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Unusual clinical course

Various factors have been implicated in the pathogenesis of infarction after posterior fossa surgery such as
venous air embolism, patient’s position (seated or prone), hyperflexion of the neck, excessive spinal cord trac-
tion, cervical canal stenosis, and systemic arterial hypotension. The main aim of this case report was to eluci-
date a case in which hydrogen peroxide was implicated in a major and systemic complication after a neuro-
surgical procedure.

We describe the case of a 5-year-old female patient who was admitted to our hospital because of a cerebel-
lar hemispheric astrocytoma associated with obstructive hydrocephalus and accompanied by 2 syringomyelic
cavities in the cervicothoracic portion of the spinal cord. Immediately after gross total resection of the lesion,
impaired mobility of the upper and lower extremities was observed, a finding that was not consistent with in-
traoperative neurophysiologic monitoring data. Hydrogen peroxide had been judiciously used to irrigate the
resection tumor cavity. In the next few postoperative days, the patient suffered from transient diabetes insip-
idus and hyperpyrexia, indicative of hypothalamic injury.

Neurological evaluation of the patient, after stabilization of her medical condition, revealed residual spastici-
ty of upper and lower extremities, rendering her able to mobilize via the aid of wheelchair only. The most pos-
sible pathophysiologic explanation of her neurological deterioration, including hypothalamic dysfunction, was
analyzed. The role of hydrogen peroxide as a source of free radical formation, and its co-responsibility for vas-
cular platelet aggregation and vasoconstriction was considered, upon case review, the main responsible etio-
logic factor.

Brain Stem Infarctions ¢ Diabetes Insipidus, Neurogenic ¢ Hydrogen Peroxide ¢
Infratentorial Neoplasms
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Background

Several patient positions are currently used during operations
of patients who have posterior fossa lesions. Each individual
position has its own inherent risks and benefits, with no one
position having been proven to be superior regarding safe-
ty and efficacy. The most devastating position-related com-
plication reported is cervical cord infarction with subsequent
quadriplegia [1].

A relatively underreported devastating complications after
brain surgery is associated with the use of hydrogen perox-
ide (H,0,) [2]. It has been well described in the literature that
H,0, can cause vasoconstriction, gaseous emboli, and the tri-
gemino-cardiac reflex. In addition, the impact of reactive oxy-
gen species, mainly derived from H,0,, on hypothalamic func-
tion and regulation of its homeostasis has been well described
in the literature [3,4]. Additionally, hypothalamic circuitry is la-
bile to alterations of blood perfusion.

Another important issue is the accuracy of neurophysiologic
monitoring to evaluate nervous function while the patient is
under general anesthesia. Although intraoperative monitor-
ing constitutes an important neurophysiological tool to mini-
mize sequelae during surgical procedures that put neurologi-
cal tissue at risk, intraoperative monitoring is not always valid,
especially in children as interpretation of criteria should be dif-
ferentiated from that used in adults, and comparisons made
with adult series may not be valid.

The aim of the current case report was to alert clinicians to
the potential disastrous effects of the use of H,0,, even when
precautions are implemented. Complications can be localized
complications such as an ischemic infarction in the nearby ar-
eas, or systemic complications such as those associated with

the development of diabetes insipidus.

Case Report

A 5-year-old female patient from Greece was admitted to our
department with a history of recent onset morning headaches,
persistent dizziness, and vomiting within the last month. Her
past medical and surgical history, drug history, and family his-
tory were unremarkable. Her Glasgow Coma Scale was 14 out
of 15, and her balance was impaired with positive Romberg
sign and a tendency to fall leftwards. Funduscopic examination
revealed bilateral papilledema. A magnetic resonance imaging
(MRI) of the brain disclosed a posterior fossa space-occupying
lesion of the left cerebellar hemisphere with a cystic component.
This space-occupying lesion was the causative factor of an as-
sociated obstructive hydrocephalus. The relative spatial dimen-
sions of the lesion were 4.9x5.1x3.8 cm (Figure 1). In addition,
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Figure 1. Magnetic resonance imaging (MRI) obtained prior to
tumor removal, axial T1 weighted, fast spin echo (FSE)
sequence following contrast administration, depicting
the solid (yellow arrow) and cystic parts (black arrow)
of the posterior fossa lesion.

