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Postoperative Transient Neurologic Dysfunction:
A Proposal for Pathophysiology
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Seung Jin Lee” Background and Purpose Sudden neurological deterioration which cannot be explained

by structural change, ischemia or seizure is often observed among neurosurgical patients. We

Hyun-Seung Kang® aimed to provide new insight into the pathophysiology of postoperative transient neurologic
Jeong Eun Kim* dysfunction.

Seung-Ki Kim® Methods We describe prolonged but fully reversible focal neurologic dysfunction of unknown
Won-Sang Cho* origin based on the initial evaluation in 8 patients who had received encephalo-duro-arterio-
Seo-Young Lee* synangiosis for moyamoya disease. We performed brain imaging, including diffusion weighted

imaging and perfusion magnetic resonance imaging or single photon emission computed to-

“Division of Pediatric Neurosurgery, mography, and electroencephalography (EEG) during the episodes and after resolution of the

Seoul National University

Children’s Hospital, symptoms.
Seoul National University Results The symptoms consisted of dysarthria, hemiparesis, or hemiparesthesia of limbs
College of Medicine, Seoul, Korea contralateral to the operated side. These symptoms developed between 12 hours and 8 days af-

°Departments of Neurosurgery and
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ter surgery and lasted between 12 hours and 17 days. Structural imaging did not show any sig-
nificant interval change compared with the immediate postoperative images. Perfusion imag-

°Department of Neurosurgery, ing showed increased cerebral blood flow in the symptomatic hemisphere. EEG revealed low
Seoul National University Hospital, amplitude arrhythmic slowing in the corresponding hemisphere. Follow-up imaging and EEG
Seoul National University after recovery did not show any abnormalities.

College of Medicine, Seoul, Korea . . X . i . .
Conclusions Transient neurologic dysfunction can occur during the postoperative period of

brain surgery. Although this may last more than usual transient ischemic attack or seizure, it even-
tually resolves regardless of treatment. Based on our observation, we propose that this is the mani-
festation of the transient cortical depression triggered by mechanical stimulation, analogous to
migraine aura associated with cortical spreading depression.
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other possible causes and elucidate the pathophysiology in
these patients. We found that lateralized slowing of electro-
encephalography (EEG) and regional hyperperfusion in the
absence of any structural lesions were the characteristics of
this phenomenon.

We hypothesize that transient cortical depression occurs
as a response to noxious stimuli to the cerebral cortex and is
responsible for this transient neurologic dysfunction (TND).
Ledo' demonstrated that focal stimulation of the rabbit cere-
bral cortex elicited cortical spreading depression (CSD), which
has been suggested as a pathophysiology of migraine aura.?
Recently, there has been increasing evidence that electrocor-
ticography (ECoG) changes resembling CSD occur in acute-
ly injured human subjects,”” whereas the clinical correlates
of the electrophysiological phenomenon have yet to be elu-
cidated.

In this study we report a novel category of transient focal
neurologic dysfunction and elucidate the underlying mech-
anism.

METHODS

We collected data from patients from two hospitals who had
focal neurological dysfunction of unknown origin at the ini-
tial evaluation during the postoperative period of encepha-
lo-duro-arterio-synangiosis (EDAS) for moyamoya disease.
Detailed diagnostic and surgical procedures have been de-
scribed in previous reports.® Briefly, EDAS consists of split-
ting of a wide galeal flap and a superficial temporal artery from
the scalp, performing craniotomy and creating a dural open-
ing over the cerebral convexity, with partial opening of arach-
noid membranes, and adjoining of the galeal flap onto the pial
surface of the exposed cerebral convexity for angiogenesis.

Two children and six adults were included in the study. We
performed diffusion weighted imaging (DWI) as the initial
evaluation of the neurological dysfunction for all patients.
Brain computed tomography (CT) was performed in six pa-
tients. Conventional magnetic resonance imaging (MRI) was
performed in three patients. Brain perfusion single photon
emission computed tomography (SPECT) with 99mTc-hexa-
methylpropyleneamine oxime (HMPAO) for the adult pa-
tients and perfusion MRI by dynamic susceptibility contrast
method for the pediatric patients were performed to evaluate
perfusion status. We checked scalp EEG in five patients dur-
ing the episodes. EEGs were recorded over all brain areas
using 19 electrodes for the children and 21 electrodes for the
adults, according to conventional 10-20 system of electrode
placement.

We repeated conventional MRI after the symptoms had
resolved in all of the patients. Clinical characteristics, includ-
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ing symptoms and neurologic status during index events,
symptoms associated with underlying moyamoya disease,
and the type of surgery were also collected. This study was ap-
proved by Institutional Review Boards (IRBs) from both hos-
pitals (IRB No. SNUH-1707-145-872, KNUH-2017-08-016-001,
respectively). As a retrospective one, this study was exempted
from obtaining individual patient’s consent by IRBs. This
manuscript follows the flow of CARE checklist (2013).

