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Abstract

Aim: Some neurological diseases associated with pregnancy may develop initially during gestation, preg-
nancy may predispose the patient to some of these diseases or some may occur only with pregnancy. The aim
of this study is to draw attention to the rare neurological diseases – other than eclampsia – that develop during
pregnancy or the diseases initially described as associated with pregnancy.
Methods: Our sample comprised of 16 pregnant women who developed neurological disorders that are rarely
encountered or initially reported during this phase, eclampsia excluded.
Results: The proportion of cerebrovascular diseases was 56%. The others included intracranial hypotension
accompanied by seizures, cerebral primitive neuroectodermal tumor, ophthalmoplegic migraine, hemiplegic
migraine, spinal segmental myoclonus, acute motor axonal neuropathy and acute motor axonal neuropathy
associated with ophthalmoplegia.
Conclusion: Our results suggest that by adopting a careful and correct approach and accurate neurological
diagnosis, most of these patients could be treated successfully with good prognosis of the newborns.
Key words: acute motor axonal neuropathy, cerebral primitive neuroectodermal tumor, cerebrovascular dis-
eases, neurological diseases, pregnancy.

Introduction

Some physiological changes, such as the type of circu-
lating steroid hormones and their concentration, during
pregnancy could influence the expression of neurologi-
cal disease. Neurological disorders that affect women of
child-bearing age can lead to maternal morbidity
and mortality. During diagnosis and therapy of these
diseases, some restrictions or even a contraindication
might be encountered because of the pregnancy itself.
Some diseases, such as migraine, multiple sclerosis,
myasthenia gravis, epilepsy, brain tumors, or Guillain–
Barré syndrome, could exist already before the onset of
pregnancy or may appear merely by chance during this
phase. Moreover, pregnancy itself is a predisposing
factor for a variety of thromboembolic disorders. Pre-
eclampsia/eclampsia, hemolysis, elevated liver enzyme

and low platelet (HELLP) syndrome, amniotic
fluid embolism, and pituitary apoplexy are diseases
with neurological symptoms that occur only with
pregnancy. 1,2

In this study, neurological disorders rarely seen or
reported for the first time and that developed initially
during pregnancy are presented, eclampsia excluded.

Methods

The study, encompassing the years 2005–2008,
involved 16 pregnant women who were consulted pro-
spectively because of neurological complications;
eclampsia was excluded. All the patients and/or their
families were asked to provide the history of their
diseases. After detailed neurological examinations,
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necessary study tests were conducted. Patients or their
relatives gave informed consent for the examinations.
Besides routine biochemical tests, tests for total blood
count, urine analysis, and sedimentation were done for
all of the patients. For patients with clinical findings of
stroke and intracranial hypertension, cerebral mag-
netic resonance imaging (MRI) and cerebral venogra-
phy were performed. Where the MRI did not show any
mass lesion and if visual disturbances and papil-
loedema were documented, cerebrospinal fluid pres-
sure (CSF) was measured by lumbar puncture.

Nerve conduction studies of patients with signs and
symptoms of polyneuropathy and measurements of
visual evoked potentials of patients with visual distur-
bances and papilloedema with blurring of the disc
margins were performed using a two-channel elec-
tromyography machine.

To investigate further causative factors apart from
pregnancy, infectious tests for polyneuropathies and
coagulation tests for cerebrovascular diseases were
carried out.

Results

The mean age of the sample of 16 pregnant women
was 27.8 � 7.4 years and pregnancy duration was
22.5 � 11.2 weeks. The percentage of the patients with
cerebrovascular diseases apart from eclampsia was
56%. Cerebral venous sinus thrombosis (CVST) consti-
tuted 33% of these cerebrovascular diseases. Nine
patients (Cases 1–9) diagnosed with cerebrovascular
diseases were as follows: two cases of CVST and intrac-
ranial hypertension, two of transient ischemic attack
(TIA), one of CVST and cerebral infarct, one of cerebral
infarct, one of cerebellar infarct, one of reversible
ischemic neurological deficit (RIND), and one of bilat-
eral jugular and subclavian vein thrombosis. The
remaining seven patients had other neurological dis-
eases as follows: Case 10 had cerebral primitive neuro-
ectodermal tumor (Figs 1,2), Case 11 had intracranial
hypotension and seizures, Case 12 had ophthalmople-
gic migraine, Case 13 had hemiplegic migraine, Case
14 had spinal segmental myoclonus, Case 15 had acute

Figure 1 A cystic mass (size:
5.5 ¥ 4.5 ¥ 2.5 cm) lying from
inferior gyrus of the left frontal
lobe to the temporal lobe causing
1.5-cm subfalcine herniation,
revealing slight contrast and
accompanied by a solid compo-
nent on the posteolateral is
observed on the preoperative
T1-weighted magnetic resonance
images of the brain of Case 10.

