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Abstract 

Background:  We have conducted this study to examine the clinical and morphological pattern of brain arterio-
venous malformations (BAVMs) along with their treatment and short term outcome in a tertiary care hospital in Bang-
ladesh. This retrospective chart review was carried out from the records of neuro-endovascular division at Depart-
ment of Neurology, Dhaka Medical College Hospital (DMCH) from January 2010 to June 2013. A total 60 patients were 
evaluated. All the necessary information regarding the demographic, clinical, morphologic and treatment profile was 
gathered through a predesigned questionnaire. To our knowledge, we have the largest cohort of BAVM patients in 
Bangladesh and this is the first of this kind of study done in Bangladesh.

Results:  The mean age at diagnosis was 30.3 years with a standard deviation of ±14.3 and the majority was teen-
agers (30 %). Intracerebral hemorrhage was the commonest (70 %) type of presentation at diagnosis, followed by 
headache (50 %), altered consciousness (50 %), vomiting (40 %) and seizure (40 %). Majority of the AVMs had feeders 
from anterior circulation (50 %) and most of the AVMs (73.3 %) were supplied from the main feeders, whereas the 
rest from distal vessels. Regarding venous drainage, AVMs drained mostly either to superficial (43.3 %) or deep (40 %) 
venous system. AVMs frequently had larger (40 %) nidus size and a slow to medium flow (60 %), through the nidus. An 
eloquent AVM location was found in 50 % of the patients. Intranidal aneurysm was found in 10 % AVM and angio-
pathic AVM in 13.3 %. Patients were treated by endovascular embolization (31) or surgical excision (11) or conservative 
approach. There was one event of death, both in embolization group and surgically treated group before discharge. 
The patients were followed up for 1.3 ± 0.8 years. The rate of rebleed was 6.6, 30 and 60 % during follow up in endo-
vascular, surgical and conservatively treated group. Though five patients in conservative group died during this time, 
no deaths reported in intervention group (endovascular or surgery).

Conclusion:  Intracerebral hemorrhages, headache, altered consciousness and seizure are common clinical presenta-
tions of AVM at diagnosis. The remarkable morphologic features are larger AVM size at eloquent location, medium to 
slow flow with frequent feeders from main vessels of anterior circulation and drainage to superficial venous systems. 
Endovascular embolization or surgical excision of AVM are relatively safe and effective and provides better short term 
outcome than conservative approach.
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Background
Brain AVMs are known since the middle of 19th cen-
tury [1, 2]. The first clinical description of brain AVMs 
was published by Steinheil [3] and Hoffman [4]. With 
the introduction of cerebral angiography by Moniz [5] 
the awareness regarding this relatively unknown condi-
tion also started to increase among the physicians. It 
has long been thought to arise from developmental dis-
ruption of vessel formation either at embryonic [6] and 
the fetal stage [7], or after birth [8]. Their course may be 
rather unpredictable; they may remain static, grow, or 
even regress [9]. Brain AVMs come to clinical attention 
mainly in young adults, typically before the age of 40 [10]. 
The prevalence of BAVMs is difficult to estimate, given 
the lack of a population subject to uniform brain imag-
ing. Some insights are provided from rare studies sug-
gesting the prevalence up to 300,000 (0.1  %) persons in 
the United States [10, 11]. In the general population the 
estimated rate is approximately 0.01 %, but reported rates 
range from 0.001 to 0.52 % [11–15]. Hospital based post 
mortem series have reported brain AVM prevalence of 
up to about 600 per 100,000 [16–18]. As yet, there has 
been lack of population based studies specifically investi-
gating brain AVM prevalence [19].

The goal of AVM treatment is mostly prevention of hem-
orrhage which is achieved by microsurgery, embolization 
or radio surgery [20]. Let alone the epidemiologic stud-
ies, we did not even had any hospital based study on brain 
AVMs in Bangladesh. We knew very little regarding the 
angioarchitecture of brain AVMs before the introduction of 
diagnostic digital subtraction angiography (DSA) facilities 
in Bangladesh. DSA evaluation of such disorders started in 
2006 at Dhaka Medical College Hospital (DMCH). Though 
the clinical and morphological features of BAVM are not 
unknown, we conducted this study as because there was no 
such study in Bangladesh done previously and we had the 
largest cohort of AVM patients in our center. We wanted 
to delineate the clinical picture along with the morphologic 
features at angiography and short term treatment outcome 
of these patients in Bangladesh.

