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BACKGROUND
Neurological deterioration in eclampsia is considered to
be secondary to cerebral vasospasm. Magnesium sulfate
therapy improves symptoms and controls seizures, pos-
sibly related to its vasorelaxive effects in spastic arteries.
Some cases, however, are refractory to magnesium ther-
apy. To our knowledge, there is no report of angioplasty
for vasospasm from eclampsia in the literature.
METHODS
A 27-year-old woman presented 10 days postpartum with
severe mental status changes and left arm and bilateral
leg weakness that were refractory to magnesium therapy.
Cerebral angiography demonstrated diffuse, severe vaso-
spasm. We treated her with angioplasty of the bilateral
middle and posterior cerebral arteries, basilar artery, and
bilateral internal carotid arteries.
RESULTS
Angioplasty resulted in excellent angiographic improve-
ment. The patient immediately became responsive and
appropriate with improved strength in all extremities.
She continued to improve throughout her hospital stay
and was discharged 10 days postangioplasty.
CONCLUSIONS
Cerebral angioplasty is an effective treatment for vaso-
spasm from eclampsia refractory to magnesium therapy.
Angiography should be considered early in the course of
neurological deterioration, but delayed therapy may also
be effective. © 2001 by Elsevier Science Inc.
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Recent evidence has confirmed the presence of
severe cerebral vasospasm in eclampsia [10,

11,21,23]. The presence of elevated transcranial
Doppler (TCD) ultrasound velocities in women with

eclampsia but not pre-eclampsia as well as the res-
olution of these elevated velocities with successful
treatment of eclampsia suggest a causative effect
[8,18,22,23]. The standard treatment for eclampsia
includes control of hypertension and i.v. adminis-
tration of magnesium sulfate. Magnesium sulfate
controls seizures in eclamptic women and im-
proves neurological symptoms. This effect may be
related to the ability of magnesium to relax spastic
cerebral arteries and improve cerebral blood flow
[13,17]. Nonetheless, magnesium therapy is not uni-
versally effective, and blindness or other neurolog-
ical deficits may become permanent in eclamptic
women.

Cerebral vasospasm from other causes, such as
subarachnoid hemorrhage, has been treated in the
past with angioplasty. Angioplasty is effective in
improving both angiographic narrowing and cere-
bral blood flow, with durable results [1,3–6,9]. Pa-
tients treated early in the course of neurological
deterioration from vasospasm are most likely to
improve with treatment [19]. Despite the proven
efficacy of angioplasty for vasospasm, we have
found no report of angioplasty for vasospasm from
eclampsia in the literature. We present our experi-
ence with one eclamptic patient who deteriorated
neurologically from cerebral vasospasm and re-
sponded favorably to angioplasty.

Case History
A 27-year-old woman presented to an outside institu-
tion with seizures that occurred at home 5 days after
a normal spontaneous vaginal delivery of a full-term
infant. She had no history of fever, chills, abdominal
or leg tenderness, or other signs of infection or deep
venous thrombosis. She had complained of episodes
of headache and scotoma before presentation. Her
medical history was significant for hypertension dur-
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ing the past 2 years. She had been treated with anti-
hypertensives but refused to take any medication dur-
ing her pregnancy for fear of fetal side effects. She was
treated for preeclampsia at the time of her delivery
and continued to be hypertensive after delivery.
When admitted for her postpartum seizures, she was
neurologically intact with diffuse hyperreflexia, but no
clonus. During her hospital stay, she was treated with
magnesium sulfate and antihypertensives and was felt
to be medically stable. On the fifth day, just before
planned discharge, she became more somnolent and
developed left hemiparesis. She was treated with ad-
ditional infusion of magnesium sulfate, i.v. steroids,
and supportive therapy, but her condition gradually
deteriorated. On the day that she was transferred to
our hospital, she was reportedly unresponsive with a
dense left hemiparesis.