MRI of the cervical cord revealed 2 syringomyelic cavities in the
cervicothoracic portion of the spinal cord (Figures 2, 3). Due to
rapid deterioration of the patient’s level of consciousness, she
underwent an endoscopic third ventriculostomy, followed by
a total tumor resection with the patient in the prone position,
via a midline suboccipital craniotomy, with her head resting on
a horseshoe. After head stabilization with the aid of a Mayfield
head holder, we examined the patient’s neck position to avoid
hyperflexion of the neck. All pressure points, including the eyes,
were checked and padded to avoid compression. Additionally,
a 2-fingerbreadth distance was established between the chin
and the chest to avoid jugular vein compression and restriction
of venous outflow. The procedure was executed by a consul-
tant, who had adequate experience. Thus, all necessary precau-
tions were undertaken during patient positioning and execu-
tion of the operation. While the prone and sitting positions
offer good access to structures in the midline, we preferred the
prone position in this case. Several advantages have been at-
tributed to the sitting position: it improves surgical access to
the posterior fossa by facilitating gravity assisted drainage of
blood and cerebral spinal fluid (CSF) and by decreasing intra-
cranial pressure (ICP). Additionally, it improves surgical orien-
tation and access to the midline structures and decreases the
amount of surgical retraction needed to gain access to deep-
er structures. Nonetheless, the sitting position has been asso-
ciated with a number of potentially disastrous complications.
Patients in the sitting position must be returned to the supine
position rapidly for resuscitative measures in case of an acute
cardiovascular collapse. Venous air embolism, cardiovascular
instability, and pneumocephalus are also well-described com-
plications associated with the sitting position. We concluded
that the prone position was the safest option for our patient.
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Figure 2. Preoperative sagittal magnetic resonance imaging
(MRI), T1 weighted, fast spin echo (FSE) sequence,
depicting the upper 1 of the 2 syringomyelic cysts
located in the cervicothoracic region (arrow).
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Figure 3. Preoperative sagittal magnetic resonance imaging
(MRI), T1 weighted, fast spin echo (FSE) sequence,
depicting the lower 1 of 2 syringomyelic cysts located
in the cervicothoracic region (arrow).

G 11:27:00 EMG

Comments (0)

1: 52.6min
2: 52.6min

S0V /Div .
ot 24725 mwwmrwMWmWWrHMWMMWMMWWMMWNWWMtMMMWWMWMMWWmWMmm«mwﬂMWWMM

o4 /Div

oA AR RSN A e TP VRTRCSEPURSRINENGH Sy ST o
Ve e s b Ao A P A M A A9 114 A RAMA e it O
mm I 2 o = ‘ |
»
12:19:33:93
J./« Mty
< i |
o wws-'-"'ﬁ et st MMV\J\”\,»WW—M‘QM»-WMMW- w4 “ [P S —————] J\Mm«wmwwummuw
}
4

Enabled P
Lowpass[Hz] % 2500 -
Highpass[Hz]: 4 160 -
Channel 1

sn v / Div
o o D vl syt \»\; i\

DII‘

1 I W L Hi v . !
AR R fﬁ‘. ki E iigi‘{ﬂ;*%sﬁ;iﬁ%i. it % - il
W'lil[aflj\: ‘\]F b ; zx Eﬂ"’? "ﬂ-‘é § f;m{%?ﬁ[g" || | "” %r i ‘; I 4“ { I :| I%: i ?%% ;%lllg *,H'ﬁﬁull ‘r,',l'w:\'h"‘g R“’l.‘ " rmﬁ#}%m AR I“\;1