Methods
This is a retrospective chart review. We reviewed the 
records from Neuro-endovascular division at the Depart-
ment of Neurology, DMCH from January 2010 to June 2013.

DMCH is the one of the highest center for referral of all 
type of medical problems in Bangladesh. It is a 2300 bed 
hospital in the heart of the capital and receives patients 
from all over the country. The Department of Neurol-
ogy also provides inpatient care through 36 hospital 
beds in addition to its regular outpatient services. The 
Neuro-endovascular division is headed by an Associ-
ate Professor of interventional neurology who is trained 

in neuro-intervention at a renowned center outside 
Bangladesh.

Study population initially included 76 patients from 
the hospital records over this period of time. Later on, 
60 patients were selected finally, following the inclusion 
and exclusion criteria (Fig. 1). Information regarding the 
demographic, clinical and morphological profile was gath-
ered through a predesigned questionnaire. Demographic 
characteristics assessed were age at date of diagnosis and 
sex. Clinical characteristics at presentation assessed were 
intracranial hemorrhage (parenchymatous, intraven-
tricular, or subarachnoid), generalized or focal seizures, 
chronic headache, altered consciousness, vomiting, ver-
tigo, sense of imbalance, visual or speech disturbance 
and reversible, persistent, or progressive neurological 
deficits. Morphological characteristics assessed were clas-
sified in all databases according to the Spetzler–Martin 
grading system [21] with its three element sizes (small, 
maximum diameter, 3  cm; medium, diameter 3–6  cm; 
and large, diameter 6 cm), drainage (any venous drainage 
component into the deep, i.e., internal cerebral veins), and 
location in so-called “eloquent” brain regions (“the sen-
sorimotor, language, and visual cortex; the hypothalamus 
and thalamus; the internal capsule; the brain stem; the 
cerebellar peduncles; and the deep cerebellar nuclei”).

Inclusion criteria
• • Patients aged 13 years and above.
• • Diagnosed and confirmed as a case of Brain AVM 

previously with the help of magnetic resonance arte-
riography or digital subtraction angiography.

• • Consensus about the diagnosis among at least two 
interventional neurologists of the center.

Total number of patients from record

N=76

Aged below 13 years (2)

Vein of Galen Malformation (1)

Dural AVM (3)

Direct fistula (3)

Others (2)

Number of patients meeting 
inclusion and exclusion criteria 

N=60

Fig. 1  Flow chart of patients (number) included and excluded for 
each cause
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Exclusion criteria
• • Patients aged below 13 years (n = 2).
• • Patients with pure vein of Galen malformations 

(n = 1), dural AVMs (n = 3), direct pial fistula (n = 3) 
or any other (n = 2) type of intracranial vascular mal-
formation occasionally confused with a brain AVM 
[21].

• • Patients with incomplete hospital record (n = 5).

Operational definitions
Brain AVM (BAVM)
We defined a brain AVM as an anastomosis of non-nutri-
tive blood vessels in the brain parenchyma, in which arte-
riovenous shunting occurred in a central nidus (the tangle 
of vessels in which usually multiple arteries and veins con-
verge). Diagnoses were deemed to be definite if there had 
been unequivocal evidence of a characteristic serpiginous 
cluster of calcified or enhancing vessels on computed 
tomography, flow voids on magnetic resonance imaging, 
or arteriovenous shunting on catheter angiography.

Venous ectasia
Venous ectasia/varix is defined as at least a doubling of 
the diameter of the draining vein.

Intra nidal aneurysm
An aneurysm arising in or near the nidus of an AVM.

Venous outlet stenosis
Abnormal narrowing of a vein draining an AVM nidus.

Transit time and flow
Flow pattern through the nidus was calculated by transit 
time seen in DSA. The transit time through the AVM is 
defined as the time interval between initial visualization 
of injected contrast entering the arterial segment and its 
subsequent passage into the venous drainage threshold. 
The classification of slow to medium and high flow was 
done arbitrarily by the observer experience. But all the 
slow to high flow AVM had less than normal transit time.

Feeding artery
A feeding artery was defined as any intracranial ves-
sel that angiographically contributed arterial flow to the 
malformation. The AVM nidus was defined as the vascu-
lar mass included in the AVM size measurement. Intra-
nidal aneurysms were coded when visualized early after 
angiographic injection, e.g., before substantial venous 
filling had occurred. Infundibula, arterial ectasias (i.e., 
dilated feeding vessels), and intranidal aneurismal dila-
tations seen during the venous angiographic phase only 
were not coded as arterial aneurysms.

