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ABSTRACT

Hemodynamic changes during pregnancy may favor the formation and rupture of intracranial aneurysms. Despite this risk, guidelines
for managing intracranial aneurysms during pregnancy have not been clearly defined. The objective of this review is to describe the
treatment options for pregnant women with intracranial aneurysms, and to report the maternal and fetal outcomes associated with
different treatment strategies. A search of the literature was conducted using the PubMed database for the period January 1991
through June 2015. Aneurysm characteristics and management, pregnancy management, and maternal and fetal outcomes were
evaluated. The most recent search was performed in June 2015. In total, 50 aneurysms (44 patients) were evaluated. Rupture was
confirmed upon imaging in 36 aneurysms (72%), and most aneurysms ruptured during the third trimester (77.8%). Coil embolization
was associated with a lower complication rate than clipping in patients with ruptured aneurysms (9.5% vs 23.1%). For patients with
unruptured aneurysms, surgical management was associated with 31.9% fewer complications compared to no treatment. Most
patients underwent Cesarean delivery (84%), and a combined neurosurgical-obstetrical procedure was used for 8 patients with
ruptured aneurysms near term. Adverse outcomes were reported in 11.9% of children. Treatment of intracranial aneurysms during
pregnancy is safe and effective. Furthermore, we suggest that coil embolization be considered a first line treatment over clipping for
surgical management of the pregnant population. Going forward, we encourage the establishment of formal guidelines for managing

intracranial aneurysms during pregnancy.
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B INTRODUCTION

Although intracranial aneurysms are uncommon during preg-
nancy, normal hemodynamic changes in pregnant women
may increase vascular stress and the risk of aneurysm forma-
tion, progression and rupture (35, 44, 47). Systemically, ma-
ternal adaptations to pregnancy include increases in cardiac
output (CO) and plasma volume (PV), and a redistribution of
the CO between various organs (43). Cerebrovascular chang-
es are thought to result from hormones that increase during
pregnancy, such as estrogen, progesterone, and vascular en-
dothelial growth factor (36). Other reported factors that may
potentiate aneurysm progression during pregnancy include
high levels of relaxin and increased wall tension from intrapa-
renchymal artery hypoplasia (6, 51).

It has been estimated that 1.8% of women of childbearing
age (16 to 44 years) develop intracranial aneurysms, however
the incidence of unruptured intracranial aneurysms during
pregnancy is not well established in the literature (25). Rupture
of intracranial aneurysms occurs in the range of 1 to 10 per
100,000 pregnancies (1, 33). Case fatality from subarachnoid
hemorrhage during pregnancy is reported as high as 83%, but
outcomes have improved with better medical care (10, 12).

Cerebrovascular management of aneurysms during pregnancy
is complicated by the nature of maternal hemodynamics and
their intimate relationship to the developing child. Given the
dependence of the fetus on its mother, and the importance of
a stable environment during fetal development, risk reduction
from an intracranial aneurysm must clearly focus on both the
mother and the child (39, 40, 42). Whether these aneurysms
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must be treated, as well as the optimum treatment and child
delivery modalities, is still unclear. Despite this complexity,
guidelines for the management of intracranial aneurysms
during pregnancy are not yet established in the literature.

The objective of this review is to better understand how neu-
rosurgical management of intracranial aneurysms translates
to the pregnant population. We have conducted a systematic
review of the current literature to define the types and the fre-
quency of complications associated with different manage-
ment options for intracranial aneurysms in pregnant women,
as well as with the care and delivery of the unborn child. Our
goal is to give insights to the effectiveness and complications
of the different treatments available for the management of
intracranial aneurysms during pregnancy.

