Neurol Med Chir (Tokyo) 51, 60 ~63, 2011

Severe Parkinsonism Following Endoscopic Third
Ventriculostomy for Non-communicating Hydrocephalus

—Case Report—

Takenori AKIYAMA,! Yoshio TANIZAKI,? Kazunori AKAJI,2 Kenji HIRAGA,?
Takekazu AKIYAMA,? Masaki TAKAO,® and Takayuki OHIRA®

Department of Neurosurgery, Keio University School of Medicine, Tokyo;
Departments of 2Neurosurgery and 3Neurology, Mihara Memorial Hospital, Isezaki, Gunma

Abstract

A 23-year-old male with non-communicating hydrocephalus caused by intraventricular hemorrhage
from an arteriovenous malformation was treated by endoscopic third ventriculostomy (ETV) after
repeated ventricular cerebrospinal fluid drainage and removal of ventriculoperitoneal shunt due to in-
fection. Postoperatively, the patient developed robust rigidity and akinesia with mutism, suggesting
secondary parkinsonism. These symptoms showed marked improvement after administration of
levodopa, and were not aggravated after discontinuation. The pathophysiology of this case might in-
volve dysfunction of the dopaminergic system caused by repeated compression and release of the
paraventricular white matter. Careful perioperative management not leading to excessive dilation of
the the ventricles should be considered for ETV for non-communicating hydrocephalus to avoid this un-

expected complication.
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Introduction

Two uncommon complications related to treatment for
non-communicating hydrocephalus have been reported,
parkinsonism and akinetic mutism, both of which have
been successfully treated with dopaminergic medica-
tion.1-410.11,1416-18) We treated a patient who developed se-
vere parkinsonism or akinetic mutism after endoscopic
third ventriculostomy (ETV) for non-communicating
hydrocephalus.

Case Report

A 23-year-old male presented with an incidentally identi-
fied arteriovenous malformation (AVM) located on the
dorsal surface of the midbrain in 2001. Gamma knife
radiosurgery was performed on the lesion in the same year
at another institution. Marginal prescription dose and
maximum dose were 17 Gy and 34 Gy, respectively. Com-
plete obliteration of the AVM was not achieved and the le-
sion annually followed up by magnetic resonance (MR)
imaging. He became aware of speech disturbance and diz-
ziness 7 years after gamma knife radiosurgery, and volun-
tarily requested admission by ambulance. He was emer-
gently transferred to our hospital, as his consciousness
level rapidly fell from E3V4M5 on the Glasgow Coma
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Scale (GCS) to E1V1M3 in the ambulance.

Head computed tomography (CT) on admission revealed
hemorrhage in the dorsal midbrain and the fourth ventri-
cle with obstructive hydrocephalus (Fig. 1A). His con-
sciousness level continued to deteriorate and the
hydrocephalus became worse on the next day, so emer-
gent cerebrospinal fluid (CSF) drainage was performed by
tapping into the anterior horn of the lateral ventricle. His
consciousness recovered to E4V5M6 immediately after
the intervention. Bilateral ptosis and restriction of vertical
eye movement due to midbrain dysfunction were noted
without long tract signs. Endovascular embolization of the
AVM nidus using liquid material was performed 10 days
after the onset at another institute. N-butyl cyanoacryrate
(NBCA) was injected from the main feeding artery, result-
ing in partial embolization of the nidus. Three weeks after
the ventricular drainage, CSF drainage was tentatively
stopped. However, hydrocephalus recurred with deterio-
ration of consciousness (Fig. 1B). Therefore, a ven-
triculoperitoneal (VP) shunt procedure using a pressure-
programmable valve was performed 3 weeks after the
hemorrhage (Fig. 1C). Although his consciousness reco-
vered fully, the patient developed a high fever several days
after the VP shunt was installed. Subcutaneous pus along
the shunt system was observed in addition to signs of
meningitis in the CSF test. Therefore, the shunt system
was removed and ventricular drainage was begun again.

Following remission of the meningitis after thorough
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Fig. 1 A: Computed tomography (CT) scan demonstrating
hemorrhage in the dorsal midbrain and the fourth ventricle.
B: CT scan after cerebrospinal fluid drainage was tentatively
clamped, showing marked ventriculomegaly. C: CT scan after
ventriculoperitoneal shunt. D: CT scan just before endoscopic
third ventriculostomy.

antibiotic therapy, ETV was scheduled. External CSF
drainage had been opened at 15 cm above the level of ex-
ternal auditory meatus during antibiotic therapy. Twelve
hours before ETV, the drainage level was raised to 18 cm,
then at 8 hours before surgery to 20 cm, and completely
clamped 4 hours before ETV to prevent overdrainage of
the CSF, and to increase safety of endoscopic manipula-
tion in the ventricles by keeping the ventricles expanded
(Fig. 1D). During the preoperative preparation, the
patient’s consciousness slightly deteriorated to GCS
E2V3M5. Our previous experience suggested that his con-
sciousness would recover after reopening of the CSF
drainage, so we performed ETV under general anesthesia
as scheduled. The operation was performed through the
left anterior horn approach using the rigid endoscope.
Through the endoscope, obstruction of the midbrain
aqueduct by old organized hematoma was observed, but
the ventricular walls remained intact, ruling out ventricu-
litis and encephalitis. The floor of the third ventricle was
firm due to acute hydrocephalus, but opening of the floor
by blunt forceps and Fogarty balloon catheter was suc-
cessfully performed without any trouble. The external
CSF drainage was opened again in case of acute obstruc-
tion of the stoma.

