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Abstract

Background To identify the clinical features, rebleed risk,
timing and method of diagnosis, complications and outcome
for subarachnoid haemorrhage (SAH) from traumatic intracra-
nial aneurysm (TICA) of the posterior circulation. Subjects
included 26 patients aged 3—54 (mean 24.8).

Methods Case series and literature search to identify all re-
ported cases.

Results In our series, two of three cases were fatal as a result
of rebleed, and one case had a good outcome with no deficit,
following prompt diagnosis and embolisation. Our key find-
ings from the literature review were: 30.7 % of patients were
age 16 and under; 88 % had an acute drop in consciousness,
46 % in a delayed manner; the mean time to diagnosis was
7.5 days; initial cerebrovascular imaging was normal in 23 %;
the rebleed rate was 23 %; 61 % required emergency diversion
of cerebrospinal fluid; 11 % developed vasospasm requiring
treatment; 19.2 % had deficits that rendered them unable to
live independently. The mortality rate was 27 %.
Conclusions SAH from ruptured posterior circulation TICA is
associated with significant morbidity and mortality. A high in-
dex of suspicion as well as prompt diagnosis, repeat imaging in
selected cases, and treatment of any associated TICA can be
crucial to a favourable outcome.
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Introduction

Subarachnoid haemorrhage (SAH) secondary to traumatic
intracranial aneurysm (TICA) of the posterior cerebral cir-
culation is a rare but treatable cause of neurological morbid-
ity and mortality in young patients [1]. The significant mor-
tality associated with this condition is likely due to the high
risk of rupture and rebleed when compared to berry aneu-
rysms [2]. Given the limited evidence regarding the natural
history and complications associated with this diagnosis,
and the technical challenges of treating a TICA, currently
the management of this condition is on a case-by-case basis.
We present a case series and a review of the literature for all
reported cases of SAH from posterior circulation TICA. We
seek to clarify the clinical features, rebleed risk, timing and
method of diagnosis, complications and outcome for this
increasingly recognised condition.

Case 1

A 20-year-old male was assaulted via a punch to the face. He
fell, hitting his occiput on the ground and losing conscious-
ness. On arrival in the emergency department, he was found to
be alcohol intoxicated, and a computed tomophraphy (CT)
scan of the brain was performed 6 h post injury. It demonstrat-
ed SAH in the basal cisterns, third and fourth ventricles and
acute hydrocephalus (Fig. 1). An intracranial computerised
tomographic angiography (CTA) did not demonstrate any vas-
cular abnormality. His Glasgow Coma Scale (GCS) score
gradually recovered to 15, he had no focal neurological
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Fig. 1 CT brain scan demonstrating subarachnoid blood concentrated in
the basal cisterns and fourth ventricle and ventriculomegaly

deficit, and he was therefore managed conservatively. Digital
subtraction angiography (DSA) at day 3 post injury did not
demonstrate any vascular abnormality. At 11 days post pre-
sentation, whilst still an inpatient being monitored and consid-
ered for delayed imaging, the patient was found collapsed and
in cardiac arrest. Resuscitation was unsuccessful. A post
mortem demonstrated massive SAH from a vertebral artery
TICA following a suspected traumatic dissection.

Case 2

A 21-year-old male presented with headache and drowsiness
24 h after a head injury due to an assault. On presentation, his
GCS was 14 (E4V4M6) and an emergency CT brain scan
demonstrated SAH, which was predominantly around the
fourth ventricle and pre-pontine cistern with acute hydroceph-
alus (Fig. panel 2). Over the next 2 h the patient’s GCS
dropped to 10 (E3V2MS5) and an external ventricular drain
(EVD) was placed. Following insertion of the EVD a CTA
of the circle of Willis was performed.

The CTA demonstrated abnormal appearances of the left
posterior inferior cerebellar artery (PICA), suspicious for a
dissection and TICA. The patient underwent a DSA, which
confirmed the findings (Figs. panel 2 and 3). Following mul-
tidisciplinary discussion the patient underwent endovascular
treatment of the TICA, the same day. The pseudosac was
loosely coiled with the plan to follow-up closely. The patient
woke up with a GCS of 14 (E4V4M6) with no focal deficit.

