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Abstract

hemorrhage

Ruptured aneurysms with a presentation of intracerebral hemorrhage (ICH) and/or intraventricular hemorrhage (IVH)
without subarachnoid hemorrhage (SAH) are rarely reported. Issues on the clinical characteristics, mechanism,
diagnosis, treatment and prognosis of this rare entity are obscure to us. We present two cases of ruptured
aneurysms with a presentation of isolated ICH. A systematic review of the literature was also conducted. There
were 21 cases plus our cases. Good recovery was achieved in 10 patients (47.6 %). Pertaining to location, 38 %
of presenting aneurysms were on the right side, 52 % were on the left side, and 10 % were midline. Anterior
circulation aneurysms were identified in 81 % of patients (7 PComA, 8 MCA, 1 ICA, 1 AComA) and posterior in
19 % of patients (3 PCA, 1 BA). Sizes of the aneurysms ranged from 3 mm to 40 mm (16.21 + 8.45). Ruptured
aneurysms at the main trunks of the Willis cycle with a presentation of isolated ICH and/or IVH without SAH is
extremely rare. The cause of this rare entity is multifactorial. The diagnosis and management of this entity pose
a great challenge to us. The prognosis was discouraging based on the now available data.
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Background

It’s well known that ruptured cerebral aneurysms present
with subarachnoid (SAH) with or without intracerebral
and/or intraventricular extension. But, on rare occasions,
an aneurysmal rupture may present with isolated in-
tracerebral hemorrhage (ICH) and/or intraventricular
hemorrhage (IVH) without SAH [1, 2]. According to the
largest case series by Thai et al., only 1.6 % (13/822) of pa-
tients after aneurysmal rupture presented with isolated
ICH and/or IVH [1]. However, most of the reported cases
of aneurysmal rupture with isolated ICH and/or IVH were
secondary to aneurysms situated in the deeper or distal
cerebral arteries [2, 3]. As a result of their adjacency to the
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brain surface, ruptured aneurysms at the main trunks of
the Willis cycle with a presentation of isolated ICH and/or
IVH are extremely rare [1, 4-8].

Here, we present another two cases of isolated ICH
due to ruptured intracranial aneurysms at the main trunks
of the Willis cycle. In addition, we conducted a systematic
literature review to better elucidate the characteristics,
mechanism, diagnosis, treatment and prognosis of this
rare entity.

Materials and methods

Two cases of isolated ICH due to ruptured intracranial
aneurysms were firstly illustrated. Then a PubMed
search of the published peer-reviewed articles on Dec 10th,
2015 was performed. The following key words were used in
relevant combinations: ruptured aneurysm, intracerebral/
intraparenchymal hemorrhage, without subarachnoid
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hemorrhage. The reference lists of the identified articles
were also manually searched for additional studies.

Definition of main trunk of the Willis cycle

First and second grade branches of internal carotid ar-
tery (ICA), anterior cerebral artery (ACA), anterior
communicating artery (AComA), middle cerebral artery
(MCA), posterior cerebral artery (PCA), posterior com-
municating artery (PComA) and basilar artery (BA) that
run along the brain surface.

Definition of outcome
Glasgow Outcome scale (GOS) score on discharge or
follow-up > 3 was deemed good recovery.

Results

Case illustrations

Case 1

A 73-year-old man (nonsmoker) was admitted to the
First Hospital of Jilin University (Eastern Division) 1 h
after a sudden onset of mental state disturbance and
right hemiparesis. His Glasgow Coma Scale (GCS) score
on admission were 11 (E3V3M5). His blood pressure
was 182/114 mmHg on admission and returned to
normal (<140/90 mmHg) without antihypertensive
agents in 5 h. He had no history of hypertension, dia-
betes mellitus, anemia, aspirin administration or other
systemic diseases. Head computed tomography (CT)
on admission showed a left putaminal hemorrhage
(Fig. 1a). Further CT angiography (CTA) demonstrated
a left MCA aneurysm (3.1 mm x 1.8 mm) directed
superior-posteriorly (Fig. 1b). A causal relationship was
suspected between the aneurysm and hematoma.

