Primary pontine haemorrhage: clinical and computed
tomographic correlations
LEON A WEISBERG
From the Department of Neurology and Psychiatry of the Tulane Medical Center, the Department of Neurology
of the Charity Hospital of New Orleans, and the Department of Neurology of the Veterans Administration
Hospital of New Orleans, USA

The clinical and computerised tomographic findings in 40 patients with primary pontine
haemorrhage were reviewed. Twenty-nine patients were hypertensive. Four patients had
angiographic or necropsy evidence of vascular malformations. In 33 cases, there was rapid
deterioration to maximal neurological deficit; whereas in seven cases, there was sudden onset but
subsequent progression to maximal deficit 24 hours to 5 days following the initial ictus. Seven
patients had clinical features considered atypical for pontine haemorrhage. Five patients survived
and four of these were capable of performing activities of daily living within 3 months of the
haemorrhage. In all cases CT showed a hyperdense non-enhancing brain stem haematoma. There
was evidence of ventricular extension in 27 cases. There was CT evidence of subarachnoid blood in
only two patients who also had vascular malformations. In 26 cases, there was CT evidence that the
haematoma extended to the midbrain and in four cases to the thalamic region. In six cases CT was
repeated 6 to 21 days after the initial scan and it showed resolution of the haematoma in size and
density; none of the haematomas showed post-contrast enhancement on initial or follow-up CT.
SUMMARY

Primary pontine haemorrhage is frequently caused by
hypertensive cerebrovascular disease. The haemorrhage develops from degenerative arteriolar wall
changes (lipohyalinosis, fibrinoid necrosis, microaneurysms). These patients usually present with characteristic neurological findings, which include sudden
onset of coma, quadriplegia, miotic but light reactive
pupils, respiratory disturbances, impaired horizontal
eye movements (including absent caloric response).
There is usually rapid neurological deterioration and
death frequently occurs within 48 hours of the initial
ictus.' -s
Since the introduction of CT, it has become possible to delineate certain less common clinical findings
and a somewhat different clinical course in some
patients with primary pontine haemorrhage. This has
prompted us to review 40 cases of the disorder to
determine the clinical spectrum of this condition
based upon CT findings.
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Methods and clinical material
Forty patients with primary pontine haemorrhage diagnosed by CT were analysed. These patients were admitted to
the neurology service of the Charity Hospital of New
Orleans, Veterans Hospital of New Orleans, or Tulane University Medical Center Hospital. The clinical and CT
findings were reviewed by the author. All patients were
scanned with a Picker Synerview high-resolution body scanner (section thickness, 10 mm; matrix size, 256 x 256; scan
time one second) or General Electric high-resolution CT/T
8800 body scanner (section thickness, 10mm; matrix size,
256 x 256; scan time, 48 or 96 seconds).
Clinical findings
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There were 28 men and 12 women. Patient age ranged from
28 to 69 years old (2 were in the twenties; 3 were in the thirties; 20 were in the forties; 11 were in the fifties; 4 were in the
sixties). Twenty-four of the 29 hypertensive patients had
chest radiographic or electrocardiographic evidence of cardiac enlargement, funduscopic evidence of hypertensive retinal change or clinical findings consistent with congestive
heart failure. Three patients in the sixties were normotensive
and four other younger patients were also normotensive.
These patients had no other predisposing conditions for the
haemorrhage; however amyloid angiopathy is excluded only
by necropsy findings and this was unfortunately not done in
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Fig 1 Fifty-year-old hypertensive man developed severe headache and then collapsed. He was comatose with irregular
respiration, miotic pupils, absent caloric response and quadriplegia. CT findings: massive primary pontine haemorrhage (a)
with midbrain and intraventricular extension (b).
these cases. Four patients had an underlying vascular malformation.
The onset of neurological disturbances was sudden in all
patients. Ten patients reported severe headache immediately
before neurological signs developed (fig 1). Episodes of transient neurological disturbances preceding the clinical ictus
were not seen in any patient. The neurological findings in
these patients are listed in table 1. In 28 patients there was
rapid progression to a comatose condition (fig 2). These patients also showed respiratory abnormalities, absent oculocephalic and caloric responses, quadriplegia with bilateral
Babinski signs. Twenty-two of these patients had miotic but
light reactive pupils, whereas six had fixed and dilated pupils. These patients with fixed and dilated pupils had the
largest brain stem haemorrhages with ventricular extension.
Five patients were initially lethargic and rapidly progressed
to an obtunded state within 6 hours. These patients had
respiratory abnormalities, quadriplegia, miotic but light reactive pupils. Three had absents horizontal eye movements
including absent cabric response and two had conjugate gaze
palsy.
Seven patients had sudden onset of neurological signs;
however, there was progression of neurological signs for 48
hours to 5 days after the initial onset (fig 3). These patients
were initially alert and two progressively had deterioration
in the level of consciousness. These patients had hemiplegia.
Four had miotic but light reactive pupils and three patients
had unequal pupils. Four patients had conjugate gaze and
three had internuclear ophthalmoplegia.