Figure 2 (a) The arrangement of
the tumor cells with pleo-
morphic and hyperchromatic
nucleus in perivascular rosette
formation (hematoxylin–eosin
¥400). (b) The positivity of synap-
tophysin in the cytoplasm of
tumor cells (¥400).
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motor axonal neuropathy, and Case 16 had acute motor
axonal neuropathy and ophthalmoplegia (Table 1).

Case 2 (diagnosed with CVST) and Case 9 (with
jugular venous thrombosis) had become pregnant by in
vitro fertilization (IVF). Case 1 with CVST also had
5,10-methylenetetrahydrofolate reductase (MTHFR)
C677T heterozygote mutation, protein S deficiency and
activated protein C resistance (Fig. 3). Case 3 with cer-
ebellar infarct was older, and Case 6 with cerebral
infarct had mitral valve repair (MVR) with irregular
anticoagulant therapy usage; one of the two patients
with TIA was found to have von Willebrand factor
(vWF) deficiency (Case 4), and the other had MTHFR
homozygote mutation (Case 5).

Seven patients (Cases 1–5, 7 and 8) were treated with
low-molecular-weight heparin. Case 9 with jugular
venous thrombosis had missed abortus. She under-
went embolectomy, and then treatment was continued
with warfarin. The gestation age of Case 6 with cerebral
infarct and MVR was 30 weeks, and she had irregular
anticoagulant therapy usage. Warfarin was continued
until the last 3 weeks of pregnancy, and she was treated
with heparin in the last 3 weeks according to the advice
of the cardiologist and the obstetrician.

Because of medical indications, term labor was
induced in nine patients, and preterm labor in five
patients. One suffered missed abortion and one abor-
tion was performed at the patient’s request. The 14
newborns delivered were healthy; however, those
delivered preterm were hospitalized in a newborn unit
for a while. Twelve patients recovered completely, and
three with mild-to-moderate sequel findings. The
patient with neuroectodermal tumor died due to com-
plications associated with the tumor (Table 1).

Clinical Courses in Specific Cases

Case 10 (primitive neuroectodermal tumor): Our
patient had undergone surgery for the resection of the
tumor. Three months later, because of the deterioration
of the clinical status of the patient, cesarean delivery
was performed, and the intracranial hematoma that
developed was evacuated. However, the patient did not
recover and died.

Case 11 (spontaneous intracranial hypotension):
According to clinical findings, CSF pressure, and cere-
bral MRI features, Case 11 was diagnosed as having
spontaneous intracranial hypotension, and developed
seizures during this condition. She improved with
bedrest and liquid support and the seizures were con-
trolled with antiepileptic drug treatment.

Case 12 (ophthalmological migraine): The patient in
our sample diagnosed with ophthalmological migraine
was treated with prednisolone; patient outcomes of
both the mother and her baby turned out very well.

Case 13 (hemiplegic migraine): Our patient’s symp-
toms and signs of hemiplegic migraine resolved spon-
taneously. MRI and MR venography performed to
exclude cerebrovascular diseases were normal.

Case 14 (spinal segmental myoclonus): We previ-
ously reported a unique case with spinal segmental
myoclonus during pregnancy.3 Abdominal rhythmic
myoclonus, not in contact with labor, in a 33-year-old
pregnant woman (gestational age, 39 weeks and
2 days) was recorded. The involuntary contractions had
disappeared within two days after delivery. The expla-
nation for this clinical picture was disorder of spinal
cord circulation due to pressure on the intra-abdominal
vascular structures of the mass effect.

Cases 15 and 16 (acute motor axonal neuropathy
[AMAN]): Our patient with AMAN improved almost
completely with plasmapheresis treatment. However,
the case with external ophthalmoplegia showed
minimal improvement with plasma exchange (PE) and
intravenous immunoglobulin (IVIg) treatments, and
she was monitored in the intensive care unit for a long
time and ventilation was required for some time. She
continues to receive rehabilitation therapy.

