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OBJECTIVE AND IMPORTANCE: Many female patients with moyamoya

disease are of childbearing years, including those who were diagnosed
before entering their childbearing years. However, there have been no
extensive reviews of the management of pregnancy and delivery in asso-
ciation with moyamoya disease. The purpose of this report is to describe
the case of a patient with moyamoya disease complicated by pregnancy
and to review the literature on other such cases.

CLINICAL PRESENTATION AND INTERVENTION: We report a 23-year-old

primipara with moyamoya disease who delivered uneventfully by cesar-
ean section under spinal anesthesia at 38 weeks of gestation. In the
literature, 30 cases were reported of patients who had been diagnosed
with moyamoya disease before pregnancy and delivery, and 23 patients
who were symptomatic and were diagnosed for the first time with moya-
moya disease in association with pregnancy.

CONCLUSION: There is no evidence that pregnancy increases the risk of

cerebrovascular accident or that bypass surgery decreases its risk. Poor
prognosis of the patient or the newborn is mostly caused by cerebral
hemorrhage and not by cerebral ischemia. It is important to control blood
pressure and especially to avoid toxemia during pregnancy. Either cesar-
ean section or vaginal delivery can be accomplished safely. Any anes-
thetic method can be used, provided special attention is given to avoiding
hypocapnia, hypotension, and hypertension. Oral contraceptives should

be avoided. (Neurosurgery 43:360-369, 1998)
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Moyamoya disease as a clinical en-
tity has been known for more than
30 years and is predominant in the Jap-
anese population. Its cause, however, is
still unknown. In general, pediatric pa-
tients with the disease present with is-
chemic symptoms, including seizure and
involuntary movement, whereas adult
patients present with hemorrhagic symp-
toms. Extracranial-intracranial (EC-IC)
bypass surgery has been used to treat pa-

tients with ischemic symptoms (25, 33).
For patients with hemorrhagic symptoms,
however, the efficacy of such bypass sur-
gery has not yet been established.

The incidence of moyamoya disease is
higher in female than in male patients
(15). Thus, among patients with moya-
moya disease, women in their childbear-
ing years are not uncommon, including
those diagnosed before reaching child-
bearing age. Pregnant women with moya-
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moya disease may be divided into two
categories in terms of the timing of clinical
manifestation: those for whom diagnosis
was made before the patient became
pregnant (the patients known to have
moyamoya disease) and those for whom
diagnosis was made for the first time
while the patient was pregnant or during
puerperium (the patients newly diag-
nosed with moyamoya disease). In addi-
tion to participating in the clinical man-
agement of the patients in these two
categories, neurosurgeons must be pre-
pared to provide sufficient information
regarding the risks associated with preg-
nancy to nonpregnant patients who are
known to have moyamoya disease and
who want to have a baby. Although there
are case reports of pregnant patients
newly diagnosed with moyamoya disease
who present, in most cases, with intracra-
nial hemorrhage and of delivery by pa-
tients known to have moyamoya disease,
there have been no extensive reviews of
the management of pregnancy and deliv-
ery in association with moyamoya dis-
ease. Furthermore, no guidelines on preg-
nancy management and contraception for
patients known to have moyamoya dis-
ease have been issued. In this report, we
add the case of pregnancy of a patient
known to have moyamoya disease and
review the literature on moyamoya dis-
ease in association with pregnancy.

CASE REPORT

This 23-year-old woman experienced
a transient ischemic attack with right
hemiparesis, including the face, when
she was 6 years old. At the age of 7
years, a diagnosis of moyamoya disease
was made using cerebral angiography
because of repeated transient left hemi-
paresis. The patient’s history and the
histories of her family members were
not remarkable. Duraencephalosynan-
giosis was performed bilaterally. The
patient was given aspirin for several
years, which was eventually discontin-
ued. The patient had no history of cere-
bral ischemia, seizure, or cerebral hem-
orrhage thereafter. She was married at



the age of 22 years and came to our
gynecological department when she
was primigravid. Her menstrual history
was not remarkable. Magnetic reso-
nance (MR) angiography at the age of 21
years had revealed occlusion of the dis-
tal ends of the bilateral internal carotid
arteries and collaterals from the external
carotid system (Fig. 1). During preg-
nancy, there were no cerebrovascular
accidents or toxemia, and development
of the fetus and placenta were both
normal.

The patient was admitted for manage-
ment of delivery at 38 weeks of gesta-
tion. The results of general and neuro-
logical examinations were normal, with
a blood pressure of 132/86 mm Hg. Ce-
sarean section was performed on Day 4
with the patient under spinal anesthesia
using 10 mg of tetracaine. To prevent
hypotension, 10 mg of ephedrine was
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FIGURE 1. Axial view (A) and antero-
posterior view (B) MR angiograms. The
distal portion of the internal carotid
arteries (arrows) is not visualized bilat-
erally. Neither are proximal portions of
the bilateral middle cerebral arteries
demonstrated. Enlarged superficial tem-
poral arteries (asterisks) and middle
meningeal arteries are observed
bilaterally.
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administered intravenously twice dur-
ing the delivery. From the time of rup-
ture of the amnion, the newborn was
delivered in 1 minute and the placenta
was delivered in 2 minutes. The male
newborn had a birth weight of 2955 g
and Apgar scores of 6 and 9. During the
procedure, there was no observation of
hypertension or hyperventilation. The
operation time was 38 minutes, and that
of anesthesia was 1 hour. During deliv-
ery and postpartum, no neurological
deficits were noted. The patient and her
baby were discharged without any
problem on Day 8.

SUMMARY OF THE
REPORTED CASES

Because the clinical manifestation
and management of patients known to
have moyamoya disease are completely
different from those of patients newly
diagnosed with moyamoya disease, we
describe these two groups separately.

Pregnancy, delivery, puerperium,
and abortion among patients
known to have moyamoya
disease (Table 1)

Including our patient (Patient 30), 30
patients (31 deliveries) fall into this cat-
egory. Patient age ranged from 20 to 36
years, with an average of 26.7 years.
Although Patients 18, 23, and 29 were
secundipara, the rest of the patients
were primipara except for Patient 21,
who underwent two vaginal deliveries.
Diagnosis of moyamoya disease was
made at ages ranging from 3 to 32 years,
with an average of 17.4 years. The initial
symptom was cerebral ischemia, includ-
ing seizure and involuntary movement,
in 17 patients. This occurred at ages
ranging from 3 to 28 years, with an av-
erage of 13.9 years. Cerebral hemor-
rhage was the initial symptom in 10 pa-
tients, occurring at ages ranging from 16
to 32 years, with an average of 22.9
years. Surgical treatment was per-
formed on 12 patients, whereas no sur-
gical treatment was performed on 18
patients. Surgical treatment was per-
formed on six patients with hemor-
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rhagic onset and on three patients with
ischemic onset. In the case of Patient 15,
who had ischemia at age 12 years and
hemorrhage at age 16 years, unilateral
superficial temporal artery to middle
cerebral artery anastomosis was per-
formed. Unilateral superior cervical
ganglionectomy was performed on Pa-
tient 5. In 11 patients, EC-IC bypass sur-
gery, either superficial temporal artery
to middle cerebral artery anastomosis or
duraencephalosynangiosis, was per-
formed, but this surgery was not
performed bilaterally in all cases. Cesar-
ean section was performed in 25 pa-
tients, whereas vaginal delivery was ac-
complished in 5 patients (six deliveries).
The anesthetic methods were general in
6 patients, epidural in 12, spinal in 10,
and pudendal in 1.

