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Abstract

CTA could demonstrate dAVF only in one patient.
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Background: Posterior fossa malformations are less common than supratentorial malformations, but hemorrhages
in posterior fossa are more serious due to presence of vital structures within this region. Most common cause of bleed
in posterior fossa apart from hypertension is aneurysms but other vascular malformations are also there which cause
hemorrhage. Here we discuss other causes of posterior fossa bleed beyond aneurysms.

Results: A total of 80 patients were evaluated: 47 (58.8%) had aneurysms, 29 (36.3%) had arteriovenous malforma-
tions, one each had developmental venous anomaly and brainstem cavernoma. Thirty vascular malformations were
detected, of which 18 (62.1%) were pial arteriovenous malformations (AVYMs), 11 (37.9%) were dural arteriovenous
fistulas (dAVF), and one had developmental venous anomaly (DVA). Six patients of AVM underwent both DSA and
CTA, and CTA could correctly diagnose only 2 of 4 pial AVMs detected by DSA. Among two dAVFs detected by DSA,

Conclusion: CTA could be used as alternative to DSA in diagnosis and characterizing aneurysms in posterior fossa
but for AVMs, 3D-CTA cannot replace DSA; however potential of time-resolved CTA (TR-CTA) appears promising.

Background

Posterior fossa hemorrhages and vascular malformations
are not so frequent as compared to that in anterior and
middle cranial fossa. The various causes of posterior fossa
hemorrhages include [1, 2] hypertension, trauma, aneu-
rysms, arteriovenous malformations, blood dyscrasias,
hemorrhage from tumors, amyloid angiopathy, sympa-
thomimetic abuse and occasionally post-supratentorial
surgery [3]. The narrow space of posterior fossa and the
presence of many vital structures within this fossa lead
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to serious consequences in cases of bleeds. Immediate
surgical treatment is needed for posterior fossa bleeds
[4, 5]. To prevent mortality and morbidity, rapid diag-
nosis of the bleed and the underlying cause is of utmost
importance.

The main imaging modalities for diagnosis include CT
angiography (CTA) and digital subtraction angiography
(DSA). Even though DSA is the gold standard for the
diagnosis, CT angiography (CTA) with its recent tech-
nological advances has gained in importance on par with
DSA. Some of the advantages of DSA include large field
of view, high spatial resolution and temporal imaging
capabilities, but it is time-consuming, invasive and asso-
ciated with procedure-related complications [6, 7]. CTA
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is noninvasive, easy to perform and is well tolerated by
patients with hemorrhage. Information on mural calci-
fications, luminal thrombi and proximity to bony struc-
tures of the skull base which are of surgical importance
can be easily assessed with CTA. Technical parameters
are very important for CTA. Concentration and dose of
contrast agent, injection rate, and weight of the patient,
hemodynamical factors and proper timing of the scan
affect the quality of the imaging.

The purpose of the present study is to list and evaluate
the various causes of posterior fossa hemorrhages with
the angio-architectural determinants and to compare the
diagnostic accuracy of CTA with DSA in detecting vari-
ous posterior fossa vascular pathologies. In this study, we
emphasize more on vascular malformations other than
only aneurysms as cause of posterior fossa hemorrhage.

Methods

Patients

From January 2017-October 2018, 80 patients (49 males,
31 females) were included in our study. An informed
written consent was taken from all patients. They had
been admitted in our hospital with symptoms of non-
traumatic posterior fossa hemorrhage or vascular pathol-
ogies. The mean age of the patients was 43.5941.584
(19-75 years). The diagnosis of the hemorrhage was
made on non-contrast CT scan. Patients with posterior
fossa SAH as a part of supratentorial pathology were
excluded. Out of the total of 80 patients evaluated, 31
patients underwent both the procedures (CTA and DSA)
within a mean interval of 6.2 £1.1 days.

Imaging protocol

CT angiography

CT angiography was performed on a 64-detector MDCT
system (Brilliance; Philips medical systems, New Virginia,
USA). The area covered was from C2 vertebra to the top
of cranial vault, with the patient positioned supine and
head immobilization achieved using adhesive strap. Non-
ionic contrast medium (80—-100 ml) was injected at a rate
of 5 ml/s followed by saline flush of 40 ml using Medrad
Stellant pressure injector. CT parameters were as follows:
0.75 s/r gantry rotation speed, 512 x 512 matrix, 0.6—0.9
pitch, 64 x 0.625 slice collimation, 220-240 mm field of
view; 120 kVp tube voltage; 400 mA tube current. Data
acquisition was started by monitoring contrast arrival
in common carotid arteries using smart prep (bolus
tracking method). The source images were transferred
to dedicated work station—Extended Brilliance Work
space (Koninklijke Philips electronics, Netherlands) for
post-processing and image review. Apart from the source
images, the methods utilized for better visualization
included the multiplanar reformation (MPR), maximum
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intensity projection (MIP) and 3D volume rendering
technique (VRT).

