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Role and Safety of Plasmapheresis in the Treatment  
of Moyamoya Syndrome

Mohammed Al Tameemia, c, Basma Ataallahb

Abstract

We are presenting a case of Graves’ disease with acute deterioration in 
mental status secondary to moyamoya syndrome that developed be-
cause of untreated severe thyrotoxicosis. The patient did not respond 
well to medications used to treat thyrotoxicosis and underwent plas-
mapheresis aiming to improve symptoms and neurologic outcome. 
After one session of plasmapheresis, she developed cerebral hernia-
tion. This article will focus in brief on the role of plasmapheresis in 
the treatment of complicated cases and the safety of this procedure, 
especially in critically ill patients.
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Introduction

Moyamoya syndrome (MMS) is a rare cause of cerebrovas-
cular insult that can lead to brain ischemia and bleeding. It is 
an angiogenic disorder of progressive narrowing of the cer-
ebral arteries at the base of the brain, typically involving the 
intracerebral portion of the internal carotid arteries. MMS can 
develop in association with head irradiation, chemotherapy, 
and many other disorders, such as neurofibromatosis type 1 
(NF1), Down syndrome and autoimmune disorders. It can be 
idiopathic as well. The diagnosis can be easily missed given 
the rarity of this vascular syndrome. Graves’ disease (GD) has 
been rarely reported to cause MMS, and the underlying coex-
isting mechanism remains unclear. MMS is incurable, and the 
goal of treatment is directed toward improving cerebral blood 
flow. We are reporting a case of a young woman admitted for 
thyroid storm with acute onset of focal neurologic symptoms 

and altered mentation with tragic outcome. She was treated 
with plasmapheresis and developed cerebral edema after one 
procedure.

Case Report

Investigations

A 28-year-old Hispanic female with a history of GD presented 
to the emergency department with worsening symptoms of 
palpitations, sweating, weight loss, and leg edema for about 1 
month prior to admission. She had not taken antithyroid medi-
cations or beta blockers for months, as she was asymptomatic 
and had not been following up with a provider. The patient was 
tachycardic on admission, normothermic, alert and oriented 
with no focal neurologic deficit.

Diagnosis

Thyroid-stimulating hormone (TSH) level on admission was 
< 0.007 µIU/mL (0.36 - 3.7 µIU/mL), free thyroxine (FT4) > 
8.0 ng/dL (0.76 - 1.46 ng/dL), and total triiodothyronine (TT3) 
was 2.75 ng/mL (0.6 - 1.8 ng/mL).

Treatment

Her methimazole was resumed, and she was placed on beta 
blocker as well.

Outcomes

A day later, symptoms were improving, and she was planned 
for discharge, but before discharge, she developed sudden 
weakness of the right upper and lower extremities. A few min-
utes later, she became unresponsive and developed seizures. 
Magnetic resonance angiogram of the brain showed ischemic 
infarcts with occlusion/near occlusion of the right and left 
internal carotid arteries, and a diagnosis of MMS was made. 
After intubation, thyroid storm treatment with higher dose of 
methimazole, steroids, and beta blocker were initiated. The pa-
tient’s mental status did not improve, and her Glascow Coma 
Scale score remained at 5. However, her vital signs were sta-
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ble and controlled until she was extubated, at which point she 
started to have tachypnea, tachycardia and hyperthermia. So, 
the decision was made to intubate her again, and to start with 
plasmapheresis, trying to improve symptoms and neurologic 
outcome. The patient was hemodynamically stable during 
plasmapheresis. Few hours after the first session of plasma-
pheresis, the patient’s neurologic outcome deteriorated and 
brain computed tomography (CT) scan showed cerebral edema 
and herniation, which ultimately led to brain death.

Discussion

MMS is a vascular endothelial disorder that can lead to cer-
ebrovascular accidents and variable neurologic symptoms. It 
involves a progressive narrowing of cerebral arteries at the 
base of the brain, more specifically the circle of Willis, where 
it leads to the development of fragile collateral arteries, lead-
ing to the characteristic features found on brain imaging that 
is diagnostic of MMS [1]. This vascular syndrome is linked 
to several distinct clinical conditions, including sickle cell 
disease, systemic lupus erythematosus, Down syndrome, fi-
bromuscular dysplasia NF1, and rarely can be associated with 
GD [2]. The pathophysiology of MMS, especially in GD, is 
incompletely understood. Thyroid toxicity is thought to play 
a role in the pathology of developing cerebral arterial steno-
sis in patients with GD [3]. This was confirmed by Kim et al, 
who reported that elevated thyroid autoantibodies and thyro-
toxicosis were frequently observed in patients with MMS [4]. 
While the three most common treatments for hyperthyroidism 
are antithyroid drugs, radioactive iodine, and thyroidectomy, 
plasmapheresis is an alternative treatment that has been pro-
posed for many years for hyperthyroidism, especially in severe 
thyrotoxicosis and thyroid storm [5]. It entails the separation 
of plasma from blood to eliminate proteins such as antibodies 
and cytokines; and it is commonly used to improve neurologic 
outcomes in many autoimmune-associated neurologic disor-
ders, such as myasthenia gravis crisis and Guillain-Barre syn-
drome, where it is considered as a safe and effective first-line 
treatment [6, 7]. Plasmapheresis may also have the potential to 
stabilize the neurovascular progression in patients with MMS 
associated with GD and possibly prevent further progression 
of the cerebral arterial occlusive process [8]. Plasmapheresis 
is considered a safe procedure in literature reviews, with a re-
ported incidence of severe complications of up to 4.75% [9]. 
In a retrospective study using medical records of 73 patients 
who underwent 1,283 plasmapheresis procedures for different 
neurologic diseases, no fatalities were reported [10]. The study 
concluded the safety of plasmapheresis in patients with neu-
rologic symptoms when the procedure is performed by skilled 
and well-trained persons [10].

In patients with severe comorbidities, especially those re-
quiring mechanical ventilation and on pressors, like our case, 
the prevalence of adverse events during plasmapheresis is gen-
erally higher. Arrhythmias, life-threatening hypotension, and 
water and electrolyte imbalance are more common to occur 
in those patients. Such complications, among others, were ob-
served in a study entitled 370 plasmapheresis procedures in 

54 patients in an intensive care unit level [11]. In this study, 
88.9% of the procedures were carried out without complica-
tions [11].

In this case, no water imbalance was reported during plas-
mapheresis, and it is unknown whether the plasmapheresis 
played a role in cerebral edema and herniation in the presence 
of extensive ischemic cerebrovascular insult.

Conclusions and learning points

It is well known that a significant proportion of thyroid hor-
mones bind to serum proteins. This makes plasmapheresis 
an effective therapeutic option to achieve euthyroidism and 
improve clinical outcomes in patients with thyrotoxicosis 
complications. As an invasive procedure, plasmapheresis is 
not without complications. However, it can be considered a 
relatively safe therapeutic method for patients hospitalized in 
intensive care units in literature reviews. On the other hand, to 
the best of our knowledge, cerebral edema and herniation were 
not reported as a complication of plasmapheresis. However, 
continuous observation and monitoring of patients provided by 
well-trained personnel are essential for better safety outcomes.
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