Poor outcome among the patients
known to have moyamoya disease was
observed only in Patient 16, a 23-year-
old primipara who, at the age of 10, had
been diagnosed with moyamoya dis-
ease, presenting with ischemic symp-
toms. This patient, who had not under-
gone EC-IC bypass, developed bilateral
ventricular hemorrhage at 30 weeks of
gestation. After cesarean section, bilat-
eral ventricular drainage was per-
formed. The baby developed normally,
but the patient entered a state of akinetic
mutism.

There were two cases of uneventful
delivery in which the newborns had
congenital anomalies. Patient 1 was a
24-year-old primipara who had been
prescribed cyclandelate and pyridinol
carbamate. These were discontinued
when her pregnancy became known.
The baby was born with a cleft palate.
Patient 2 was a 34-year-old primipara,
who had been prescribed phenytoin and
phenobarbital during the period from
23 to 34 weeks of gestation. The baby
was born with osteogenesis imperfecta
of the cranium and the femur, and the
bilateral humerus fractured pathologi-
cally at 2 weeks postpartum.

In four patients (Patients 2, 11, 15, and
17), transient ischemic attack or revers-
ible ischemic neurological deficits of
hemiparesis or monoparesis occurred
during pregnancy or postpartum, but
all of these patients achieved good out-
comes. In Patient 10, generalized seizure
occurred on six occasions between 18 to
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TABLE 1. Pregnancy, Delivery, Puerperium, and Abortion among Patients Known to Have Moyamoya Disease”

Patient . Age Diagnosis Initial Surgical Toxe- Gestation . Anes-
no. Series (Ref. No,) (yr) Para (age inyr)  Symptoms Treatment mia (wk) Delivery thesia
1 Matsuoka et al., 1976 (32) 24 0 19 | No 40 CS General
2 Matsuoka et al., 1976 (32) 34 0 26 1 No 40 CS General
3 Bingham et al., 1980 (6) 25 0 21 | No ? VD  Pudendal
4 Sasaki et al., 1984 (46) 30 0 28 | No 38 CS  Spinal
5 Seraetal., 1985 (47) 31 0 16 H Ganglio- Yes 39 CS  Spinal
nectomy/L
6 Urushikawa, 1986 (60) 28 0 23 H No 33 VD No
7 Miyakawa et al., 1986 (34) 29 0 19 H No Yes 38 CS  Epidural
8 Fukada et al., 1988 (13) 30 0 24 H No 38 CS  Epidural
9 Tadakuma et al., 1989 (51) 27 0 25 H No 38 CS  Epidural
10 Nakago et al., 1990 (39) 24 0 10 | No 36 CS  General
11 Saruki et al., 1990 (45) 28 O 10 | No 38 CS General
12 Saruki et al., 1990 (45) 210 3 | No 38 CS  Epidural
13 Fayle and Armatage, 1992 (9) 24 0 16  Hemiparesis? No 40 VD  Epidural
14 Murase et al., 1992 (37) 29 0 22 | Anastomosis Yes 38 CS Spinal
15 Kase et al., 1993 (26) 26 O 12 land H STA-MCA/R 37 CS General
16 Shimamoto et al., 1994 (49) 23 0 10 | No 30 CS General?
17 Sharma et al., 1994 (48) 26 0 21 | No 38 CS Epidural
18 Venkatesh and Taggart, 1994 ? 1 ? ? ? ? CS  General
(62)
19 Hara etal., 1994 (16) 20 0 10 1 No 38 CS  Epidural
20 Tomoda and Ogita, 1995 (58) 22 0 19 Seizure Yes 39 CS  Epidural
21 Tomoda and Ogita, 1995 (58) 20 O 17 H Yes 39 VD  Epidural
22 1 17 H Yes 39 VD  Epidural
22 Tomoda and Ogita, 1995 (58) 30 O 4 Hemiparesis/ Yes Yes 40 VD  Epidural
aphasia
23  Tomoda and Ogita, 1995 (58) 29 1 28 H Yes 38 CS Spinal
24 Terauchi et al., 1995 (57) 35 0 25 H EDAS/B 38 CS Spinal
25 Terauchi et al., 1995 (57) 310 20 H EDAS/R 38 CS  Spinal
26 Terauchi et al., 1995 (57) 22 0 4 | EDAS/B 38 CS Spinal
27 Terauchi et al., 1995 (57) 28 0 9 | No 38 CS Spinal
28 Miyake et al., 1996 (35) 25 0 7 | No 38 CS  Spinal
29 Kee and Gomersall, 1996 (27) 36 1 32 H No 37 CS Epidural
30 Present study 23 0 6 | EDAS/B 38 CS  Spinal

21, ischemia; H, hemorrhage; ?, unknown; CS, Cesarean section; VD, vaginal delivery; L, left side; R, right side; B, bilateral; STA-MCA,
superficial temporal artery to middle cerebral artery anastomosis; EDAS, encephaloduromyosynangiosis; TIA, transient ischemic atta

31 weeks of gestation. The patient expe-
rienced additional seizures immediately
postpartum, after 24 hours, and 3 days
later. Both the patient and the baby were
finally discharged in good condition.
For Patients 10 and 15, cesarean sec-
tion was performed with the patients

under general anesthesia. Both new-
borns were sleeping babies but were
discharged without any sequels. For Pa-
tient 6, spontaneous vaginal delivery
without anesthesia was accomplished.
The baby experienced seizure 3 hours
immediately postpartum because of

Neurosurgery, Vol. 43, No. 2, August 1998

ventricular hemorrhage, but the out-
come was good.