A follow-up DSA was performed 3 days later, which
showed an enlarging pseudosac, and the decision was made
to proceed to stenting of the dissected PICA vessel. Two
Solitaire stents (Covidien, Irvine, CA) 3 x 20 were placed in
the PICA, one inside the other. It was not deemed safe to
position more coils in the pseudosac that was arising at a sharp
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Fig. 2 a CT head showing SAH in the posterior fossa cisterns, most
prominent around the medulla and hydrocephalus. b DSA
demonstrating traumatic PICA dissection and TICA. ¢ A loose coiling
of the pseudosac was performed in the first instance (leff). A DSA was
performed 3 days later (right) showed an enlarging pseudosac. d Two
stents were inserted in the left PICA (leff). At the end of the procedure
there was still some filling of the pseudosac. A follow-up DSA was
performed 2 months later (right) that demonstrated obliteration of the
aneurysm and patency of the PICA

angle from the PICA. The patient woke up with no new neu-
rological deficit and remained stable for the next 24 h.

A DSA at 3 months showed obliteration of the
pseudoaneurysm and a patent PICA. A magnetic resonance
angiogram (MRA) was performed at 1 year and showed pa-
tency of the PICA and no infarct in the posterior circulation.
Clinically, the patient was well except for a mild and resolving
hemiparesis related to a haematoma associated with EVD re-
moval. The patient did not attend a second follow-up DSA.
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Fig. 3 a CT demonstrating diffuse subarachnoid blood and
intraventricular haemorrhage with hydrocephalus. b DSA
demonstrating left PICA. ¢ Post coiling DSA demonstrating coil
occlusion of the left PICA TICA

Case 3

A 35-year-old male was assaulted via a punch to the head and
hit his head on a pavement, leading to loss of consciousness.
He was intubated and ventilated prior to arrival at the neuro-
surgical department. A CT and CTA brain on admission to the
emergency department demonstrated extensive subarachnoid
blood throughout the basal cisterns and the hemispheric fis-
sures. Most of the subarachnoid blood was layered around the
cervicomedullary junction and the cerebellar tonsils. Blood
was noted in all of the ventricles, and acute hydrocephalus
was present. An EVD was placed to treat the hydrocephalus.
The CTA did not demonstrate any vascular abnormality. The
patient was gradually weaned off sedation and recovered to
GCS 13/15 (E3V4M06). At 7 days post admission the patient
had a second bleed with neurological deterioration and fresh
haemorrhage seen in the cerebrospinal fluid (CSF) draining
from the EVD. A DSA was carried out and a left PICA dis-
secting TICA was identified and treated with endovascular
coiling.

He subsequently required ventriculo-peritoneal shunt inser-
tion to treat his hydrocephalus and developed complications
associated with shunt blockage and CSF infection. He died
3 months later from sepsis and multi-organ failure.