Discussion

In our case series, we determined the most frequent
cerebrovascular diseases during pregnancy apart from
eclampsia (56%). CVST constituted 33% of these cere-
brovascular diseases. Pregnancy is a condition in which
the risk of thrombotic diseases increases. Pregnancy
itself is a predisposing factor for thrombosis. During
normal pregnancy, the coagulant and anti-coagulant
pathways of blood coagulation, and the fibrinolytic
pathway undergo a series of changes.4 The plasma con-
centration of several proteins and their activities
undergo change and a hemostatic imbalance towards a
prothrombotic state develops. Procoagulant factors
(such as VIII, XII, VII, V) and the vWF and fibrinogen
are accentuated, protein S and the activated protein C
resistance are reduced and fibrinolytic activity is
diminished.5 Placenta and myometrium also contribute
to a high concentration of a specific fibrinolytic inhibi-
tor during normal pregnancy.6 In addition, the hor-
monal changes that occur during pregnancy tilt the
thrombohemorrhagic balance towards thrombosis. As
a result of all these changes or as the first manifestation
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of a hereditary thrombophilia, the risk of venous
thrombosis in pregnancy increases seven-to-eightfold.
However, postpartal venous thrombosis is far more
common than antenatal venous thrombosis.5 Other risk
factors for thrombosis associated with pregnancy are
maternal age, hyperemesis, infection, and maternal
hypertension. Case 2 (diagnosed with CVST) and Case
9 (with jugular venous thrombosis) had become preg-
nant by IVF. Case 1 with CVST was found to have
MTHFR C677T heterozygote mutation, protein S defi-
ciency, and activated protein C resistance.7 Case 3 with
cerebellar infarct was older, Case 6 with cerebral infarct
had MVR, and Case 4 with TIA was found to have vWF
deficiency. Two of our three patients with CVST devel-
oped this condition during the first trimester, contra-
dicting reports state CVST mostly occurs during the
puerperium or in the last trimester of pregnancy.
Although little is known about the incidence of CVST
associated with pregnancy or the puerperium, only a
small proportion of patients are believed to develop
CVST during pregnancy, and 66–80% of cases occur
during the puerperium or in the last trimester of
pregnancy.8

The diagnostic approach of cerebrovascular diseases
during pregnancy includes rigorous laboratory and
imaging tests if eclampsia or pre-eclampsia are not the
cause or if they are only comorbid conditions. A full
series of tests may be required, including echocardio-
gram, MRI, MR angiography or venography and
carotid ultrasound. If the cause is still not evident,
evaluation of the hypercoagulable state should be per-
formed by evaluating protein C, protein S, antithrombin
III, Factor V Leiden, fibrinogen, and antiphospholipid
antibodies, in addition to a routine complete blood
count, prothrombin time and activated partial thrombo-

plastin time. The hematological tests should be
repeated weeks to months postpartum because many of
the coagulation system markers may be altered during
pregnancy. In the treatment of ischemic stroke and
CVST, a platelet antiaggregant, heparin or warfarin,
may be used, and sometimes surgery may be required.
However, warfarin use should be avoided during preg-
nancy if it is not absolutely necessary.9

The frequency of brain tumor occurrence during
pregnancy is the same as in age-matched non-pregnant
patients.10 However, some brain tumors may develop
and show initial signs and symptoms during preg-
nancy. Hormonal changes could affect receptors and
trigger tumor growth. The brain tumors seen during
pregnancy are glioma, meningioma, and acoustic neu-
rinoma, respectively. The diagnosis of primary brain
tumors is made by neuroimaging with MRI or com-
puted tomography scanning. In general, MRI scans are
preferred because of better tissue resolution and
because the magnetic field used is safe and does not
affect the fetus. Most intracranial neoplasms are
treated by surgical excision. However, surgery in
benign tumors, such as meningiomas and in slowly
growing low-grade malignant tumors (such as
gliomas), may be delayed until after delivery. Symp-
toms due to pressure on surrounding structures or
raised intracranial tension are treated with corticoster-
oids, preferably with prednisone to reduce tumor
edema. If the patient continues to worsen despite
maximum conservative measures, surgical excision
should be undertaken, regardless of the stage of the
pregnancy. High-grade gliomas are surgically excised
during pregnancy. Chemotherapy and radiotherapy
should be administered only after weighing the risks
and benefits.10 Case 10, who developed supratentorial

