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Objective Intracranial meningiomas constitute a third of all brain tumors and are
among the most common indications for neurosurgical procedures performed world-
wide. Most meningiomas present with an indolent, longstanding history. However, the
data on outcomes of emergency surgeries for meningioma is limited. This study aims to
present our experience of urgent surgical intervention in patients with meningiomas
presenting acutely. We also analyze the factors influencing early neurological out-
comes and complications.

Materials and Methods All nonelective meningioma surgeries done on an emergency
basis between January 2015 and December 2019 were retrospectively reviewed.
Patients’ demography, clinical, and radiological details were recorded for analysis.
The surgical procedure, complications, and follow-up outcomes were also included for
statistical comparison.

Results Forty-four patients qualified for the study with a mean age of 49.4+13.4
years. The average presenting Glasgow Coma Scale (GCS) was 13; 47.7% of cases
presented with altered sensorium. The most common lesion location was convexity
(25, 56.8%), and the mean tumor volume was 74.1 4 36.5 mL. Gross peritumor edema
with mass effect was seen in 16 patients (36.4%). The mean Karnofsky Performance
Status at 3 months’ follow-up was 89.3 + 18.2. Patient age and tumor size did not affect
outcomes. The presenting GCS of < 15 (odds ratio [OR] 8.8, confidence interval [ClI]
0.95-80.72, p 0.03) and the occurrence of postoperative complications (OR 25.71, Cl
2.65-249.2, p 0.001) were associated with unfavorable outcomes. Although not
statistically significant, a poor tumor grade was also associated with worse clinical
outcomes (p 0.20).
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Conclusion Emergency meningioma surgery has comparable outcomes and compli-
cation rates with routine elective procedures. Grade II/Ill meningiomas are more likely
to present with acute neurological deterioration and carry a relatively worse prognosis.
Poor presenting GCS and postoperative complications are the most critical factors
associated with poor patient outcomes in our study.

Introduction

Advancements in the neurosurgical management of menin-
gioma mirror the journey of modern neurosurgery."? In the
words of MacCarty, “If we were to designate an intracranial
neoplasm that has had the most effect on the development of
neurologic surgery, very likely the intracranial meningioma
would be prominently considered.”® Intracranial meningio-
mas constitute more than one-third of all brain tumors.*
They are slow-growing tumors, with most having an indo-
lent, longstanding clinical course. Meningioma surgeries are
among the most common elective neurosurgical procedures
done worldwide. Most tumors are benign, and a gross total
resection (GTR) is the surgical goal wherever possible.”
However, meningiomas can rarely present with acute
neurological deterioration (seizures, altered sensorium, or
motor deficits). Patients may present with large tumors with
mass effect and impending herniation requiring urgent
surgical intervention.®’ Data on the outcomes and compli-
cations of meningioma surgeries done on an emergency
basis is limited. This study aimed to present our experience
of urgent surgical intervention in patients with meningio-
mas presenting as an emergency. We also analyze the factors
influencing early neurological outcomes and complications.

Material and Methods

We did a retrospective chart review of all cases with histo-
pathologically proven meningiomas operated on an emer-
gency basis at our hospital between January 2015 and
December 2019. These were unplanned and nonelective
procedures done on an emergency basis, either because
the lesion caused the severe mass effect, perilesional edema,
and herniation (temporal/central or subfalcine) with deteri-
oration of sensorium, or there was a large lesion causing
impending herniation for which emergency surgery was
deemed necessary. The patient’s clinical and demographic
details were reviewed from the hospital’s medical records.
All imaging studies of these patients were reviewed. Surgical
details were recorded from the database. Postoperative
hospital events, discharge, and follow-ups were reviewed.
At presentation, patients presenting to the emergency
room (ER) were assessed neurologically and stabilized. Anti-
edema measures (steroids, mannitol) were started immedi-
ately. All patients underwent an urgent computed
tomography (CT) brain with contrast, and findings such as
lesion location, size, and mass effect were recorded. The
attending consultant neurosurgeon decided on the need for
urgent surgical decompression. The attending consultant