Results

The literature search, conducted via MEDLINE, PubMed and
EmBase, identified 26 cases of SAH secondary to a ruptured
posterior circulation TICA. These are summarised in Table 1.
The mean patient age was 24.8 (range 3—54 years); 8/26 pa-
tients (30.7 %) were age 16 and under. Falls accounted for the
trauma mechanism in eight cases (30.7 %), assault to the head
in seven (27 %) cases and a contact sport in four (15 %) cases.
The majority were blunt trauma, with only three cases being
penetrating. In terms of clinical presentation, 23/26 (88 %)
had an acute drop in consciousness, either at initial presenta-
tion and/or in a delayed manner (12/26, 46 %) with 50 % of
these being due to a rebleed. Each patient had a solitary TICA
and the vessel involved most commonly was the PICA (14
patients, 54 %), with the left PICA in eight cases (30.7 %) and
the right PICA in six (23 %). Other TICAs were of the verte-
brals (30.7 %): left vertebral in four cases, right in four cases.
The left superior cerebellar artery was involved in two cases
(7.7 %) and basilar in two (7.7 %) cases. Time to definitive
diagnosis of a TICA was variable, from 1 day to 21 months.
Excluding the one case where it was detected at 21 months,
the mean time to diagnosis was 7.5 days; 24/26 (92 %) cases
had subarachnoid blood on their presenting CT brain scan.
One patient had no SAH on the first scan and was neurolog-
ically intact, subsequently deteriorating at day 8, when the
second CT brain demonstrated haemorrhage [12]. One case
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g was diagnosed by lumbar puncture [6]. In six cases (23 %), there
. ﬁh was initially normal cerebrovascular imaging. Repeat imaging
8 < g i‘" 8 was prompted by clinical deterioration or suspicion of an unusual
= Lo Qo .. . . . .
3 SESE distribution of subarachnoid blood. Excluding the case diagnosed
%‘ 2 2 .E Ei at 21 months [5], the mean time to diagnosis in this group with
o mo= initially negative vascular imaging was 6.4 days. The diagnosis
of TICA was made by CTA in seven cases (27 %), but DSA was
5 required for further characterisation and treatment planning in the
g 3 majority of cases. In terms of management, 11/26 (42.3 %) were
2 8 . . C. .
% gE2E managed surgically, with clipping, bypass and vessel occlusion.
o < A Two surgical cases were after a previous endovascular procedure
Y [8, 12]; 10/26 cases (38.5 %) were treated endovascularly
o I [ . . .
=3 '75 ) (coiling, vessel occlusion, stenting); 5/26 (19.2 %) were unsuit-
= 2 S = . .. .
g :% SEES 2 3 able for treatment because of their severe clinical condition; 16/
mESTEE e 26 (61.5 %) patients required emergency CSF diversion to treat
g 2w acute hydrocephalus or for management of intracranial pressure.
& ;u:-j 0 Fourteen patients had an EVD placed and two required a
§ 27 ventriculoperitoneal shunt. In terms of clinical outcome, seven
- ©“ patients died (mortality 27 %), and five (19.2 %) had deficits that
g 2 Z Z) & affected their ability to live independently. Ten of 26 (38.5 %)
= = — o Z . . .
g Eo 2 < % g»é g z were reported to have made a sufficient recovery to live indepen-
% g 5 gg b SEE4 . dently or almost independently. Evaluating complications,
S S E S rebleed occurred in 6 patients (23 %), hydrocephalus requiring
5 & o = permanent CSF diversion in 14 (53.8 %), vasospasm requiring
g2 ig 2 % 5 _ g 5E < angioplasty in 3 (11.5 %) and stroke in 2 (7.7 %) patients.
555 F2 | 522, ZEC
ZE8ER 2 2
=] § . .
: Z Discussion
- The key message of our case series and review is that SAH
;D DR secondary to TICA of the posterior circulation is a treatable
E § 'gﬂé condition of young patients, which if misdiagnosed or diag-
R = - nosed late can prove fatal. We highlight the potential for de-
layed appearance of posterior circulation TICA on imaging
< < g and misdiagnosis of these cases as non-traumatic SAH or as
el % A & “uncomplicated” traumatic SAH with no early and delayed
Sz 5 3 search for an underlying TICA. We also highlight the high
incidence of rebleed, hydrocephalus and morbidity associated
T 3« g with this condition.
= =2:2%gt¢
%8 52525023 . .
2 8 528822808 Actiology and pathomechanism
o 2 QL EVWEDSD S 25
g E E8ES Eg 38®
Z & < < Although trauma remains the most common aetiology of
% SAH, posterior circulation TICA is rare. It is even more rarely
gg El reported as a cause for SAH. TICA is histologically a
s 2 4 E pseudoaneurysm (TICA is a relatively new terminology and
2| g many of the cited reports use the term pseudoaneurysm when
é < &A discussing this condition). Pathologically, a pseudoaneurysm
§ N @ requires all three layers of the vessel wall to be disrupted and
S| = 2 2 . . . . . .
- § 8 8 integrity of the vessel is only maintained by associated
2|2 5 8 B haematoma or surrounding connective tissue [21]. In true an-
= O O e . .
el <2 £ A eurysms the adventitia is preserved. Intracranial vessels,
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unlike cervical vessels, have a thinner media and no external
elastic lamina, making them more vulnerable to injury [22].

The extracranial vertebral arteries are traditionally believed
to be more vulnerable to trauma than intracranial vessels ow-
ing to their relatively exposed location within the cervical
vertebrae. However, our review demonstrates PICA to be the
most common vessel involved, in 54 % of cases [23]. Almost
one third of cases were in patients aged under 16. The higher
proportion of traumatic aneurysms in children may be due to
the paediatric cervical spine and craniocervical junction being
relatively mobile, exposing vessels to stretching and shearing
forces. The overall young age of presentation across this re-
view (mean age 24) and the male preponderance (75 %) [19]
also reflects the higher incidence of trauma in young males.