Digital subtraction angiography

DSA was carried out on Siemens Artis Zee Biplane or
Philips Allura FD20 systems by two experienced inter-
ventional radiologists. Selective 4-vessel or 6-vessel
DSA via femoral artery catheterization was performed.
Anteroposterior, lateral, oblique and wherever neces-
sary additional views of each vessel were obtained by
manual injection of 60—-80 ml nonionic contrast media.
The images obtained were then reviewed in the dedicated
work stations.

Image analysis

Two experienced radiologists who had > 10 years’ expe-
rience in field of neuroradiology analyzed the imaging
independently, each being blinded to the other’s read-
ings and in particular, blinded to the findings obtained by
the other modality. The main vessels evaluated were the
V4 segment of the vertebral arteries (V4-VA), posterior
inferior cerebellar arteries (PICAs), anterior inferior cer-
ebellar arteries (AICAs), basilar artery (BA), superior cer-
ebellar arteries (SCAs), straight sinus, transverse sinuses
and sigmoid sinuses. The detected aneurysms were char-
acterized based on its location, size, and incorporation
of other arteries, calcification and intraluminal thrombi.
The findings of arteriovenous malformations (AVMs)
were characterized based on its location, nidus size,
number of arterial feeders, dural feeders, venous drain-
age, cortical venous reflux and presence of nidal/feeding
artery aneurysms.

Statistical analysis

The sensitivity, specificity and diagnostic accuracy of the
CTA in detection of the posterior fossa hemorrhages and
vascular malformations were compared with DSA. The
comparison between the sizes of the aneurysms in two
groups was made by using paired t test. The agreement
between the two groups was made by using the appropri-
ate nonparametric tests of significance. A p value<0.05
was considered to be statistically significant. Statistical
Package for Social Sciences version 21 (SPSS-21, IBM,
Chicago, USA) was used for statistical analysis.

Results

A total of 80 patients were evaluated in this, of which
49 (61.3%) were males and 31 (39.8%) were females. The
main presenting complaints with which the patients
came were sudden onset headache followed with vom-
iting (75%). The other complaints were transient loss of
consciousness seizures, vertigo and vision loss. Hemor-
rhage at presentation was present in 80% of the cases.
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The hemorrhage was SAH (subarachnoid hemorrhage)
with IVH (intraventricular hemorrhage) in 26 patients
(32.5%), SAH without IVH in 23 patients (61%) and intra-
parenchymal in 14 patients (17.5%). Isolated intraven-
tricular hemorrhage at presentation was noted in 3.8%
of patients. In cases of SAH, according to the modified
Fisher’s grading, grade IV (thick SAH+IVH) was noted
in 54%, grade III in 25%, grade II in 12.5% and grade I in
8.3%.

Out of the 80 patients evaluated, 47 (58.8%) patients
had aneurysms, 29 (36.3%) had arteriovenous malforma-
tions, one patient had developmental venous anomaly,
and one patient had brainstem cavernoma (Table 1). No
cause could be detected in two patients. Among the 47
patients who had aneurysms, 24 (51.1%) were males and
23 (48.9%) were females. The age group ranged from 20
to 75 years with mean age of 46.96 +1.88 years. Among
the 29 patients having AVMs, 21 (72.4%) were males and
8 (27.6%) were females. The age group ranged from 19 to
67 years with mean age of 36.24+2.56 years. There was
statistically significant difference between the age groups
of aneurysms and AVM (p<0.05, Kruskal-Wallis test).
70.2% of patients having aneurysms were >40 years of
age as compared to 69% of the patients having AVM were
<40 years of age. The two patients in whom no cause of
hemorrhage could be detected were >60 years of age.
Both were hypertensive and likely cause of posterior
fossa bleeds could be due to hypertension.

DSA detected 51 aneurysms in 47 patients ranging
from 2 to 36 mm with mean size of 10.394+1.12 mm. The
smallest aneurysm detected was 2 mm.