Thirty-one patients died within one week of the initial
clinical episode. Four patients survived for 8 to 50 days but
without showing significant neurological recovery. They
died of secondary complications. Five patients survived the
primary pontine haemorrhage. Four of these were capable
of ambulating independently and were able to care for themTable 1 Initial neurologicalfindings in 40 patients with
primary pontine haemorrhage
Neurological signs
Altered consciousness
lethargy-obtundation
stupor-coma
Respiratory abnormalities
irregular pattern
neurogenic hyperventilation
Cheyne-Stokes pattern
Motor dysfunction
quadriplegia
hemiplegia
Pupillary abnormalities
miotic and reactive
dilated and fixed
unequal
Ocular motility disturbance
absent horizontal movements
conjugate gaze palsy
internuclear ophthalmoplegia
Other neurological disturbances
cerebellar ataxia
sensory deficit

Number of cases
5
28
25
6
2

33
7
31
6
3
31
6
3
4
2
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cases. Haemorrhage could be traced upwards to the midbrain in 26 cases (fig 4) and to the thalamic region in four
cases. The haematomas were irregular in shape (19 cases);
however some were comma (12 cases) or round (9 cases). Oedema was seen surrounding the haematoma in 11 cases.
There was evidence of blood in the brain stem cisterns in two
cases (fig 5). The brain stem cisterns were effaced and poorly
visualised in 35 cases. There was hydrocephalus in 17 cases.
All patients with tegmental-basilar pontine haemorrhages
rapidly became comatose with quadriplegia and absent eye
movements. There were eight patients with haematomas
which were either unilateral or less than 18 mm in maximal
diameter. Follow-up CT was performed within 6 to 21 days
after the initial scan in six patients who survived the bleeding
episode. There was significant resolution of the density and
six of the haematoma in all cases. Post-contrast study was
performed in these six patients and none showed abnormal
enhancement. None of the vascular malformations showed
abnormal enhancement.
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Fig 2 Forty-eight-year-old hypertensive woman suddenly
collapsed. Findings were coma, hyperventilation,
quadriplegia, miotic pupils and absent caloric response. CT
findings: eccentric comma-shaped primary pontine
haematoma involving tegmentum and basis pontis.
selves. One survivor did not recover sufficiently to ambulate
independently and he required assistance with activities of
daily living.
The CT findings in patients with primary pontine haemorrhage are listed in table 2. Thirty-three of the haematomas were bilateral, involving tegmentum and basis
pontis. The blood extended into the fourth ventricle in 27
Table 2 CTfindings in 40 patients with primary pontine
haemorrhage

CTfindings
Haematoma shape

irregular
semilunar or comma
round

Number of cases
19
12
9

Location

medial
lateral
Ventricular extension oJ blood
Blood seen in the basal cisterns
Effacement of brain stem cisterns
Extension of the haematoma
midbrain
thalamus
Edema
Hydrocephalus

33
7
27
2
35
26
4
II
17

Primary pontine haematomas are usually hypertensive in aetiology. There may be microaneurysms,
fibrinoid necrosis or lipohyalinosis in the deep penetrating brain stem blood vessel walls. The haemorrhage usually originates from vessels which
measure 100 to 200 im in diameter. The source of the
brain stem haemorrhage may include the paramedian
penetrating branches of the basilar artery or lateral
penetrating branches originating from the short circumferential branches of the basilar artery. Depending upon the specific location and size of the
vessel from which the haemorrhage has originated,
there may be a wider spectrum of clinical abnormalities than had been initially described by necropsy
studies of patients with primary pontine haemorrhage.1 - If there is bleeding from a larger calibre
arteriole, the haemorrhage is likely to be medial, involve both basis pontis and tegmentum, and extends
to the midbrain. Bleeding from a smaller calibre arteriole which has a lateral location is more likely to
cause a smaller haemorrhage. The lateral tegmental
haematomas are usually smaller, associated with less
severe neurological deficit, and less commonly fatal
than the larger medial tegmental-basis pontis haematomas.6-11 In these 40 patients, the largest primary pontine haemorrhage occurred in those patients
who where hypertensive and the smaller haematomas
were seen in normotensive patients.
Several CT studies have reported certain less commonly recognised features of primary pontine haemorrhage.6" In seven of our cases, the onset was
abrupt but this was followed by neurological deterioration which occurred 1-5 days later. In these cases,
repeat CT did not show enlargement of haematoma,
increased mass effect oedema or secondary development of intraventricular extension. In patients with
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Fig 3 Sixty-nine-year-old normotensive man experienced headache and developed left hemiparesis and right facial droop. He
was alert and had a right gaze paresis. CT findings: right (readers left) tegmental haematoma (a). There is extension to the
lateral portion of the midbrain (b). Four days later he neurologically deteriorated to an obtunded condition with quadriplegia.
Follow-up CT (not shown) showed no change in the size or density of the haematoma.