Angiopathic AVM
It was defined as a presumed diagnosis for a peculiar type 
of large brain arteriovenous malformations (AVMs) that 
demonstrated distinctive angiogenetic features by which 
they could be separated from “classical” brain AVMs. 
This denomination was strictly based on angiographic 
evidence of nonfocal angiogenetic activity, i.e., the pres-
ence of transdural supply and stenoses of feeding arteries. 
Other distinctive features were the absence of dominant 
feeders to a large nidus (often lobar or even hemispheric), 
the small size of the draining veins in relation to the 
size of the arteriovenous shunting zone, the presence of 
intermingled brain between the vascular spaces as dem-
onstrated by MRI, and the above mentioned transdural 
supply and presence of proximal arterial stenoses.

Treatment, outcome and follow up
Patients were treated either by endovascular emboliza-
tion or by microsurgical resection or kept in conserva-
tive management. Factors that guided the selection of 
method of treatment included patient characteristics 
(e.g., age, co-morbidity), location of the AVM, the cost 
involved and also desire of the patient. Each case was 
discussed with the Department of Neurosurgery before 
applying any intervention. Appropriate cases were 
referred to Department of Neurosurgery for microsurgi-
cal excision. Some patients could not afford any therapy 
or had high risk of any operative procedure was treated 
conservatively. They were kept on medication to control 
the co-morbid conditions e.g., management of hyperten-
sion, diabetes etc.

The primary outcome was all cause of case fatality dur-
ing treatment and before discharge from hospital. The 
secondary outcome was intracranial hemorrhage beyond 
30  days of treatment (hemorrhage within 30  days was 
categorized as a complication of treatment) along with 
other complications (e.g., post operative seizure). Follow 
up was done at and beyond third month and outcome 
was evaluated with Modified Rankin Scale (MRS) [22] 
score before and after intervention.

This study was approved by the ethical review commit-
tee of Dhaka Medical College Hospital.

Results
Demographic features
The mean age at diagnosis was 30.3 years with a standard 
deviation of ±14.3. Majority were teenagers (30 %) with 
an interquartile range (Q3–Q1) of 22 years.

Clinical characteristics
Intracranial hemorrhage was the commonest (70 %) type 
of presentation at diagnosis.
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Headache (50  %), altered consciousness (50  %), vom-
iting (40  %) and seizure (40  %) were also frequently 
reported by the patients. A few also experienced vertigo 
(25 %), loss of balance (15 %), disturbance of speech and 
vision (10 %) (Table 1).

Morphologic characteristics
Majority of the AVMs had feeders from anterior cir-
culation (50  %), while only 20  % had feeders from pos-
terior circulation alone. But 30 % of the AVMs received 
feeders from both the anterior and posterior circula-
tion. Likewise 50  % of the AVM was supratentorial, 
20 % was infratentorial and 30 % were both in supra and 
infratentorial location (Table 2). About 43 % had super-
ficial location and 57 % had deeper location. Most of the 
AVMs (73.3  %) were supplied from the main feeders, 
whereas the rest from distal vessels (Table 3). Regarding 
venous drainage, AVMs drained mostly either to super-
ficial (43.3 %) or deep (40 %) venous system. Only 16.6 % 
drained to both the venous systems (Table 4). The overall 

proportion of AVMs classified as small was 23.3 %, while 
36.6 % of AVMs were medium in size, and 40 % were clas-
sified as large (Table 5). Most of the AVMs had slow to 
medium flow (60 %), while 30 % had high flow and 10 % 
had slow flow through the nidus (Table 6). An eloquent 
AVM location was found in 50 % of the patients. Intra-
nidal aneurysm was found in 10 % AVM and angiopathic 
AVM in 13.3 % (Table 7).

Treatment and follow up
The method of treatment applied along the short term 
outcome is listed in Table  8. Out of 60 patients 18 
patients were treated conservatively and the rest under-
went either endovascular embolization (31) or surgical 
excision (11) of the AVM. Among the patients undergo-
ing endovascular procedure complete occlusion of the 
AVM nidus was achieved in 12 patients and partial occlu-
sion in 19 patients. More than one session of emboliza-
tion was required in six cases. Two patients developed 