Figures 3 Cerebral (a) magnetic
resonance image and (b) venog-
raphy of Case 1 showed right-
sided superior sagittal sinus
thrombosis.
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primitive neuroectodermal tumor, was the third case
of this type of tumor during pregnancy cited in the
literature.11–13 These lesions require diagnostic interven-
tion and treatment, regardless of the gestational age of
the fetus because of their poor prognosis. The primary
choice in treatment is radical surgical resection.11–13 Our
patient had undergone surgery for the resection of
the tumor. However, the clinical status of the patient
deteriorated, and she died.

Spontaneous intracranial hypotension is character-
ized by postural headache associated with low cere-
brospinal fluid pressure. MRI generally help to confirm
the diagnosis and to localize the site of the cerebrospi-
nal fluid leak. This condition may heal with bedrest,
however, an epidural blood patch or a percutaneous
injection of fibrin glue may be needed.14 According to
clinical findings, CSF pressure, and cerebral MRI fea-
tures, Case 11 was diagnosed as having spontaneous
intracranial hypotension, and developed seizures
during this condition. In the literature, one pregnant
woman with spontaneous intracranial hypotension has
been reported.15 However, our patient is the first preg-
nant case of intracranial hypotension accompanying
seizures. These two cases of spontaneous intracranial
hypotension indicate that physicians, especially obste-
tricians, should bear in mind that this condition can
occur during pregnancy.

Many types of headache may be triggered during
pregnancy because estrogen and other reproductive
hormones interact with the trigeminovascular system
directly and indirectly affecting blood flow and neuro-
chemical substances. The types of headache most fre-
quently encountered during pregnancy are migraine
without aura, and the tension-type headache.2,16 History
and targeted physical examination are essential factors
in the diagnosis of headaches, and almost all can be
assigned to a diagnostic group. New-onset migraine in
pregnancy, especially with aura, which does not fit the
classic scheme of migraine or tension-type headaches,
should be carefully investigated for other pathologies.
Prophylactic treatment includes low-dose aspirin,
amitriptylline, nifedipine and beta-blockers. When
migraine occurs during pregnancy, treatment options
may be non-narcotic analgesics or triptans.2,17 Ophthal-
mological migraine during pregnancy has not been
encountered in the literature. The patient in our sample
diagnosed with ophthalmological migraine was treated
with prednisolone; patient outcomes of both the mother
and her baby turned out very well. Hemiplegic
migraine during pregnancy has been rarely reported.
This condition may occur during pregnancy with or

without a previous history of such a condition, usually
in the third trimester.18,19 Our patient’s symptoms and
signs of hemiplegic migraine resolved spontaneously.

We reported a unique case with spinal segmental
myoclonus during pregnancy.3 After delivery the
involuntary contractions disappeared within two days.
The explanation for this clinical picture was disorder of
spinal cord circulation due to pressure on the intra-
abdominal vascular structures of the mass effect.

Guillain–Barré syndrome (GBS) during pregnancy
has been rarely reported.20 However, its variants, acute
motor axonal neuropathy (AMAN) or AMAN +
external ophthalmoplegia, have not been encountered
in the literature. GBS is suspected when a patient pre-
sents with progressive motor weakness and areflexia.
Albuminocytological dissociation in cerebrospinal fluid
with elevated protein content and a normal mono-
nuclear leukocyte count (10/mm3) and nerve conduc-
tion studies can be useful in diagnosing GBS in both
non-pregnant and pregnant patients.21 In treatment of
GBS, i.v. immunoglobulin and plasmapheresis were
found to be equally effective, and both of them have
been used confidently during pregnancy.22–24 Our
patient with AMAN improved almost completely with
plasmapheresis treatment. But the case with external
ophthalmoplegia showed minimal improvement with
PE and IVIg treatments.

The aim of this study was to draw attention to the
rare neurological diseases – other than eclampsia – that
develop during pregnancy or the diseases initially
described as associated with pregnancy. Our results
suggest that by adopting a careful and correct
approach and accurate neurological diagnosis, most of
these patients could be treated successfully with good
prognosis of newborns.
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