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Introduction
The rupture of an intracranial arteriovenous malformation (AVM) 

in pregnancy is a rare occurrence, but may have fatal consequences [1]. 
Hemorrhagic stroke is a serious complication during pregnancy and 
puerperium that has a substantial maternal mortality of 35% to 83%, 
contributing to more than 5% to 12% of all maternal deaths [2]. Recently, 
some studies reported the rate of intracranial hemorrhage from AVM 
was 8.1% per pregnancy, higher than the annual hemorrhage rate of 
AVM in female patients [2,3]. An aggressive approach is warranted, 
however, when pregnant patients present with a ruptured AVM.

The risk of re-bleed during the same pregnancy (27% to 30%) is 
greater than the risk of re-bleed in non-gravid women within one year of 
their initial bleed (6%). After AVM rupture during pregnancy, maternal 
mortality was 28% and fetal mortality was 14% [2,4]. Historically, 
ruptured AVMs in pregnant women have been managed surgically with 
great success [2,3,5,6]. Here, we report the case of a 27-week-pregnant 
woman who presented with a symptomatic ruptured cerebral AVM, 
treated by cesarean section followed surgical resection.

Case Report
 A 23-year-old primipara at the 27th week of gestational age was 

admitted the the hospital with a sudden severe headache associated 
with nausea or vomiting.

Her past medical history was significant for a cerebral arterovenous 
malformation partially emobolized. Our patient's only physical exam 
finding was a left hemiparesis. Non-contrasted computed tomography 
of her head revealed an acute right fronto-temporal hemorrhage with 
mild mass effect (Figure 1). Magnetic resonance imaging (MRI) revealed 
a 5 Ã-2.6 cm hematoma in the right fronto-temporal region abutting the 
ventricle with flow voids, characteristic of an AVM. Digital Subtraction 
cerebral Angiography (DSA) demonstrated that the nidus was being 
supplied by the posterior branches of her right middle cerebral, right 
anterior and posterior cerebral arteries (Figure 2A and 2B). Assuming 
that the radiation exposure for the groin and for the head is 30 seconds 
and 45 minutes, respectively, in a general endovascular procedure, the 
absorbed fetal dose was measured to be 2.8 mGy.

The weights of the fetus were estimated to be 1756 g and we were 
expected premature. Discussions with obstetricians, neurosurgeons and 
neonatologists, anesthesiologists, encouraged us to schedule cesarean 
section followed by craniotomy under general anesthesia.

Obstetricians and ginecologists peformed Cesarean section 
immediately followed by the removal of an intra-cranial hematoma 
under general anesthesia. A 1.9 kg girl was delivered after 10 minutes 
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Figure 1: Non-contrasted computed tomography revealed an acute right 
fronto-temporal hemorrhage with mild mass effect.
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of induction. Baby was intubated and shifted to Neonatal Intensive 
Care Unit. Apgar scores were 2 at 1 minute and 9 at 5 minutes. The 
craniotomy was centered over the right fronto-temporal AVM and 
using the standard microsurgical technique we proceeded to safely 
and effectively resect the AVM; our patient was transferred to the 
neurosurgical intensive care unit.

One day after treatment we performed a cerebral CT that revealed 
the good evacuation of the hemorrhage. Two days after surgery we 
performed a cerebral angiogram (Figure 3A and 3B). The angiogram 
revealed complete resection of the AVM. Our patient recovered well 
with and was discharged home on postoperative day two.

Discussion
The prevalence of cerebral AVMs is estimated at 0.01-0.50% of the 

population. AVM is generally present in patients aged between 20 and 
40 years, and is more common in those over 30 years, the child bearing 
age for women. The natural history of AVMs is poorly understood, and 
even less understood in pregnant patients, because the frequency is rare 
and changes in the maternal body are complicated during pregnancy. 
No definitive guidelines for the treatment of AVMs during pregnancy 
exist and the management of cerebrovascular disease in pregnancy is 
under discussion.

Cerebral arteriovenous malformations (AVMs) may affect the 
prognosis for both mother and fetus because they may result in fatal 
intracranial bleeding during pregnancy. Although the influence of 

pregnancy on AVM rupture is controversial among investigators, in 
recent reports, the annual hemorrhage rate during pregnancy was 
10.8%; the hemorrhage rate per pregnancy was 8.1%. The frequency of 
rebleeding during the same pregnancy period could be as high as 27%, 
which is 4 times higher than for the natural course of a ruptured AVM 
in the first year [2,6-10]. These risks associated with other risks typical 
of pregnancy (hypertension, increased age, coagulopathy, disseminated 
intravascular coagulation and recent use of vasoactive substances) 
may increase the likelihood of AVM hemorrhage. These risks can be 
eliminated only by excision of the AVM. The prognosis for the mother 
and fetus would improve if surgical resec- tion of the AVM is safely 
performed.

