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Abstract

Cerebral arteriovenous malformations are rare, congenital lesions 
that affect the vasculature of the brain and have the possibility of 
rupturing. The presentation of a cerebral arteriovenous malforma-
tions in a pregnant woman warrants an even greater level of concern 
due to the maternal physiological changes, which may affect the 
structural integrity of the arteriovenous malformations and lead to 
hemorrhaging. A proper plan of action should be deployed to suc-
cessfully treat pregnant women with cerebral arteriovenous malfor-
mations. In all cases, both the mother’s and fetus’s well being must 
be taken into consideration. Two cases and the current management 
options for cerebral arteriovenous malformations in pregnancy are 
presented. Online databases, such as PubMed provided by the Unit-
ed States National Library of Medicine at the National Institutes of 
Health, were searched for references to convey endovascular man-
agement options for cerebral arteriovenous malformations in preg-
nancy. Additional references were obtained from articles that were 
reviewed by the authors. The first case is of a 27-year-old pregnant 
woman with a right-sided periventricular intraparenchymal hemor-
rhage. She was treated with an external ventriculostomy drain. The 
second case is of a 26-year-old pregnant woman with a prior stage 2 
embolization of a left parietal arteriovenous malformation. She did 
not show evidence of intracranial hemorrhage and was treated with 
further embolization regimens. A multifaceted approach, tailored to 

the individual patient may be necessary for cerebral arteriovenous 
malformations in pregnancy. Successful therapeutic strategies often 
involve close collaboration with a group of obstetricians, neurora-
diologists, anesthesiologists, and neurosurgeons.
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Introduction

An arteriovenous malformation (AVM) is a rare, congenital 
anomaly most commonly found in the brain, consisting of an 
abnormal connection between arteries and veins. This vascu-
lar lesion is prevalent in approximately 0.01% of the general 
population, affecting both men and women at about the same 
rate, and is quite severe with detrimental complications [1-
5]. It has been stated that the development of an AVM might 
be the effect of one or several triggers on a gene defect of the 
post-capillary endothelium [6, 7]. Others have proposed the 
idea that an AVM might arise through a pathological hemo-
dynamic response to exogenous factors, such as trauma [2]. 
AVMs typically develop in the third week of fetal develop-
ment and are frequently asymptomatic [8]. AVMs account 
for 1-2% of all strokes, and about 53% present with a hem-
orrhage during their lifetime [1, 3]. Other clinical presenta-
tions include generalized or focal seizures (30% of patients) 
and persistent or progressive neurological deficit (12%) [3]. 
The modifications in maternal cardiovascular physiology 
that take place during pregnancy may impose a threat to the 
stability of the cerebral AVM [9]. It has been proposed that 
the increased cardiac output or circulatory effects of the el-
evated estrogen levels may be the link between AVM rupture 
and pregnancy [10]. These changes may increase the risk of 
hemorrhage in pregnant women and thus warrant an even 
greater level of concern. Moreover, rupture of an intracranial 
AVM during pregnancy requires immediate attention to the 
mother’s life as well as the fetus’ well being. Even though 
there is inconclusive data on AVMs during pregnancy, there 
is general agreement that the management of AVMs during 
pregnancy should primarily be based on neurological, rather 
than obstetric, considerations [11]. Historically, AVMs have 
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been treated surgically with great success but with recent ad-
vances in endovascular technology, embolization has been 
used as an effective complement [12]. The authors present 
a review of the multimodal endovascular treatments for ce-
rebral AVMs and two cases that portray the management 
dilemma that is encountered from cerebral arteriovenous 
malformations during pregnancy. Specific endovascular 
therapeutic strategies are addressed with consideration of 
vascular changes during pregnancy.