i Ikl Al 1] el Rl | ! T . s 1
, n|§|?!ﬁl|“ﬁ|!ﬂ!'¢lgim“gﬁ||§5|.mu§j§n.u1 iy glmu Bl mnlmniné ugﬂ 5|E§g"§|?1|g|!t}!!?|ﬁ§!fl||x"EduLnnﬁ*n’ fecete o
11:27:00 4 11:33.22 12:04:06 1216:28 13 12:28:5(
= JPG -~ Print »@) Quit

10:33:05

Figure 4. Electromyography recording at the end of the operation, depicting no abnormal findings.

Initially, the cystic part of the lesion was evacuated, followed
by the rest of the tumor along with its capsule using CUSA
(Cavitron ultrasonic surgical aspirator). Intraoperative neuro-
physiologic monitoring (IONM) included somatosensory-evoked
potentials (SSEPs), muscle evoked potentials (MEPs) using elec-
trical transcranial stimulation and free-running electromyog-
raphy (EMG). The tumor bed was irrigated just before closure
with 30 mL of injection solution: oxygen hyperoxide to water
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(7% v/v). The dilution of H,0, that was used was 1: 1, a con-
centration that is commonly used and considered safe. At that
point, a sudden arterial pressure decline from 115/80 mmHg
to 80/50 mmHg and bradycardia were recorded, lasting a few
seconds; both were self-remitted. The IONM remained un-
eventful during the operation, which lasted 5 hours (Figure 4).
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Figure 5. Post-operative magnetic resonance imaging (MRI),
sagittal Short tau inversion recovery (STIR) sequence,
depicting the infarction in the region of the cervico-
medullary junction (yellow arrow).

After the operation, the patient was transferred to our inten-
sive care unit. On awakening, the patient had impaired move-
ment of the upper and lower extremities, which was observed
from C5 dermatome and downwards. All muscle groups of arms
had grade zero power; she was able to withdraw faintly from
painful stimuli. Deep tendon reflexes were absent.

She was immediately taken for a second MRI study includ-
ing MRI of the cervical spine. The imaging study displayed an
ischemic infarct extending from the cervico-medullary junction
to the C3 myelotome (Figure 5). The MRI of the brain depict-
ed total tumor resection and relevant postoperative findings
(Figure 6). Due to the relevant MRI findings, an MR angiogram
(including both carotid and vertebral arteries) was performed
at the same session, which did not reveal any abnormal ver-
tebral artery findings (occlusion or vasoconstriction). A thera-
peutic dose of low molecular heparin was administered. Once
the patient was hemodynamically stabilized, she was trans-
ferred back to our clinic. In the meantime, her histopatholog-
ical examination verified the existence of a pilocytic astrocy-
toma grade |.

From postoperative day 14, the patient began to regain sen-
sations. After 1 month, the SSEPs were eventful, revealing
prolonged latency of cortical components of median and tib-
ial nerves bilaterally.

Her clinical status was complicated from postoperative day
6 with transient diabetes insipidus and hyperpyrexia lasting
a week. Infection loci were excluded with thorax plain radio-
graphs, urine cultures, and blood cultures. C-reactive protein
was unremarkable (0.3 mg/dL). Water deprivation investiga-
tion regarding diabetes insipidus was not available. Decreased
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Figure 6. Post-operative magnetic resonance imaging (MRI),
axial fast spoiled gradient echo-dual echo (FSPGR) 3D
sequence after contrast administration, depicting the
resection site of the tumor cavity without any residual
remnants (red arrow).

weight with concomitant polyuria led us to the diagnosis.
Response to desmopressin, later on, confirmed the diagnosis.