Of these risk factors, our patient had untreated gestational 
hypertension, which is the single factor most closely linked with 
AVM rupture. Maternal management of patients with ruptured AVMs 
should be based mainly on neurosurgical indications rather than 
on obstetrical indications. When neurological deterioration occurs 
due to AVM rupture, emergency surgery is necessary. If the fetus is 
sufficiently mature, simultaneous cesarean section is possible. When 
there is no indication for emergency surgery for AVM, blood pressure 
management is important. However, this is not necessarily effective for 
the prevention of rebleeding because patients with ruptured AVM do 
not always have a history of hypertension. Although radical treatment 
tended to be performed after delivery in many case reports and case 
series, some authors suggested that early surgical intervention for AVM 
before delivery led to improved maternal and fetal prognosis.

Surgery for AVM is determined primarily by the Spetzler-Martin 
grading Scale [7]. A potential complication of surgery for AVM during 
pregnancy is the risk of intraoperative bleeding leading to deterioration 
of the uterine and placental circulation. Although preoperative 
embolization is possible for cases with a high risk of intraoperative 
bleeding, such as deep-seated AVMs, the endovascular treatment itself 
carries the risk of ischemic and hemorrhagic complications. In addition, 
there is not enough evidence to presume the safety of iodinated 
contrast agents which cross the human placenta and enter the fetus. 
The potential radiation risk and the potential added risks of contrast 
medium should be considered in the preoperative study. Previous 
reports of endovascular treatment for AVM during pregnancy are 
limited [8,9]; we know that fetal radiation effects are highly dependent 
on both administered dose and developmental stage at the time of 
exposure. During the first gestational week (0-8 days), a radiation dose 
of 100 mGy is believed to be lethal to the developing embryo. In the 
organogenesis period (2-8 weeks), normal maturation may be affected 
by À500 mGy. During the early fetal stage (8-15 weeks), the radiation 
dose threshold is estimated to be 120 mGy, whereas the safe limit is 
projected at 250 mGy in the mid-fetal stage (16-25 weeks). Beyond 
25 weeks, the risks of physical deformity and mental retardation are 
believed to be minimal unless exposure levels exceed 500 mGy. There 
would be wider surgical indications by discussing the efficacy and risk 
more about endovascular treatment for AVMs during pregnancy.

Radical treatment for ruptured AVMs in patients with a mature fetus 
tends to be performed in the early postpartum period. It is desirable for 
patients with unruptured AVMs to undergo radical treatment before 
pregnancy due to the increasing risk of AVM rupture during pregnancy.

Prior to pregnancy, multimodal therapies such as direct surgery, 
endovascular embolization, and radiosurgery can be performed. 
In patients with unruptured AVMs diagnosed during pregnancy, 
conservative treatment is performed based on the risk of surgical 
treatment.
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Figure 2A and B: Digital subtraction cerebral angiography demonstrated that 
the nidus was being supplied by the posterior branches of her right middle 
cerebral, right anterior and posterior cerebral arteries .

A B

Figure 3A and B: Two days after surgery we performed a cerebral angiogram 
The angiogram revealed complete resection of the AVM.
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Conclusion
We achieved good maternal and fetal outcomes in our case. We 

performed the DSA before cesarean section because the neurological 
status of the patient aggravated and we had to know the architecture of 
the AVM to prevent intraoperative complications during the cesarean 
section and neurosurgical procedure. Assuming that the radiation 
exposure for the groin and for the head is 30 seconds and 45 minutes, 
respectively, in a general endovascular procedure, the absorbed fetal 
dose was measured to be 2.8 mGy. Therefore, the risks associated with 
endovascular procedures appear minimal considering the threshold 
dose mentioned above and the gestational week.

 Surgical intervention for ruptured AVM during pregnancy 
could prevent rebleeding, and allow for determination of the delivery 
method based on the obstetrical indications. Cooperation between 
neurosurgeons, obstetricians, and anesthesiologists and sufficient 
information about the treatment strategy given to the patients are 
essential.
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