B MATERIAL and METHODS
Study Selection
Using the MeSH database system of PubMed, a literature

Records identified
through database
searching
(n=392)

Records after
duphcales
remowved
{n=392)

Records excluded (Mot in
English, animal studies, years
before 1991, commentaries,
systematic reviews, editorials)
(n = 283)

Records screened
{n=392)

Full-text articles
assessed for
eligibility
(n=109)

Full-text articles excluded, with
reasons (n = 86)

Articles included in
gualitative
synthesis

(n=23)

Figure 1: PRISMA flow chart describing the study selection at
different phases of our systematic review process.
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search was performed by searching the years between 1991
and 2015 for all articles containing the phrases “pregnancy”
and “intracranial aneurysm” [(“Pregnancy”(Mesh)) AND
“Intracranial Aneurysm”(Mesh)]. Articles were limited to
English, and humans were defined as the subjects for this
study. Additionally, article types were limited to case reports,
clinical trials and randomized controlled trials; reviews,
editorials and commentaries were excluded. A general
PubMed search was also performed, using combinations
of the search terms “aneurysm,” “cerebral aneurysm,”
“intracranial aneurysm” and “pregnancy.” Inclusion criteria
focused on the management of women who were diagnosed,
monitored, or treated for intracranial aneurysms during the
course of pregnancy. Articles discussing only diagnostic
imaging for intracranial aneurysms were excluded, as were
those focused on cerebrovascular pathology in the child. A
flow chart of the screening process is illustrated in Figure 1.

One author reviewed the articles and determined which studies
to include or exclude, while discrepancies or indecisions were
resolved among the other authors. No studies were found to
be duplicates. The last search was performed on June 9, 2015.

Data Extraction

The included studies were carefully analyzed based on patient
population, diagnosis, aneurysm location, aneurysm size,
aneurysm rupture, neurosurgical management, and maternal
complications. To better understand the relationship between
intracranial aneurysms and the course of pregnancy, we
accounted for gestational age at treatment when possible.
Delivery modality and child health outcomes were also included
in this study. The studies were separated based on aneurysm
rupture and gestational age at treatment, at which point they
were analyzed for long-term maternal complications, and child
outcomes. Data for all patients was reported when available in
the literature. No statistical tests were performed.

B RESULTS
Study Characteristics

The initial PubMed search, before restrictions, returned 392
articles. Restricting the search for article type, language,
subject and year yielded 109 full-text articles that required
assessment for eligibility. After excluding articles that did not
fit the specified content parameters described above, 17 case
reports, 5 case series, and 1 retrospective study for a total of
44 patients and 50 intracranial aneurysms during pregnancy
were included in our analysis. Data from these 23 articles are
summarized in Table I.

Patient Characteristics

Patient age ranged from 15 to 43 years, with a mean of 28.0
years. Parity was only reported for 17 patients, the majority
(88.2%) of whom were primigravida (n = 6) or secundogravida
(n = 9). Patient identifying data from the included studies are
summarized in Table I.

Aneurysm Characteristics

Of the 50 aneurysms, 36 presented with subarachnoid
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hemorrhage (72%). The distribution of ruptured and unruptured
aneurysms in our review is compared to that of the general
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(45). The average size of unruptured aneurysms that received
surgical treatment was 4.4 millimeters.

population in Table II. Pregnancy Management

Seventy-eight percent (n = 28) of ruptured aneurysms oc-
curred during the third trimester, including two during labor;
the remaining aneurysms ruptured during the first (8%) and
second (11%) trimesters (22, 27). None of the aneurysms in-
cluded in this review ruptured during the postpartum period. o
Aneurysms with a greatest dimension of 6 millimeters or larger
were nearly twice as likely to have ruptured when compared to
those measuring less than 6 millimeters (91% vs 50%). Aneu- ] i
rysm size data with respect to location and rate of rupture are
represented in Figure 2.

A total of thirty-eight childbirths were included in our analysis.
Cesarean delivery was performed more often than vaginal

Aneurysm Treatment

% Ruptured

Frequency

Choice of treatment for ruptured and unruptured aneurysms is
presented in Table Ill. a0

Through this review, we found that ninety-two percent of
ruptured aneurysms were treated, with most treatments (76 %)

40

occurring during the third trimester or postpartum period. ”
Coil embolization was used more often than surgical clipping .
(56% vs 36%). Two untreated aneurysms ruptured during labor; e 0

29 3.0-59 8.0-11.9 12.0-19.9 220.0

one aneurysm was treated (surgical clipping) immediately

. . . . Largest Aneurysm Dimension (mm)
after delivery while the other was monitored without surgery

(22, 27). Hica ¥ |CA-PCOM Basilar
=ca ®pca ACA
The majority of unruptured aneurysms were monitored without ACA-ACOM SCA PiCA

surgery (64.3%). In the remaining cases, surgical clipping was
used more often than coil embolization (21.4% vs 7.1%).
Aneurysm wrapping was used for one unruptured aneurysm

Figure 2: The distribution of aneurysm size with respect to
location (bar chart) and percentage ruptured (line chart).