Table 1  Clinical features at presentation of AVM patients

Clinical features Number Percentage

Intracranial hemorrhage 42 70

Headache 30 50

Altered consciousness 30 50

Vomiting 24 40

Seizure 24 40

Vertigo 15 25

Loss of balance 9 15

Visual disturbance 6 10

Disturbance of speech 6 10

Table 2  Location of the AVM in DSA

Location Number Percentage

Supratentorial 30 50

Infratentorial 12 20

Both 18 30

Superficial or cortical 26 43.3

Deep 34 56.7

Table 3  Identification of feeding vessels to AVM in DSA

Feeders Number Percentage

Anterior circulation 30 50

Posterior circulation 12 20

Both 18 30

Main vessels 44 73.3

Distal vessels 16 26.7

Table 4  Identification of  venous drainage of  AVM in  DSA 
as evaluated by Spetzler–Martin Score

Venous drainage Number Percentage

Superficial 26 43.3

Deep 24 40

Both 10 16.6

Table 5  Nidus size of  cerebral AVM as  evaluated by  Spet-
zler–Martin Score after DSA

Venous drainage Number Percentage

S1: <3 cm 14 23.3

S2: 3–6 cm 22 36.6

S3: >6 cm 24 40

Table 6  Pattern of flow through the AVMs

Flow Number Percentage

Slow 6 10

Medium 36 60

High 18 30

Table 7  DSA findings of the study patients (n = 60)

DSA findings n %

Positive for eloquence 30 50

Intranidal aneurysm 6 10.0

Angiopathic AVM 8 13.3
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transient neurologic deficit in the form of hemiparesis 
(MRS-3) and one patient (3.2 %) died (MRS-6) about 4 h 
after the procedure from rebleed. Rest of the patients had 
MRS of 0–2 at discharge. Among those treated surgically, 
one died per operatively due to rupture of intranidal 
aneurysms (9.1 %). Two patients developed seizure post 
operatively and was controlled with antiepileptic medica-
tion before discharge. Three patient developed hemipare-
sis. On discharge out of the ten patients, eight had MRS 
0–2 and two had MRS 4. Three patients (16.6 %) in con-
servatively treated group died before discharge. Among 
the rest 11 patients had MRS 0–2, four had MRS 3–5.

Patients were followed up for 1.3 ±  0.8  years with a 
range of 3  months to 2.5  years. Within the follow up 
period two patients (6.6 %) in endovascular group, three 
patients (30 %) in surgical group and nine patients (60 %) 
in conservatively treated group had rebleed. There were 
five deaths in the conservatively treated group; out 
of which four deaths were directly related to rebleed 
from BAVM and in one case the cause was unknown. 
But, there was no death in the intervention (surgical or 
endovascular) group. In conservatively treated group 
three patients had MRS 0–2 and one patient had MRS 
4. Whereas only one patient in surgically treated group 
had permanent neurologic deficit (MRS-5) and the rest 
(eight patients) had MRS 0–2. In the endovascular group 
all patients (30) had MRS 0–2.

Discussion
In this descriptive study we have tried to find out the 
clinical presentation, angiographic and radiologic mor-
phology of BAVM along with the treatment and short 
term outcome of patients in Bangladesh. Patients most 
commonly presented with intracerebral hemorrhage, 
headache, altered consciousness and seizure. Neuro-
radiologic investigations showed they frequently had 
BAVM with large nidus and supplied by feeding vessels 
from anterior circulation and draining into superficial 
venous system. Patients treated either by endovascular 
embolization or microsurgical excision had better short 
term outcome than those managed conservatively. To our 
knowledge this is the first study evaluating clinical and 

morphological features of BAVM along with treatment 
outcome in Bangladesh.

Though brain AVMs can present at any age and equally 
in both sexes, like most of the published data we also 
have found that the mean age tends to be in the third dec-
ade of life [13, 23–27]. Similar to other published reports 
from all over the world, our patients most frequently pre-
sented with intracranial hemorrhage [13, 25–32]. The 
overall frequency of hemorrhage ranges from 35 to 81 % 
with an annual risk of 2–4 % in reported case series [29, 
31, 33–45].

