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ABSTRACT

Aims: The American Cancer Society,s estimates for brain and spinal cord tumors in the United
States for 2023, include both adults and children,25,400 malignant tumors will be diagnosed. The
objective of this study was to analyze the epidemiological profile, risk factors for complications and
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death in the in-hospital postoperative period, in addition to describing the histological type of
intracranial tumors most frequently operated on in a private Brazilian institution.

Study Design: Retrospective cohort study.

Place and Duration of Study: Biocor Instituto/Rede D’Or, from 2018 to 2021

Methodology: Data were collected from the medical records of patients who underwent surgery for
intracranial tumors. The variables analyzed in this study were demographic characteristics (age,
sex, and comorbidities), histological types of primary and secondary neoplasms, anatomical
location of the lesions, neurological deficits at admission and post-surgical treatment (at discharge),
whether the surgery was urgent or elective, whether it was a reoperation, and whether there were
deaths or complications during hospitalization.

Results: Of 242 patients, 11 patients were excluded, and 231 patients were included in the
analysis. The most common histological type was meningioma, accounting for 28% of cases. The
histological type most associated with the risk of death was hemangioblastoma; however, it was
also the histological type that presented the lowest incidence of cases. 39 patients (17%) had some
complication in the in-hospital postoperative period, and 14 patients (6%) died.

Conclusions: Meningiomas constituted the majority of cases, accounting for 28% of the sample.
The rate of complications and mortality was higher when compared to data from the international
literature because this series analyzed brain metastases together with the excision of primary
tumors. Concerning in-hospital deaths, hemangioblastoma emerged as the histological type most
associated with the risk of death. It is noteworthy, however, that hemangioblastoma also exhibited
the lowest incidence among the various histological types.

Keywords: Intracranial tumors; neoplasms; brain metastases; brain tumor, spinal cord tumors,
surgical resection.

1. INTRODUCTION mutations [7,8,9]. More common in women than
in men, they were the most frequently diagnosed
In adults, cerebral metastases are by far the neoplasms, accounting for 33.8% of all CNS
most common intracranial tumors. The incidence tumors in the USA between 2002 and 2006.
of brain metastasis is difficult to determine with Regarding secondary CNS neoplasms, it is
precision. It has been estimated to range from estimated that 10% to 45% of other primary
21,000 to more than 100,000 new cases per year cancers metastasize to brain tissue; the main
and nearly 70,000 new cases of primary primary tumors are lung, breast, melanoma, and
malignant and benign brain and central nervous  colorectal carcinoma [10,11-12].
system are diagnosed in United States each year
Primary malignant brain neoplasms are Usually, the prognosis of an intracranial
responsible for 2% of all cancers in adults in the  neoplasm is unfavorable, with an overall five-
United States and rarely metastasize outside of it ~ year survival rate of 33.4% for primary
[1,2]. It is estimated that 11,100 new cases of intracranial tumors. If the diagnosis is
CNS tumors are diagnosed each year in Brazil:  glioblastoma multiforme, the average survival
5,870 in men and 5,230 in women [3]. time is 15 months. In these cases, neurosurgical
evaluation is essential to obtain tissue for
There is no standard staging method for these diagnosis and consider possible tumor resection
patients, and surgical resection of the tumor is [4,6,9,11]. Progress in  diagnostic and
the basis of therapy. Glioblastoma is the most determination technologies, particularly for
common example of these neoplasms and is nonmalignant brain tumors, may account for
classified as a tumor with a high degree of much of the modest increase in incidence.
malignancy by the World Health Organization. Changes in tumor classification and coding are
This tumor has a very poor prognosis, with an likely responsible for some of the increases in
incidence  of approximately  3.19/100,000 incidence for brain tumor histologies.
inhabitants, and in patients with an average age
of 64 years [4,5,6]. Among benign primary brain  The objective of this study was to analyze the
neoplasms, meningiomas are the most common  epidemiological  profile, risk  factors  for
subtype. This predominance is primarily complications, and death in the in-hospital
attributed to their encapsulated nature, postoperative period, in addition to describing the
characterized by a low degree of genetic ~most common histological type of intracranial
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tumors operated on
institution.

in a single Brazilian

2. MATERIALS AND METHODS

This was a retrospective cohort study. Data was
collected from the medical records of patients
who underwent surgery for intracranial tumors at
the Biocor Instituto/Rede D’Or between 2018 and
2021.