 
Endovascular Treatment

   
Treatment decision depends on numerous factors that al-
low for the lowest risk and greatest efficacy including the 
patient’s age, neurological condition, associated clinical risk 
factors, and features of the AVM lesions that are determined 
through imaging [3]. Endovascular embolization treatment is 
based on occluding blood flow to an AVM by depositing em-
bolic materials into intracranial vessels using flow-directed 
and flow-assisted microcatheters [13]. The embolic materials 
currently in use are either solid or liquid agents. Solid agents 
include polyvinyl alcohol particles, fibers, microcoils, and 
microballoons. Some liquid agents include cyanoacrylate 
monomers such as IBCA (I-butyl cyanoacrylate) and NBCA 
(N-butyl cyanoacrylate), and polymer solutions such as eth-
ylene vinyl alcohol (EVAL copolymer). Another liquid agent 
is absolute ethanol [13]. When used as the sole treatment, 
endovascular embolization has shown to be marginally effi-
cacious, with success in only about 10% of patients [14-17]. 

It has been cited as being more effective when employed in 
the context of a multimodal approach to treating an AVM, 
shrinking its size of the AVM to improve its candidacy for 
other interventions [18, 19]. The use of endovascular embo-
lization in a multimodal treatment approach can be divided 
into three categories: presurgical embolization, embolization 
before radiosurgery, and palliative embolization. In general, 
the literature shows that there are two major methods used 
when managing a patient undergoing endovascular emboli-
zation. The first utilizes general anesthesia during emboliza-
tion, believing that knowledge of neuroanatomy and vascular 
architecture is sufficient for one to calculate the probability 
of neurological damage after the procedure. The second uses 
deep intravenous sedation, but allows for patient movement 
given that this will result in greater knowledge of the true 
functional anatomy of the patient since he or she would be 
responsive [13]. Nevertheless, each embolization procedure 
carries with it a calculated death rate of 1.2%, indicating that 
it is certainly not free of risk and should be employed with 
some caution [20, 21].

Presurgical embolization

Endovascular embolization prior to microsurgery is largely 
used when treating large AVM lesions [22-26]. Such a pro-
cedure has numerous advantages such as reduced blood loss, 
shorter surgical times, increased ability to occlude vessels 
difficult to control, and the benefit of staging flow reduction 
in the nidus [13, 18]. The primary goal of presurgical em-
bolization is to decrease the nidus size of the AVM as well 

Figure 1. (a). A 27-year-old G1P0 woman presented to the ER at 11.5 weeks gestation with a sudden onset 
headache accompanied by left upper extremity numbness and tingling, which began during coitus. Non-con-
trast head CT, axial cut. Note right thalamic intraparenchymal hemorrhage with intraventricular hemorrhage. 
(b). A 27-year-old G1P0 woman presented to the ER at 11.5 weeks gestation with a sudden onset headache 
accompanied by left upper extremity numbness and tingling, which began during coitus. CT angiography of 
the head, axial cut. Note presence of AVM in right lentiform nucleus and right thalamus.
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as to occlude deep, surgically inaccessible blood vessels, 
including the anterior/posterior perforating vessels, choroi-
dal vessels, or posterior cerebral vessels [27, 28]. Vinuela 
et al reported that out of 405 total patients, the AVM could 
only be cured in 9.9% of them, and those lesions that could 
be cured were relatively small in size [13, 24]. Henkes et al 
have shown that endovascular embolization has succeeded 
in reducing the size of the nidus of AVM from 10-95% with 
complications only arising in 6% of 64 total patients [29]. In 
more recent literature, hemorrhagic complication from em-
bolization ranges from 2% to 4.7%, resulting from arterial 
perforation, intranidal aneurysm rupture, or untoward ve-
nous occlusion, while mortality rates are less than approxi-
mately 1% [23, 24, 30, 31].

