to suppress the immune response-for
example, with steroids, cyclosporin A, or azathioprine
- to modulate it by plasma exchange, or to suppress
inflammation by orbital irradiation. The most effective
of the drugs used for immune suppression are
undoubtedly steroids, but to be effective high dosage is
necessary, when the frequency and severity of adverse
effects are a serious disadvantage. Moreover, the result
of steroid treatment with regard to the eyes is usually
one of modest improvement rather than reversal of
disease.

Large dose bolus intravenous methylprednisolone
has been used to good effect in other autoimmune
diseases- for example, glomerulonephritis'-3-
and we therefore decided to try it in autoimmune
ophthalmopathy. As Graves' ophthalmopathy is a non-
fatal disease and intravenous methylprednisolone is
itself not without risk, we cautiously employed a lower
total dose schedule than has been used for either graft
rejection or glomerulonephritis. This paper reports on
11 patients treated in this way, who were followed up
for six months or more. Measurements were made
of different aspects of the disease for statistical
assessment and these compared with the changing
serum autoantibody activities.

Patients and methods
The 11 patients (six women, five men) were aged 28-

68 years (mean 52-6) and had had their eye disease for
three to 72 months. Table I gives details of the patients
at entry to the study. Only two patients had received
any previous immunosuppressive treatment. All
were euthyroid at the time treatment was begun and
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