Patient 2 had spontaneous abortion at
the gestation period of 4 months be-
cause of intrauterine fetal death. Patient
13 underwent therapeutic abortion at 13
weeks of gestation without any sequel.
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Maternal Events Fetal Events gjttsg;?; Olft?: tg:ne Remarks
No Cleft palate Good Good Medication
Hemiparesis and abnormal Osteogenesis Good ? Previous spontaneous abortion, medication
sensation at 23 wk imparfecta
No No Good Good Epidural anesthesia failed, forceps delivery
Occasional migraine during No Good Good Unilateral moyamoya disease
pregnancy
No No Good Good Breech presentation
No Ventricular Good Good Newborn had seizure 3 h postpartum
hemorrhage
No No Good Good Subsequent bleeding at 7 mo, EDAS at 9 mo postpartum
No No Good Good
No No Good Good
Seizure at 18-31 wk, Sleeping baby ~ Good Good Seizure caused by hypovolemia, hypocapnia
immediately postpartum, at
24 h, at Day 3
TIA (monoparesis) No Good Good Left stellate ganglion block
Vomiting and headache at No Good Good Headache and right hand weakness at 1 wk
30 wk
No No Good Good Therapeutic abortion at 13 wk at 23 yr
No No Good Good
TIA on Days 2 and 4 Sleeping baby ~ Good Good Ischemia at 12 yr, putaminal hemorrhage at 16 yr
Ventricular hemorrhage at No Akinetic  Good Ventricular drainage and emergency CS
30 wk mutism
Increased hemiparesis, No Good Good
dysarthria at 31 wk
No No Good Good Previous CS under general anesthesia
No No Good Good
No No Good Good Anastomosis at 20 yr
No No Good Good
No No Good Good Forceps delivery, previous delivery 2 yr previously
No No Good Good Forceps delivery
No No Good Good Previous CS
Abnormal sensation in early No Good Good
pregnancy
No No Good Good
No No Good Good
No No Good Good
No No Good Good Hypertension and hyperventilation during CS
No No Good Good
No No Good Good 1 normal delivery, 13 yr ago

Pregnancy, delivery, puerperium,
and abortion among patients newly
diagnosed with moyamoya disease
(Table 2)

In the literature review, 23 patients
fall within this category. Patient age

ranged from 23 to 35 years, with an
average of 28.3 years. Four patients (Pa-
tients 37, 40, 44, and 50) were secundip-
ara and 12 patients were primipara. Ce-
rebral hemorrhage occurred in 16
patients, and cerebral ischemia, includ-
ing seizure and involuntary movement,
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occurred in 3 patients (Patients 45, 46,
and 48). Cerebral hemorrhage occurred
at gestation periods ranging from 15 to
37 weeks, with an average of 28.1
weeks. Patient 53, who underwent
spontaneous vaginal delivery at 40
weeks of gestation, had cerebral hemor-
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TABLE 2. Pregnancy, Delivery, Puerperium, and Abortion among Patients Newly Diagnosed with Moyamoya Disease”

P?\tjﬁm Series (Ref. No) /:\ygs Para Ictus Symptoms Surgical Treatment Toxemia
31 Takagi et al., 1977 (52) 35 0  During delivery H/12 No
32 Fujita et al.,, 1978 (12) 30 12 7 mo H Hematoma removal
33 Karasawa et al., 1980 (24) 27 2 9 mo H No
34 Hashimoto et al., 1985 (18) 28 2 34 wk H ?
35 Hashimoto et al., 1985 (18) 27 24 wk H ?
36 Fukuo et al., 1987 (14) 30 0 20 wk H No
37 Enomoto and Goto, 1986 (8) 32 1 32 wk H Hematoma removal/EDAS
38 Teramoto et al., 1987 (56) 28 0 37 wk H Hematoma removal Yes
39 Hashimoto et al., 1988 (17) 24 0 6 mo H STA-MCA/L
40 Iwasato et al., 1989 (22) 28 1 33 wk H Hematoma removal/stereotaxy Yes
41  Ohtsuka and Mori, 1989 (42) 28 2 4 mo Involuntary No
movement
42  Negi et al., 1990 (41) 28 2 24 wk H Ventricular drainage
43 Negi et al., 1990 (41) 32 ¢ 25 wk H No
44 Miyauchi et al., 1991 (36) 30 1 36 wk H Ventricular drainage Yes
45  Kikukawa et al., 1991 (29) 24 0  During delivery | (seizure) STA-MCA, EMS/B
46  Yajima and Mita, 1992 (64) 23 O 23 wk | No
47  Nanato et al., 1992 (40) 24 0  During delivery Seizure No
48 Ushimura et al., 1993 (61) 31 O 4 mo Blindness No
49  Amin-Hanjani et al., 1993 (2) 25 0 ? H? No
50 Henmi et al., 1993 (19) 31 1 15 wk H Ventricular drainage
51 Takeda et al., 1994 (54) 25 0 27 wk H Ventricular drainage
52  Umeki et al., 1995 (59) 31 O 27 wk H Ventricular drainage
53 Tanioka et al., 1995 (55) 29 0 4.5 h postpartum H Hematoma removal

2 H, hemorrhage; I, ischemia; 2, unknown; CS, Cesarean section; VD, vaginal delivery; EDAS, encephaloduromyosynangiosis; STA-MCA, superficial
temporal artery to middle cerebral artery anastomosis; L, left side; R, right side; B, bilateral; EMS, encephalomyosynangiosis; TIA, transient ischemic attack.

rhage 4.5 hours immediately postpar-
tum. Ischemic episodes occurred at pe-
riods ranging from 4 months to 40
weeks of gestation. Patients 45 and 47
developed generalized seizure during
delivery. Patient 31 experienced cere-
brovascular accident during delivery.
Cesarean section was performed in 14
patients, whereas vaginal delivery was
accomplished in 4 patients. Cesarean
section was performed at stages ranging
from 27 to 40 weeks of gestation, with
an average of 34.6 weeks. Vaginal deliv-
ery occurred between at 35 and 40
weeks of gestation. Delivery was at-
tempted immediately after cerebrovas-
cular accidents in the cases of Patients
38, 44, and 51, but delivery was delayed
in 10 patients. Patients 32 and 46 under-
went therapeutic abortion. This induced
cerebral ischemia in Patient 46, with
psychiatric manifestation. The anes-
thetic methods were general in seven
patients, epidural in three, and spinal in

two. The outcomes of the mothers were
3 deaths, 6 poor recoveries, 2 akinetic
mutisms, and 10 good recoveries. Pa-
tient 43 died as a result of repeated hem-
orrhage occurring at 25 and 30 weeks of
gestation. The outcomes of the new-
borns were 2 deaths (another death was
the result of therapeutic abortion), 13
good recoveries, and 1 hemiparesis.
With one exception, all of the deaths of
the mothers and the newborns and the
maternal poor prognosis were the result
of cerebral hemorrhage. The single ex-
ception, Patient 46, manifested psychiat-
ric symptoms caused by cerebral infarc-
tion of the frontal lobe, which was
caused by therapeutic abortion.