Table II: Distribution of Ruptured and Unruptured Aneurysms Compared to the General Population

Location Unruptured aneurysms - % Ruptured aneurysms - %
Current series General population? Current series General population®
(N =14) (N = 4,060) (N = 36) (N =2,143)

Internal carotid artery® 64 38 33 7.9
rrtti:;al carotid-posterior communicating 7 8.5 17 o5
Basilar artery 0 20 8 <1
Middle cerebral artery 0 29 11 14
Posterior cerebral artery 0 - 6 <1
Anterior cerebral artery® 0 12 3 5.2
,:Pt’gle{lior cerebral-anterior communicating 7 12 17 45
Superior cerebellar artery 14 - 0 <1
Anterior inferior cerebellar artery 7 - 0 -
Posterior inferior cerebellar artery 0 - 6 <1

aBased on data from the International Study of Unruptured Intracranial Aneurysms Investigators (ISUIA) by Wiebers et al. (53). PBased on data
from the International Subarachnoid Aneurysm Trial (ISAT) by Molyneux et al. (34). °This category includes the internal carotid artery paraclinoid
location, carotid-ophthalmic bifurcation, and internal carotid artery cavernous portion, but excludes the internal carotid-posterior communicating
artery. 9This category includes the pericallosal artery and the anterior cerebral artery proximal to the anterior communicating artery, but excludes
the anterior cerebral-anterior communicating artery.
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Table llI: Choice and Timing of Aneurysm Treatment in the Presented Studies

Unruptured Aneurysms — no. (%) Ruptured Aneurysms - no. (%)
Surgical clipping 3(21.4) 13 (36.1)
First trimester 2 (14.3) 3(8.3)
Second trimester 1(7.1) 1(2.8)
Third trimester - 2 (5.6)
Postpartum period - 7 (19.4)
Intravascular coil embolization 1(7.1) 20 (55.6)
First trimester - 1(2.8)
Second trimester - 3(8.3)
Third trimester 1(7.1) 11 (30.6)
Postpartum period - 5(13.9)
No treatment 9 (64.3) 3(8.3)

delivery in patients with ruptured (87 % vs 13%) and unruptured
(71% vs 29%) aneurysms. All twelve patients who gave birth
before receiving treatment for aneurysm rupture underwent
Cesarean deliveries (10, 13, 22, 23, 27, 32, 38, 40, 42). Six
of these were part of a combined neurosurgical-obstetrical
approach in which treatment (clipping, n = 3; coiling, n = 3)
immediately followed delivery (10, 23, 27, 32, 38, 42). Two
additional patients with ruptured aneurysms underwent
combined procedures in which treatment (surgical clipping)
preceded Cesarean delivery (27, 42).

Five patients went into labor with previously untreated and
unruptured aneurysms (14, 22, 27, 42). Among these, one
patient experienced aneurysm rupture during vaginal delivery
and the child was immediately delivered via Cesarean section
(27). A second patient also experienced aneurysm rupture
during vaginal delivery (22).

Maternal Outcome

The complication rate of all patients included in our study
was 18.2%. When taking into consideration only patients
that received aneurysm treatment, the complication rates for
ruptured and unruptured aneurysms were to 8.8% and 14.3%,
respectively. Maternal complications were more than twice as
frequent in patients who underwent clipping versus coiling for
aneurysm rupture (23.1% vs. 9.5%). Maternal outcomes are
listed in Table I.