Thirty vascular malformations were detected, of
which 18 (62.1%) were pial arteriovenous malformations
(AVMs), 11 (37.9%) were dural arteriovenous fistulas
(dAVE), and one developmental venous anomaly (DVA).
Most pial AVMs were located in cerebellum, while one
pial AVM was located in the brainstem at the level of
the pons. The mean nidus size in case of pial AVMs was
3.0+ 1.55 cm. Among pial AVMs, 18 patients had arterial
feeders from posterior circulation and only one patient
had secondary meningeal feeder from anterior circula-
tion (meningohypopyseal trunk of ICA). Among the
dAVFs, 63.7% (n=7) were present at the transverse-sig-
moid junction, 27.3% (n=3) were present at the torcula,
and 9.1% (1) were present at the petrosal sinuses. The
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main feeders were from transosseous branches of occipi-
tal artery and posterior division of middle meningeal
artery from ECA (12 patients), meningohypopyseal trunk
from anterior circulation (9 patients) and dural branches
of vertebral artery (6 patients). According to the Cognard
classification [8], the most common type of dAVFs was
type 2b and type 5 (Table 2). Out of 29 AVMs, 11 (37.9%)
had associated aneurysms (AAs), of which 2 (6.9%)
patients had one intranidal aneurysm, 5 (17.2%) had one
feeding artery aneurysm, 3 (10.3%) had more than one
feeding artery aneurysms, 1 (3.4%) patient had aneurysm
in the draining vein, and 1 (3.4%) had both intranidal and
feeder artery aneurysm. Most common location of feeder
vessel aneurysm was in PICA (n=6), followed by AICA
(n=4). The mean aneurysmal size in case of AA was
6.08 £0.67 mm.

Accuracy of CTA versus DSA

Of the 31 patients who underwent both the procedures,
23 patients (74.2%) had aneurysms, 4 patients (12.8%)
had pial AVMs, 2 patients (6.5%) had dAVFs, and two
patients (6.5%) had intraparenchymal hemorrhage
which was negative on both CTA and DSA. The interval
between the two procedures in patients having aneu-
rysms was 4.5+ 0.9 (0-14 days), and those having AVMs
were 13.7 2.9 (4-23 days).

Sensitivity and specificity of CTA in detecting aneu-
rysms in posterior fossa are high, and no statistically sig-
nificant difference between the sizes of the aneurysms
and its detection was found between CTA and DSA
(p>0.05, Paired ¢ test). CTA in addition showed the pres-
ence of mural calcifications and luminal thrombus which
were not seen on DSA.

In case of vascular malformations, CTA could cor-
rectly diagnose only 2 of the 4 pial AVMs detected by
the DSA. The cause of hemorrhage on CTA was found
to be aneurysms in right SCA and left PICA in the two
cases of pial AVMs. Among the 2 dural AVFs detected
by DSA, CTA could demonstrate the dAVF only in one
patient. In the other patient, the presence of calcifica-
tions in left transverse sinus, enlarged spinal perimed-
ullary veins and enlarged occipital arteries pointed
towards the possibility of dAVF, even though there was
no detectable communication between the arterial and
venous system. CTA correctly detected 22/24 arterial

Table 1 Causes of posterior fossa hemorrhage and vascular malformation according to sex

Aneurysm AVM DVA Cavernoma Negative Total
Male 24 21 1 1 2 49
Female 23 8 0 0 0 31
Total 47 29 1 1 2 80
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Table 2 Characteristics of AYM and dAVF in our study

AVM and AVF characteristics DSA

Pial AVMs diagnosed

Total 18

Cerebellum 17 (94.4)

Brainstem 1(5.5)
Size of nidus

<3cm 10 (55.6)

3-6cm 7(38.9)

>6cm 1(5.6)

Total no. of arterial feeders
Posterior circulation 30
Anterior circulation 1

Dural supply 0
Intranidal aneurysm 3(16.7)
Flow-related aneurysms
Total 19 (50)
Feeder vessel 18 (44.4)
Draining vein 1(5.6)
Dural AVFs diagnosed
Total 11
Transverse-sigmoid junction 7 (63.7)
Torcular 3(27.3)
Petrosal 1(9.1)

Cognard classification [8]

|—Antegrade sinusoidal flow 2(18.2)
lla—Reflux sinusoidal 0(0)
[lb—Reflux sinusoidal 3(27.3)
[Il—Direct shunt into cortical vein 1(9.1)
IV—As Il with venous ectasia 1(9.1)
V—~Perimedullary venous drainage 4(364)

Total no. of ECA feeders 27
No. of other arterial feeders
Posterior circulation 9
Anterior circulation 12

feeders. The missed arterial feeders were dural feeders
from middle meningeal and occipital artery. The sensi-
tivity of CTA in correctly diagnosing AVM as the cause
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of the hemorrhage was found out to be only 66.7%, but
the specificity was 100% (Table 3).