In patients with cerebral hemorrhage,
removal of the hematoma through cra-
niotomy was performed in four patients
(Patients 32, 37, 38, and 53), whereas ven-
tricular drainage was performed in five
patients. In Patient 40, stereotactic re-
moval of the hematoma was attempted
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but was unsuccessful. In Patients 37, 39,
and 45, EC-IC bypass surgery was per-
formed. No surgical treatment was
performed in nine patients.

Patient 44 had previously had a spon-
taneous abortion. In Patients 38, 40, and
44, pregnancy was complicated by tox-
emia, which might have been related to
cerebral hemorrhage.

DISCUSSION

Pregnancy and
cerebrovascular accidents

During pregnancy, circulating blood
volume increases acutely, by 30 to 60%
from the first to second trimester, over
that in the nonpregnant state. This in-
crease in blood volume occurs not in the
brain or liver but in the uterus, kidneys,
and limbs (28). Intracranial hemorrhage
during pregnancy is caused in most
cases by cerebral aneurysms, cerebral
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Gestation  Delivery Anesthesia (l\)A aternal Newborn Remarks
utcome Outcome
40wk CS Spinal Poor Good? Consciousness disturbance and epilepsy during
delivery
7 mo  Abortion General Akinetic mutism Death Intrauterine fetal death
35wk VD Epidural Impaired intelligence  Good Delivery with vacuum extractor
? ? ? ? ?
? ? ? ? ?
37wk CS Epidural Good Good Vaginal delivery attempted
38wk VD ? Good Good First delivery 3 yr previously
37wk CS General Akinetic mutism Good Death as a result of subsequent bleeding 11 mo
later
39wk VD Epidural Good Good Vacuum delivery, akin moyamoya disease
34wk CS Spinal Aphasiathemiparesis ~ Good Unsuccessful stereotactic hematoma removal
? ? ? Good Good Involuntary movement recurred 2 mo postpartum
30wk CS ? Good Death Intrauterine fetal death at 30 wk, STA-MCA later
30wk CS General? Death Hemiparesis Subsequent bleeding at 30 wk
36 wk CS General Poor Good Diagnosed on Day 33, EDAS/R on Day 57
40wk CS ? Good Good Fetal distress prompted CS
23 wk  Abortion Intravenous?  Poor (Death) Therapeutic abortion induced infarction
39wk CS General Good Good Seizure during labor
34wk CS General Good Good
? CS General Good ? Seizure probably caused by hemorrhage
38wk CS General Good Good Quadrantanopsia
27wk CS ? Death ? Apgar 5/8
28wk CS ? Death ? Apgar 3
40wk VD None Poor Good Spontaneous delivery

arteriovenous malformations, or tox-
emia (1, 20, 43). Indication of neurosur-
gical intervention for intracranial hem-
orrhage during pregnancy is generally
the same as in the nonpregnant women
(1, 12, 43). For ruptured cerebral aneu-
rysms, clipping is performed, princi-
pally because subsequent bleeding may
be fatal. For ruptured arteriovenous
malformations, surgery or conservative
treatment is selected, although there re-
mains some risk of subsequent bleeding
with conservative treatment. The risk of
cerebral ischemia during pregnancy in-
creases by factors ranging from 3 to 13
over that in a nonpregnant state (23, 63).
In general, arterial occlusion occurs dur-
ing the second and third trimesters of
pregnancy or the 1st week postpartum,
whereas cerebral venous sinus occlu-
sion occurs between 1 and 4 weeks post-
partum (63). In the treatment of cerebral
ischemic disease, warfarin should be
avoided because of its teratogenic ef-

fects and fetal wastage. Instead, heparin
or aspirin, which have no teratogenic
effects, may be used (63).

Pregnancy in patients with
moyamoya disease

During pregnancy of patients with
moyamoya disease, it is important to
prevent cerebral ischemia and cerebral
hemorrhage. Furthermore, not only the
life of the mother but fetal lives as
well should be protected. The initial
symptoms of cerebral hemorrhage are
headache, consciousness disturbance,
hemiparesis, generalized seizure, and
hypertension. These should be differen-
tiated from other cerebrovascular dis-
eases or toxemia, including eclampsia
(52). Some patients are first misdiag-
nosed as having eclampsia and are later
proved to have moyamoya disease (36,
52). Computed tomography is necessary
for diagnosis when cerebrovascular dis-
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ease is suspected. Cerebral angiography
is required when cerebral aneurysms,
cerebral arteriovenous malformations,
or other cerebrovascular diseases are
suspected (1, 20). MR angiography is
noninvasive and of value for the diag-
nosis of moyamoya disease, even early
in pregnancy.

Including our case reported herein,
there are 53 patients with moyamoya
disease associated with pregnancy re-
ported in the literature. However, some
patients (6, 17, 46) do not satisfy the
diagnostic criteria of moyamoya disease
established by the Research Committee
on Spontaneous Occlusion of the Circle
of Willis (moyamoya disease) of the
Ministry of Health and Welfare, Japan.
These diagnostic criteria are as follows:
1) bilateral steno-occlusive changes at
the distal portions of the internal carotid
arteries and the proximal portions of the
anterior and/or middle cerebral arter-
ies, and 2) abnormal fine networks of
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vessels (known as moyamoya vessels) at
the base of the brain.

Hemorrhage in moyamoya disease is
supposed to occur from the following:
1) saccular aneurysm in the circle of
Willis; 2) small peripheral pseudoaneu-
rysm, usually arising from the perforat-
ing arteries or choroidal arteries; or
3) rupture of the fragile moyamoya ves-
sels in the basal ganglia (3, 24, 38). There
are no reports of saccular aneurysms or
pseudoaneurysms in association with
pregnant moyamoya patients. If hemor-
rhage is caused by a saccular aneurysm,
clipping of the aneurysm should be per-
formed. If hemorrhage is caused by a
pseudoaneurysm, it is usually treated
conservatively. Most intracerebral hemor-
rhage occurring in association with moya-
moya disease is intraventricular hemor-
rhage or hemorrhage at the basal ganglia
or thalamus. Incidence of initial hemor-
rhage or subsequent bleeding is higher in
female than in male patients (3, 44).