performed all surgeries with the Chief Resident on call in
the operating rooms of the emergency and trauma center.
Postoperative management was done in the recovery or
intensive care unit depending upon the patient’s neurologi-
cal status. A CT brain was repeated 6 to 12 hours after the
surgery or immediate postop in the event of any complica-
tions. Postop recovery, complications, reexplorations, im-
provement in sensorium or deficits, and extent of resection
were recorded. GTR was defined as complete macroscopic
tumor removal. Simpson’s grading was used to analyze the
extent of resection.’

Statistical Analysis

We analyzed our cohort’s demographic, clinical, surgical
details, and perioperative complications. The statistical anal-
ysis was conducted using the SPSS software (version 20,
SPSS, Inc.). Demographic information and complications
were tabulated in numbers and percentages. For univariate
analysis, we categorized age (< 65 vs. > 65 years), gender
(male vs. female), Glasgow Coma Scale (GCS) (15 vs.<15),
limb weakness (present vs. absent), the volume of the tumor
(< 74 vs. > 74 mL; the mean volume of the lesions included
was 74 mL), peritumoral brain edema (PTBE) (present vs.
absent), the extent of resection (GTR vs. subtotal resection),
complications (present vs. absent), and histopathology
(World Health Organization [WHO] grade 1 vs. II/IIl). The
Karnofsky Performance Status (KPS) was used to assess the
outcome at 3 months. KPS < 70 was considered unfavorable,
and KPS >70 was favorable. Univariate analysis was per-
formed with the above-said variables to assess the individual
influence on the outcome. The odds ratio (OR) and its
corresponding 95% confidence interval (95% CI) were com-
puted. Regression analysis was done based on the p-value <
0.2 in the univariate analysis. A p-value of < 0.05 was consid-
ered statistically significant.

Results

Patient Demography and Clinical Presentation
During the study period, 44 patients underwent emergency
craniotomy and meningioma resection. The mean age of the
patients was 49.4 + 13.4 years (range 21-70 years), and the
male-to-female ratio was 1:1 (22 each). At the time of
presentation, the average GCS was 13, with 47.7% (21/44)
of patients presenting with altered sensorium. Motor weak-
ness was present in 45.5% (20/44) as a primary symptom. The
mean KPS at the time of presentation was 58.4 4+ 20.3.

The most common lesion location in descending order
was convexity (25, 56.8%), parasagittal or falcine (12, 27.3%),
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Table 1 Demographic details of the patients included in the

study

Variable Value (n=44) %

Age (mean, y) 49.4 +13.4.1 (range 21-70)

Sex Male: 22, Female: 22

Mean GCS at 13

presentation

Altered sensorium 21 47.7

Motor weakness 20 45.5

Location: Convexity | 25 56.8
Parasagittal 12 27.3
Skull base 06 13.6
Intraventricular 01 2.3

Mean tumor 74.1, range: 24-180

volume (mL)

Edema 16 36.4

EOR: GTR 38 86.4
STR 06 13.6

HPE: WHO Gr: 1 21 47.7
WHO Gr: 2 21 47.7
WHO Gr: 3 02 04.5

Abbreviations: EOR, extent of resection; GCS, Glasgow Coma Scale;
GTR, gross total resection; HPE, histopathological examination; STR,
subtotal resection; WHO, World Health Organization.

skull base (06, 13.6%), and intraventricular (01, 02.3%). The
mean tumor volume was 74.1+36.5mL (range 24-180)
calculated on a preoperative contrast-enhanced magnetic
resonance imaging or CT brain. Gross PTBE causing mass
effect was seen in 16 patients (36.4%) (~Table 1).