When considering SAH from posterior circulation TICA,
the paucity of reported cases may be accounted for by the fact
that much of the literature on this condition is in the forensic
literature, as it is often rapidly fatal and diagnosed at post
mortem. Blunt trauma was the injury mechanism for the ma-
jority of cases in this review. In penetrating head injury, primar-
ily seen in the military environment, intracranial vascular injury
occurs in over 20 % of patients [20]. What predisposes to TICA
formation after traumatic vascular injury in some patients and
not others cannot be explained solely by the severity or mech-
anism of trauma, as there are cases reported after relatively
minor injuries. Proposed mechanisms for vascular disruption
include rotational head acceleration, hyperextension of the
vertebrobasilar vessels and acute severe short-lasting intracra-
nial hypertension from a blow to the carotids [24]. Alterations
in local haemodynamics such as flow reversal and transient
occlusion were found in an ex vivo study on vertebro-basilar
vasculature to be sufficient to induce longitudinal tears in the
vessel walls, which may lead to TICA formation. Histological
features of the vessel wall, especially the adventitia, have been
reported in the forensic literature to distinguish TICA from
non-traumatic pathology [25, 26]. In the PICA, the proximal
segment and regions close to perforators are reported as vul-
nerable to trauma, possibly due to the anchoring effect of the
perforators and vessel origin leading to shear stress when trau-
ma is inflicted, causing a “tear out”. The posterior cerebral
artery (PCA) and superior cerebellar artery (SCA) may be dam-
aged against the rigid tentorial edge [7, 8]. Vessels may be more
vulnerable in certain patients due to underlying conditions such
as fibromuscular dysplasia and atherosclerosis [7]. Once a
TICA has formed, the factors predisposing it to expansion,
rupture or regression are not fully understood. There is little
evidence available on the proportion of individuals who devel-
op a pseudoaneurysm post trauma that resolves.

Clinical features

Clinical diagnosis of a traumatic posterior circulation TICA is
challenging. If sufficiently large to compress surrounding

@ Springer

structures, an unruptured TICA may present with neck pain,
lower cranial nerve palsies, cervicomedullary compression syn-
drome and Horner’s [6]. SAH from a ruptured TICA presents
with the same features as SAH from congenital aneurysms,
including severe headache, vomiting, seizures, focal deficits,
altered consciousness and features related to an intracerebral
clot or acute hydrocephalus. In our review, 88 % of patients
had an acute drop in conscious level; 46 % had this drop in a
delayed manner (hours to 1 week on average), half of these due
to rebleed. This suggests three possibilities: first that the TICA
had developed in a delayed manner in patients whose first bleed
was delayed after the trauma; second, that patients with SAH
immediately after trauma had bled from a vascular tear and a
delayed rebleed was from a TICA that formed after this
(analagous to the well-described iatrogenic complication of pi-
tuitary surgery where a traumatic carotid tear leads to a
pseudoaneurysm); third, that a TICA was present early after
trauma but not detected on vascular imaging and expanded
before rebleeding. We found the incidence of rebleed to be
almost a quarter of patients (23 %) and hydrocephalus requiring
emergency CSF diversion in 61 %. The mortality rate in this
review was 27 %. Older series reported the mortality rate for
ruptured cranial traumatic TICAs (mainly anterior circulation)
to be approximately 30-50 % without treatment and up to 25 %
with treatment [27]. In Asari’s 1977 review of 60 cases, the
rebleed rate was 45 % and the condition mainly affected young
patients (39 % under age 20) [27]. Although the aneurysm
location was mainly anterior circulation in Asari et al.’s review,
it is evident that the mortality rate has not significantly changed
over the last 40 years despite advances in imaging and treat-
ment. This highlights the need to detect the TICA early, reduc-
ing the risk of rebleed and allowing treatment whilst it is small-
er and technically less complex to treat.