Cranial computed tomography (CT) scans ob-
tained 3 days and 1 day before transfer to our
institution demonstrated mass effect in the bilateral
occipital lobes and watershed hypodensity in the

right posterior temporal lobe (Figure 1). Angiogra-
phy performed at the referring institution on the
day of transfer demonstrated severe, diffuse vaso-
spasm in the entire intracranial posterior circula-
tion, bilateral supraclinoid internal carotid arteries,
and bilateral middle and posterior cerebral arteries
(Figure 2). Because of her deteriorating clinical con-
dition, she was transferred for consideration of
angioplasty.

On arrival at our institution, the patient was
awake but did not attempt to speak. She did not
track the examiner, answer questions, or follow
commands. Her pupils were equal and reactive; her
gaze was conjugate; and her face was symmetrical.
Other cranial nerves could not be assessed ade-
quately. She demonstrated strong, purposeful move-
ment in her right arm. Her left arm did not move
spontaneously but localized briskly to pain. Neither
leg moved spontaneously, and she withdrew each leg
weakly to painful stimuli. She had significant hyperto-
nicity and hyperreflexia in her legs.

1 CT performed 3 days (A &
B) and 1 day (C & D) be-

fore angiography. Sulcal efface-
ment in the occipital and poste-
rior parietal lobes and watershed
hypodensity suggest ischemia.
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During diagnostic angiography at our institution,
the patient’s movement could not be adequately
controlled and her blood pressure began to fluctu-
ate. We intubated the patient for airway protection
and to permit adequate sedation. The remainder of
the procedure was performed with continuous fen-
tanyl infusion and a heparin bolus (50 U/kg) to
maintain an activated coagulation time within the
range of � 250 to 300 seconds. We began endovas-
cular therapy by placing a 6-French guide catheter
(Envoy, Cordis Endovascular, Miami, FL) into the
distal left vertebral artery (VA). A 2.25 � 10-mm
angioplasty balloon (Ninja, Cordis) was advanced
over a 0.014-inch guidewire (Transcend, Cordis)
into the left posterior cerebral artery. With the guid-
ance of roadmap imaging, we performed multiple
manual inflations, withdrawing the balloon after
each inflation, to sequentially dilate the P1 segment
of the posterior cerebral artery, the basilar artery,
and the V4 segment of the left VA. Inflation pres-
sures were not measured, and each inflation was
held for approximately 30 seconds. The wire was
then advanced into the right posterior cerebral ar-
tery, and the P1 segment was treated with the same
balloon. After withdrawal into the left VA, the wire
was advanced through the vertebrobasilar junction
into the contralateral VA; and multiple manual in-
flations were performed again. Final left vertebral
angiography demonstrated excellent restoration of
flow in all treated segments with normal distal filling
(Figure 3A).

We then entered the right internal carotid artery
(ICA) with the guide catheter. The wire and balloon
were advanced into the superior division of the
right middle cerebral artery (MCA). Using the same
angioplasty balloon, we performed multiple manual
inflations in the MCA, withdrew the balloon gradu-
ally into the supraclinoid segment of the ICA, and

then inflated it manually over the entire distance.
Multiple attempts to readvance the balloon into the
anterior cerebral artery (ACA) were unsuccessful.
Final right ICA angiography demonstrated normal
diameters in the ICA and MCA, with moderate re-
sidual vasospasm in the right ACA (Figure 3B).

After selectively catheterizing the left ICA, we
attempted to advance the same angioplasty balloon
into the spastic segment of the supraclinoid ICA. We
were unable to negotiate the cavernous segment,
despite exchanging the soft Transcend guidewire
for a 0.014-inch wire with greater proximal support
(Balance lightweight, Guidant, Menlo Park, CA). Af-
ter exchanging the angioplasty balloon over the
Balance guidewire for another of the same type and
dimensions, we were able to advance the balloon
into the M1 segment of the MCA and perform an-
gioplasty. Once again, we continued to perform
manual inflations while withdrawing the balloon
into the supraclinoid ICA. Additional attempts to
enter the ACA were unsuccessful. Final left ICA an-
giography showed dramatic improvement in vessel
diameter and distal filling (Figure 3C).