Aneurysm rupture was fatal in three cases (42). Of these
patients, two presented during the third trimester with high-
grade subarachnoid hemorrhage after MCA aneurysm rupture,
and both died from cerebral herniation before treatment was
initiated; the third patient died during the postpartum period
from cerebral edema and herniation due to ICA aneurysm
rebleeding 12 days after surgical clipping (42). Other
complications from aneurysm rupture were third nerve palsy
(n = 1) and chronic ventriculomegaly (n = 1) (38, 42).
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Complications secondary to unruptured aneurysms were
third nerve palsy (n = 1) and reduced visual acuity (n = 2). Two
studies reported patients with reduced visual acuity, including
one case that persisted after coil embolization for a suspected
cavernous-carotid fistula (13, 45).

Fetal Outcome

Adverse outcomes related to maternal aneurysms were
reported in five children (11.9%) (26, 42). Two children died
at birth, and a third child died in utero after maternal death
from cerebral herniation following aneurysm rupture (42). One
child was aborted at ten weeks gestation due to the risk of
fetal radiation damage from coil embolization of a ruptured
aneurysm (26). Neurological retardation and ventriculomegaly
developed in one child (42).

B DISCUSSION

Selecting a strategy for the treatment of intracranial aneurysms
is challenging, and balancing the risks to the fetus and mother
adds further complexity (10, 12, 30). However, guidelines for
the management of intracranial aneurysms during pregnancy
are not currently available. We address here some of the
principle aspects unique to managing the pregnant patient.

Risk of Rupture During Pregnancy

We found that 78% of the ruptured aneurysms in our review
occurred during the third trimester, compared to only 8% and
11% in the first and second trimesters, respectively. This may
be explained by the nature of the vascular changes during
pregnancy, which fluctuate according to gestational age (18,
28, 54). Blood pressure is reported to fall during the second
trimester, which corresponds to the lower rate of aneurysm
rupture seen during that time (18, 54). The decrease in blood
pressure that occurs during the second trimester is followed
by a rise back to or above the patient’s normal blood pressure
range throughout the third trimester and postpartum period (28,



54). We suggest that this hemodynamic pattern be considered
in the management of aneurysms. The neurosurgeon should
be cautious not to overlook patients who harbor small or
asymptomatic aneurysms early in the course of pregnancy, as
later changes may progressively increase the risk of aneurysm
enlargement and rupture. One patient in our review presented
during the third trimester with worsening headaches and
blurred vision after enlargement to 18 millimeters of an
untreated aneurysm that was present before the pregnancy
(37). A second patient required coil embolization during the
third trimester due to 40% enlargement and rupture of an
aneurysm that was clipped during the first trimester (32).

Methods of Aneurysm Treatment

Coil embolization was performed more often than clipping
for patients in our review (47.7% vs 36.4%) (20). The less
invasive nature of coiling results in shorter operating times and
shorter hospital stays than surgical clipping (4, 20). In cases
that require aneurysm treatment before childbirth, reducing
the operation time by performing an endovascular procedure
translates into decreased fetal exposure to anesthesia and
possibly improved outcomes. Fetal complications during
anesthesia may cause permanent deficits to the newborn (10,
27).

Although coil embolization offers the advantage of reducing
fetal exposure time to anesthesia, the use of systemic
heparinization that comes with it is potentially dangerous (35).
Heparinization poses a greater risk of bleeding complications
if emergency Cesarean section is needed, such as when
anesthesia causes fetal bradycardia (23, 35). Another concern
associated with coil embolization is that radiation used during
angiography may damage the embryo or early fetus (29). Such
concerns are most pressing during the first trimester, when
the risk for radiation-induced defects, namely congenital
abnormalities and death, is highest (31). One study in our
review documented a case in which embolization during the
8" week of pregnancy lead to elective abortion because of
“probable injury to the fetus from radiation exposure” (26).
Digital subtraction angiography (DSA) is currently used more
often than computed tomography (CT) in the diagnosis of
intracranial aneurysms, as well as during the embolization
procedure; however, DSA is known to deliver higher doses
of radiation (29). Nonetheless, it has been reported that
the amount of radiation delivered during these situations
is negligible (5, 39). Fetal shielding, excluding fluoroscopy
near the uterus, and safer technologies have been used
successfully to combat radiation damage (26). These results,
along with those of our study, point to the value of treatment in
reducing complications, especially since complications may
be fatal.