RESULTS

For better demonstration of the phenomenon, we shall first
illustrate representative cases and then summarize the full
clinical data.

Case 1 (patient 1)

This was an 11-year-old boy with moyamoya disease who had
presented one month ago with sudden onset of headache
and intraventricular hemorrhage. After stabilization and di-
agnostic work-up, he had received right hemispheric EDAS.

Twelve hours after surgery, he developed weakness of left
arm and face. Neurologic examination demonstrated mo-
tor weakness of left hand (grade 1) and arm (grade 3), asso-
ciated with headache. Rapid hydration was not effective and
seven hours later he became drowsy. Brain CT and DWI
showed mild brain swelling and a small amount of subdu-
ral hematoma (SDH) in right hemisphere (Supplementary
Fig. 1 in the online-only Data Supplement). A second sur-
gery was scheduled for decompression. When the bone flap
and dura were opened, mild swelling of the brain and the
overriding galeal layer was observed. However, the amount
of SDH was negligible and thinning of bone flap to relieve
pressure on the galeal flap and brain was performed. He be-
came alert postoperatively and his motor power improved to
grade 4.

Seventy-two hours after the initial surgery, he developed
recurrent weakness of the left hand and arm (grade 1 and 3).
Both Brain CT and DWI did not show any significant chang-
es which could account for his hemiparesis (Supplementary
Fig. 1 in the online-only Data Supplement). Perfusion MRI
performed two days after the onset of the second symptom
showed a subtle increase in cerebral blood volume (CBV)
and cerebral blood flow (CBF) and shortening of time to
peak (TTP) in the right frontal regions compared with the
preoperative perfusion MRI (Fig. 1 and Supplementary Fig.
2 in the online-only Data Supplement). EEG performed on
the same day showed continuous low amplitude arrhythmic
mixed slowing in right hemisphere (Fig. 2). His motor func-
tion gradually improved from the fifth day onwards after the
onset of his second attack. On the tenth day post-onset, his



neurologic exam, brain MRI, and EEG were all normal.
Perfusion MRI showed a decrease in CBV and CBF and
lengthening of TTP in the right frontal regions compared
with that performed during the second episode (Fig. 1 and
Supplementary Fig. 2 in the online-only Data Supplement).

Case 2 (patient 4)
A 36-year-old female underwent right EDAS due to moy-
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amoya disease. She initially presented with a transient isch-
emic attack (TTA) manifesting as left hemiparesis and hyp-
esthesia. On the fourth day after surgery, she developed left
hemiparesis and hypesthesia. There was only a small
amount of SDH in right hemisphere on DWI (Supplemen-
tary Fig. 3 in the online-only Data Supplement). On brain
SPECT performed seven days after the onset, an increased
uptake of HMPAO was identified in the right hemisphere

Before surgery

During 2nd episode

After recovery
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Fig. 1. Perfusion MRI of patient 1 (Case 1) taken one week after the onset of intraventricular hemorrhage prior to surgery, on postoperative day 5
during the second episode of left arm weakness, and after recovery. A subtle increase in cerebral blood volume and CBF with shortening of TTP in
the right frontal area was noticed during the second episode, compared with the images obtained at the preoperative period and after recovery

from the episodes. CBF: cerebral blood flow, TTP: time to peak.
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Fig. 2. Electroencephalography performed during the second episode of left arm weakness in patient 1 (Case 1). Continuous low amplitude ar-

rhythmic mixed slowing was observed in the right hemisphere.
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Before surgery

During episode

Fig. 3. Brain imaging and EEG tracings of patient 4 (Case 2). Left: single photon emission computed tomography performed during the preopera-
tive and the postoperative period. There was an increase in perfusion in the right frontoparietal area during the episode compared with the preop-
erative period. Right: EEG performed during the episode shows continuous low amplitude arrhythmic mixed slowing was seen in the right hemi-

sphere. EEG: electroencephalography.

(Fig. 3). EEG conducted on the same day showed continu-
ous low amplitude arrhythmic theta slowing in the right
hemisphere (Fig. 3). Initially, hydration and inotropics were
administered under the suspicion of TIA. After identifying
the hyperperfusion on SPECT, normohydration and nor-
motension were maintained. She gradually improved since
the fifth day from the onset and the patient completely re-
covered on the tenth day without any sequelae.

