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Abstract

Background Fenestrations of intracranial arteries are var-
iants resulting from incomplete fusion of vessels during
development with unknown clinical significance. They are
best visualised with 3D rotational angiography (3DRA).
Objective In a prospective consecutive series of patients
with suspected aneurysms, 3DRA was performed to identify
not only the potential bleeding source but also to assess the
frequency and location of any fenestrations of intracranial
arteries.

Methods In 287 consecutive patients with possible intracra-
nial aneurysms (accidental discovery or previous history of
SAH), 3DRAs were prospectively performed, and the loca-
tion of subarachnoid haemorrhage was assessed by CT.
Results Of 174 patients presenting with SAH, 153 had
saccular aneurysms, and in 21 cases (12.1 %), no source
of bleeding was found. In 20 of these 21 patients with
"unexplained SAH" (95.2 %) an arterial fenestration was
detected in the neighbourhood of the clot. The incidence of
fenestration in the 153 aneurysmal SAH patients was
22.9 %, and it was 23.3 % in 266 patients with intracranial
aneurysms (113 accidental and 153 ruptured).

Conclusions Arterial fenestration was detected in 22.9 % of
ruptured cerebral aneurysms, in contrast with 95.2 % in
patients with unexplained SAH, the difference being statisc-
tically significant (p<0.01). Fenestration is a developmental
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defect, a structural wall weakness possibly making the ves-
sel prone to rupture. Its incidence of nearly 100 % may
suggest a connection with idiopathic SAH. The presented
data indicate that arterial fenestrations are generally over-
looked, and they can be considered as one of the candidates
for the source of idiopathic SAH.
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Introduction

Arterial fenestrations are vascular anomalies in which the
parent artery divides into two distinct endothelium-lined
channels over a certain section of its length [1]. Fenestra-
tions are rare findings on traditional 2D angiography, but are
observed more frequently in autopsy studies or surgical
investigations. The frequency of arterial fenestrations
detected by traditional 2D angiography was 0.7 % in a
retrospective survey of more than 5,000 angiographic
examinations, whereas fenestrations in the anterior commu-
nicating artery (ACoA) complex alone were present in 20 to
40 % of autopsy cases and in 20 % of a surgical series [2—4].
Despite their probably common prevalence as indicated by
anatomical studies, the relative scarcity of fenestrations dis-
covered by traditional diagnostic modalities has until recent-
ly hindered their detailed examination. They were widely
considered to be rare, and accordingly, most papers on
fenestrations were case reports.

However, the improvement achieved in the resolution of
imaging modalities and the possibility of 3D reconstruction
has now made it possible to detect fenestrations more effec-
tively. Most fenestrations are visible from only one specific
viewing angle, which is probably not present among the
limited available projections of conventional angiography.
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With 3D imaging, any desired viewing angle can be recon-
structed. Hence, the reported proportions of fenestrations
detected with recent diagnostic procedures are currently
approaching those reported from anatomical studies. With
the use of this technique, the occurrence of fenestrations in
the ACoA complex was first reported in 2008 as 5.3 % [5].
Then, on the use of CT angiography with 3D reconstruction,
two studies detected the presence of fenestrations in 10.5
and 12.9 % of angiography cases [6, 7]. The most recent
known study, again involving the application of 3DRA,
demonstrated intracranial arterial fenestrations in 28 % of
the patient population [1].

Spontaneous subarachnoid haemorrhage (SAH) is gener-
ally caused by the rupture of a cerebral arterial aneurysm.
The gold standard with which to locate the source of the
bleeding, usually an aneurysm, is four-vessel 2D angiogra-
phy; however, in 5 to 15% of the cases the source of the
haemorrhage remains undetected, even after repeated angi-
ography and multimodal neuroradiological evaluation. In
several published series, the prognosis of patients undergo-
ing this idiopathic SAH (ISAH) has been found to be better
than that in those with a demonstrable bleeding source
(aneurysmal SAH = ASAH) [8-12]. In a subpopulation of
the angiography-negative SAH patients (i.e. the ISAH cases),
the extravasated blood is seen to be confined to the cisterns
around the midbrain (perimesencephalic SAH) on early CT
scans. This subpopulation constitutes 1/3 to 2/3 of the ISAH
cases, regarded as involving the most benign type, usually with
mild clinical symptoms and signs and a good outcome [9]. The
actiology of ISAH is still unclear. Possible explanations in-
clude undetectable aneurysms, ruptured microaneurysms, ar-
terial dissection or vascular malformations [11, 13—16].