During her hospitalization, the patient was under the care of
physiotherapists and became mobile within 2 months, using
a wheelchair, with residual spasticity and vegetative dysfunc-
tion. Her final muscle power status 2 years after the opera-
tion was grade 3 in hip and knee extensors and grade 4 in an-
kles and toes. In her upper extremities, her forearm extensors’
power was grade 3, whereas she was unable to perform shoul-
der abduction and elevation. During the follow-up period of 2
years, the patient was examined regularly (at 3- to 6-month
intervals) and no evidence of tumor recurrence were found.

Discussion

Ischemic infarcts of the spinal cord after posterior fossa tu-
mor resections are well documented in the literature, espe-
cially when the procedure is performed with the patient in the
classical prone position [1]. Infarct are associated with dys-
functional blood regulation either as an insufficiency of com-
pressed arterial [5] or venous compartments, or to microcircu-
latory disorders such as hypotension and venous air emboli [6].
Embolic incidences when the procedure is performed with the
patient in the prone position have also been described [7].

In addition, the adverse sequelae of H,0, occurring with the
patient in the supine position have also been reported [8].
The surgeon should be aware that for every 1 cc of H,0,, 10 cc

of 02 are produced [9].The rapidly freed oxygen may directly
irritate the nuclei of cardiovascular function of the brainstem
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or have an indirect effect due to the thermal energy of the dis-
sociation [9]. Additionally, the trigemino-cardiac reflex, which is
a well-described clinical reaction, is also attributed to the lib-
eration of abundant 02 from H,0,, capable of exerting a con-
siderable simultaneous chemical irrigation on the dura cover-
ing of the brain surface and being innervated by V2 and V3

(trigeminal nerve division 2", 3) nerve roots [10].

Because in our patient ‘s case, H,0, was used to control dif-
fuse bleeding in the surgical bed, we considered it the main
contributor to the infarction that was distributed across the
cervico-medullary junction.

The exact mechanism of hemostasis is unknown, but it is
thought that it might arise from a combination of its vaso-
constrictive and vaso-occlusive effects. It is well known to fa-
cilitate platelet aggregation, thrombus formation, and small
blood vessel occlusion due to microbubbles [11]. It is capable
of modifying vascular tone, which could be the major mech-
anism that governs the vasoactive properties of H,0, [11].

As our patient was cardiopulmonary stable with no alteration
of end-tidal carbon dioxide, we excluded major venous oxygen
embolism as a contributing cause. Our case report suggests
that H,0, use should be limited to select situations, such as
abscesses, and not used for mechanical hemostasis.

Venous infarcts attributed to stasis and congestion leading to
decreased perfusion pressure of the spinal cord and ischemia
have been reported in the literature [12]. The placement of
chest rolls has been considered a cause of increased venous
pressure, which, when combined with transient arterial hypo-
tension, can result in ischemia [12].The distribution of the in-
farction, as was shown on postoperative imaging in our case,
was not compatible with being of venous origin. It was insuffi-
cient to explain the later identification of pituitary dysfunction,
as no infarction was delineated in the vicinity of that gland.

When transient diabetes insipidus and hypothalamic dysfunc-
tion is considered in the context of hypoperfusion of the rath-
er labile ischemia hypothalamus heat stroke [13]. Its clinical
manifestation can reliably be attributed to impairment of the
inferior hypophyseal artery and portal system of the hypophy-
seal gland [14]. Regarding delayed clinical manifestation of di-
abetes insipidus, it could be attributed to the depletion of the
storage of anti-diuretic hormone (ADH) of the posterior pitu-
itary gland in the previous days, due to its transient function-
al impairment, which was replaced after the gland regained
normal function.

Another concern arises regarding the inability of intraopera-
tive monitoring to reliably recognize the ongoing neuronal dis-
ability, which could alter our anesthetic and surgical strategy.
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In our patient’s case, intraoperative monitoring including SSEPs,
MEPs, and EMG despite the intrinsic limitations of their role
in cerebral and spinal cord surgery [15]. They are affected by
anesthesia and muscle relaxants, and due to the variability of
their amplitude and latency, no robust standard exists regard-
ing warning signals.