We found a good number of patients with headache 
and unconsciousness. But we could not differentiate 
from the hospital record, whether the reported headache 
in our patients were related to hemorrhage or not. We 
assume that the higher frequency of headache and altered 
consciousness might be related mostly to intracranial 
hemorrhage. But headache unrelated to hemorrhage had 
not been published in much of studies. Ghossoub et  al. 
[46] in their study of 700 patients showed that unrelated 
headache may occur only in 6 % patients. The headaches 
are mostly non specific, unilateral (without any site pref-
erence) and female predominant. Seizure unrelated to 
hemorrhage was also not uncommon in our study and 
the frequency was consistent with reports published 
so far [47]. Mast et al. [47] reported seizure as an initial 
symptom can occur in 16–53 % patients. From a database 
of 198 patients in Columbia, the investigators found a 
seizure frequency of about 28 %, of which 49 % were gen-
eralized, 22 % focal and 22 % being focal with secondary 
generalized [48]. Some studies also have delineated the 
risk factors for seizure in AVM [48–50]. In another analy-
sis of 1289 patients with AVM from three centers found 
30 % generalised and 10 % focal seizure [51]. An earlier 
study of 102 patients found 45 % focal, 42 % generalised, 
8  % psychomotor, and 7  % unspecific seizure presenta-
tions [52].

We found a relatively lower (50 %) proportion of patient 
with eloquent AVM location in comparison with other 
centers (69–74  %) [51]. In contrast to Hofmeister et  al. 
[51], we found a higher frequency for superficial drain-
age of AVM which complies with the report of Stapf et al. 

Table 8  Treatment, follow-up and outcome (n = 60)

Treatment modality Outcome

Before discharge Follow up

(MRS: 6) (MRS: 3–5) (MRS: 0–2) (MRS: 6) (MRS: 3–5) (MRS: 0–2) Rebleed

Endovascular 1 2 28 0 0 30 2

Surgical approach 1 2 8 0 1 8 3

Conservative 3 4 11 5 1 3 9
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[53]. The nidus size found in our study also differed from 
that of Hofmeister et  al. [51] who also acknowledged a 
significant variation in nidus size in different centers. But 
Stapf et al. [53], showed a mean nidus size of 33 ± 17 mm 
in his study sample, who also observed a significant dif-
ference of nudus sizes across different age groups. The 
higher proportion of AVM feeder arteries from anterior 
circulation and from main vessels in our study may indi-
rectly imply that majority of the AVMs had lobar and 
supratentorial location. This is also in line with the report 
from some other studies [53, 54]. Intranidal aneurysms 
are associated with AVMs in up to 10  % of patients in 
many series [12, 25, 54, 55] of studies like this one.

Treatment decisions for patients with (BAVMs) are 
based on natural-course and risk estimates weighed 
against outcome data from invasive intervention. Though 
neurosurgeons had been practicing microsurgery for 
BAVM in different institutions in Bangladesh for long, 
the endovascular method is relatively recent (since 2007) 
addition to modality of BAVM treatment. The overall 
mortality (MRS-6) and morbidity (MRS 3–5) of interven-
tion (endovascular and surgical) was higher than those 
reported by Amor et al. [56] and Hamilton et al. [57]. This 
is probably due to the fact that these interventional treat-
ments are relatively new in Bangladesh. But the death 
rate was five times higher in conservatively treated group 
which justifies the benefit of intervention. The outcome 
of treatment was also retained during follow up.

We had several limitations in this study. Firstly, the 
study sample was relatively low. Secondly, the retrospec-
tive nature did not allow us to further investigate any 
quarry that we had in our mind. Moreover, this cross-
sectional study is merely observational and does not pro-
vide a longitudinal risk analysis. Finally, referral bias to 
specialized treatment centers may significantly influence 
demographic, clinical, and morphological characteristics 
of the local patient cohort. The possibility of a systematic 
error in the data analysis can therefore not be excluded.

Conclusion
Intracerebral hemorrhages, headache, altered conscious-
ness and seizure are common form of presentation of 
AVM at the time of diagnosis. Larger AVM nidus size at 
eloquent location, medium to slow flow with frequent 
feeders from main vessels of anterior circulation and 
draining to superficial venous systems are noticeable 
morphologic features in our study. Endovascular emboli-
zation or surgical excision of AVM are relatively safe and 
effective and provides better short term outcome than 
conservative approach.

Authors’ contributions
AHC was involved in planning, consultation and data collection for this study. 
SUK and KMR are the interventional neurologists who performed all the DSA 

and helped in morphological analysis of the AVMs. ATMHH was involved in 
data analysis and writing the manuscript. The rest were involved in data col-
lection, patient consultation and reviewing the manuscript. All authors read 
and approved the final manuscript.

Author details
1 Department of Neurology, Dhaka Medical College Hospital-2, 3rd Floor, 
Ramna, Dhaka, Bangladesh. 2 National Institute of Neurosciences and Hospital, 
Dhaka, Bangladesh. 