Embolization prior to radiosurgery

The use of endovascular embolization before radiosurgery 
on AVMs has the goals of decreasing the AVM size to less 
than three centimeters in diameter, removing aneurysms and 
other factors that could result in hemorrhage, and reducing 
symptoms caused by venous hypertension [32, 33]. There 
is no consensus on a particular embolic material to be used 
in embolization before radiosurgery [34, 35]. Reports have 
shown that there is delayed recanalization of AVMs after the 
use of polyvinyl alcohol as an embolic agent [13, 36]. Con-
sequently, it is largely recommended to use more permanent 
embolic agents including polymers of cyanoacrylate, but 
studies have still shown a recanalization rate of 14% with 
these agents [34, 35]. Gobin et al have reported a study in 
which embolization cured only about 11% of patients with 
AVM, but the lesions were reduced enough to allow for ra-
diosurgery in 76% of the patients [3, 37-40].

Palliative embolization

Endovascular treatment typically includes palliative embo-
lization for patients who have large, inoperable cortical and 
subcortical AVMs or for those with seizures or progressive 
neurological deficit [41-43]. Palliative embolization should 
be employed to treat a specific feature related to an AVM, 
such as an associated aneurysm, or to eradicate a specific 
symptom. However, whether or not AVM embolization re-
duces hemorrhagic risk in the future is unclear. As stated 
before, endovascular embolization of AVMs as the sole 
treatment is only successful in small lesions fed by 4 or 
less arterial pedicles [13, 24]. Permanent occlusion of brain 
AVMs by endovascular embolization alone is achieved in 
only 10% to 30 % of patients [14-17].

 
Case Reports

  
Case 1

A 27-year-old G1P0 woman at 11.5 weeks gestation pre-
sented to the ER with post-coital sudden onset headache ac-
companied by numbness/tingling in left upper extremity. Her 
exam upon presentation was significant only for decreased 
sensation in her left upper extremity. Despite being gravid, 
head CT was indicated due to her clinical status, which 
showed right-sided periventricular intraparenchymal hemor-
rhage (IPH) with bilateral IVH (Fig. 1a). CT angiography of 
the head showed Spetzler-Martin Grade IV AVM located at 
the right lentiform nucleus and right thalamus (Fig. 1b). Her 
initial treatment included an external ventriculostomy drain 
(EVD). Follow-up head CT in the following month showed a 
reduction of the hemorrhage, thus not warranting an immedi-
ate ventriculoperitoneal shunt (VPS). Following an uncom-
plicated Cesarean delivery, the patient’s neurologic status 
was intact except for minor memory deficits. She decided to 
postpone any intervention regarding her IPH.

Case 2

A 26-year-old G4P2012 woman with a history of stage 2 
embolization of a left parietal AVM developed worsening 
of symptoms including severe migraines with concomitant 
vomiting, dizziness, and right-sided weakness during her 
pregnancy. CT angiography of the head showed a large AVM 
located in the left posterior parietal cortex without evidence 
of intracranial hemorrhage (Fig. 2). She underwent an un-
complicated Cesarean delivery at 36 weeks and resumed 
stage 3 embolization 9 months after her delivery. Significant 
improvement in her concentration was noted; however, em-
bolization had to be postponed due to another pregnancy. 
During this pregnancy, she suffered left arm rigidity with 
occasional twitches. It was later ascertained that she was 

Figure 2. A 26-year-old G4P2012 woman with a left parietal 
AVM and a prior stage 2 embolization developed a worsening 
of symptoms, including migraines, vomiting, dizziness, and 
right-sided weakness, during her pregnancy. CT angiography 
of the head, sagittal cut. Note presence of left posterior pari-
etal AVM with prior stage 2 embolization.
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non-compliant with her phenytoin seizure prophylaxis. After 
delivery, she reported right visual field deficits in both eyes. 
She continued her embolization regimen, completing stage 
6 ten months ago, and recently underwent stereotactic radio-
surgery. She continues to suffer migraine headaches and is 
closely being followed.

Discussion
  
Cerebral AVMs in pregnant women may warrant an in-
creased level of caution due to the potential for increased 
risk of hemorrhage. Given the increase in cardiac output 
during pregnancy and labor specifically, it is believed that 
the fragile AVM loses stability and becomes more suscep-
tible to rupture [8, 44-46]. While increased risk is indefinite, 
these two case reports demonstrate the caution with which 
AVM must be treated in pregnant women. More specifically, 
multidisciplinary therapy would likely be useful in pregnant 
women with AVM due to the dynamic nature of the lesions 
[1]. Therapeutic strategies should be catered to individual 
patient profiles.