For this study, all patients aged = 18 years who
underwent neurosurgery for intracranial tumors
between 2018 and 2021 were included. Patients
< 18 years of age, those without complete
medical records, and those with pathological
data incompatible with a tumor were excluded
from the study.

2.1 Data Collection

The variables analyzed in this study were
demographic characteristics (age, sex, and
comorbidities), histological types of primary and
secondary neoplasms, anatomical location of the
lesions, neurological deficits at admission and
after surgical treatment (at discharge), whether
the surgery was urgent or elective, whether it
was a reoperation, and whether there were
deaths or complications during hospitalization.

To evaluate the histological types of neoplasms,
anatomopathological reports were reviewed to
evaluate demographic characteristics, lesion
location, and clinical conditions, and data were
collected directly from medical records. The
identities of the patients were preserved, and
there was no need for new consultations; all data
were collected retrospectively.

2.2 Statistical Analysis

The data was analyzed using descriptive
statistics techniques, with the construction of
graphs, tables, and the calculation of measures
such as means, standard deviations, and
percentages, to summarize the data [13]. The

occurrences of the primary outcome, intra-
hospital  postoperative  complications, and
secondary outcome (hospital death) were

calculated using a point estimate and a 95%
confidence interval [14].

Univariate analyses were performed to identify
factors associated with both in-hospital death
and in-hospital postoperative complications.
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Bilateral hypothesis tests were carried out,
considering a significance level of 5% (a = 0.05).
Univariate analysis was conducted to evaluate
the gross association between the independent
variables of interest and each outcome.
Categorical variables were evaluated using
Pearson’s chi-square test or exact tests (when
necessary), and quantitative variables were
evaluated using the non-parametric Mann—
Whitney test [15].

Finally, multivariate analysis was performed
using logistic regression for both in-hospital
deaths  and intra-hospital postoperative
complications. The variables that constituted the
model at this stage of the multivariate analysis
were selected using univariate analysis (P <
0.25). To select the independent factors
associated with the outcome, logistic regression
methods with automatic variable selection or
Forward Stepwise were applied [15].

This work was approved by the hospital board.
3. RESULTS

Of 242 patients who were operated on during the
analyzed period, 11 were excluded (5 due to lack
of data in the medical record, and 6 due to
pathological findings not compatible with tumors).
Thus, 231 adult patients with surgically treated
intracranial neoplasms  were evaluated.
Regarding age, 64% were between 50 and 70
years old, with a mean and median of 57 + 15,3
years old. Regarding the Glasgow Coma Scale
(GCS) at admission, most patients (87%) were
admitted with a GCS of 14 or 15 points, with a
mean of 14.8 + 0,5. Regarding neurological
deficits at admission, most patients (84%) were
admitted with at most one deficit, with a mean of
0.7. Male sex, motor deficit at admission, high
WHO grade, and immediate postoperative
complications were risk factors for death (P <
0,005) (Table 1).

Thirty-nine patients (17%) had complications
during the in-hospital postoperative period, and
14 (6%) progressed to death. Furthermore, older
age, reduced GCS at admission, and increased
total neurological deficits at admission were
significantly associated with death (Table 2).

Other statistically significant risk factors for death
were male sex, high total deficits on admission,
and low GCS on admission (P = 0,009).
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Table 1. Univariate analysis of categorical variables to identify factors associated with in-hospital death of adult patients with surgically treated
intracranial neoplasms

Variable Categories Total sample Deaths (n =14)  Mortality rate Relative Risk p-value
(n =231)

Sex Male 112 (48%) 12 10.7% 6.4 0.005
Female 119 (52%) 2 1.7%

Type of surgery Elective 183 (79%) 8 4.4% 0.3 0.081
Urgent 48 (21%) 6 12.5%

ASA score 1 70 (30%) 2 2.9% 1.0 0.370
2 109 (47%) 7 6.4% 2.2
3 48 (21%) 5 10.4% 3.6
4 4 (2%) 0 0.0% 0.0