Complications and Outcomes

The mean postop hospital stay was 7.8 + 5.1 days. The mean
KPS at 3-month follow-up was 89.3 +18.2 (range 60-100).
Operative site hematoma was the most common complication
in the postoperative period, found in 07 (15.9%) patients. One
of them required immediate reexploration and evacuation
(=~Fig. 1).The rest were managed conservatively. Deterioration
of motor power was the second most common complication
(06, 13.6%). The deficits were transient in 05 patients and
resulted in permanent hemiplegia in 01 patient. Four patients
(09.1%) had undergone surgical reexploration; one with post-
operative hematoma, one patient with opposite side acute
subdural hematoma (SDH) evacuation (=Fig. 2), one with
neurological deterioration due to increased cerebral edema
requiring decompressive craniectomy (DC), and one more
where the primary procedure was abandoned due to gross
cerebral edema and increased bleeding. The bone flap was not
replaced in one patient due to increased intraoperative brain
bulge following resection (=Fig. 3). Two patients (04.5%) died
in the postoperative period (one due to malignant cerebral
edema and the other due to infarcts). Adverse events in the
postop period are summarized in =Table 2.

Tyagqi et al.
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Fig. 1 (A, B) Contrast computed tomography (CT) images of a 54-
year-old female patient with left sphenoid wing meningioma operated
in the emergency. The patient presented in an altered sensorium with
the lesion with edema causing mass effect. (C) Postop CT showing
operative cavity hematoma. The patient was reexplored with hema-
toma evacuation. (D) Magnetic resonance imaging (MRI) after

3 months showing complete excision of the lesion. The patient had no
residual deficits.

A GTR (Simpson’s grade 1) was possible in 38 patients
(86.4%). The final histopathological examination showed that
21 patients (47.7%) had WHO grade I and Il meningiomas.
Two patients died in the hospital, and one patient had an
unfavorable outcome with hemiplegia at the time of dis-
charge. The remaining 41 patients had improvement in their
presenting functional status (33, 75%) or remained status
quo (08, 18.2%). The mean KPS at 3 months’ follow-up was
89.3 +£18.2.

We performed univariate analysis to predict the variables
associated with unfavorable outcomes (=Table 3). We found
that a presenting GCS of < 15 (OR 8.8, C1 0.95-80.72, p 0.03)
and the occurrence of postoperative complications (OR
25.71,C1 2.65-249.2, p 0.001) were associated with unfavor-
able outcomes. Although not statistically significant, a higher
tumor grade was also associated with worse clinical out-
comes. On regression analysis, only the occurrence of post-
operative complications was associated with unfavorable
outcomes (OR 18.92, CI 1.75-203.93, p 0.01) (~Table 4).

Discussion

Neglected early symptoms, delay in diagnosis, and awaiting
elective surgery are the common reasons for meningioma
patients to present to the ER with neurological deteriora-
tion.® Common causes of neurological deterioration of me-
ningiomas include seizures, increased PTBE causing mass
effect, and intratumoral bleeding.®~'% PTBE occurs with more
than 50% of all meningiomas.!' Severe PTBE causing midline
shift is a significant risk factor for intraoperative complica-
tions and postprocedure morbidity.'®'? Spontaneous
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Fig. 2 A 68-year-old male patient who underwent emergency craniotomy and resection of left frontal meningioma (A, contrast magnetic
resonance imaging [MRI], axial images). Postop computed tomography (CT) (B) showed an opposite side subdural hematoma causing mass
effect. (C) Aright frontotemporoparietal craniotomy was done, and the hematoma was evacuated. The patient made a full functional recovery at

3 months of follow-up.

Fig.3 (A, B) Contrast axial and T2 sagittal magnetic resonance imaging (MRI) of an anterior third falcine meningioma with a loculated posterior
cerebrospinal fluid (CSF) cyst, gross peritumoral brain edema (PTBE), and mass effect. (C) The patient had a severe intraoperative brain bulge
following lesion resection. A decompressive craniectomy was done, and the bone flap was replaced after 3 months.