Modi et al. [16] reported a similar case with a false-negative
MEP result and postoperative paraplegia in a 15-year-old pa-
tient who had an operation for kyphoscoliosis. During the pro-
cedure there was massive blood loss leading to a cellular le-
sion, spinal cord infarct, but not related to a direct mechanical
injury. That adverse event had similarities to our patient case
reported here. In addition, a recent retrospective study as-
sessing 62 038 spine procedures for a variety of pathologies,
concluded that false negatives appear at a rate of 0.04% [17].

In general, there is a discrepancy regarding the exact effect of
anesthesia parameters. Hence co-evaluation is needed for ac-
tion potentials of synaptic transmission, increased refractory
period of axons, dampening of motor neuron excitability, and
lowering the threshold of GABA-ergic inhibitory neurons [18].
Thus, clinicians need to recognize the shortcomings of intra-
operative monitoring, especially in children.

Intraoperative monitoring for these entities is considered to
be challenging, especially for infratentorial tumor surgery [19],
which is even more pronounced when peculiarities regarding
children are considered. A child’s nervous system is by defini-
tion immature, so myelination and synaptogenesis have not
yet been completed. Anthropometrical parameters of young
children are different from adults and shock artifact is more
of an issue, due to the close proximity of stimulation to the
recording electrodes. Additionally, the net effect of anesthesia
is quite different when depression of evoked potential due to
halothane anesthesia is considered, which has been well de-
scribed as more pronounced in children.

Pediatric low-grade astrocytoma (PLGA) is considered to repre-
sent the most common variant of brain neoplasms in the pe-
diatric population, worldwide. This subgroup includes pilocyt-
ic astrocytoma (World Health Organization [WHO] grade 1), as
well as diffuse astrocytoma (WHO grade Il). It has a different
clinical behavior compared to malignant astrocytoma (WHO
grades Ill and IV) of childhood, which exhibits a rapid and re-
lentless clinical course. PLGAs are characterized by a notice-
ably and diverse clinical behavior, with ranging from tumors
without evidence of growth, to tumors highlighted by relent-
less progression [20,21]. Additionally, it is well documented
that more than half of PLGAs will show signs of evolution af-
ter initial chemotherapy [22], which necessitated the use suc-
cessive chemotherapy regimens and other treatment modali-
ties. Although H,0, has been historically used as a hemostatic
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agent, due to its proven vasoconstrictive and vaso-occlusive
effects, the liberation of large quantities of very reactive oxy-
gen free radicals during its contact with viable tissues and the
resulting exothermic reaction, should be taken into consider-
ation, and H,0, should be used judiciously. Despite all neces-
sary precautions undertaken in our patient’s case, a combina-
tion of side effects of H,0, were observed. The combination
of vasoconstriction and trigemino-cardiac reflex seemed to be
responsible for the early onset establishment of ischemia in
the region of the cervico-medullary junction and the delayed
clinical presentation of diabetes insipidus.

The 2 major factors that could be implicated in the pathogen-
esis of the infarction at the cervico-medullary junction and
the development of diabetes insipidus were injury (dissec-
tion, thrombosis) of the vertebral arteries, which could result
in occlusion or diminution of flow through the vessels, and lo-
cal and systemic effects of H,0,.