Acknowledgements
We thank Dr Ehsan Mahmud, The Professor and Head, Department of Neu-
rosurgery, who helped us with his valuable opinions regarding the patients 
included in this study.

Competing interests
The authors declare that they have no competing interests.

Funding
The study was under taken without any grant from the government or private 
organizations. All the authors are government employees and receive noth-
ing but the salary from the government. This study was conducted from the 
department of neurology without any external assistance.

Received: 4 July 2014   Accepted: 18 November 2015

References
	1.	 Luschka H. CavernSse Blutgeschwulste des Gehirns. Virchow Arch Path 

Anal. 1854;6:458–70.
	2.	 Virchow R. Die Kraukhaften Geschwiilst, vat. 3. Berlin: Hirschwald; 1863. p. 

456–63.
	3.	 Steinheil SO. Uber einenfall von Varix aneurysmaticus im Bereich der 

Gehirngefaesse. Würgburg: F Fromme; 1985. p. 1–56.
	4.	 Hoffman J. Krankenvorstellung. Miinch Med Wschr 1898: 1159.
	5.	 Moniz E. L’encéphalographie artérielle, son importance dans la localisa-

tion des tumeurs cérébrales. Rev Neural. 1927;2:72–89.
	6.	 Padget DH. Cranial venous system in man in reference to development, 

adult configuration, and relation to arteries. Am J Anat. 1956;98:307–55.
	7.	 Nelson MD Jr, Gonzalez-Gomez I, Gilles FH. The search for human telence-

phalic ventriculofugal arteries. AJNR Am J Neuroradiol. 1991;12:215–22.
	8.	 Lasjaunias P. Vascular diseases in neonates, infants and children: interven-

tional neuroradiology management. Berlin: Springer; 1997. p. 51–65.
	9.	 Abdulrauf SI, Malik GM, Awad IA. Spontaneous angiographic obliteration 

of cerebral arteriovenous malformations. Neurosurgery. 1999;44:280–7.
	10.	 The Arteriovenous Malformation Study Group. Arteriovenous malforma-

tions of the brain in adults. N Engl J Med. 1999;340:1812–8.
	11.	 Brown RD, Wiebers DO, Torner JC, O’Fallon WM. Frequency of intracranial 

hemorrhage as a presenting symptom and subtype analysis: a popu-
lation-based study of intracranial vascular malformations in Olmsted 
County, Minnesota. J Neurosurg. 1996;85:29–32.

	12.	 Brown RD Jr, Wiebers DO, Torner JC, O’Fallon WM. Incidence and 
prevalence of intracranial vascular malformations in Olmsted County, 
Minnesota, 1965 to 1992. Neurology. 1996;46:949–52.

	13.	 ApSimon HT, Reef H, Phadke RV, Popovic EA. A population-based study of 
brain arteriovenous malformation: longterm treatment outcomes. Stroke. 
2002;33:2794–800.

	14.	 Perret G, Nishioka H. Report on the cooperative study of intracranial 
aneurysms and subarachnoid hemorrhage. Section VI. Arteriovenous 
malformations: an analysis of 545 cases of cranio-cerebral arteriovenous 
malformations and fistulae reported to the cooperative study. J Neuro-
surg. 1966;25:467–90.

	15.	 McCormick WF. Pathology of vascular malformations of the brain. In: 
Wilson CB, Stein BM, editors. Intracranial arteriovenous malformations. 
Baltimore: Williams & Wilkins; 1984. p. 44–63.

	16.	 Sarwar M, McCormick WF. Intracerebral venous angioma. Case report and 
review. Arch Neurol. 1978;35:323–5.



Page 7 of 7Chowdhury et al. BMC Res Notes  (2015) 8:745 

	17.	 Jellinger K. Vascular malformations of the central nervous system: a 
morphological overview. Neurosurg Rev. 1986;9:177–216.

	18.	 Courville CB. Pathology of the central nervous system: a study based 
upon a survey of lesions found in a series of forty thousand autopsies. 3rd 
ed. Mountain View: Pacific Press Publishing Association; 1950. p. 142–52.

	19.	 Berman MF, Sciacca RR, Pile-Spellman J, et al. The epidemiology of brain 
arteriovenous malformations. Neurosurgery. 2000;47:389–96.

	20.	 Jannake VB, H Bart VW, Dennis RB, et al. Treatment of brain arterio-
venous malformation: a systemic review and meta-analysis. JAMA. 
2011;306(18):2011–9.