Following the introduction of the 3DRA method in daily
clinical work, we too observed a high rate of fenestrations
among our patients. Fenestrations were identified in many
of the ISAH cases, even though no hint was to be found in the
literature regarding fenestrations as a possible source of SAH.

These preliminary findings led us to conduct a prospec-
tive systematic investigation of this problem, including the
incidence of fenestrations in patients admitted for the treat-
ment of intracranial aneurysm(s), the incidence of fenestra-
tions in patients admitted for the treatment of SAH and the
incidence of fenestrations in patients with ISAH. The rela-
tionship of the location of the arterial fenestrations with that
of the clot as assessed by CT was also studied.

Methods
Angiography

In all patients with possible intracranial aneurysms (a clin-
ical diagnosis of subarachnoid bleeding or an accidental
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finding with other imaging modalities), conventional four-
or six-vessel intra-arterial digital subtraction angiography is
performed. When an aneurysm is suspected, 3DRA is also
performed on the vessel harbouring the aneurysm in order to
confirm its presence and to evaluate its anatomy. 3DRA of
the ACoA complex is additionally performed routinely in all
cases because of the high occurrence rate of aneurysms in
this location and since the intricate structure of this complex
does not allow appropriate examination by means of con-
ventional 2D angiography because of the limited number of
projection angles. Special care was taken to look for the
presence of fenestrations in all investigations.

Angiographic Imaging was performed on a biplane neu-
roangiographic unit (Integris Allura; Philips Medical Sys-
tems, Best, The Netherlands), while 3DRA was performed
with an 8-s 180° rotational run with the acquisition of 100
images, 3—4 ml of contrast material being injected per sec-
ond into the internal carotid or vertebral artery. On a dedi-
cated workstation, 3D reconstruction was achieved in a
maximal matrix of 1,024 x 1,024 x 1,024.

Patient material

This consecutive, prospective study included all patients
between January 2009 and April 2011 who were investigated
and treated for CT-proven spontaneous SAH and also those
who were referred to our institution following the accidental
discovery of aneurysms elsewhere. A total of 287 patients
were investigated during this period, of whom 174 presented
with spontaneous subarachnoid bleeding as proven by CT
within 48 h postbleeding, while the remaining 113 patients
presented with various complaints and accidentally discov-
ered non-ruptured aneurysms. The suspicion of an aneurysm
was based on either CT or CT angiography or MR or MR
angiography.

In the ISAH cases, despite the CT-proven subarachnoid
haematoma, no bleeding source could be identified on high-
resolution, six-vessel cerebral catheter angiograms with 3D
rotational images and by consecutive, repeated cerebral
catheter angiography or CTA/MRA examinations.

Patients with ISAH were further categorised as having
either perimesencephalic or non-perimesencephalic SAH on
the basis of the CT criteria defined by van Gijn et al. [17].
According to this grouping, in perimesencephalic SAH the
centre of the haemorrhage was located ventrally to the
brainstem, mainly in the interpeduncular cistern, with or
without extension to the ambient, chiasmatic and horizontal
part of the Sylvian cisterns, and without intraventricular
blood, except for blood resulting from sedimentation effects.

All patients were regularly followed up after the start of
the prospective study, with a regular careful search for
clinical events suggestive of rebleeding or anatomical re-
canalization of an occluded aneurysm.
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Statistical analysis

The data and variables in the various groups of patients were
analysed using the x? test. A p value of 0.05 or less was
considered statistically significant.

Results

Among the 174 patients with spontaneous SAH an aneu-
rysm was diagnosed as the cause of the bleeding in 153,
whereas in 21 (12.1 %) the source remained unidentified
(ISAH) on the use of six-vessel cerebral catheter angiogra-
phy supplemented with 3D reconstruction (Fig. 1). In 14 of
these 21 ISAH cases a second and in 6 even a third catheter
angiography or CTA/MRA examination was performed. In
16 of the 21 (76.2 %) ISAH patients, the initial CT scans
revealed perimesencephalic SAH. Four ISAH patients
exhibited diffuse bleeding symmetrically filling the basal
cisterns, and in 1 patient a blood clot was present frontally
in the interhemispheric fissure.

Of the 153 patients with ASAH, 113 were female and 41
male (female:male ratio: 2.8:1). Of the 21 ISAH patients, 11
were female and 10 male (female:male ratio: 1.1:1). The
difference in sex distribution between the ASAH and ISAH
patients was close to being statistically significant (»p=0.08).