We argue against the possibility that the prone position was
the reason for the underlying pathologic substrate for several
reasons. A major consideration was that if vertebral artery in-
jury occurs, the area of infarction is expected to be much more
extended than was seen in our patient’s case. Although one
vertebral artery may be more prevalent than the other, and in
such a scenario, occlusion of the non-dominant artery could be
clinically undetectable, in our patient’s case, this was not ver-
ified by the postoperative MR angiography. We did not detect
occlusion of the main branch of either of the vertebral arteries.
Even if temporary vasospasm was considered, it would have to
involve small branches of the vertebral artery that specifically
nourish the cervico-medullary junction territory, a scenario that
would be difficult to verify. Thus, this could not explain the oc-
currence of diabetes insipidus, as the vertebral arteries were
not responsible for the arterial supply of the posterior lobe of
the pituitary gland. Instead, the simultaneous occurrence of
ischemic changes at the cerebral regions not nourished by the
same arterial branches and that were not in nearby territories,
enhanced the scenario that a systemic effect of H,0, was the
main culprit of the underlying pathologic entity. This concept
could be combined with the aforementioned bradycardia and
hypotension that was recorded after the use of H,0,, which
could render some brain regions more susceptible to ischemic
injury due to diminished blood perfusion.

Quadriplegia is a well described, though rare, disastrous com-
plication associated with procedures for the resection of pos-
terior fossa tumors. Its pathophysiologic substrate is related to
prolonged focal pressure on the spinal cord, due to the acute
flexion of the head. To the best of our knowledge, the exact
prevalence of ischemic infarcts of the spinal cord after poste-
rior fossa tumor resection has not been well described, even
when the pediatric population is considered [23].
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Even though H,0, was applied locally, the systemic reaction
(bradycardia and hypotension) was directly linked to its use.
We hypothesized that this systemic adverse effect was able
to affect the posterior pituitary/hypothalamus region, even
though it is located far from the posterior aspect of pons/me-
dulla. The rationale for this hypothesis is based on the assump-
tion that this circulatory abnormality could preferentially affect
watershed vascular areas of the brain, which are nourished
by small diameter vascular channels, as the aforementioned
brain region. The ischemic infarct of the lower brainstem and
upper cervical spine could also be the cause of a local vaso-
constrictive effect of H,0, in the posterior circulation. We ar-
gue against the possibility of venous injury during surgery as
the cause of the ischemic infarct of the brainstem-upper cer-
vical spine, as the postoperative MR angiography did not re-
veal any relevant findings. A limitation to our hypothesis ex-
ists; the gold standard examination to demonstrate a vascular
injury (arterial or venous) is digital subtraction angiography,
which was not performed, because the MR angiography did
not raise any diagnostic concerns. Besides that, the scenar-
io of a local venous injury during the operation does not ade-
quately explain the concurrent occurrence of an infarction in
the territory of the posterior pituitary/hypothalamus.

Conclusions

In conclusion, it is well-known that several theories have been
proposed to explain the development of cervical cord infarc-
tion as a complication of operations performed for infraten-
torial lesions [1]. One theory refers to the position of the pa-
tient (sitting versus prone) during surgery, which results in
compromised flow of the anterior spinal artery. Another sce-
nario is excessive flexion of the cervical spine with or without
overstretching and compression of the cervical cord, which
is capable of exerting prolonged focal pressure on the neural
tissue. The resulting overstretching of the cervical cord could
similarly act by decreasing the vascular supply of the rele-
vant spinal neural tissue, especially that supplied by the lon-
gitudinal arteries. This would have been a logical explanation
if the delayed appearance of diabetes insipidus had not oc-
cur. Instead, the combined effects of H,0, (local vasoconstric-
tion and cardiac effects) could create the required spectrum
of circumstances to explain this devastating clinical situation.

To the best of our knowledge, this is the first documented case
of such a side effect attributable to the use of H,0, intraop-
eratively, even after precautions.
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H,0, - hydrogene peroxide; TCR - trigemino-cardiac reflex;
02 - oxygen; V2, V3 — trigeminal nerve division 29, 3% CC - cu-
bic centimeter; ADH - anti-diuretic hormone; SSEPs — somato-
sensory-evoked potentials; MEPs — motor evoked potentials;
EMG - electromyography; GABA — gamma-aminobutyric acid;
CT - computed tomography; MRI — magnetic resonance imaging;
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