The overall sensitivity and specificity of CTA in detect-
ing the posterior fossa hemorrhage and vascular mal-
formations as compared to DSA are 96.6% and 100%,
respectively (Table 3). The positive and negative predic-
tive values are 100% and 75%, respectively. There was
good measure of agreement between CTA and DSA in
detecting the cause (xk=0.76 £0.13; p <0.05).

Discussion

The posterior fossa bleeds and vascular pathologies are
associated with increased morbidity and mortality, and
this necessitates their rapid and correct diagnosis. The
ideal imaging modality should be fast to perform, mini-
mally invasive, reproducible and associated with mini-
mal complications. Apart from all these, the imaging
modality must be able to correctly identify the cause of
hemorrhage along with their angio-architectural charac-
teristics. In case of aneurysms, it must be able to accu-
rately localize the aneurysm and provide details about
surrounding vascular anatomy, presence of associated
calcifications and intraluminal thrombus, which all
would help in deciding the appropriate treatment plan.
And in case of arteriovenous malformations, the number
of arterial feeders, presence or absence of dural feeders,
type of venous drainage, and more importantly the pres-
ence of associated aneurysms and their characterization
are of prime importance. CT angiography with its recent
advances has gained in importance on par with conven-
tional catheter-based angiography.

The most common cause of nontraumatic subarach-
noid hemorrhage is aneurysms [1]. They usually present
with sudden onset headache. This is in accordance with
our data, in which 58% of the patients presenting with
SAH had aneurysms. AVMs usually present in young
adults as spontaneous intracranial intraparenchymal
hemorrhage more commonly than SAH [1]. In our study,
69% of the AVMs occurred in <40 years of age and 70%
of aneurysms were in >40 years of age. Intraparenchy-
mal hemorrhage was present in 41% of the AVM patients.
The most common cause of posterior fossa bleeds in
elderly is hypertension [2], which was seen only in 2.5%

Table 3 Diagnostic efficacy of CTA compared to DSA (gold standard)

Sensitivity (%) Specificity (%) Positive predictive Negative Diagnostic
value (%) predictive value accuracy
(%) (%)
Per aneurysm basis 96 - 100 - 96
Per patient basis for detection of aneurysms 95.7 100 100 90 96.9
Per patient basis for detection of AVMs 66.7 100 100 929 93.8
overall 96.6 100 100 75 96.9
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of our study which can be attributed to the fact that the
elderly patients presenting with bleeds and who were
known hypertensives were not taken up for angiographic
evaluation.

The most common site of the aneurysm in the poste-
rior fossa is the vertebral arteries, accounting for 37%
of the cases in the posterior fossa. Among the cerebel-
lar arteries, the most common artery is PICA (25.5%)
(Fig. 1a—c). The most common site of pial AVMs is cer-
ebellum in our study (Fig. 2a, b) and, among dural AVFs,
the transverse-sigmoid junction. The main feeder sup-
plying the posterior fossa AVMs and dAVFs apart from
posterior circulation arteries is the meningohypopyseal
trunk (branch of cavernous segment of ICA) (Fig. 3a, b).
And as the dAVFs in the posterior fossa are close to the
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skull base, they mostly recruit the transosseous and dural
branches of the ECA, especially occipital arteries and the
posterior division of middle meningeal artery(Figs. 4 and
5).

A number of research studies have been performed to
evaluate the multidetector CT angiography for the evalu-
ation of aneurysms and vascular malformations. Most
studies have worked on detecting aneurysms in poste-
rior fossa via CTA [9-12] and have found high sensitivity
and specificity for detecting large size aneurysm which is
equal to that of DSA.

The low sensitivity of the CTA in detecting smaller
sized aneurysms can be attributed partially to the lower
spatial resolution of the CT compared to the DSA. Vari-
ous post-processing techniques have been developed to

Fig. 1 Right posterior inferior cerebellar artery (PICA) aneurysm; a Coronal MIP image, b volume reconstructed image (VRI), ¢ DSA image in AP view,
of the same patient showing aneurysm in the proximal part of PICA just after its origin (arrow pointing towards aneurysm)

Q0=Mav=17 S

Fig. 2 Pial AVM; a Sagittal MIP image, and b DSA image in lateral view in the same patient showing pial AYM in the posterior fossa with tangle of
vascular channels—nidus (white arrows)—with enlarged draining veins
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(white arrow) supplying the AVM

Fig. 3 Pial AVM; a DSA image in AP view showing pial AVM in the posterior fossa with arterial feeder from dilated SCA (white arrow) and drainage
via early draining vein (yellow arrow) into the left transverse/sigmoid sinus, b DSA image in lateral view showing dilated meningohypopyseal trunk

occipital artery (yellow arrow)

Fig. 4 Dural arteriovenous fistula (dAVF); a Axial MIP image showing the calcifications in torcula and increased vascular channels within the left
transverse sinus, b DSA image in lateral view of the same patient showing dAVF (Type 1) in the torcular region (white arrow) with feeders from

increase spatial resolution of CTA which allows better
aneurysm visualization [13, 14].