	21.	 Chaloupka JC, Huddle DC. Classification of vascular malformations of the 
central nervous system. Neuroimaging Clin North Am. 1998;8:295–321.

	22.	 Rankin J. Cerebral vascular accidents in patients over the age of 60. II. 
Prognosis. Scott Med J. 1957;2:200–15.

	23.	 Spetzler RF, Martin NA. A proposed grading system for arteriovenous 
malformations. J Neurosurg. 1986;65(4):476–83.

	24.	 The Arteriovenous Malformation Study Group. Arteriovenous malforma-
tions of the brain in adults. N Engl J Med. 1999;340:1812–8.

	25.	 Al-Shahi R, Bhattacharya JJ, Currie DG, et al. Prospective, population-
based detection of intracranial vascular malformations in adults: the 
Scottish Intracranial Vascular Malformation Study (SIVMS). Stroke. 
2003;34:1163–9.

	26.	 Stapf C, Mast H, Sciacca RR, et al. The New York Islands AVM Study: design, 
study progress, and initial results. Stroke. 2003;34:e29–33.

	27.	 Halim AX, Johnston SC, Singh V, et al. Longitudinal risk of intracranial 
haemorrhage in patients with arteriovenous malformation of the brain 
within a defined population. Stroke. 2004;35:1697–702.

	28.	 Khaw AV, Mohr JP, Sciacca RR, et al. Association of infratentorial brain 
arteriovenous malformations with haemorrhage at initial presentation. 
Stroke. 2004;35:660–3.

	29.	 Hillman J. Population-based analysis of arteriovenous malformation treat-
ment. J Neurosurg. 2001;95:633–7.

	30.	 Graf CJ, Perret GE, Torner JC. Bleeding from cerebral arteriovenous malfor-
mations as part of their natural history. J Neurosurg. 1983;58:331–7.

	31.	 Wilkins RH. The natural history of intracranial vascular malformations: a 
review. Neurosurgery. 1985;16:421–30.

	32.	 Crawford PM, West CR, Chadwick DW, et al. Arteriovenous malformations 
of the brain: natural history in unoperated patients. J Neurol Neurosurg 
Psychiatry. 1986;49:1–10.

	33.	 Svien HJ, McRae JA. Arteriovenous anomalies of the brain: fate of patients 
not having definitive surgery. J Neurosurg. 1965;23:23–8.

	34.	 Troupp H, Marttila I, Halonen V. Arteriovenous malformations of the brain: 
prognosis without operation. Acta Neurochir Wien. 1970;22:125–8.

	35.	 Pertuiset B, Sichez JP, Philippon J, Fohanno D, Horn Y. Mortality and mor-
bidity after complete surgical removal of 162 intracranial arteriovenous 
malformations. Rev Neurol Paris. 1979;135:319–27.

	36.	 Pellettieri L. Surgical versus conservative treatment of intracranial 
arteriovenous malformations: a study in surgical decision-making. Acta 
Neurochir Wien. 1979;29(Suppl):1–86.

	37.	 Fults D, Kelly DL Jr. Natural history of arteriovenous malformations of the 
brain: a clinical study. Neurosurgery. 1984;15:658–62.

	38.	 Deruty R, Pelissou-Guyotat I, Morel C, Bascoulergue Y, Turjman F. Reflec-
tions on the management of cerebral arteriovenous malformations. Surg 
Neurol. 1998;50:245–55.

	39.	 Hassler W, Hejazi N. Complications of angioma surgery—personal experi-
ence in 191 patients with cerebral angiomas. Neurol Med Chir Tokyo. 
1998;38:238–44.

	40.	 DeOliveira E, Tedeschi H, Raso J. Comprehensive management of arterio-
venous malformations. Neurol Res. 1998;20:673–83.

	41.	 Morgan MK, Sekhon LH, Finfer S, Grinnell V. Delayed neurological deterio-
ration following resection of arteriovenous malformations of the brain. J 
Neurosurg. 1999;90:695–701.

	42.	 Hartmann A, Mast H, Mohr JP, et al. Morbidity of intracranial haemor-
rhage in patients with cerebral arteriovenous malformation. Stroke. 
1998;29:931–4.

	43.	 Ondra SL, Troupp H, George ED, Schwab K. The natural history of symp-
tomatic arteriovenous malformations of the brain: a 24-year follow-up 
assessment. J Neurosurg. 1990;73:387–91.