Fenestrations were present in 62 (23.3 %) of the 266
patients with an aneurysm (113 occidental and 153 ruptured
aneurysms), in 27 (23.9 %) of the 113 patients admitted with
an accidental aneurysm and in 35 (22.9 %) of the 153
patients with ASAH.

Concerning the incidence of fenestrations in patients with
ISAH, fenestrations were detected in 20 of the 21 ISAH
patients, i.e. a rate of 95.2 %. The frequency of fenestration
occurrence in the ISAH group was significantly higher than
in the other two groups (p<0.01) (Fig. 1). Eighteen fenes-
trations were located in the ACoA region (Fig. 2a, b, ¢, d;

100
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Fig. 1 Proportion of patients with or without angiographically proven
fenestrations in the case of ISAH (idiopathic subarachnoid haemor-
rhage), ASAH (aneurysmal subarachnoid haemorrhage) and in patients
treated with non-ruptured aneurysms. Statistical analysis: x2 test;
*p<0.01

Fig. 3a, b, ¢, d), while the remaining two were associated
with the basilar artery complex (Fig. 4a, b).

The overall incidence of fenestrations in different loca-
tions in the ASAH group was ACoA-ACA: 66 %, ACM:
9 %, ACP-ACoP: 6 %, ACI: 3 % and AB: 20 %. In the
patients operated on with accidental aneurysms, the inci-
dence was ACoA-ACA: 52 %, ACM: 19 %, ACP-ACoP:
4 %, ACI: 7 % and AB: 11 %, while in two cases fenestra-
tions were found on the PICA.

The ISAH patients have been regularly followed up, and
no clinical episodes indicative of rebleeding have been
reported to date.

Discussion

The radiological demonstration of fenestrations used to be
exceptional despite the knowledge of their more frequent
detection in autopsy and surgical studies [2—4]. With the
advent of 3D reconstruction and the improvement in the
resolution of imaging modalities, however, it has become
possible to depict the thin channels of fenestrations. In
recent years, the reported incidence of angiographically
demonstrated fenestrations has increased continuously [1,
5-7]. The overall rate of fenestrations revealed in our patient
population is nearly identical to that reported by van Rooij
et al. (28.6 % vs. 28 %), the most recent report on the
angiographic demonstration of intracranial arterial fenestra-
tions [1]. Fenestrations were previously not suspected of
being the origin of ISAH, but our present findings of the
presence of intracranial arterial fenestrations in nearly all of
our ISAH cases (95.2 %), in marked contrast with the more
infrequent occurence in patients with aneurysmal bleeding
and in patients harbouring non—ruptured aneurysms (22.9
and 23.9 %, respectively), permit the assumption that
fenestrations may be one of the possible sources of the
bleeding.

In the quest for the mysterious cause of the idiopathic
bleeding, undetected or thrombosed aneurysms have been
of major concern, but repeat angiography has yielded a
definite lesion in only a minor proportion of the cases
[18-21]. The possibility of a false-negative first angiogra-
phy finding is lowest in the perimesencephalic SAH
group, although a ruptured aneurysm, especially if located
in the posterior circulation, can cause this haemorrhage
pattern [8, 21].

Another finding against the possible aneurysmal origin of
the ISAH is the difference in sex distribution between ISAH
and ASAH. In contrast with the female predilection in
ASAH, more male patients presented with angiographically
negative SAH [9, 12, 22, 23]. We have experienced a similar
situation: in ASAH the female:male ratio was 2.8:1, while in
ISAH it was 1.1:1, a difference that nearly reached statistical
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Fig. 2 a 2D carotid angiogram
of both sizes in an ISAH patient
in conventional AP view
showing no abnormallity. b 3D
reconstruction of the ACoA
region following rotational
angiography reveals the possible
presence of fenestration of the
ACoA. ¢-d 2D angiography in a
non-conventional angle, which is
perpendicular to the plane of the
fenestration suspected on the 3D
image, confirms the presence of
fenestrations of the ACoA

significance, despite the small sample size in the ISAH
group.

In perimesencepahlic haemorrhage, the localised, limited
extent of bleeding, the slow onset of the symptoms and the
benign clinical course suggest a low-flow, low-pressure
source.

