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ABSTRACT

Objective: To study the benefits of intraoperative neurophysiological monitoring during the resection of posterior fossa le-
sions.

Study Design: Cross-sectional study.

Place and Duration of Study: Department of Neurosurgery, Combined Military Hospital (CMH), Rawalpindi Pakistan, from
Apr 2020 to Mar 2022.

Methodology: One hundred and sixty-nine diagnosed posterior fossa lesions, including cerebellopontine angle tumours, were
included. The chi-square test was used to test the association of new neurological deficits among different pathologies. In ad-
dition, the sensitivity and specificity of IONM were also calculated for risk identification of new neurological deficits.

Results: The mean age of the patients was 35.75+9.31 years. No clinical signs and symptoms were associated with the new
neurological deficit (p-value> 0.05). The majority (72.8%) of the surgeries were declared successful, as only 46(27.2%) surgery
outcome was “Poor”. The sensitivity of the IONM monitoring was 51.61%, specificity 68.42%, positive predictive value 66.67 %
and negative predictive value 53.61%.

Conclusion: Intraoperative neuro-monitoring plays a vital role in obtaining successful results in posterior fossa surgeries be-
cause the prevalence of neurological deficits in the posterior fossa lesions was very high compared to the other surgeries.

Keywords: Electroencephalogram (EEG), Electromyography (EMG), Intraoperative neuro-monitoring (IONM), Posterior fossa
lesion surgeries, Somatosensory evoked potential, Transcranial motor evoked potentials (tcMEPs).
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INTRODUCTION

Posterior fossa lesion is considered one of the
most devastating types of illness. The posterior fossa
has a narrow space and accommodates vital brain stem
structures. These tumours are much more prevalent in
children as compared to adult human beings. An
extensive review conducted at the Children's Hospital
of Australia identified that the most common type of
tumour was pilocytic astrocytoma 29%, followed by
medulloblastoma 12% and ependymoma 6%.! The
most common lesion at the cerebellopontine angle is
vestibular schwannoma, followed by meningiomas,
more prevalent in the adult population.?3

Most of the tumours in the posterior fossa are
identified with contrast-enhanced imaging because, in
some cases, it is impossible to identify the tumour with
plain computed tomography (CT) or magnetic reso-
nance imaging (MRI). In some cases, for differential
diagnosis, and in particular cases, radioisotope studies
are used to reflect the functional status of tumours and
their characteristics.4>
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IONM is used to identify and prevent neuro-
logical risks during various surgeries. It is the gold
standard of care for many surgical services. The sur-
geon may apply changes in the procedures according
to the neurologic status of the patient being monitored
through IONM to decrease the risk of paralysis6 and
facial nerve palsy in cerebellopontine angle tumours.%”
Various IONM modalities are used for monitoring, i.e.
Somatosensory Evoked Potentials (SSEP), Motor
Evoked Potentials (MEP), Spontaneous and Triggered
Electromyography (EMG), Brainstem Auditory Evoked
Potentials (BAEPs).” An alert of SSEP indicates an
increase in latency of more than 10% and/or a decrease
in more than 50% amplitude.

MEPs help in protecting the corticospinal tracts
during brain, brainstem, and spine surgeries. Intraope-
rative MEP can be elicited by transcortical (TCeMEP)
or direct cortical electrical stimulation (DECS) of the
brain.8

It is not easy to monitor highly complex functions
performed by the brain just by the measurement of
sensation and motor pathways developed for the
monitoring of the spinal cord.®! Various functions,
such as vision, speaking, hearing, and functions
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performed by cranial nerve, are highly complex and
demand specialised techniques and equipment for
analysis. This study was conducted to look for the
benefits of intraoperative neurophysiological moni-
toring during the resection of posterior fossa lesions.

METHODOLOGY

The cross-sectional study was conducted at the
Department of Neurosurgery, Combined Military
Hospital (CMH) Rawalpindi, from April 2020 to March
2022, after approval from the Institutional Ethical
Review Committee (N0.36-02-20). The sample size of
the study was calculated by a sample size calculator
for sensitivity and specificity by taking population
proportion of neurological deficit of 0.44, a sensitivity
of 95% and specificity of 77%.11

Inclusion Criteria:Patients of either gender, having no
history of any other neurological disease, who
presented with signs and symptoms suggestive of post
fossa tumour, were included in our study.

Exclusion criteria: Patients previously operated on
with a tumour recurrence and tumours arising from
the brain stem were excluded from this study.

We included 169 diagnosed cases of posterior
fossa lesions necessary for surgery. Non-probability
consecutive sampling technique was used to enrol the
patients in the study. The patients were assessed clini-
cally by a consultant neurosurgeon from the operating
team. Lesions of all the included patients were further
confirmed by magnetic resonance imaging. After the
pre-operative assessment, informed and written
consent was taken from all patients/attendants.