An emergent microsurgical clipping of the aneurysm
combined with hematoma evacuation was planned. In-
traoperative exploration found no SAH on the brain sur-
face (Fig. 2a) and the MCA aneurysm was responsible
for the putaminal hemorrhage (Fig. 2b). The intraoperative
process was uneventful. He developed severe pneumonia

Fig. 1 Head CT shows a left putaminal hemorrhage (a), further CTA
demonstrates a left MCA (M1) aneurysm (3.1 x 1.8 mm) directed
superior-posteriorly (b)
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and was mechanically ventilated for 13 days postopera-
tively. He was discharged, with a GCS score GOS score of
13 (E4V3M6) and three separately, 52 days after admission.
GOS score was 3 on outpatient follow-up 6 months later.

Case 2

A 59-year-old man (nonsmoker) was admitted to the
First Hospital of Jilin University (Eastern Division)
three days after a sudden onset of moderate headache.
His Glasgow Coma Scale (GCS) score on admission were
15. His blood pressure, blood glucose, hematocrit and
hemoglobin concentration were within normal limit on
admission and through his hospitalization. He and his rel-
atives denied history of anticoagulant and antiplatelet
agent administration and any family history of SAH and
intracranial aneurysm. Head CT on admission revealed a
round occupying lesion and perilesional hemorrhage in
the right frontal lobe (Fig. 3a). Further CTA demonstrated
the occupying lesion to be an aneurysm (22 mm x 19 mm)
at the AComA (Fig. 3b).

An emergent microsurgical clipping of the intracranial
aneurysm via right pterional approach was planned.
Rupture of the aneurysm was confirmed intraoperatively
and no SAH was noticed. The intraoperative process
was uneventful. He experienced a favorable postopera-
tive course and was discharged 15 days after admission
living independently. Follow-up 1 year later showed that
he had experienced a perfect recovery.

Systematic review

Six studies (five case reports and one case series) of rup-
tured cerebral aneurysms at the main trunks of the
Willis cycle with a presentation of isolated ICH and/or
IVH were identified. There were 21 cases plus our cases
(Table 1). Fifty-seven percent (12/21) of the patients were
female. The identified patients aged from 14 to 73 years
(52.8 £ 9, excluding one outlier aged 3 months). Of the 21
patients, definite mention of whether having a history of
hypertension or diabetes mellitus or not was found in six
patients. Three out of the six patients (50 %) had a history
of hypertension. No history of diabetes mellitus was men-
tioned in all the patients. Eight-six percent (18/21) of the
patients underwent surgical clipping of the responsible an-
eurysms, 4.7 % (1/21) of the patients underwent coiling
and 9.5 % (2/21) died of too rapid deterioration to further
management. GCS score on admission was recorded in 17
patients (10.64 + 3.55). Discharge GOS score could be ob-
tained directly or indirectly in 20 patients (3.35 + 1.25).
Good recovery was achieved in ten patients (47.6 %). Per-
taining to location, 38 % (8) of presenting aneurysms were
on the right side, 52 % (11) were on the left side, and 10 %
(2) were midline. Anterior circulation aneurysms were
identified in 81 % of patients (7 PComA, 8 MCA, 1 ICA, 1
AComA) and posterior in 19 % of patients (3 PCA, 1 BA).
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parenchyma and responsible for the intracerebral hemorrhage (b)

Fig. 2 Intraoperative exploration found no SAH on the brain surface (a) and the dome of the aneurysm is partly buried into the cerebral

Sizes of the aneurysms ranged from 3 mm to 40 mm
(16.21 + 8.45).

Discussion

Ruptured aneurysm often presents with SAH and based
on the characteristic CT imaging it’s easy to make the
diagnosis of aneurysmal SAH (aSAH). However on very
rare occasions, ruptured aneurysm could present with
isolated ICH and/or IVH without SAH [1, 2, 4-8], which
may lead to delayed and incorrect diagnosis and man-
agement [9]. Because of their anatomic characteristics,
its understandable that aneurysms at the peripheral
cerebral arteries could cause isolated ICH and/or IVH,
but aneurysms at the main trunks of the Willis cycle
with such presentation is rather obscure [2, 9]. The
cause of this rare entity is multifactorial.