	44.	 Kondziolka D, Lunsford D, Kestle JRW. The natural history of cerebral 
cavernous malformations. J Neurosurg. 1995;84:820–4.

	45.	 Mast H, Young WL, Koennecke HC, et al. Risk of spontaneous haemor-
rhage after diagnosis of cerebral arteriovenous malformation. Lancet. 
1997;350:1065–8.

	46.	 Ghossoub M, Nataf F, Merienne L, Devaux B, Turak B, Roux FX. Character-
istics of headache associated with cerebral arteriovenous malformations. 
Neurochirurgie. 2001;47:177–83.

	47.	 Mast H, Mohr JP, Osipov A, et al. ‘Steal’ is an unestablished mechanism for 
the clinical presentation of cerebral arteriovenous malformations. Stroke. 
1995;26:1215–20.

	48.	 Labovitz DL, Mohr JP, Sciacca RR, Choi JH, Mast H, Stapf C. Risk determi-
nants for seizures at initial presentation in patients with brain arterio-
venous malformations. Poster presented at the 56th annual meeting 
of the american academy of neurology, 27 April 2004, San Francisco, 
California.

	49.	 Hoh BL, Chapman PH, Loeffler JS, Carter BS, Ogilvy CS. Results of multi-
modality treatment for 141 patients with brain arteriovenous malforma-
tions and seizures: factors associated with seizure incidence and seizure 
outcomes. Neurosurgery. 2002;51:303–9.

	50.	 Turjman F, Massoud TF, Sayre JW, Vinuela F, Guglielmi G, Duckwiler G. Epi-
lepsy associated with cerebral arteriovenous malformations: a multivari-
ate analysis of angioarchitectural characteristics. AJNR Am J Neuroradiol. 
1995;16:345–50.

	51.	 Hofmeister C, Stapf C, Hartmann A. Demographic, morphological, and 
clinical characteristics of 1289 patients with brain arteriovenous malfor-
mation. Stroke. 2000;31:1307–10.

	52.	 Perret G. The epidemiology and clinical course of arteriovenous mal-
formations. In: Pia HW, Gleave JRW, Grote E, Zierski J, editors. Cerebral 
angiomas: advances in diagnosis and therapy. New York: Springer; 1975. 
p. 21.

	53.	 Stapf C, Khaw AV, Sciacca RR, Hofmeister C, Schumacher HC, Pile-
Spellman J, Mast H, Mohr JP, Hartmann A. Effect of age on clinical and 
morphological characteristics in patients with brain arteriovenous 
malformation. Stroke. 2003;34:2664–70.

	54.	 Nagaraja SD, Capener SC, Coley KJ, Lee ID, Wilkinson AA, Kemeny PD. 
Brain arteriovenous malformations: measurement of nidal volume using 
a combination of static and dynamic magnetic resonance angiography 
techniques. Neuroradiology. 2005;47:387–92.

	55.	 Al-Shahi R, Warlow C. A systematic review of the frequency and 
prognosis of arteriovenous malformation of the brain in adults. Brain. 
2001;124:1900–26.

	56.	 Amor AR Jr, Domingo FT Jr, Zamuco JT. Intracranial arteriovenous malfor-
mations: a review of 16 angiographically-verified cases. Phil J Surg Spec. 
1982;37(2):94–100.

	57.	 Hamilton MG, Spetzler RF. The prospective application of a grading 
system for arteriovenous malformations. Neurosurgery. 1994;34:2–7.

•  We accept pre-submission inquiries 

•  Our selector tool helps you to find the most relevant journal

•  We provide round the clock customer support 

•  Convenient online submission

•  Thorough peer review

•  Inclusion in PubMed and all major indexing services 

•  Maximum visibility for your research

Submit your manuscript at
www.biomedcentral.com/submit

Submit your next manuscript to BioMed Central 
and we will help you at every step:


	Clinical and morphological pattern of brain arteriovenous malformations (BAVMs) in a Tertiary Care Hospital in Bangladesh
	Abstract 
	Background: 
	Results: 
	Conclusion: 

	Background
	Methods
	Inclusion criteria
	Exclusion criteria
	Operational definitions
	Brain AVM (BAVM)
	Venous ectasia
	Intra nidal aneurysm
	Venous outlet stenosis
	Transit time and flow
	Feeding artery
	Angiopathic AVM
	Treatment, outcome and follow up

	Results
	Demographic features
	Clinical characteristics
	Morphologic characteristics
	Treatment and follow up

	Discussion
	Conclusion
	Authors’ contributions
	References




