
Neurologic symptoms
are common during

gestation and
puerperium in

CADASIL

Abstract—Based on a structured questionnaire and medical records, the au-
thors found that 12 of 25 mothers with cerebral autosomal dominant arteriopa-
thy with subcortical infarcts and leukoencephalopathy (CADASIL) with the
R133C NOTCH3 mutation had had neurologic symptoms in 17 of their 43
pregnancies, most commonly hemiparesthesia (76%), hemiparesis (36%), apha-
sia (65%), and visual disorders (47%). In 82% of the patients, the symptoms
were the first manifestation of CADASIL. The symptoms were most common
during puerperium and in patients older than age 30.
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Ischemic cerebrovascular complications during ges-
tation and puerperium are rare, with an estimated
incidence of 8.1 per 100,000 pregnancies.1 In particu-
lar, the postpartum state is associated with an in-
creased risk of stroke.2-4 Stroke is often (in 25 to 50%
of cases) associated with preeclampsia,2,5 which oc-
curs in 3 to 5% of pregnancies.6

Cerebral autosomal dominant arteriopathy with
subcortical infarcts and leukoencephalopathy
(CADASIL) is a microangiopathy caused by muta-
tions in the NOTCH3 gene.7 One-third of CADASIL
patients have migraine, often with severe, long-
lasting aura (visual, sensory, or motor disturbances)
and onset around 25 years. The first-ever stroke in
CADASIL usually occurs at age 30 to 50.8 Recurrent
ischemic strokes due to lacunar infarcts lead to cog-
nitive decline and finally to subcortical vascular de-
mentia. CADASIL is diagnosed by demonstrating
NOTCH3 mutation or by the presence of specific
granular osmiophilic material in dermal arteries.

We have analyzed the frequency of neurologic
symptoms and signs during pregnancy in CADASIL
patients.

Methods. In Finland (population about 5 million), we have iden-
tified 19 families and 46 female patients with CADASIL carrying
the genetically verified R133C NOTCH3 mutation. From these 46
female patients, 39 have had pregnancies (see figure E-1 on the

Neurology Web site at www.neurology.org). In 25 of 39 patients,
we were able to assess the clinical course of pregnancy (both
obstetric and neurologic) in 21 based on a structured question-
naire and medical records and in 4 based on medical records only.
The pregnancies of the remaining 14 patients could not be ana-
lyzed because the cases were either deceased (n � 3) or demented
(n � 4) with no medical records available or they did not consent
to take part in this study (n � 7). The questionnaire comprised
details of pregnancies, deliveries, and puerperium and possible
neurologic symptoms or diagnosis of preeclampsia as well as ques-
tions about migraine, hormonal medications, and smoking. The
Ethical Committee of Varsinais-Suomi Hospital District approved
the study.

Our criteria for preeclampsia were elevated blood pressure
(�140/90 mm Hg) with no previous history of hypertension, pe-
ripheral edema, proteinuria, headache, or neurologic deficits. Se-
vere placental insufficiency (n � 1) was also regarded as
preeclampsia. Neurologic symptoms included migrainous head-
ache, vertigo, confusion, and focal neurologic deficits such as
hemiparesis, hemiparesthesia, aphasia, dysarthria, and visual
disorders. The patients with neurologic complications or pre-
eclampsia formed the manifesting and those with normal preg-
nancies the nonmanifesting group. Pregnancy refers to both
gestation and puerperium.

The differences between the manifesting and nonmanifesting
groups were calculated with paired t test or two-sample t test
using SAS software (Cary, NC).

Results. The 25 examined female patients with CADA-
SIL had a total of 78 pregnancies. Twelve of them (48%,
manifesting group, 11 living) had experienced neurologic
symptoms or preeclampsia during gestation or puerperium
in 19 (44%) of their 43 pregnancies. These 19 complicated
pregnancies constituted 24% of the 78 pregnancies. The
symptoms were the first clinical manifestation of CADA-
SIL in 9 (82%) of the 11 living patients. The 13 patients
with 35 uncomplicated pregnancies composed the non-
manifesting group (figure; see also figure E-1).

All patients taken together, the mean age at the compli-
cated pregnancies was 31.6 years, which differed from the
age at the uncomplicated pregnancies (24.7 years [p �
0.0001, linear mixed model]). In the 10 manifesting pa-
tients who experienced both complicated and uncompli-
cated pregnancies, the first complicated pregnancy
occurred at a higher age (29.9 years, range 25 to 38 years)
than their first uncomplicated pregnancy (23.8 years,
range 20 to 37 years; p � 0.051, paired t test). Similarly,
the mean age at the first complicated pregnancy (28.8
years, range 19 to 38 years) in the manifesting group was
higher than the age at the first pregnancy in the nonmani-
festing group (22.2 years, range 18 to 28 years; p � 0.001,
two-sample t test).
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In 17 of the 19 complicated pregnancies with neurologic
symptoms, the most common manifestations were hemipa-
resthesia (in 13/17, or 76% of pregnancies), aphasia (11/17,
or 65%), hemiparesis (6/17, or 36%), and visual disorders
(8/17, or 47%). In addition, confusion or vertigo was
present in two and dysarthria in one. For one of the pa-
tients, MRI was performed during the neurologic symp-
toms; it revealed remarkable hyperintensities in
periventricular white matter and in the anterior temporal
lobes (see figure E-2). Severe migrainous headache with
aura was associated with other neurologic symptoms in 9
(82%) of the 11 living patients, but only 3 of these had
previous history of migraine with aura. Migrainous head-
aches lasted from hours to many days. In the nonmanifest-
ing group, 4 of the 13 patients had experienced migraine
with aura; in 3 of them, migraine began after age 30.