Firstly, delayed CT scan after bleeding ictus might lead
to false negative result of SAH. The sensitivity of CT
imaging continues to decrease with the development of
time in diagnosing SAH [10, 11]. According to Thai et al’s
case series 6 of the 13 ruptured aneurysms without SAH
had reported or suspected sentinel events, averaging
6.3 days before admission [1]. Secondly, the mass effect of
ICH could compress the brain parenchyma and makes it
denser. ICH could also squeeze out and dilute the blood

Fig. 3 CT on admission reveals a round occupying lesion and
perilesional hemorrhage in the right frontal lobe (a). And some
punctate calcification of the lesion is also noted (a). Further CTA
demonstrates the occupying lesion to be an aneurysm (22 x 19 mm)
at the AComaA (b)

component under the subarachnoid space. The superpos-
ition effect of aneurysmal ICH during this process in-
creases the difficulty of diagnosing tiny SAH. Thirdly,
dome of an aneurysm buried into the cerebral paren-
chyma is another cause. The intraoperative findings of one
previous case report and our cases had demonstrated and
recorded this fact [6]. Our review showed that the average
diameter of the aneurysms presented with isolated ICH
and/or IVH was 16.21 mm, which is apparently larger
than that of the general intracranial aneurysms. And it’s
conceivable that larger aneurysms have more chance to be
partly buried into the cerebral parenchyma. Furthermore,
it's noteworthy that severe acute or chronic anemia is
another cause of false negative result. The hyperintensity
appearance on noncontrast head CT is a reflection of
electron density, and there is a linear relationship to
the hematocrit and hemoglobin concentration [8]. The
preliminary statistical analysis of our review showed
that 57 % (12/21) of the patients were female, which is
in accordance with the sex differences in the incidence
of aSAH [12]. This might imply that sex does not play an
important role in the incidence of this specific entity.

One of the challenges this entity poses to us is correct
and timely diagnosis. According to Park J’s analysis of 62
patients with spontaneous putaminal hemorrhage, 62.5 %
of the younger (<55 years) normotensive patients resulted
in angiographic abnormalities (including 1 MCA aneurysm)
[5]. So, angiographic modalities should be considered for
younger and normotensive patients with spontaneous puta-
minal hemorrhage. Furthermore, patients presenting with a
head CT scan revealing ICH in the temporal lobe with or
without frontal, parietal, and/or intraventricular involve-
ment should be considered for the possibility of a ruptured
aneurysm, even in the absence of diffuse SAH [1]. However,
of the identified 21 patients, definite mention of whether
having a history of hypertension or not was only recorded
in six patients. Three out of the six (50 %) patients, had a
history of hypertension. And 7 of the 21 patients were older
than 55 years old. So, patients of isolated ICH and/or IVH
with a history of hypertension and older age could not be
exempted from ruptured aneurysms. As delayed CT scan
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Table 1 Reports of ruptured aneurysms at the main trunks of the Willis cycle with a presentation of isolated ICH and/or IVH

First author (year) (Age/sex) CT finding  Parent artery Size GCS score at  Predisposing  Management  Discharge GOS
admission factors score

Scott BA (1988) [4] 54 years/M  ICH Right PCA 25 mm  NA/NM NA/NM Conservative 1

48 years/F ICH Right PCA 25 mm  NA/NM NA/NM Conservative 1
Thai QA (2005) [1] 62 years/F ICH, IVH Left PComA 25mm 9 NA/NM Clip 5