Postoperative serial CT and MR imaging showed the
size of the ventricles remained normal. Consciousness lev-
el improved to GCS E4V4M6 immediately after the ETV.
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Fig. 2 T,-weighted magnetic resonance images after en-
doscopic third ventriculostomy, demonstrating normal ven-
tricular size, an arteriovenous malformation nidus on the dor-
sal surface of the midbrain, and no signal changes in the brain
parenchyma.

Movement of the limbs was not disturbed although subtle
increase of muscular tonus was observed in both lower
limbs. Neither consciousness deterioration nor ventricu-
lar expansion on CT were observed after the drain was
tentatively obliterated, then completely removed.
However, the volume of his voice decreased gradually, the
movement of his tongue, lips, and pharynx decreased
prominently, and oral intake became difficult.

Ten days after the ETV, he became almost mute and im-
mobile although with some nodding, and required total
nursing care with tube feeding. The sleep cycle was un-
disturbed. Severe cogwheel rigidity was observed in his
limbs and trunk. Tremor was not observed. Accentuations
of the tendon reflex and strong clonus were observed in
the bilateral lower limbs, but not in the upper limbs. Fol-
low-up MR imaging detected no signs of ventricular enlar-
gement, nor any change in the intensity of the brain paren-
chyma, ruling out encephalitis (Fig. 2). MR angiography
showed no abnormal findings except for the distal
posterior cerebral artery harboring the AVM. CSF exami-
nation showed remission of meningitis. Electroen-
cephalography (EEG) revealed dominant slow waves in
the frontal area without epileptic discharges. Blood tests
including hormonal and inflammatory responses showed
no abnormalities. Cerebral blood flow (CBF) by xenon CT
was markedly decreased to 32 ml/100 g/min in the right
hemisphere and 24 ml/100 g/min in the left.

We suspected that these symptoms were similar to those
of secondary parkinsonism or akinetic mutism due to the
obstructive hydrocephalus. Amantadine hydrochloride
100 mg per day was prescribed 2 weeks after the ETV (Fig.
3). Bromocriptine 2.5 mg per day was initiated 2 weeks
later and gradually increased up to 15 mg per day. Slight
improvements were observed, such as longer eye opening
period and decreased muscle tonus of his neck. However,
akinesia, mute state, and severe rigidity of the limbs and
the trunk did not change and he remained completely bed-
ridden.

Second gamma knife radiosurgery to the remaining ni-
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Fig. 3 Clinical course of this case. dEOM: disturbed ex-
traocular movement, ETV: endoscopic third ventriculostomy,
GCS: Glasgow Coma Scale, GKR: gamma knife radiosurgery,
IVR: interventional radiology (liquid embolization of ar-
teriovenous malformation nidus), VD1: first ventricular
drainage, VD2: second ventricular drainage, VP: ven-
triculoperitoneal shunt.

dus was performed 5 weeks after the ETV, with marginal
dose of 18 Gy and maximum dose of 36 Gy. Six weeks after
the ETV, levodopa 200 mg per day was administered. Af-
ter only 3 days, the amount of his speech dramatically in-
creased, and the rigidity of the tongue and the arm was
suddenly alleviated. The dose of levodopa was gradually
increased up to 750 mg per day within the next month. Im-
provement of the rigidity of the lower limbs was also ob-
served with some delay. In the early stage of his recovery,
difficulties in initiating speech were observed, which
could be improved by presenting verbal cues.

All symptoms improved with the increase of levodopa
dose, and he started oral intake 2 months after the ETV,
was able to walk with a cane in another 2 weeks, and could
walk without assistance 3 months after the ETV. He
reported afterwards, “I understood all conversations
around me when I could not speak. I could not move my
mouth, hands, and body parts at all because my whole
body was so heavy.” He was discharged home on foot and
independent in activities of daily living with diplopia due
to midbrain dysfunction 4 months after the ETV. There-
after, levodopa was gradually withdrawn and discon-
tinued without recurrence of his symptoms.

Discussion

The present patient developed robust rigidity and akine-
sia, and recovery clearly correlated with the dosage of
levodopa, although tremor was not found. Therefore, we
suppose that these symptoms were equivalent to parkin-
sonism. Parkinsonism has been associated with repeated
obstruction of the VP shunt for non-communicating
hydrocephalus, especially in patients with aqueduct steno-
sis.3410.1416,18) Intracranial pressure and its effect on the
white matter fibers surrounding the ventricles due to
shunt failure and subsequent release leads to malfunction-

ing of the dopaminergic pathway causing secondary par-
kisonism. Another suspected mechanism involves the de-
velopment and persistence of a transtentorial pressure
gradient that could lead to global dysfunction of the upper
midbrain.? In this case, until ETV was successfully per-
formed, several episodes of enlarged ventricles occurred
with increased intracranial pressure and subsequent
release. We believe that a similar mechanism to secondary
parkinsonism after acute shunt failure was the cause of the
unusual symptoms in this patient, although parkinsonism
after successful ETV has not been reported.