A total of 8 (42%) of the 19 complicated pregnancies
were associated with preeclampsia-like symptoms, 2 of
them without neurologic signs. Only two of these eight
preeclampsias occurred in the first pregnancy.

In 15 of the 19 complicated pregnancies, the symptoms
appeared during puerperium, 4 manifesting also before
delivery (see figure). In only two pregnancies, the symp-
toms occurred exclusively prepartum. The symptoms re-
solved within a few to 30 minutes in 53% of pregnancies,
but one patient had problems for 1 to several days in all
three pregnancies. Three women had symptoms in two
pregnancies and eight so far in one pregnancy. The single
fatal case was from the late 1940s, when pregnancy-
related mortality was much higher.

There was no difference in the miscarriage rate, gesta-
tional age at delivery, or mode of the delivery in the mani-
festing vs nonmanifesting groups, except for the patients
with preeclampsia, which led to cesarean section at earlier
gestational weeks (weeks 34 to 39). Smoking did not influ-
ence the symptoms. The patients in the manifesting group
used only diuretics for preeclampsia; in addition, one pa-
tient was treated with propranolol for migraine prophy-
laxis and acetylsalicylic acid 50 mg/day. Maternal

CADASIL did not influence the infant birth weights, neo-
natal periods, or Apgar points.

Discussion. CADASIL is a previously unrecog-
nized disease to be considered when searching for
the cause of transient or permanent stroke-like
symptoms during pregnancy, especially puerperium.
Complicated course of pregnancy occurred in almost
every other CADASIL mother and in every fourth
assessed pregnancy. Furthermore, neurologic symp-
toms and preeclampsia during pregnancy were fre-
quently (in 82% of the manifesting group) the first
clinical manifestation of CADASIL.

In preeclampsia, multiorgan vasospasm is consid-
ered an important pathophysiologic mechanism, and
preexisting microvascular disease predisposes a
woman to preeclampsia.9 This is concordant with the
fact that preeclampsia was more frequent (10.3%) in
our CADASIL patients than in the normal popula-
tion (3 to 5%).6 Furthermore, the preeclampsia in our
patients most often (6/8) occurred in later pregnan-
cies, whereas preeclampsia in general is two times
more common in primigravid females,10 suggesting
that CADASIL is a risk factor for preeclampsia.

This is necessarily a retrospective cohort study of
a female CADASIL population. In all except one ob-
ligate carrier, the R133C NOTCH3 mutation was ge-
netically verified. The majority of these pregnancies
were carefully followed, and occurrence of complica-
tions was entered in the medical records. This re-
duces the risk for recall bias; furthermore, any
potential for misreporting is likely to apply equally
to both the manifesting and the nonmanifesting
group. Even if the 14 nonconsenting CADASIL pa-
tients had had only uncomplicated pregnancies, the
frequency of patients with complicated pregnancies
remains high (12/39, or 31%).

Transient neurologic symptoms and preeclampsia
appear to be common in CADASIL patients in all age
groups but particularly in women older than age 30.
The first manifestation of CADASIL may occur dur-
ing pregnancy, especially during puerperium. Thus,
CADASIL should be taken into consideration as a
possible cause of a neurologically complicated preg-
nancy. The pregnancies of mothers with established
or suspected diagnosis of CADASIL should be care-
fully followed.
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Optociliary shunt vessels
Christine Nichols, AB; David W. Pincus, MD, PhD; and
M. Tariq Bhatti, MD, Gainesville, FL

A 16-year-old boy underwent surgery with complete excision of
a right optic nerve sheath meningioma for progressive disfiguring
proptosis (figure, A, B). Preoperatively, the patient had no light

perception and optociliary shunt vessels were noted on the right
optic nerve (figure, C, D). There was complete regression of the
optociliary shunt vessels with optic nerve pallor and continued
lack of light perception 3 months after surgery (figure, E).

Optic nerve sheath meningiomas are classically associated
with the triad of vision loss, optic nerve pallor, and optociliary
shunt vessels. These vessels represent a preexisting collateral
vascular system spanning across the optic disk, shunting venous
blood from the retinal circulation to the choroidal circulation.1
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Figure. (A) Postcontrast, T1-weighted MRI study shows a diffusely enlarged and enhancing right optic nerve. (B) Exter-
nal photograph demonstrating proptosis of the right eye. (C) Preoperative fundus photograph of the right optic nerve
showing the optociliary shunt vessels (arrows). (D) Left optic nerve is normal. (E) Three months after surgery there is
complete regression of the optociliary shunt vessels as a result of the progressive optic atrophy. Note the development of
diffuse optic nerve pallor and attenuation of the blood vessels.
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