Following treatment, the patient was more alert,
actively tracking the examiner, and followed com-
mands with her right hand. She remained densely
paretic on the left side. She was admitted to our
neurological intensive care unit, where we contin-
ued treatment with magnesium sulfate and blood
pressure control. We permitted hypertension at a
moderate level by withholding antihypertensive
medications and maintained mild hypervolemia,
which was monitored by a central venous catheter.
She was successfully extubated 1 day after the in-
tervention, and magnesium therapy was discontin-
ued the next day. Over the next several days, her
strength improved in the left arm and she began to
speak, answering questions appropriately. At the

2 Cerebral angiography demonstrating severe vasospasm in the right carotid (A), left carotid (B), and vertebro-
basilar (C) distributions.
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time of discharge 10 days after angioplasty, she had
normal strength in the right leg, antigravity
strength in the left arm, and could move her toes
and rotate her hip on the left side. We started war-
farin therapy for a deep venous thrombosis at the
central venous catheter site.

Postoperative imaging included a cranial CT scan
and a single-photon emission CT (SPECT) scan to
evaluate cerebral perfusion. The CT scan showed

some improvement in the watershed hypodensity
with no progression to infarction. The SPECT scan
demonstrated mild hypoperfusion in both frontal
lobes with essentially normal perfusion in the pos-
terior circulation and both MCA territories (Figure
6).

One month after angioplasty, the patient was im-
proving while an inpatient at a rehabilitation center.
She was walking with a cane and performing all

3 (A) Left vertebral angiography after balloon angioplasty performed in both posterior cerebral arteries, the basilar
arteries, and the intracranial portions of both VAs. (B) Right internal carotid angiography performed after

angioplasty in the MCA and the supraclinoid portion of the ICA. The treated arterial segments are significantly dilated
compared to the pretreatment angiogram. (C) Left internal carotid angiography performed after angioplasty in the MCA
and the supraclinoid portion of the ICA. The treated arterial segments are significantly dilated compared to the
pretreatment angiogram. Residual vasospasm can be seen in both ACAs (B & C).

4 SPECT scan performed 1 day after angioplasty for diffuse, severe vasospasm. Axial (A) and coronal (B) images
show fixed hypoperfusion in the right ACA-MCA watershed area (arrows) that match CT changes. Perfusion in the

remainder of the brain is normal.
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activities of daily living independently. Higher cog-
nitive functions have nearly returned to her base-
line. Neuropsychological testing has detected a
subtle spatial memory deficit but is otherwise
normal.

Discussion
Progression from preeclampsia to eclampsia is
marked by the development of seizures or other
neurological symptoms, including mental status
changes and focal deficits. Recent studies suggest
that the development of eclampsia is associated
with cerebral vasospasm. Trommer et al first re-
ported angiographic evidence of vasospasm in an
eclamptic patient [21]. Williams and McLean subse-
quently described TCD evidence of vasospasm with
elevated mean flow velocities [23]. Qureshi et al
demonstrated that TCD velocities are significantly
higher in eclamptic women with neurological symp-
toms than in normotensive pregnant women [18].
Pre-eclamptic women, however, have TCD veloci-
ties similar to normotensive pregnant women [18].

The etiology of vasospasm in eclampsia is un-
clear. Circulating vasoactive factors, such as
angiotensin-II and endothelin-1, have been reported
to produce arterial narrowing and seizures similar
to eclampsia and have been suggested as possible
causes [7,13]. In addition, endothelial cell dysfunc-
tion leads to decreased production of vasorelaxing
factors prostaglandin I2 and prostaglandin E2 in pre-
eclampsia [24, 25]. Other theories include hypercal-
cemia [12] and autoregulatory vasoconstriction in
response to hypertension as seen in animals and
humans [2,15]. Despite an apparently different
pathophysiology than for vasospasm after sub-
arachnoid hemorrhage, the end result is similar: a
spastic, narrowed artery with restriction of blood
flow resulting in regional cerebral ischemia. Ac-
cordingly, the results after angioplasty for the two
entities may be similar.