Summary of the cases

Data from all eight patients are summarized in Table 1. Their
preoperative symptoms consisted of transient hemiparesis,
hemiparesthesia, or hemianopia except for patient 1, who
had sudden onset of headache due to intraventricular hem-
orrhage. Three of them had cerebral infarction. All were di-
agnosed with moyamoya disease based on the typical symp-
toms and angiographic findings.

The postoperative symptoms were dysarthria, hemipare-
sis, or hemiparesthesia of the limbs contralateral to the op-
eration site. The symptoms were quite different from the pre-
operative symptoms in all patients except patient 4. A brief
transient symptom preceded the prolonged episode in two
patients (patient 1 and 2) and the symptom wax and waned
repeatedly in another patient (patient 6). One had a focal
motor seizure in the paretic arm for 3 minutes during the
episode (Case 2). All of the symptoms occurred between 12
hours and 8 days after surgery and lasted from 12 hours to
17 days. The onset was sudden and the improvement was
mostly gradual. Otherwise, all patients were in good postop-
erative condition and had no postoperative complications.

Brain structural imaging showed only minimal subdural
hemorrhage associated with surgery without any interval
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changes. Perfusion imaging showed a modest increase in
CBF in the symptomatic hemisphere, compared with the
preoperative study. EEG did not show any epileptiform dis-
charges but revealed persistent arrhythmic mixed slowing in
symptomatic hemisphere. The amplitudes on the EEG were
comparable to or lower on the symptomatic side.

No improvement was achieved by saline loading, which
was attempted based on the speculation that the ischemia
might have been associated with dehydration. In some of the
adult patients, inotropics were also initiated to increase per-
fusion but discontinued after hyperperfusion was suspected
on SPECT. All patients were started on prophylactic leveti-
racetam postoperatively. Oxcarbazepine was started in a pa-
tient who had a seizure, which did not improve the hemipa-
resis (Case 2). All patients fully recovered eventually. Brain
MRISs performed after recovery also did not show any abnor-
malities other than preexisting lesions. EEGs became normal
and perfusion MRIs returned to their preoperative state.

DISCUSSION

We presented eight cases which shared common clinical
features in the postoperative setting of EDAS. This was char-
acterized by transient focal neurological hypoactivity, elec-
trical depression, and hyperperfusion. It is contradistinctive
of TIA and seizures: TIAs are characterized by hypoactivity,
electrical depression, and hypoperfusion, whereas seizures
are accompanied by hyperactivity, electrical hypersynchro-
ny, and hyperperfusion.

Considering the nature of moyamoya disease and its com-
mon postoperative complications, intracranial bleeding such
as SDH or ischemia would have been the most plausible
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cause for the observed neurological deterioration. However,
we were unable to find any degree of significant hematoma to
explain the deficits, nor were there any definite diffusion-re-
stricted lesions. The semiology was different from the patients’
preoperative TIAs, and it persisted longer than the typical du-
ration of a TIA. Moreover, we ruled out the possibility of a
prolonged TIA by showing no decrease in CBF involving the
corresponding hemisphere. Non-convulsive seizures were also
less likely as there were no evident epileptiform discharges on
EEG performed during the episode. The surgical region was
away from the site where a negative motor seizure could arise.
One child had an overt motor seizure, but the entire episode
could not be explained on the basis of a post-ictal Todd’s pa-
ralysis as the weakness preceded the seizure attack and lasted
for 16 days after a seizure which only lasted 3 minutes.

A close similarity exists between this phenomenon and
hemiplegic migraine with regard to semiology, EEG depres-
sion, and hyperperfusion. Migraine is a prototypical parox-
ysmal disorder. CSD was suggested as a pathophysiology of
migraine, based on the similarity between the typical pat-
tern of symptom evolution of a migraine aura and the prop-
agation of CSD triggered in animal brains, in spite of the ab-
sence of direct evidence for humans." Later, genetic mutations
in ion channels in familial hemiplegic migraine supported
the link between CSD and migraine." EEGs during migraine
attacks usually show attenuation or slow activity in the symp-
tomatic hemisphere, although a ‘spreading’ pattern of depres-
sion has not been documented. Most cases showed vasodila-
tion or hyperperfusion during a migraine aura on vascular or
perfusion imaging."