smaller and lateral tegmental haematomas, several
partial syndromes have been reported. These include
the following: (1) ipsilateral gaze palsy and internuclear ophthalmoplegia, (2) small asymmetric pupils
with the smaller pupil ipsilateral to the haematoma,
(3) limb ataxia, (4) contralateral isolated hemiparesis,
(5) contralateral hemianaesthesia. Seven of our patients were initially alert, seven patients had hemiplegia, six had conjugate gaze palsy, and three had
internuclear ophthalmoplegia. In-patients with these
findings, brain stem infarct due to branch occlusion of
the basilar artery was initially considered more likely
than primary pontine haemorrhage.
Almost all patients with primary pontine haemorrhage have a fatal outcome. There have been
several reports of prolonged survival in patients with
documented CT evidence of primary pontine haemorrhage who recovered spontaneously.6-9 In addition, there have been reports of patients who
recovered following surgical evacuation of the haematoma.'213 None of our patients underwent surgical evacuation of the brain stem haemorrhage. Five
of the 40 patients in this series survived the primary
pontine haemorrhage and four were capable of per-

forming activities of daily living within 3 months. All
patients who survived the primary pontine haemorrhage had no evidence of systemic arterial hypertension and only one had angiographic evidence of
brain stem vascular malformation. The finding that
outcome was better in normotensive than in hypertensive patients is consistent with the findings of
another study of intracranial haemorrhage.'4 All
patients who survived *had unilateral and more
laterally located tegmental haemorrhages and none
showed intraventricular extension.
Four patients with primary pontine haemorrhage
had brain stem vascular malformations. These patients were normotensive. In two cases angiography
showed evidence of an arteriovenous malformation;
whereas in two cases angiography was negative but
necropsy findings showed brain stem telangiectasia.
In these four cases CT showed a hyperdense haematoma but post-contrast scan did not show evidence
of abnormal enhancement. Based upon the CT characteristics there were no features to distinguish the
aetiologies of the primary pontine haemorrhage;
however in two cases due to vascular malformations
blood was seen in the cisternal spaces. The presence of
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Fig 4 Sixty-eight-year-old normotensive man developed chest pain and collapsed. He was comatose with irregular
respiration and quadriplegia. CT findings: large primary pontine haematoma (a) which extends to the midbrain (b).

subarachnoid blood was not seen in any of the other
patients with primary pontine haemorrhage. In young
and normotensive patients with CT evidence of brain
stem haemorrhage, angiography is indicated to delin-

I

Fig 5 Twenty-nine-year-old normotensive woman developed
headache and collapsed. She was comatose with right
hemiplegia and absent caloric response. CT findings: right
lateral tegmental haematoma (a) with blood also seen in the
interpeduncular and ambient cisterns (b). Angiogram showed
a brain stem vascular malformation.
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eate the presence of a brain stem malformation. 12 13 15
It is important to recognise the CT pattern of blood
in the fourth ventricle without blood in the brain stem
region. Fourth ventricular blood without pontine
haematoma is suggestive of ruptured vascular malformation or aneurysm. If blood is seen in the fourth
ventricles and brain stem cisterns, this is highly suggestive of ruptured vascular malformation or aneurysm as this pattern was not seen in any cases of
hypertensive primary pontine haemorrhage even
when there was secondary intraventricular extension.
In these cases of brain stem haematoma with evidence
of subarachnoid blood, angiography is necessary to
determine the source of the haemorrhage. In four
cases of primary thalamic haematoma there was a
small thalamic hyperdense lesion contiguous with the
third ventricle which was seen on the initial CT scan.
If the thalamic haematoma is small it may be difficult
to differentiate from the third ventricular blood. In
these cases blood may be seen extending into the third
and fourth ventricles but without blood in the pons
(fig6). Based upon the clinical features and careful
CT analysis, it should be possible to differentiate
these thalamic haemorrhages from primary pontine
haemorrhage or primary intraventricular hae-

morrhage.
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Fig 6 Forty-.six-rear-old hIpertensive iv-o manjti experienced
headache anid vomiting. Finding.s were obtundation. riglit
heni iplegia. dlilated pupi1ls wit ih dlowt-nwt-ard oc ular leviaftion.
CT findings: there is a small left thialamic hlaeto;toniia (black
arrow) contiguou.s with thte third ventricle aa,. Thcere> i.s third
and fourth ventricular blood {b). The haematoma involves the
mlidbraintc. but thie pontine regionshow's tno evidence of
haeuiatomna.
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