Although there are only a few reports
of intracranial hemorrhage in associa-
tion with pregnancy, there is 1 patient
among the known patients with moya-
moya disease and 14 patients among
those newly diagnosed with moyamoya
disease. Cerebral hemorrhage occurs
during the second or third trimester of
pregnancy, similar to the occurrence of
aneurysmal subarachnoid hemorrhage
during pregnancy (1, 43) (Fig. 2). Cere-
bral ischemia occurred during preg-
nancy in four of the patients known to
have moyamoya disease and in three of
the patients newly diagnosed with moya-
moya disease. There is no evidence that
pregnancy in patients with moyamoya

No. of patients

Pregnancy (months)

FIGURE 2. Cerebral hemorrhage
among patients with moyamoya disease
during pregnancy. Cerebral hemorrhage
occurs mainly in the second and third
trimesters.

disease increases the risk of cerebral hem-
orthage or cerebral ischemia. However,
the increase in circulating blood volume,
hypercoagulability, and the complication
of toxemia may cause deterioration of the
clinical symptoms of moyamoya disease.
Thus, patients known to have moyamoya
disease should be made aware of the po-
tential risks of pregnancy. Among the re-
ported patients known to have moya-
moya disease, poor prognosis was noted
in only one patient with ventricular hem-
orrhage (49). The remaining patients had
a good prognosis. The prognosis of re-
ported nonpregnant patients with moya-
moya disease (both male and female pa-
tients) with cerebral hemorrhage was
good in 60% of the cases, whereas the
mortality rate ranged from 14 to 22% (44).
Predicting and preventing cerebral hem-
orrhage, some authors counsel patients
who are known to have moyamoya dis-
ease to avoid pregnancy (35, 36, 46, 56).
A poor prognosis in cases of preg-
nancy in association with moyamoya
disease is, in most cases, caused by ce-
rebral hemorrhage (57) and not by cere-
bral ischemia. Although EC-IC bypass
surgery is recommended before preg-
nancy (39) or even after intracerebral
hemorrhage during pregnancy (57), the
efficacy of EC-IC bypass surgery for the
prevention of cerebral hemorrhage is
not yet established. Furthermore, there
are no cases of cerebral ischemia in the
patients known to have moyamoya dis-
ease resulting in poor prognosis. Thus,
surgical indication of EC-IC bypass
should be critically assessed. One patient
developed transient ischemic attack 2
days postpartum, even with treatment by
EC-IC bypass surgery (53). It is important
to control blood pressure, especially to
prevent toxemia that could result in cere-
bral hemorrhage. Excessive exercise dur-
ing pregnancy, including gymnastics and
swimming, is contraindicated (54).

Contraception, therapeutic abortion
and repeated pregnancies among
patients with moyamoya disease

Oral contraceptive drugs caused de-
terioration of the clinical symptoms of
patients with moyamoya disease (7, 21,
31, 50). The drugs themselves, however,
do not always increase the risks of cere-
bral ischemia (23). For patients known

Neurosurgery, Vol. 43, No. 2, August 1998

to have moyamoya disease, condoms or
intrauterine devices are recommended
as contraceptives and oral contraceptive
drugs are to be avoided (9, 46). Thera-
peutic abortion can be performed (9, 22),
but this is accompanied by some risk of
cerebrovascular accidents (64). Fujita et
al. (12) proposed that the indications for
therapeutic abortion for patients with
intracranial hemorrhage are as follows:
1) the general condition and neurologi-
cal status of the patient are serious; and
2) surgical treatment is difficult, and
subsequent bleeding is likely. There is
only one patient known to have moya-
moya disease (58) who has had repeated
(two) deliveries. It is unknown whether
repeated pregnancy increases the risk of
cerebrovascular accidents.

Methods of delivery among patients
with moyamoya disease

Intentional delivery before the esti-
mated date of confinement is recom-
mended to reduce the risks to the
mother when the fetus becomes mature
(32, 46). Cesarean section is recom-
mended to prevent hypertension caused
by labor in the second stage of vaginal
delivery, and cerebral ischemia caused
by hyperventilation (32, 46, 57). However,
cesarean section may be dangerous be-
cause of rapid circulatory changes at the
laparotomy and at the delivery. Vaginal
delivery with forceps under epidural an-
esthesia can be used to reduce the stress to
the cardiovascular system (9, 58). Because
intracranial hemorrhage at delivery rarely
occurs in patients with cerebral aneu-
rysms or cerebral arteriovenous malfor-
mations, vaginal delivery is recom-
mended (1). Vaginal delivery under either
epidural or spinal anesthesia is possible
when the birth canal is soft and delivery
proceeds rapidly (46). Among the re-
ported patients, none of the patients
known to have moyamoya disease devel-
oped cerebral hemorrhage or cerebral
ischemia during delivery whereas one of
the patients newly diagnosed with moya-
moya disease developed cerebrovascular
accident and another developed general-
ized seizure during delivery as the initial
symptoms. Thus, we think that it is un-
necessary to insist on cesarean section for
patients known to have moyamoya dis-
ease. Because uterine contractile drugs dur-



ing puerperium may occasionally cause hy-
pertension, they should be used with great
caution (45, 46). The case of a patient who
bled immediately postpartum (55) suggests
the importance of controlling blood pres-
sure and pain, even postpartum.

Methods of anesthesia for patients
with moyamoya disease

During EC-IC bypass surgery in pa-
tients with moyamoya disease, hypo-
capnia may cause cerebral ischemia, and
normal or slightly raised arterial carbon
dioxide pressure is recommended (5,
30). Anesthesia used in delivery in re-
ported cases of patients with moyamoya
disease has been either general (11, 16,
26, 53, 62), epidural (16, 27, 48), or spinal
(57). The usefulness of stellate ganglion
block (45) is questionable. With any
method of anesthesia, it is important to
maintain cerebral blood flow and stable
blood pressure while avoiding hyper-
ventilation, hypotension, or hyperten-
sion. General anesthesia may be danger-
ous because of hypertension at intubation,
aspiration of stomach contents, or neona-
tal depression (27, 48, 58). Two newborns
were sleeping babies (26, 39, 53) but with-
out any sequels. Spinal or epidural anes-
thesia allows continuous monitoring of
neurological status during the opera-
tion, but hypotension must be carefully
avoided (48). Light sedation is required to
eliminate the patient’s anxiety (16). One
patient developed hypertension and hy-
perventilation because of anxiety during
cesarean section (35). In the first stage of
labor, hyperventilation caused by pain
may cause hypocapnia, but epidural an-
esthesia may maintain arterial carbon di-
oxide pressure in the normal range (10)
and is even useful for pain relief postpar-
tum (35, 45, 48, 58). Monitoring the arte-
rial pressure and arterial carbon dioxide
pressure is indispensable, and maintain-
ing body temperature is also important.
Judging from the outcomes of the re-
ported cases, it is not the method of anes-
thesia but the safe and careful anesthetic
procedures that contribute most to the suc-
cessful management of delivery among pa-
tients with moyamoya disease.