In our patients, EEG showed slowing or attenuation dur-
ing the TND episodes, despite the fact that EEG amplitudes
are usually higher post-craniotomy. As for the observed hy-
perperfusion in symptomatic hemisphere, there could be
several explanations besides hyperemia associated with CSD.
Nonspecific hyperemia induced by surgical manipulation
itself, regardless of the symptomatology, is a possibility. An-
other possible explanation is a reperfusion response. There
have been reports of TND after superficial temporal artery to
middle cerebral artery (STA-MCA) bypass (frequently com-
bined with EDAS) in moyamoya patients,'>"
shown increased perfusion on the symptomatic side and hy-
perperfusion syndrome was assumed to have been the cause.
The TND after STA-MCA bypass in general did not accom-
pany significant edema or hemorrhage, which is typical in

which have

hyperperfusion syndrome occurring after carotid endarter-
ectomy/stent. This was understood as STA-MCA bypass re-
stores low flow whereas carotid endarterectomy/stent restores
high flow perfusion.” Previously, TND among several pa-
tients in this study had been reported under the assumption
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of symptomatic hyperperfusion.'* However, as angiogenesis
requires time and it is unlikely that rapid reperfusion occurs
after indirect revascularization such as EDAS, the pathophys-
iology of TND remained unanswered. Furthermore, we ob-
served additional cases with recurrent TND during the postop-
erative period and seizures were ruled out by performing EEG
during the episodes. Spontaneous resolution and recurrence
do not support hyperperfusion as a cause of TND.

We propose that the transient cortical depression, namely,
CSD triggered by mechanical stimuli, is the underlying
mechanism of postoperative TND. CSD may spontaneously
occur in those genetically predisposed to migraines but
could also be provoked by acute brain injury in patients
without having a history of migraines, just as seizures may
arise in patients with epilepsy whereas an acute symptomatic
seizure can be provoked by an acute brain insult. Migraines and
seizures may coexist in a patient, such as seen in Case 2."

However, it is unclear whether TND with electrophysiolog-
ical dysfunction resembling CSD can develop in all neuro-
surgical patients, regardless of the underlying diseases and
the types of operation. TND without any underlying struc-
tural lesions has been reported to occur after mild traumatic
brain injury (TBI) as well. In some patients, the symptoms re-
sembled an attack of hemiplegic migraine experienced by the
patients or their relatives. Classic migraine with visual aura
precipitated by head-on collision while playing football has
also been reported. Therefore, this was referred to as trauma-
triggered migraine, post-traumatic migraine, or footballer’s
migraine.'*'® We often observed prolonged but spontaneous-
ly recovering hemiparesis and/or dysphasia without any evi-
dence of structural changes, ischemia/vasospasm, or sei-
zures in the patients with acute subdural hemorrhage and
aneurysmal subarachnoid hemorrhage regardless of whether
surgery had been performed or not (unpublished). The com-
mon features of TBI, subarachnoid hemorrhage (SAH), and
EDAS are that they all involve large areas of the cerebral cor-
tex, including the sensorimotor areas, and may be associated
with SAH, which could be the reason why this occurs rather
frequently. Whereas CSD is more difficult to elicit in human
than in rodent cortex,” ECoG finding resembling CSD was
reported not only in TBI but also in spontaneous intracere-
bral hemorrhage, SAH, and ischemic stroke.*” Further stud-
ies correlating clinical symptoms and electrophysiologic
findings in a broader clinical context are required.

Despite the symptoms being prolonged, all of our patients
fully recovered without any sequalae as seen in TND after
mild TBI, whereas previous reports of severe TBI and stroke
suggested that the presence of prolonged CSD was associated
with unfavorable clinical outcome.> We speculate that CSD
may not be due to severe pathology, nor mean necessarily that
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the prognosis is poor, but is rather an epiphenomenon asso-
ciated with cortical stimulation.

Our results have important clinical implications. Sudden
neurologic deterioration after surgery is a concern for clini-
cians. In patient 1, it was unclear whether the second surgery
for decompression was truly beneficial. The brain swelling in
CT was equivocal, although moderate brain swelling was
observed in the surgical field. By understanding the nature
of this phenomenon and its self-limiting course, clinicians
can avoid unnecessary surgery or intervention if other causes
necessitating urgent management have been ruled out. EEG
can be quite useful in detecting seizures and monitor neu-
rological status in cases where there is no evident hematoma
or infarction. Treatment methods which can resolve or short-
en the duration of this phenomenon are lacking. To date,
there have been no treatment methods proven to be effec-
tive for abolishing migraine aura. However, certain medica-
tions such as calcium channel blockers, tricyclic antidepres-
sants, and antiepileptic drugs have been reported to decrease
the recurrence of migraine attacks. Studies on the benefits
of prophylactic medications in neurosurgical patients would
be of interest.

In conclusion, we report an unusual postoperative phe-
nomenon with prolonged reversible neurological dysfunc-
tion after EDAS. The main features include hypofunction,
electrical depression, and hyperperfusion which differentiate
this from ischemia or seizure, and suggest that there might
be shared common pathophysiology with migraines. We pro-
pose ‘postoperative migraine’ evoked by mechanical stimula-
tion on the cerebral cortex as the underlying mechanism of
TND after EDAS.
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