Table 2 Shows the complications, adverse events, and outcomes
following the surgery

Complication Numbers Percentage
Postop hematoma - 08 18.2

Tumor bed (operative site) | 07 15.9

Acute SDH 01 02.3

Motor deterioration 07 15.9
Hydrocephalus 02 15

Chest infection 02 15
Progressive cerebral edema | 02 15

Seizures 01 02.3
Reexploration 04 09.1

Mean hospital stay (d) 07.84+05.1 | —
Mortality 02 04.5
3-month, KPS: mean 86 Range: 60-100

Abbreviations: KPS, Karnofsky Performance Status; SDH, subdural
hematoma.

intratumoral or intracranial hemorrhage associated with
meningiomas is another reason for acute clinical symptoms
and ER visits.>'>'% In routine clinical practice, headaches are
the most common symptom of brain tumors presenting to the
ER.” Other features of raised intracranial pressure (ICP) include
recurrent vomiting, blurring of vision, altered sensorium, third
nerve palsy, or limb weakness due to herniation. Stroke-like
presentation, intraventricular bleeding, and hydrocephalus
have also been reported with meningiomas.'?

Our study included intracranial meningioma patients
who presented with acute neurological deterioration. These
cases underwent surgery on an emergency basis, a delay in
surgery would cause further deterioration. It included both
large tumors with significant mass effect and tumors with
severe PTBE causing mass effect. Haq et al mentioned the use
of DC at presentation for deep skull base meningiomas with
an acute presentation.® In another study on DC for intracra-
nial tumors, Jacobo et al found that after emergency DC for
meningiomas, the mean postoperative KPS was 70, with a
survival rate of 45%.'> In comparison, the 3-month survival
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Table 3 Univariate analysis for patients’ outcome (KPS scores after the surgery at follow-up)

Variable OR cl p-Value
Age (< 65 Vs. > 65y) 1.03 0.10-10.56 0.96
Sex (male vs. female) 0.63 0.09-4.21 0.67
Presenting GCS (15 vs. <15) 8.8 0.95-80.72 0.03
Limb weakness (present vs. none) 1.75 0.34-8.95 0.53
Tumor volume (< 74.1 vs. > 74.1mL) 1.38 0.26-7.15 0.70
PTBE (present vs. none) 2.77 0.53-14.43 0.25
EOR (GTR vs. STR) 33 0.47-22.97 0.28
Complications (present vs. none) 25.71 2.65-249.2 0.001
Hematoma (present vs. none) 0.71 0.07-6.92 0.84
HPE (WHO Grade | vs. others) 3.28 0.56-19.15 0.20

Abbreviations: Cl, confidence interval; EOR, extent of resection; GCS, Glasgow Coma Scale; GTR, gross total resection; HPE, histopathological examination;
KPS, Karnofsky Performance Status; OR, odds ratio; STR, subtotal resection; PTBE, peritumoral brain edema; WHO, World Health Organization.

Table 4 Regression analysis for the outcome with factors
having significance (p < 0.05) as well as histopathology (HPE),
p=0.20

Variable OR (@ p-Value
GGCS 8.12 0.60-109.43 0.14
Complication 18.92 1.75-203.93 0.01
HPE 0.33 0.03-3.29 0.35

Abbreviations: Cl, confidence interval; GCS, Glasgow Coma Scale; HPE,
histopathological examination; OR, odds ratio.

rate was 95.5%, with a mean KPS of 89.3 +18.2. We did not
prefer a DC in lesions that could be resected in the primary
procedure. We also did not encounter any deep, complex
skull base lesions requiring emergency procedures during
our study period.