In Case 1, the patient presented with the hallmark symp-
toms of cerebral hemorrhage, a sudden and severe headache 
[1]. Thus, CT angiography was quickly determined to be the 
proper diagnostic measure, and after determining the sever-
ity of her lesion, initial treatment of EVD was determined 
to be suitable. In this case, surgical intervention was risky, 
given the patient’s grade of IV on the Spetzler-Martin scale 
[1]. This scale is utilized to grade AVMs on the basis of three 
traits predictive of surgical outcomes: the maximum diam-
eter of the AVM, its location (within or outside the eloquent 
core), and the presence or absence of deep venous drainage 
[1]. Here, the pertinent question is when is the most appro-
priate to operate on a pregnant woman with an AVM. In-
deed, the answer is uncertain and is largely dependent upon 
various factors, such as the patient’s age, neurological sta-
tus, associated clinical risk factors, specific features of the 
lesion, and the neurosurgeon’s professional opinion. Some 
series have reported that the hemorrhage rate from AVMs in 
pregnancy is around 0.6% to 3.5%, which is similar to the 
2% to 4% rate in non-pregnant women [10]. Therefore, since 
this is considered a low risk of hemorrhage, most authors 
suggest a conservative management of unruptured AVMs 
in pregnancy [10]. A more urgent and demanding method, 
however, is required when a pregnant woman presents with 
a ruptured AVM because the risk of re-bleed during the same 
pregnancy (27% to 30%) is much greater than the risk of 
re-bleed in non-pregnant women within one year of their 
initial bleed (6%) [10]. Moreover, rupture of an intracranial 
AVM during pregnancy necessitates immediate attention to 
preserving the mother’s life as well as the fetus’ well being. 
In this case, the hemorrhage had already occurred, increas-
ing the risk of re-bleeding after an initial AVM rupture and 

the correlated need to eradicate the AVM [47]. Ultimately, 
EVD was a successful approach for the Case 1 patient. She 
suffered no complications and the overall outcome of the 
procedure was successful reduction of the hemorrhage [1, 3].

In Case 2, the patient complained of severe migraines 
with concomitant vomiting and dizziness. CT angiography 
revealed the presence of a large AVM located in the left 
posterior parietal cortex. However, the patient had not yet 
suffered a hemorrhage. Thus, an invasive procedure was 
deemed to be unnecessary and endovascular embolization 
was instead implemented; most authors suggest a conserva-
tive management of unruptured AVMs in pregnancy [10]. 
While the patient’s treatment was successful overall, embo-
lization is a procedure that has been proven to be minimally 
curative when used in isolation; several investigators have 
reported that this procedure is effective in 10% of patients 
[3, 14-17]. Indeed, it is not clear whether AVM was cured in 
the patient. Following this initial treatment, the patient post-
poned her emoblization and eventually revealed that she had 
not been compliant with her phenytoin seizure prophylaxis. 
She suffered upper extremity rigidity and twitching, visual 
field deficits and recurrence of migraines. It is uncertain 
whether there exists a correlation the patient’s inconsistent 
therapy and her neurological decline. However, the positive 
outcome of her initial treatment cannot be ignored. Pregnant 
women with AVM, who have not yet suffered a hemorrhage, 
would be well served with endovascular embolization.

Conclusion

Improvements in endovascular therapeutic strategies pro-
vide many options for treating AVMs, including presurgical 
embolization, embolization prior to radiosurgery, and pallia-
tive embolization. The most effective method in the manage-
ment of AVMs during pregnancy is a unique, multifaceted 
endovascular approach, which is tailored to the clinical con-
dition of the individual patient. A close collaboration with a 
group of obstetricians, neuroradiologists, anesthesiologists, 
and neurosurgeons is necessary to be successful.
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