During surgery, the patients were prone to
posterior lesions and semi-prone to cerebellopontine
angle (CPA) tumours with support for the thorax,
pelvis, and legs. In patients with posterior lesions, a
midline skin incision was made. The spinous process
of C2 was not exposed to retain its ligamentous and
muscular attachment. , a sub-occipital craniectomy was
performed. A "Y" shaped dural opening was perfor-
med. In addition, for CPA tumors reterosigmoid sub-
occipital craniotomy was done in standard fashion. In
order to perform neuromonitoring, a standardised
institutional set-up was adopted, which includes facial
nerve monitoring SEP, and MEP recordings from the
median and tibial nerves, as well as those from the
corticobulbar muscles in the upper and lower extremi-
ties. Modalities serving as controls were repeated
whenever variations were found to rule out general
effects. Surgeons were alerted to major changes in

neuromonitoring by the above-described warning
indications. Surgeons re-evaluated current surgical
procedures in response to changes in the IOM. Urgent
action was taken, such as warm saline irrigation,
raising blood pressure, administering Papaverine or
Nimodipine and pausing resection. All set-ups follo-
wed international standards.

Bolus dosages of Propofol (1.5mg/kg)/ Remifen-
tanil (Img/kg) and the medium-acting muscle relaxant
Rocuronium were used to induce anaesthesia (50 mg
bolus). In addition, Propofol (3-6 mg/kg/hr) and
Remifentanil (0.2-0.3 mg/kg/min) were used to keep
the patient asleep.

The intraoperative neurological injury was also
observed along with the neurophysiologic technique.
After completion of the surgery, outcomes were noted
in 3 categories excellent, good, and poor. The patients
have no neurological deficit defined as “excellent”.
Subtotal excision with no or reversible neurological
deficit was considered a “good” outcome, whereas
irreversible neurological deficit was considered a
“poor” outcome. Patients were followed up for the
next six months after surgery, and complications along
with final observation regarding neurological deficit
were noted down.

Statistical Package for Social Sciences (SPSS) ver-
sion 23.0 was used for the data analysis. A sensitivity
specificity analysis was made to find the diagnostic
accuracy of identifying neurological deficits through
intraoperative IOM findings. The Chi-square test was
used to test the association of IOM findings with the
surgical outcome and post-operative neuro-logical
deficit after six months of follow-up. The p-value of
<0.05 was considered significant.

RESULTS

One hundred sixty-nine patients were included in
the study, and the mean age was 35.75+9.31 years
ranging from 4 to 60 years. The mean age of male and
female patients was not significantly different between
male and female patients, with a p-value of 0.616. The
association of signs and symptoms of clinical presenta-
tion at admission with the post-operative new neuro-
logical deficit was mentioned in Table-1. To assess the
intraoperative neurological change, different neuro-
physiologic techniques were used. The frequency
distribution of different neurophysiologic techniques is
shown in Table-Il. IONM identified neurological
deficits in 72(42.6%) cases. The result showed that only
10% of cases had no complications after surgery. The
most common complication was cerebrospinal fluid
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leakage which was 25(14.8%). The descriptive analysis
of post-op complications is shown in Table-III.

Table-I: Association of Clinical Sign and Symptoms with
occurrence of New Neurological Deficit (n=169)

Clinical St New Neurological Deficit | p-
Symptoms Yes No value
Headache Yes 84(54.2%) 71(45.8%) 0.467
No 9(64.3%) 5(35.7%) )
Vomiting Yes 67(51.1%) 64(48.9%) 0.059
No 26(68.4%) 12(31.6%) )
Ataxia Yes 19(50%) 19(50%) 0.479
No 74(56.5%) 57(43.5%) )
Cranial Yes 17(54.8%) 14(45.2%) 0.981
Nerve Palsy No 76(55.1%) 62(44.9%) )

Table-II: Frequency Distribution of Neurological Technique
used in Intraoperative Neurophysiological Monitoring
(IONM) (n=169)

Neurological Techniques n(%)
Electroencephologram (EEG) 39(23.1%)
Samatosensory Evoked Potentials (SSEPs) 37(21.9%)
Electromyography (EMG) 40(23.7%)
Transcranial Motor Evoked Potentials (tcMEPs) | 53(31.4%)

A study in Egypt included 44 patients aged
between 2-30 years. At the end of the surgery, the
outcome was noted down in 3 categories Excellent,
Good and Poor. The study showed that 27.3% were
excellent, 50% were good, and 22.7% of surgeries
showed poor results12. The surgery for posterior fossa
lesions was risky, and neurophysiological deficits were
observed in higher in children. In this study, the
cases included children and young; hence, we do not
give any verdict about successive surgery for
young/adults.