Akinetic mutism is also a rare manifestation of VP shunt
failure in patients with aqueduct stenosis.®11.1217) The
present case can also be classified as akinetic mutism?
because there was no involuntary movement or speech
with the maintained sleep cycle. The brainstem ascending
reticular formation activating system starts from the
midbrain tegmental area, and projects into the diencepha-
lon, and the striatum is supposed to be the center re-
sponsible for akinetic mutism, as well as the area includ-
ing the bilateral medial frontal lobes and the cingulate gy-
rus.>®1315) This system is dopaminergic and projects
through the paraventricular area which can be damaged
by stretching of the ventricular wall. Therefore, repeated
dramatic changes in ventricular size before or after inter-
vention to non-communicating hydrocephalus, such as
shunt failure or clamping the CSF drainage, can induce
damage to the ascending dopaminergic projections lead-
ing to akinetic mutism or secondary parkinsonism which
can be treated by dopaminergic agents.

We supposed that the characteristics of this case were
more similar to secondary parkinsonism rather than aki-
netic mutism from the viewpoint of the symptoms.
However, findings atypical of pure parkinsonism, includ-
ing cortical slow wave in EEG, decreased CBF in the cor-
tex, and pyramidal tract signs, were observed. These
results indicate that not only the dopaminergic pathway
but also other areas of the paraventricular white matter
were damaged. Such bilateral pyramidal tract signs were
observed in a patient originally considered to have akinet-
ic mutism.? Akinetic mutism and parkinsonism manifest-
ing secondary to treatment for non-communicating
hydrocephalus caused by aqueduct stenosis may be simi-
lar in character and can coincide. Most previous cases
reported as parkinsonism or akinetic mutism contained
both characters and have been treated by similar concepts.
This case might also have both characteristics, so we think
that this pathophysiology can be considered as ‘“dysfunc-
tion of ascending dopaminergic pathway” or ‘“acute dopa-
mine deficiency syndrome” due to the drastic changes in
the size of the ventricles, not as a single independent syn-
drome such as ‘“‘secondary parkinsonism’ or “akinetic
mutism.”

Other mechanisms explaining this symptom besides
temporary damage to the paraventricular dopaminergic
pathway can be postulated, such as decrease in dopamine
production in the substantia nigra compacta due to mid-
brain hemorrhage, trans-arterially injected NBCA toxicity
to the midbrain, dysfunction of basal ganglia due to
meningitis or encephalitis, and others. The distinct effec-
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tiveness of dopamine administration indicates that the
dopaminergic system was important in this case regard-
less of the underlying mechanism.

Amantadine and bromocriptine did not show the ex-
pected responses in the symptoms based on previous.?11.15)
On the other hand, levodopa increased from 200 mg up to
750 mg per day showed marked responses and symptoms
did not recur after discontinuation. We suppose that the
dose of bromocriptine (15 mg per day) was insufficient to
exhibit the expected clinical improvement because 15 mg
of bromocriptine is equivalent to only 150 mg of levodo-
pa.®) We cannot exclude the possibility of spontaneous
recovery in this case, although the marked remission of
arm and trunk rigidity and the dramatic increase of verbal
response only 3 days after levodopa initiation supports the
efficacy of levodopa on this pathology. Furthermore, the
observation that dose escalation of levodopa from 200 mg
to 750 mg per day led to a more prominent recovery of leg
rigidity also supports this idea as the clinical symptoms
changed parallel to the dosage of dopamine agonist in a
previous case.?

Complications of neuroendoscopic surgery for
hydrocephalus include transient akinetic mutism in a
patient with intraventricular hemorrhage after opening of
the third ventricle cyst' and in a patient with thalamic
damage after ETV.”) QOur patient presented with severe
parkinsonism during the peri-operative period after suc-
cessful ETV. This case implies that repeated trials of
drainage clamping are required to decide whether the ven-
tricular drainage can be removed and if the intended size
increase of the ventricles to minimize the risk of neuroen-
doscopic manipulation during ETV carries any risk to in-
duce dopaminergic dysfunction. We should pay close at-
tention to avoid excessive expansion of the ventricular
walls and prevent this unexpected complication in
patients with aqueduct stenosis or occlusion indicated for
ETV.

The present patient presented with severe rigidity,
akinesia, and mutism after ETV. The pathophysiology of
this case might represent dysfunction of the dopaminergic
system caused by repeated compression and release of the
paraventricular white matter. Administration of levodopa
was effective for this patient although spontaneous recov-
ery cannot completely be ruled out. This case indicates
that careful preoperative management of the patients un-
dergoing ETV for non-communicating hydrocephalus is
mandatory to avoid episodes of repeated overdilation of
the ventricles.
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