Newborns

Congenital anomaly (cleft palate, os-
teogenesis imperfecta, and maldevelop-
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ment of the femur) was observed in two
cases involving mothers who had been
prescribed several drugs during preg-
nancy (32). It is not known whether
these anomalies were associated with
moyamoya disease or with the drugs.
Because there are reports of familial oc-
currence of moyamoya disease (15, 50),
a noninvasive diagnostic examination,
such as MR imaging and/or MR an-
giography (4), is recommended for the
offspring of a patient with moyamoya
disease when the child becomes older.

CONCLUSION

We think that cooperation among
neurosurgeons, gynecologists, and an-
esthesiologists is important for the suc-
cessful management of pregnancy and
delivery for patients with moyamoya
disease.

Received, December 30, 1997.

Accepted, April 1, 1998.

Reprint requests: Masaki Komiyama, M.D.,,
Department of Neurosurgery, Osaka City
General Hospital, 2-13-22, Miyakojima-
Hondouri, Miyakojima, Osaka 534, Japan.

REFERENCES

1. Amias AG: Cerebral vascular disease in preg-
nancy: [I—Haemorrhage. J Obstet Gynaecol Br
Comm 77:100-120, 1970.

2. Amin-Hanjani S, Kuhn M, Sloane N, Chatwani
A: Moyamoya disease in pregnancy: A case re-
port. Am J Obstet Gynecol 169:395-396, 1993.

3. Aoki N, Mizutani H: Does moyamoya disease
cause subarachnoid hemorrhage? Review of 54
cases with intracranial hemorrhage confirmed
by computerized tomography. J Neurosurg 60:
348-353, 1984.

4. Aoki T, Matsuzawa H, Houkin K, Kamiyama H,
Abe H, Miyasaka K, Saito H: Usefulness and
limitation of MR imaging and MR angiography
in diagnosis of juvenile moyamoya disease [in
Japanese]. No Shinkei Geka 21:305-311, 1993.

5. Bingham RM, Wilkinson DJ: Anaesthetic man-
agement in moya-moya disease. Anaesthesia
40:1198-1202, 1985.

6. Bingham WF, Beguin EA, Ramirez-Lassepas M:
Moyamoya disease in pregnancy. Wis Med J
79:21-25, 1980.

7. Boone SC, Sampson DS: Observations on moya-
moya disease: A case treated with superficial
temporal-middle cerebral artery anastomosis.
Surg Neurol 9:189-193, 1978.

8. Enomoto H, Goto H: Moyamoya disease pre-
senting as intracerebral hemorrhage during
pregnancy: Case report and review of the liter-
ature. Neurosurgery 20:33-35, 1986.

9. Fayle RJS, Armatage R]: Pregnancy in patients
with moyamoya disease. ] Obstet Gynecol 12:
173-176, 1992.

Neurosurgery, Vol. 43, No. 2, August 1998

367

10. Fisher A, Prys-Roberts C: Maternal pulmonary
gas exchange: A study during normal and extra-
dural blockade. Anaesthesia 23:350-356, 1986.

11. Fujimura J, Shakunaga K, Yamazaki M, Saito M,
Masuda A, Kuze S: Anesthetic management for
cesarean section of a pregnant woman with
moyamoya disease [in Japanese]. Hokuriku
Masuishi 26:87-90, 1992.

12. Fujita K, Yamasaki S, Tamaki N, Fujita S,
Shirakata S, Matsumoto S: Cerebro-vascular ac-
cident during pregnancy [in Japanese]. No
Shinkei Geka 6:989-995, 1978. '

13. Fukada Y, Fujii K, Kobayashi H, Koba T: A case
of pregnancy associated with the moyamoya
disease [in Japanese]. Nihon Sanka Fujinka
Gakkai Tokyo Chihoubukai Kaishi 37:395-
398, 1988.

14. Fukuo N, Nakajima H, Suzuki Y, Kosaka J: A
case of pregnancy complicated with moyamoya
disease [in Japanese]. Nihon Sanfujinka Gak-
kai Kantoren Kaihou 46:123-124, 1987 (abstr).

15. Handa H, Yonekawa Y: The occlusion of the
circle of Willis: 1,500 case files including 200
long follow-up cases [in Japanese]. No Socchu
7:477-480, 1985.

16. Hara T, Hasuo H, Matsumoto K, Irie F, Fukui S,
Itohda Y: Anesthetic management of cesarean
section in a patient with moyamoya disease [in
Japanese]. Ohita Kenritsu Byoin Igaku Zasshi
23:111-112, 199%4.

17. Hashimoto K, Fujii K, Nishimura K, Kibe M,
Kishikawa T: Occlusive cerebrovascular disease
with moyamoya vessels and intracranial hem-
orrhage during pregnancy: Case report and re-
view of the literature. Neurol Med Chir
(Tokyo) 28:588-593, 1988.

18. Hashimoto K, Kikuchi H, Kawasawa J, Thara I,
Takeuchi S, Nagata I, Naruo Y, Yamagata S,
Shishido N, Kaneko M, Ito M, Minamikawa J,
Miyamoto T, Mitsuno K, Yamazoe N: Moya-
moya disease presenting intracranial hemor-
rhage during pregnancy: Two cases report [in
Japanese]. Rinsho Shinkeigaku 25:503, 1985
(abstr).

19. Henmi M, Yamanaka M, Ishikawa M, Andoh N,
Nakayama M, Shirasu K, Minaguchi H: A case
of pregnancy complicated with the moyamoya
disease [in Japanese]. Nihon Sanfujinka Gak-
kai Kanagawa Kaishi 30:74-77, 1993.

20. Ide Y, Ihara K, Ito T: Intracranial hemorrhage in
pregnancy [in Japanese]. Kyukyu Igaku 9:93-
100, 1985.

21. livanainen M, Vuolio M, Halonen V: Occlusive
disease of intracranial main arteries with collat-
eral networks (moyamoya disease) in adults.
Acta Neurol Scand 49:307-322, 1973.

22. Iwasato K, Taniguchi I, Hadano K, Terawaki S,
Ohkawa K, Mizoguchi Y, Hohjo M, Hidaki T,
Sano Y, Wada H, Nishida J: Pregnancy and
cerebrovascular disease [in Japanese]. Ohita
Kenritsu Byoin Igaku Zasshi 18:170-173, 1989.

23. Jennett WB, Cross JN: Influence of pregnancy
and oral contraception on the incidence of
strokes in women of childbearing age. Lancet
1:1019-1023, 1967.