In terms of long-term follow-up, one fifth of patients in this
series (19.2 %) could not live independently. Outcome, as with
other neurological injuries, is likely to be influenced by both
primary and secondary injuries. One method to reduce the risk
of primary and secondary injury in these cases is to reduce the
rebleed risk. This may be achieved by repeating vascular imaging
in patients with cisternal SAH, or a distribution of subarachnoid
blood that appears disproportionate to the history, post trauma and
no vascular abnormality on admission neurovascular imaging.

Imaging

In the majority of traumatic SAH, the pattern of blood is focal,
cortical and supratentorial, with a clear trauma mechanism. In
these circumstances, vascular imaging is seldom performed.
In cisternal pattern traumatic SAH and an uncooperative pa-
tient, it may be unclear whether the trauma precipitated or
preceded an intracranial vascular event. A retrospective series
of 130 patients with blunt head trauma and SAH demonstrated
that only 8 % of SAH related to head injury resulted from
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congenital aneurysm rupture [28]. SAH from a traumatic pos-
terior circulation TICA may therefore be initially
misdiagnosed as aneurysmal SAH [17]. With a history of
trauma and cisternal SAH identified on CT scans, vascular
imaging is usually undertaken (CTA and/or DSA) during hos-
pital admission. Owing to the paucity of reported cases, there
is no consensus on the optimal imaging modality or timing of
imaging. In the absence of a cervical spine fracture, but cis-
ternal SAH associated with trauma, there is variable practice
regarding inclusion of the cervical spine in vascular investiga-
tions. CTA and magnetic resonance imaging (MRI) of the
cervical spine are the most commonly undertaken. Using the
knowledge that TICA formation is usually delayed [3, 29]
(mean time to diagnosis in our review was 1 week and 85—
90 % present in 3 weeks [8]), TICAs exhibit faster growth
than berry aneurysms and have a high rebleed risk—5-7 days
maybe a reasonable starting point for follow-up imaging. In
penetrating head trauma, the mean time to diagnosis of TICA
is 10 days, suggesting delayed TICA formation is common to
both blunt and penetrating trauma [20]. Angiographic features
of posterior circulation TICA include fusiform morphology,
not being located at vascular bifurcations, irregular sac mor-
phology, delayed retention of contrast through the late arterial
and venous phases, irregular vessel segments proximal or dis-
tal to the aneurysm and appearance of a double lumen [3, 30].
It is important to distinguish a TICA from a dissecting aneu-
rysm as the treatment modalities and risks for these differ [9,
31].

Treatment options

Management of a TICA is challenging [15] because of the
fusiform morphology, disrupted and friable vessel walls, and
rapid rate of expansion.

Treatment strategies for TICA and dissections include ra-
diological monitoring, antiplatelet/anticoagulation medica-
tions, endovascular treatment (coiling, stenting or vessel sac-
rifice), surgical clipping, trapping and bypass procedures [32].
In the presence of SAH, anticoagulation/antiplatelets are con-
traindicated, which pushes management towards
endovascular and surgical. It may not always be possible to
preserve the parent vessel but if there is adequate cross flow,
this might be done without neurological deficits [2]. There are
no large data sets on outcomes that can be used to identify the
optimal treatment modality and therefore management is cur-
rently on a case-by-case basis. A recent meta-analysis of 39
studies on endovascular treatment for non-traumatic vertebral
dissection demonstrated excellent outcome, but there remains
a relatively high risk of treatment-related complications (ap-
proximately 10 %) [33]. Although this study is not looking
specifically at traumatic dissection or SAH from the dissec-
tion, it suggests that treatment-related morbidity is significant.
Although vasospasm is well documented to be a complication

of traumatic SAH, there is no evidence supporting the use of
nimodipine for non-aneurysmal SAH [34, 35].

Conclusion

In view of the aggressive natural history of posterior circula-
tion TICA, we recommend that CTA of the head and neck
vessels be performed for cases presenting with post-
traumatic disproportionate cisternal and or third or fourth ven-
tricular SAH. In the event of initial CTA being negative, re-
peat CTA and if negative DSA should be performed between
5 to 7 days, with a low threshold for further repeat at 10 days if
a traumatic dissection is still suspected. Close monitoring for
hydrocephalus and vasospasm is required during hospital ad-
mission and significant therapy input is likely to be required
post discharge from acute care.
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