The main advantage of CTA is that it is superior to
DSA in detection of calcifications and thrombus [15],
which plays an important role in deciding the treatment
plan. 3D-CTA has the added advantage of able to recon-
struct the image in any desired plane or angle using the
VRI (volume rendered imaging) technique. Conventional

DSA can provide only two-dimensional images; hence
various projections needed to be taken in order to
delineate the surrounding vascular anatomy. Similar to
3D-CTA, 3D-DSA has been introduced in recent times,
which can reconstruct the image in any chosen projec-
tion [16, 17].

There are very few studies where other causes of pos-
terior fossa bleed other than aneurysms were evaluated.
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(white arrows)

Fig.5 dAVF—Cognard classification; a Type llb—showing cortical venous reflux (white arrow), b Type V—spinal perimedullary venous drainage

CTA has low sensitivity in detecting the AVMs/AVFs
[18, 19]. In our study, the sensitivity of CTA in diagnos-
ing the AVMs was only 66.7%. Among the detection of
arterial feeders, CTA has good sensitivity of 92%, but in
specifically detecting the dural feeders, the sensitivity of
CTA is only 66%. The detection of transosseous feed-
ers still remains a challenge with CTA. The main reason
for the low sensitivity with CTA is their lack of informa-
tion regarding the flow (dynamic information) because
of their one-time acquisitions and only one phase of the
flow dynamics. The lack of clear demonstration of early
venous drainage leads to difficulty in diagnosing the
AVMs. Technological advancements in computed tomog-
raphy (CT) now permit dynamic imaging techniques of
the whole brain. Such time-resolved or four-dimensional
computed tomography angiography (TR-CTA/4D-CTA)
can be used to evaluate the hemodynamics, in addition to
the morphology [20, 21].

Posterior fossa AVMs have been reported to be an inde-
pendent predictor of increased morbidity and mortality.
This may be due to frequent presentation of posterior
fossa AVMs with hemorrhage and increased association
of the associated aneurysms with posterior fossa AVMs
as compared to supratentorial AVMs [22, 23]. The inci-
dence of aneurysms associated with AVMs has been
reported to be around 2.7-21% [24]. Klaus-Peter Stein
et al. [25] reported that hemorrhage was associated with
86% of the infratentorial AVMs as compared to only 36%
of the supratentorial AVMs. The aneurysms were asso-
ciated with 29% of the cases in case of posterior fossa,
compared to 14% in supratentorial AVMs. Twenty-nine

AVMs were obtained in our study in posterior fossa of
which 37.9% had aneurysms and 10.3% had more than
one feeding artery aneurysms. (Fig. 6a, b).

Rare cause of intracranial bleed is developmental
venous anomaly which was detected in one of our case
(Fig. 7) where no associated AVM or aneurysm could be
detected. The main limitation in our study was the una-
voidable selection bias in which older patients with spon-
taneous intraparenchymal hemorrhage were not taken up
for the study due to their health conditions. The smaller
sample size might also explain the lower sensitivity of
CTA in detecting the AVMs/dAVFs.

Conclusion

In conclusion, CTA is a simple, fast and noninvasive
imaging modality that can be used to detect and char-
acterize the vascular pathologies in posterior fossa. The
overall sensitivity of CTA in detecting the cause of hem-
orrhage in posterior fossa is 96.6% with diagnostic accu-
racy of 96.9%. However sensitivity of CTA in diagnosing
the AVMs was only 66.7%, and for detection of arte-
rial feeders, CTA has good sensitivity of 92%, but spe-
cifically in detecting the dural feeders, the sensitivity of
CTA is only 66%. The detection of transosseous feeders
still remains a challenge with CTA. Overall CTA can be
used in the initial investigation for posterior fossa hemor-
rhages. CTA could be used as an alternative to DSA in
the diagnosis and characterization of aneurysms in pos-
terior fossa and for treatment planning. For the charac-
terization of posterior fossa AVMs, the 3D-CTA cannot
replace DSA; however, the potential of time-resolved
CTA (TR-CTA) appears promising.
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Fig. 6 Associated Aneurysms in AVM; a DSA image showing intranidal aneurysm (white arrow), b DSA image showing feeder vessel aneurysm in
PICA (white arrow) supplying the AVM in the posterior fossa (yellow arrow)
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