24. Karasawa J, Kikuchi H, Furuse S: Subependy-
mal hematoma in “moyamoya” disease. Surg
Neurol 13:118-120, 1980.



368

25.

26.

27.

28.

29.

30.

31

32.

33.

35.

36.

37.

38.

39.

40.

Komiyama et al.

Karasawa J, Kikuchi H, Furuse S, Kawamura J,
Sakaki T: Treatment of moyamoya disease with
STA-MCA anastomosis. ] Neurosurg 49:679-
688, 1978.

Kase H, Tanaka K, Saito N: Experience of de-
livery complicated with moyamoya disease [in
Japanese]. Nihon Sanfujinka Gakkai Niigata
Chihoukaishi 69:22-25, 1993.

Kee WDN, Gomersall CD: Extradural anaesthe-
sia for caesarean section in a patient with moya-
moya disease. Br ] Anaesth 77:550-552, 1996.
Kerr MG: Cardiovascular dynamics in preg-
nancy and labour. Br Med Bull 24:19-24, 1968.
Kikukawa Y, Hasegawa T, Takuma N, Yoshiga
H, Kitamura N: A case of moyamoya disease
complicated with seizure during delivery [in
Japanese]. Hokkaido Sankafujinka Gakkaishi
36:62, 1991 (abstr).

Kuro M, Okumura F, Kishi Y, Kamifuji T,
Furuya H, Kawasawa ], Kikuchi H, Kuriyama
Y: Anesthetic methods for “moyamoya” disease
[in Japanese]. Rinsho Masui 7:1045-1052, 1983.
Mastri AR, Silverstein PM, Gold L, Eselius E:
Multiple progressive intracranial arterial occlu-
sions. Stroke 4:380-386, 1973.

Matsuoka M, Kamata T, Okuda H: Pregnancy
and delivery of the patient with moyamoya
disease [in Japanese]. Sanfujinka Chiryo 33:
572-575, 1976.

Matsushima Y, Fukai N, Tanaka K, Tsuruoka S,
Inaba Y, Aoyagi M, Ohno K: A new surgical treat-
ment of moyamoya disease in children: A prelim-
inary report. Surg Neurol 15:313-320, 1981.

. Miyakawa I, Lee HC, Haruyama Y, Mori N,

Mikura T, Kinoshita K: Occlusive disease of the
internal carotid arteries with vascular collater-
als (moyamoya disease) in pregnancy. Arch
Gynecol 237:175-180, 1986.

Miyake T, Hirano H, Deguchi K, Watanabe H,
Hata H, Okabe Y, Nomura Y, Minami K,
Kanaue N, Yamamoto T, Wakamatsu A,
Akihara M, Ogasawara S: A case of pregnancy
complicated with moyamoya disease [in Japa-
nese]. Rinsho Fujinka Sanka 50:215-218, 1996.
Miyauchi A, Watanabe J, Komatsuzaki K, Kume
M, Sugimoto M, Takeda N: Moyamoya disease
due to intraventricular hemorrhage presenting
at 36 weeks of gestation: A case report and
review of the literature [in Japanese]. Hitachi
Igakukaishi 29:20-25, 1991.

Murase T, Tamura A, Yamaguchi K, Ohe E,
Takeshita S, Sato K, Yamamoto T, Mori H,
Kobayashi T, Arai K: A case of “moyamoya”
disease with pregnancy induced hypertension
[in Japanese]. Nihon Sanka Fujinka Gakkai
Tokyo Chihoubukai Kaishi 41:170-173, 1992.
Nagamine Y, Takahashi S, Sonobe M: Multiple
intracranial aneurysms associated with moya-
moya disease: Case report. ] Neurosurg 54:673—
676, 1981.

Nakago S, Yamabe S, Ueda Y, Nishimura R,
Mochizuki M, Ohara H, Fujita K: Management
of the pregnancy in a patient with moyamoya
disease [in Japanese]. Sanfujinka No Shinpo
42:142-144, 1990.

Nanato Y, Omote T, Kotaki M, Takahashi H,
Shouda Y: A case of moyamoya disease with
initial symptoms occurring during delivery [in
Japanese]. Rinsho Masui 16:1472, 1992.

41.

42.

43.

45.

46.

47.

48.

49.

50.

51.

52.

53.

55.

56.

Neurosurgery, Vol. 43, No. 2, August 1998

Negi R, Murakami M, Amamiya K, Dejima H,
Kobayashi H, Kanzaki T, Sasaki K, Chiba Y: A
case of maternal intracranial hemorrhage dur-
ing pregnancy [in Japanese]. Sanfujinka No
Shinpo 42:386-388, 1990.

Ohtsuka M, Mori S: A case of moyamoya dis-
ease with an initial symptom of involuntary
movement of the upper limb [in Japanese].
Ibaraki Kenritsu Byoin Igaku Zasshi 7:3-8, 1989.
Robinson JL, Chir B, Hall CJ, Sedzimir CB: Sub-
arachnoid hemorrhage in pregnancy. J Neuro-
surg 36:27-33, 1972.

. Saeki N, Yamaura A, Hoshi S, Sunarﬁi K, Ishige

N, Hosoi Y: Hemorrhagic type of moya moya
disease [in Japanese]. No Shinkei Geka 19:705-
712, 1991.

Saruki N, Ohtake T, Kawano M, Goto F: Anes-
thetic management of the cesarean section in a
patient with moyamoya disease [in Japanese].
Rinsho Masui 14:51-53, 1990.

Sasaki ], Mesaki N: Pregnancy and delivery in a
patient with moyamoya disease [in Japanese].
Sanka To Fujinka 1:109-116, 1984.

Sera K, Yokota K, Yamaoka T, Katsube Y,
Fujiwara A, Kitaoka T: A case report of moya-
moya disease associated with pregnancy [in
Japanese]. Hiroshima Igaku 38:53-56, 1985.
Sharma SK, Wallace DH, Gajraj NM, Willis C,
Sidawi E: Epidural anesthesia for a patient with
moyamoya disease presenting for cesarean sec-
tion. Anesth Analg 79:183-185, 1994.
Shimamoto Y, Shimazaki K, Ochiai M, Yamada
F: A juvenile onset case of moyamoya disease
with intraventricular hemorrhage during preg-
nancy: Case report [in Japanese]. No Shinkei
Geka 22:867-870, 1994.

Segaard I, Jergensen J: Familial occurrence of
bilateral intracranial occlusion of the internal
carotid arteries (moya moya). Acta Neurochir
(Wien) 31:245-252, 1975.