A patient’s presenting neurological status is a significant
predictor of postoperative outcomes.’ Lesion location (deep
midline, posterior fossa) may also affect the occurrence of
postoperative deficits after meningioma surgeries.®'® Other
factors affecting meningioma surgery outcomes include age,
with the elderly having more risks of minor complications and
poorer functional outcomes.!” In the current study, the most
important factors significantly associated with poor outcomes
were poor GCS at the time of presentation and the occurrence
of postoperative adverse events (~Table 3). Overall, meningi-
oma surgeries carry an increased risk for postoperative hema-
tomas. Ina study including 296 meningioma surgeries, Gerlach
etal found that an increased risk of hematomas was associated
with the elderly population and patients with hematological
disorders. They could not find any association between tumor
or surgical factors and postoperative hematomas.'® There
were no significant differences in the outcomes of large tumors
(> 75mL volume), tumors with PTBE, and elderly (> 65 years)
patients undergoing emergency surgeries (=Table 3). Thus, we
suggest that advanced age and large tumors should not
be contraindications for emergency meningioma surgery,
provided the necessary expertise and facilities are available.

In a study on more than 4,000 meningioma surgeries in
Japan, Oya et al found that symptomatic patients were more
likely to have postoperative complications. They described
old age (> 65 years), higher grade tumor, tumor at the skull
base, size > 30mm, and subtotal total resections were
associated with poor functional outcomes.'® In another
sizeable national meningioma registry from Sweden, includ-
ing > 2,000 patients, new-onset neurodeficits were seen in
14.8% of patients, reoperations were performed in 5.2% of
cases, and 30-day mortality in the whole cohort was 1.5%.2°
Similarly, in a large Norwegian cohort of 1,469 meningioma
surgeries, 2.6% of patients had postoperative hematomas,
which were significant risk factors for neurologic worsening
and 30-day mortality. Lemée et al described early postoper-
ative complications in meningioma surgery to have a nega-
tive impact on patient survival (30-day mortality was 5.4%)
and postoperative neurologic status.?' These studies includ-
ed mostly elective-planned surgeries because of which their
conclusions may not be directly correlated with our
study.®2" In contrast, our series had purely emergency
meningioma surgeries with postoperative hematoma occur-
ring in eight cases, seven with operative site hematoma and
one with opposite acute SDH, probably due to the sudden
decompression of ICP causing remote hematoma.?> Never-
theless, operative site hematomas requiring reexploration
(02, 4.5%) and 30-day mortality of 4.5% are comparable to
studies with elective surgeries in the extant literature. With
the available comparators, it may be concluded that with the
available expertise and facilities, meningioma surgeries
(even for large tumors) may be safely performed on an
emergency basis.

Between 70 and 95% of all meningioma cases undergoing
surgery are likely to be WHO grade 12324 However, in the
current series, 23/44 (52.27%) patients had a high-grade
(WHO grade 1II or III) lesion, significantly higher than the
incidence of these lesions reported in the population. Be-
cause of brain invasion, high-grade meningiomas have an
increased propensity to present with severe PTBE,>>~%7 and
an increased tendency to intratumoral hemorrhage.® These
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findings suggest that high-grade meningiomas are more
likely to present with acute neurological deterioration re-
quiring emergency surgeries in the operating room when
compared with grade I meningiomas. There were no patients
with intratumoral bleeding in our study. It is to be noted that
only cases deemed operable in an emergency operating
theater were operated, and the on-call consultant took the
decision. Complex skull base tumors (petroclival, cavernous
meningiomas, deep posterior fossa meningiomas) which
need planned, surgical approaches were not encountered
in this study period.

Limitations of the study included retrospective nature, no
skull base tumors, and short follow-up available. Meningio-
mas are commonly operated central nervous system tumors
and can present acutely. The results of our study may lack
novelty, but they add significantly to the existing literature
for emergency surgical management of meningiomas and
outcomes.

Conclusion

Surgeries for meningiomas done on an emergency basis have
comparable outcomes and complication rates with routine
elective surgery. Grade II/Ill meningiomas are more likely to
present with acute neurological deterioration and carry a
relatively worse prognosis. Poor presenting GCS and postop-
erative complications are the most important factors associ-
ated with poor patient outcomes in our study.
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