Treatment of Ruptured Aneurysms

Neurosurgical treatment of ruptured aneurysms during
pregnancy should be approached the same as in the non-
pregnant population (46). Furthermore, our results suggest
that the treatment of ruptured aneurysms during pregnancy is
safe and effective. Maternal mortality among treated patients
was 2.7%; the overall complication rate was 8.8%. Similar
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results were reported in a large study by Kim et al., in which
treatment of ruptured aneurysms reduced maternal mortality
to 6.7% (25). Among the cases presented in our review,
coil embolization was associated with a lower complication
rate for ruptured aneurysms (9.5% vs 23.1%). Notably, one
patient required coil embolization 14 weeks after clipping for
aneurysm enlargement (32).

In our review, two patients and their children died from high-
grade subarachnoid hemorrhage before receiving treatment
(42). Although these particular patients were in critical
condition upon presentation, we note that early signs of
hemorrhage may be difficult to detect. Since plasma volume
is 30% higher in pregnant women, onset of clinical signs
after aneurysm rupture may be delayed (49). Importantly,
compensatory mechanisms after major hemorrhage may
decrease blood flow to the placenta in an attempt to maintain
adequate perfusion pressure in the mother, and fetal distress
may be an early sign of blood loss in the mother (9).

Treatment of Unruptured Aneurysms

In our review, we found that patients who were treated for
unruptured aneurysms had 32% fewer complications than
those who did not receive treatment. It is currently accepted
that unruptured aneurysms during pregnancy should be treated
only when symptomatic or enlarging (46). However, our review
showed a clear trend of aneurysm rupture at sizes traditionally
considered to be at low risk of rupture. Sixty-two percent
of aneurysms measuring between three and six millimeters
in our review were ruptured, as well as 91% of aneurysms
measuring at least six millimeters. Thus, it seems prudent to
be more aggressive with the treatment of smaller aneurysms
in pregnancy to prevent rupture and the risks associated
with it. Based on our review of the literature, we suggest that
neurosurgical treatment is indicated for unruptured aneurysms
that are either symptomatic, show signs of instability, or
measure at least six millimeters, as these aneurysms seem
to represent a higher risk of unfavorable maternal and fetal
outcomes. Furthermore, smaller aneurysms such as those
between three and six millimeters must be monitored carefully
and considered for treatment if they become larger, unstable
or asymptomatic. As previously discussed, coil embolization
results in shorter operating times, less anesthesia exposure
and shorter hospital stays than surgical clipping, and thus
serves as a better management option for unruptured
aneurysms when possible, especially when the patient is not
near term.

Treatment of Aneurysms in Patients Near Term

Special consideration is required for the treatment of
aneurysms near term. Many authors suggest that clipping
or coiling should be performed immediately before or after
delivery when possible (23, 27, 32, 38, 42). Six studies in our
review presented cases in which a combined management
strategy was employed (10, 23, 27, 32, 38, 42). Delivering
the child first, before neurosurgical treatment, is expected
to result in better outcomes for the fetus (27, 42). By doing
so, the fetus is protected from potential anesthesia-related
problems or changes in maternal blood pressure dynamics
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that may result from aneurysm re-bleeding intraoperatively, as
well as postoperative maternal complications such as cerebral
vasospasm (27). Moreover, the fetus is spared from the risk
of hypoxia, dehydration and acidosis, which may result from
poor uterine perfusion and increased vascular resistance as
a consequence of hyperventilation and osmotic diuretics
often used during surgery (2, 10, 27, 52). Aneurysm treatment
after childbirth in a combined procedure also benefits
the anesthesiologist, who is better able to create optimal
operating conditions for the neurosurgeon without harming
the child (10). Additionally, performing both neurosurgical and
obstetrical operations under the same general anesthesia
spares the mother from undergoing multiple anesthetic
procedures. In consideration of these data, we suggest that
child delivery prior to treatment in patients near term may
improve child outcomes and facilitate the neurosurgical and
anesthesiological management of patients during surgery.