Tadakuma H, Furuki Y, Matsui K, Ito M,
Fujisaki S, Okamura H: A case of pregnancy
complicated with moyamoya disease [in Japa-
nese]. Sanfujinka No Jissai 38:1511-1514, 1989.
Takagi T, Ushimaru T, Hirata M: A case of
moyamoya disease diagnosed after cesarean
section [in Japanese]. Sanka To Fujinka 7:949-
954, 1977.

Takaoka S, Ando K, Amagasa S, Miura Y: An-
esthesia for cesarean section in a patient with
moyamoya disease [in Japanese]. Nihon Rin-
sho Masui Gakkaishi 14:58-62, 1994.

. Takeda Y, Nakayama S, Nakabayashi M,

Takeshita M: Intracerebral hemorrhage during
pregnancy [in Japanese]. Sanfujinka No Jissai
43:1013-1017, 1994.

Tanioka Y, Nakata N, Nakagawa H, Tanimoto
H, Kioka H, Naitoh H, Fujii T, Taniguchi E,
Kodama Y, Suemitsu H: A case of pregnancy in
a patient with moyamoya disease complicated
by postpartum cerebral hemorrhage [in Japa-
nese]. Nihon Sanfujinka Gakkai Chugoku
Shikoku Goudo Chihoubukai Zasshi 43:359-
363, 1995.

Teramoto Y, Inoue M, Hatsuda K, Sakaki T,
Moromoto T, Takemura K: A case of intracra-
nial hemorrhage during pregnancy associated
with the moyamoya disease [in Japanese]. Iryo
41:368-371, 1987.

57. Terauchi M, Miyasaka N, Yamamoto T,
Obayashi S, Koi H, Kubota T, Aso T, Matsus-
hima Y: The management of pregnancy and
delivery for the case complicated with moya-
moya disease (Willis’ circle obstruction) [in Jap-
anese]. Nihon Sanfujinka Gakkai Tokyo Chi-
houbukai Kaishi 44:301-306, 1995.
Tomoda S, Ogita Y: Pregnancy in the patients
with moyamoya disease: Annual reports on the
evaluation of the health care of pregnant
women [in Japanese]. Tokyo, The Ministry of
Health and Welfare, Japan, 1995, pp 6-7.
Umeki H, Matsuo M, Taniguchi Y, Tada M,
Mitsuyama S, Kuwae C, Kitada H, Ohtsuka H:
A case of moyamoya disease complicated with
intracranial hemorrhage during pregnancy [in
Japanese]. Nihon Sanfujinka Gakkai Kantoren
Kaihou 32:231, 1995 (abstr).
60. Urushikawa K: Nursing of the pregnancy and
delivery complicated with moyamoya disease
[in Japanese]. Josanpu Zasshi 40:408-414, 1986.
61. Ushimura S, Mochizuki K, Ohashi M, Ito S,
Hosokawa H: Sudden blindness in the fourth
month of pregnancy led to diagnosis of moya-
moya disease. Ophthalmologica 207:169-173,
1993.
62. Venkatesh B, Taggart PCM: Anaesthetic man-
agement of a patient with moyamoya disease
for Caesarean section. Can J Anaesth 41:79-80,
1994 (letter).
63. Wiebers DO: Ischemic cerebrovascular compli-
cations of pregnancy. Arch Neurol 42:1106-1113,
1985.
Yajima H, Mita T: A case of moyamoya disease,
it was suspected hysteria [in Japanese]. Iwate
Kenritsu Byoin Igaku Zasshi 32:38-40, 1992.

58.

59.

64.

COMMENTS

The authors present the case of a
young woman who had a diagnosis of
moyamoya disease confirmed angio-
graphically at age 7 years. At age 23
years, she presented at 38 weeks gesta-
tion and subsequently underwent cae-
sarian section. Her course was unevent-
ful. In reviewing the records and case
reports of 30 other patients with the
same diagnosis, all except one had un-
complicated delivery and pregnancy.
The one complication, intraventricular
hemorrhage, occurred in a patient in
whom an extracranial-intracranial by-
pass had not been performed.

The article is relevant and informa-
tive. It tells us that the natural history of
moyamoya disease may be benign in
some cases. Pregnancy, which places
undue stress on the cerebral vessels be-
cause of blood volume changes, may be
well tolerated, even without surgery.
The one case of bleeding may have oc-
curred even if the patient had already
undergone bypass surgery. The many
operations that are now performed to



relieve progression may be inappropri-
ate until we know more about the nat-
ural history of this disorder. Our col-
leagues who find this disease in
prevalence should organize a coopera-
tive venture to answer the many ques-
tions that patients and families who face
this disorder ask of their physicians.

Robert R. Smith
Jackson, Mississippi

This is an excellent review of the lit-
erature concerning patients who either
were diagnosed as having moyamoya
disease because they became symptom-
atic during pregnancy or who had a
diagnosis of moyamoya disease and
then became pregnant. In a very logical
fashion, the authors separate these two
groups of patients.

The authors conclude that there is no
evidence that pregnancy increases the
risk of cerebrovascular accident or that
bypass surgery decreases its risk. I think
that their first conclusion is justified in
that among the group of 30 patients
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who were known to have moyamoya
disease and then went through preg-
nancy and delivery, there was only 1
with a poor outcome from bilateral ven-
tricular hemorrhage at 30 weeks of ges-
tation. Four patients had transient ische-
mic attacks or reversible ischemic
neurological deficits, but they did well.
The data supporting the second conclu-
sion, that intracranial bypass does not
make a difference, are not as conclusive,
and I am not sure that a definite state-
ment can be made. The authors also
conclude that in patients with moya-
moya disease, either cesarean section or
vaginal delivery can be accomplished
safely and that any method of anesthe-
sia can be used provided appropriate
precautions, particularly avoidance of
hypocapnia, are taken. I think that their
data justify this conclusion.

Even though the risk of a serious ce-
rebrovascular accident during preg-
nancy is small, I am not sure that we can
tell patients with moyamoya disease
that pregnancy does not carry some
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risk. The second group of patients re-
viewed by the authors include 23 pa-
tients who became symptomatic, usu-
ally because of hemorrhage or ischemic
events, during pregnancy. With the high
frequency of moyamoya disease in Ja-
pan, it is difficult to know whether this
means that pregnancy is risky for these
patients. It does mean, however, that
problems can develop during preg-
nancy and that these patients have to be
particularly careful if they choose to be-
come pregnant. The authors make a se-
ries of very sensible recommendations
regarding how to guide these patients
through pregnancy and delivery. We
are thankful to these authors for provid-
ing us with an excellent summary of this
topic and with very useful recommen-
dations for a situation that, although
very uncommon in the Western hemi-
sphere, does present itself with suffi-
cient frequency to make it important for
all of us to be well informed on this
topic.

Roberto C. Heros
Miami, Florida