49 years/F ICH Left MCA 15mm 7 NA/NM Clip 4

69 years/F ICH Right PComA 10mm 15 NA/NM Clip 5

70 year/F ICH Left MCA 15mm 12 NA/NM Clip 4

46 years/F ICH, IVH Right MCA 24 mm 8 NA/NM Clip 1

58 years/M  ICH Left PComA 8 mm 15 NA/NM Clip 5

14 years/F ICH Left P2 25mm 15 NA/NM Clip 5

3 months/M  ICH Left MCA 40 mm 14 NA/NM Clip 5

45 years/F ICH Left PComA 10mm 10 NA/NM Clip 3

54 years/F ICH Left PComA 3mm 15 NA/NM Clip 4

51 year/F ICH Right PComA 12mm 7 NA/NM Clip 3

50 year/M IVH BA 24 mm 4 NA/NM Clip 2

47 years/F ICH, IVH Right PComA 6mm 4 NA/NM Clip 1
Park J (2007) [5] 41 year/F ICH Right MCA Bifurcation  NA/NM  NA/NM Hypertension  Clip NA/NM
Takeuchi S (2009) [6] 47 years/M ICH Left MCA Bifurcation 10mm 6 Hypertension, Clip 3
Yamamoto N (2011) [7] 55 years/M ICH Left ICA Bifurcation 6 mm 14 Hypertension  Coil 4
Matano F (2014) [8] 64 years/M ICH Right MCA NA/NM  NA/NM No Clip 3
Present cases 73 years/M  ICH Left MCA 3mm 11 No Clip 3

59 years/M  ICH AComA 22mm 15 No Clip 5

M male, F female, GCS Glasgow Coma Scale, GOS Glasgow Outcome Scale, ICH intrcerebral hemorrhage, IVH intraventricular hemorrhage, PCA posterior cerebral
artery, PComA posterior communicating artery, MCA middle cerebral artery, P2 posterior cerebral artery (segment 2), BA basilar apex, ICA internal carotid artery,

AComA anterior communicating artery, NA/NM not applicable/not mentioned

after bleeding ictus might lead to false negative result of
SAH, patients of isolated ICH and/or IVH who have re-
ported or suspected recent sentinel events should under-
gone angiographic screening [1]. As average diameter of
the aneurysms presented with isolated ICH and/or IVH
was apparently larger than that of the general intracranial
aneurysms, occupying lesion in the hematoma might be
noticed in some cases [4]. Just as our case two illus-
trated, suspicious occupying lesion in the hematoma
warrants further angiographic investigation.

The management of ruptured cerebral aneurysms at
the main trunks of the Willis cycle with a presentation
of isolated ICH and/or IVH is another challenge both
for its urgency in treatment and poorness in prognosis.
Perhaps as a result of the mass effect by ICH and/or
IVH, most of the reported cases (18/21) underwent ur-
gent surgical clipping of the responsible aneurysms
and simultaneous evacuation of the hematoma, except
one underwent coiling and the other two died of too
rapid deterioration to further management. However,
the prognosis was not so encouraging based the now
available data. Good recovery was only achieved in ten
patients (47.6 %).

Conclusions

Ruptured aneurysms at the main trunks of the Willis
cycle with a presentation of isolated ICH and/or IVH
without SAH is extremely rare. The cause of this rare
entity is multifactorial. The diagnosis and management
of this entity pose a great challenge to us. Though
angiographic modalities should be considered for younger
and normotensive patients with spontaneous putaminal
hemorrhage, patients of isolated ICH and/or IVH with
a history of hypertension and older age could not be
exempted from ruptured aneurysms. The prognosis was
discouraging based on the now available data. Ruptured
aneurysm at the main trunks of the Willis cycle with a
presentation of isolated ICH and/or IVH is a unique
entity and should be treated specifically in future study.
More accumulation of similar case series might further
elucidate the diagnosis and management of this entity.

Limitations

This study has several limitations. The available litera-
ture is limited to sporadic retrospective study and case
reports. There are only a small number of similar cases.
As some cases of ruptured aneurysms with only isolated
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ICH and/or IVH might be not distinguished in larger
case series, the actual incidence is anticipated to be
higher. The time span of this review is so long that the
surgical technique and postoperative management might
change a lot during this process, which might affect the
prognosis greatly among different reports. As a result of
the preferred custom in case reporting by different authors,
a lot of information is missed concerning the demographic,
morphological and follow-up data.
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