Methods of Child Delivery

Childbirth in a patient with an intracranial aneurysm covers the
scope of both neurosurgery and obstetrics, and there must
be a coordinated approach between physicians in each field.
Our analysis of the current literature shows a clear preference
for Cesarean section delivery (84.2%) in pregnant women with
intracranial aneurysms, when compared to the reported rate
of Cesarean delivery in the general population (32.8%) (19).
Vaginal delivery was deemed inappropriate by some studies
because of the associated methods of anesthesia delivery,
high-pressure Valsalva maneuvers needed by the patient,
or existing aneurysm-related complications such as cranial
defects from prior clipping (16, 30). Lumbar puncture involved
with spinal and epidural anesthesia (both commonly used
for vaginal delivery) has been reported to increase the risk of
aneurysm rupture due to loss of CSF and increased vessel
transmural pressure (3, 8). Whether straining during vaginal
delivery causes aneurysm rupture is argued in the literature,
however our data suggests that this depends on whether the
aneurysm has been treated prior to delivery (4, 11, 15, 21, 41).
We reported three patients who went into labor with previously
untreated and unruptured aneurysms; two of these patients
experienced aneurysm rupture during vaginal delivery (27).
Conversely, no complications were reported in patients who
underwent vaginal delivery with previously treated aneurysms
(32, 35, 38, 42).

Limitations

Limitations of the present review stem from the nature of
reported data and its sample size. We have presented our
findings from a set of case reports, case series and one
retrospective study, the original reports of which are subject
to reporting bias and selection bias. Incomplete data reporting
and the tendency to report favorable outcomes more often than
unfavorable ones may have affected aneurysm management
in ways that are unrecognizable to the authors of this study.
We presented fifty aneurysms in forty-four patients, however
this is only a small subset of the pregnant population that is
managed for intracranial aneurysms. Taking these limitations
into account, our intention to provide a concise summary of the
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literature to outline the management of intracranial aneurysms
during pregnancy. To best establish a set of guidelines for
neurosurgical practice, we strongly suggest the need for large
prospective studies dedicated to correlating management
options to maternal and fetal outcomes and complications.

B CONCLUSION

Based on our review of the published literature, neurosurgical
treatment of intracranial aneurysms in pregnancy is safe
and effective. We found that coil embolization following
aneurysm rupture resulted in fewer maternal complications
than clipping, and it is important to realize the advantages
and disadvantages unique to each procedure in pregnancy.
The use of endovascular methods has steadily increased,
and associated reductions in operating time and hospital stay
are beneficial to both the mother and child. The most serious
complications of aneurysms in pregnant women appear after
rupture, at which point the probability of poor outcomes
increases and may be fatal. Unfortunately, most ruptured
aneurysms are diagnosed after the fact. Aneurysms that
are found intact should be critically assessed for treatment,
realizing that the adverse effects of pathological progression
outweigh those of neurosurgical treatment.

Our review of the literature suggests that maternal and
neonatal outcomes of combined neurosurgical-obstetrical
procedures are favorable, as no adverse outcomes were
reported. However, because of the limited follow-up data
on aneurysm enlargement and re-bleeding in the pregnant
population, it is uncertain whether surgical clipping or coil
embolization provides greater long-term stability. Stronger
documentation and additional trials are needed in this regard.

The major finding of our review is a much higher rate of Ce-
sarean section delivery in pregnant women affected by intra-
cranial aneurysms; however absolute guidelines for delivery in
this specific patient population are not yet available in the lit-
erature. Management of pregnant patients with an intracranial
aneurysm ultimately lies in the hands of the neurosurgeon, but
we encourage a coordinated approach with obstetrical per-
sonnel to ensure comprehensive treatment. Going forward,
we suggest the establishment of formal guidelines for neu-
rosurgical and obstetrical management of intracranial aneu-
rysms during pregnancy after large prospective studies are
completed.
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