In a local study conducted in 2021 in Lahore, the
researchers included 80 cases. Among them, 57% were
female, and the range of age of the overall patients
included in the study was from 6-30 years. The study
result showed that Medulloblastomas were the most
common tumour pathology, 31%, followed by Ependy-
momas and Pilocytic astrocytoma, 26% and 24%,
respectively, in the sample. The successive rate of
surgery, based on gross total resection, against the
posterior fossa tumour, was 90%. The best results were

Table-III: Complication of the Surgery with respect of Tumor Pathology (n=169)

Complications Iiumeilkatholosy,
Vestibular Schwannoma | Astrocytoma Ependymoma | Metastatic Medulloblastoma
None 8 (12.5%) 7 (14.89%) 1 (2.56%) 1(6.67%) 0 (0%)
Shunt obstruction 8 (12.5%) 6 (12.7%) 5 (12.8%) 2(13.3%) 1(25%)
Hemorrhage 8 (12.5%) 4(8.51%) 8 (20.5%) 1(6.67%) 0 (0%)
Cerebrospinal fluid leakage | 13 (20.3%) 3 (6.38%) 8 (20.5%) 1(6.67%) 0 (0%)
Wound Infection 8 (12.5%) 5 (10.63%) 4 (10.2%) 3(20%) 0 (0%)
Cranial Nerve Palsy 9 (14.06) 17.0%) 5 (12.8%) 2(13.3%) 0 (0%)
Mutism 3 (0.04%) 5 (10.63%) 5 (12.8%) 5(33.3%) 1(25%)
Seizures 7 (10.9%) 9 (19.14%) 3(7.69%) 0(0%) 2 (50%)

Most surgeries were declared successful, as only
46(27.2%) surgery outcome was “Poor”. Few complica-
tions are commonly observed irrespective of the
surgery outcome, as only 17(10.1%) cases were without
complications at the end of the follow-up. The detailed
comparison between the IONM result and surgery
outcome and the final result of neurological deficit
after six months of follow-up is mentioned in Table-
IV. The diagnostic accuracy of IONM was also calcu-
lated. The sensitivity of the IONM monitoring was
51.61%, specificity 68.42%, positive predictive value
66.67 % and negative predictive value 53.61%.

DISCUSSION

Multiple kinds of research have highlighted the
posterior fossa lesion surgery, its complications and
monitoring differently, i.e., short-term and long-term
deficits. In addition, the studies are different for the
follow-up time and the patients” age.!2

obtained against pilocytic astrocytoma followed by
Ependymomas.’3 In another local study, researchers
included 71 cases of posterior fossa tumour surgery, of
which 70.4% were male. A satisfactory surgical out-
come was found in 80.3% of cases.

Table-IV: Association of IONM findings with Surgery Out-
come and Neurological Deficit observed at the end of study
(n=169)

Intraoperative
Identification of

Variables Categories | Neurological deficit ’;-
through IONM vatue
No Yes

Surgery Excellent | 40(23.6%) | 7 (4.14%)

Outeome Good 47(27.8%) | 29(17.15%) | <0.001

Poor 10(5.91%) | 36(21.3%)
Post-op New No 52(30.7%) | 24 (14.2%)
gzgg’tk’gmal Yes 4526.6%) | 488.4%) | ©O0%
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It was discussed that patients with papilledema,
hemiparesis, and meningismus have comparatively
low successive results in surgery with p value 0.011,
0.005 and 0.043, respectively.14

On a national level, an American study included
17,610 patients; the male-to-female ratio was 1:3.5.
IONM monitoring was necessarily used in 63.9% of
cases. The significance of IONM monitoring was
shown through the percentage of Recurrent Laryngeal
Nerve (RLN) injury, which was less than 5.7% in cases
where IONM monitoring was done as compared to
6.8% where IONM monitoring was not done with p
value 0.0001.75 In a recent study conducted in Qatar,
researchers included 62 patients, and IONM moni-
toring was sued in all surgeries. Out of 62, only two
patients” neuro tonic EMG were discharged. Among
them, one of the brain tumour surgery and the second
one was the right acetabular hip surgery with post-
operative right foot drop.1¢

Ishida et al. reported that baseline characteristics
were not associated with the outcome of the surgery.
IONM findings and tumour pathology were associated
with new neurological deficits post-operatively within
six months. The result showed that IONM has a
sensitivity of 82.4%, specificity of 90.7%, positive pre-
dictive value (PPV) of 63.6%, and negative predictive
value (NPV) of 96.3% to predict the new neurological
deficit.’” The sensitivity and specificity of IONM may
increase when a certified technologist having Certifica-
tion in Intraoperative Neurophysiological Monitoring
(CNIM), Board-Certified Neurophysiologist (DABNM)
or Neurologist (ABCN-IONM), working in the team as
the certified technologist gives better and satisfactory
results as compared to the non-certified teams.18-19

LIMITATIONS

Brain stem auditory evoked potentials also need to be
monitored during the resection of posterior fossa lesions,
especially those at the cerebellopontine angle, as vestibular
schwannomas need special attention to hearing impairment
if the serviceable hearing is present preoperatively.
CONCLUSION

Intraoperative neuro-monitoring plays a vital role in
obtaining successful results in posterior fossa surgeries due
to the high risk of neurological deficits caused by injury to
vital structures lying closely in the very small space of the
posterior fossa.
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