The diagnosis of cerebral vasospasm in eclamp-
sia can be made with a variety of imaging tech-
niques. As mentioned previously, angiography and
TCD may provide evidence of vasospasm during the
course of eclampsia. In addition, magnetic reso-
nance angiography may demonstrate both arterial
narrowing consistent with vasospasm and resolu-
tion of vasospasm [10,11]. Qualitative blood flow
measurement, such as is provided by SPECT, may
provide evidence of hypoperfusion from vaso-
spasm. In the largest series to date documenting
evidence of vasospasm in eclampsia, Naidu et al
prospectively evaluated 65 eclamptic women with

CT, TCD, and/or SPECT [16]. They found CT abnor-
malities in 58.5% of eclamptic women studied,
97.4% of these involving the parietooccipital re-
gions known to be most sensitive to changes with
eclampsia. Among those patients evaluated with
TCD, elevated velocities were documented in 85.7%,
whereas SPECT abnormalities were found in the
watershed zones of all eclamptic women, involving
the parietooccipital regions in 75%. Although each
modality provided unique information, SPECT was
felt to be the most sensitive diagnostic tool for
obtaining evidence of symptomatic vasospasm in
eclampsia.

The cornerstone of treatment for eclampsia has
been magnesium sulfate therapy. In a prospective,
randomized trial, magnesium sulfate therapy was
superior to phenytoin for the treatment of eclamp-
tic seizures [14]. Further evidence suggests that the
mechanism for this action is through improvement
in cerebral perfusion after administration of a load-
ing dose of magnesium sulfate, a phenomenon not
demonstrated after a loading dose of phenytoin in
another prospective trial [17]. Magnesium sulfate
may improve cerebral perfusion by opposing
calcium-dependent arterial constriction, thereby
relieving vasospasm [20]. Still, some cases of
eclampsia are refractory to treatment with magne-
sium, as in the case we present. In these cases,
additional treatment options must be considered.

Angioplasty has been proposed as the treatment
of choice for symptomatic vasospasm secondary to
subarachnoid hemorrhage refractory to hyperdy-
namic therapy [5]. Cerebral blood flow improves
after angioplasty for vasospasm with durable re-
sults [4]. To our knowledge, no report of angio-
plasty for vasospasm in eclampsia has been re-
ported. Given the clinical similarities between
symptomatic vasospasm from subarachnoid hem-
orrhage and eclampsia, one might expect a similar
benefit from angioplasty in the two conditions. In
our case, the patient improved rapidly and dramat-
ically. Furthermore, given the finding that magne-
sium sulfate improves intracerebral flow dynamics,
as measured by TCD, after the initial loading dose
[17], failure to improve after magnesium loading
may be sufficient indication to pursue cerebral an-
giography with consideration of angioplasty. This is
consistent with the finding that angioplasty for va-
sospasm secondary to subarachnoid hemorrhage is
most effective if performed within 3 hours of symp-
tom onset [18]. Delayed angioplasty should not be
ruled out, however, as our patient was treated sev-
eral days after deteriorating with favorable results.

We conclude that intracranial angioplasty is an
effective method of treatment for severe eclampsia

377Angioplasty for cerebral Vasospasm from Eclampsia Surg Neurol
2001;56:373–9



refractory to magnesium therapy. Pregnant and
postpartum women with severe hypertension and
neurological deterioration should be rapidly given
an initial loading dose of magnesium sulfate. Base-
line evaluation with TCD or magnetic resonance
angiography should be considered to monitor ther-
apy. Failure to respond clinically to magnesium
therapy is an indication to consider angiography
and angioplasty. Angioplasty should be considered
early, possibly after administering a loading dose of
magnesium sulfate if no improvement is noted, but
delayed therapy may also be effective.

The authors thank Paul H. Dressel for preparation of the
illustrations. This department receives research support
from Cordis Endovascular and Guidant Corporation.
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COMMENTARY
This is an extremely important case report of se-
vere symptomatic vasospasm associated with

378 Surg Neurol Ringer et al
2001;56:373–9