Ruptured microaneurysms on basilar artery perforators, a
ruptured dissecting haematoma of the basilar artery, capil-
lary teleangiectasia and a cryptic arterio-venous malforma-
tion have all been suggested as possible causes [11, 13, 14,
24, 25]. Regardless of the methods of investigation, and

Fig. 3 a 2D carotid angiogram
of both sizes in another ISAH
patient in conventional AP view
showing no abnormallity. b 3D
reconstruction of the ACoA
region following rotational
angiography reveals the possible
presence of fenestration of the
ACA-ACoA junction. (c-d)

2D angiography in a non-
conventional angle, which is
perpendicular to the plane of the
fenestration suspected on the 3D
image, confirms the presence of
fenestrations of the ACA-ACoA
junction
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even with the aid of surgical exploration, researchers have
failed to identify any source of the haemorrhage in most of
the cases [13]. The primitive drainage pattern of the basal
vein of Rosenthal was recently shown to occur significantly
more frequently in patients with perimesencephalic bleeding
than in ASAH or control patients, an observation that led to
the hypothesis a causative role of anomalous venous drainage
[16, 26]. Interestingly, a similar proportion of a primitive
drainage pattern was observed in non-perimesencephalic
ISAH cases. The investigators suggested the possibility that
patients with ISAH may show different presentations of the
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Fig. 4 a-b Vertebral angiography in a patient with SAH. Except for
the fenestration in the vertebrobasilar junction, no other abnormality
was revealed

same pathological entity. Thus, the origin of the bleeding may
be the same, but there may be differences in the total amount
of blood filling the subarachnoid space [16].

Abnormal drainage of the basal vein of Rosenthal was
reported to be present in only half of the ISAH cases, whereas,
fenestrations were detected in nearly all of our cases.

Fenestrations are thought to originate from the inappro-
priate fusion of paired embryologic vessels or from the
incomplete obliteration of primitive vascular anastomoses
during the development of the cerebral vascular system [3,
27]. The primitive drainage pattern of the basal vein of
Rosenthal is a result of the maldevelopment of longitudinal
anastomoses between the primitive veins during the embryo
stage [28]. Hence, fenestrations and the persistence of the
primitive veins could be two presentations of a common
vascular developmental anomaly.

We cannot state definitively that fenestrations are the origin
of ISAH, but they may be associated with the true source of the
bleeding. The nearly 100 % incidence suggests a strong con-
nection. A structural wall weakness, a defect in the muscularis
layer of the vessel at each end of the fenestrations, was iden-
tified, which could theoretically make them prone to rupture
[29-31]. Apart from two fenestrations on the basilar artery, all
were located in the ACoA region in our case material. The clot
localisation was perimesencephalic in 16 and symmetrically
diffuse in 4 patients harbouring fenestrations, and there was

therefore no obvious discrepancy between the supposed source
and the location of the blood. A bleeding source in the ACoA
region and a clot situated in front of the brainstem might seem
to be conflicting from an anatomical perspective, but we
consider that it is not impossible that sedimentation of the
extravasated blood in the subarachnoidal, cisternal space
would cause this pattern in a recumbent patient. The only
ISAH patient in whom fenestration was not detected had a
haematoma confined to the interhemispheric fissure.

The rupture of the thin (sometimes 0.1-0.3 mm) channels
of a fenestration might result in less severe bleeding than the
rupture of an aneurysm measuring several millimetres,
which could be an explanation for the milder symptoms
and better outcome that are specific to ISAH.

Despite the development of imaging techniques, the source
of the bleeding remains unidentified in 10 % of the patients with
SAH. Although these patients tend to have fewer complications
and are expected to have a better outcome, hydrocephalus,
vasospasm and rebleeding may occur, and some may even die
or be forced to live with serious disabilities. Even after "benign"
perimesencephalic SAH, neuropsychological problems are fre-
quent. It is quite clearly not a harmless disease, and its origin
should be pinpointed. Sources other than an aneurysm have
been suspected, but this question is so far unresolved.

Conclusions

We detected arterial fenestrations in 23.9 % of our patients
admitted for the treatment of an unruptured intracranial
aneurysm and in 22.9 % of those treated for an intracranial
aneurysm causing SAH. In contrast, in the patients in whom
the source of the SAH was not found (ISAH), arterial
fenestrations were located in 95.2 %. In view of the signif-
icantly higher frequency of such fenestrations (usually over-
looked) in ISAH, arterial fenestrations may be one of the
likely candidates as the source of ISAH.
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