Motor deficit at admission Yes 48 (21%) 10 20.8% 9.5 0.000
No 183 (79%) 4 2.2%

Sensory deficit at admission Yes 11 (5%) 1 9.1% 15 0.505
No 220 (95%) 13 5.9%

Visual deficit at admission Yes 46 (20%) 2 4.3% 0.7 0.742
No 185 (80%) 12 6.5%

Language deficit at admission Yes 23 (10%) 2 8.7% 15 0.637
No 207 (90%) 12 5.8%

Other deficit at admission Yes 49 (21%) 6 12.2% 2.8 0.083
No 182 (79%) 8 4.4%

Reoperation Yes 50 (22%) 1 2.0% 0.3 0.313
No 181 (78%) 13 7.2%

Compartment Infratentorial 58 (25%) 4 6.9% 1.2 0.754
Supratentorial 173 (75%) 10 5.8%

Approach Craniotomy 202 (87%) 13 6.4% 1.9 1.000
Transsphenoidal 29 (13%) 1 3.4%

Base/Convexity Base 66 (29%) 3 4.5% 1.0 0.509
Convexity 114 (49%) 9 7.9% 1.7
Posterior fossa 51 (22%) 2 3.9% 0.9

Side Right 95 (41%) 7 7.4% 1.0 0.784
Left 79 (34%) 4 5.1% 0.7
Midline 57 (25%) 3 5.3% 0.7
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Variable Categories Total sample Deaths (n =14)  Mortality rate Relative Risk p-value
(n =231)
WHO grade (n = 167) 1 109 (65%) 0 0.0% 0.0 <0.001
2 15 (9%) 1 6.7% 0.4
3 8 (5%) 0 0.0% 0.0
4 35 (21%) 6 17.1% 1.0
Type of tumor Pituitary adenoma 36 (16%) 1 2.8% 1.0 0.065
Cavernous malformation 4 (2%) 0 0.0% 0.0
High grade glioma 41 (18%) 6 14.6% 5.3
Low grade glioma 13 (6%) 1 7.7% 2.8
Hemangioblastoma 4 (2%) 1 25.0% 9.0
Meningioma 64 (28%) 0 0.0% 0.0
Metastasis 41 (18%) 4 9.8% 3.5
Other 16 (7%) 1 6.3% 2.3
Schwannoma 12 (5%) 0 0.0% 0.0
Immediate postoperative Yes 39 (17%) 1 35.9% - 0.000
complication No 192 (83%) 0 0.0%
Comorbidity Hypertension 102 (44%) 8 7.8% 1.7 0.407
Diabetes 45 (19%) 5 11.1% 2.3 0.156
Smoking 24 (10%) 1 4.2% 0.7 1.000
Other tumors 42 (18%) 3 7.1% 1.2 1.000
Others 78 (34%) 5 6.4% 11 1.000
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Table 2. Univariate analysis of categorical variables to identify factors associated with in-hospital complications of adult patients with surgically
treated intracranial neoplasms

Variable Categories Total sample Postoperative Complication Relative Risk p-value
(n =231 complications (n =39) rate

Sex Male 112 (48%) 26 23.2% 2.1 0.014
Female 119 (52%) 13 10.9% 0.7

Type of surgery Elective 183 (79%) 28 15.3% 0.278
Urgency 48 (21%) 11 22.9%

ASA score 1 70 (30%) 7 10.0% 1.0 0.182
2 109 (47%) 21 19.3% 19
3 48 (21%) 11 22.9% 2.3
4 4 (2%) 0 0.0% 0.0

Motor deficits at admission Yes 48 (21%) 13 27.1% 1.9 0.049
No 183 (79%) 26 14.2%

Sensory deficits at admission Yes 11 (5%) 3 27.3% 1.7 0.596
No 220 (95%) 36 16.4%

Visual deficits at admission Yes 46 (20%) 8 17.4% 1.0 1.000
No 185 (80%) 31 16.8%

Language deficits at admission Yes 23 (10%) 7 30.4% 2.0 0.110
No 207 (90%) 31 15.0%

Other deficits at admission Yes 49 (21%) 10 20.4% 1.3 0.519
No 182 (79%) 29 15.9%

Reoperation Yes 50 (22%) 8 16.0% 0.9 1.000
No 181 (78%) 31 17.1%

Compartment Infratentorial 58 (25%) 10 17.2% 1.0 1.000
Supratentorial 173 (75%) 29 16.8%

Approach Craniotomy 202 (87%) 32 15.8% 0.7 0.289
TNE 29 (13%) 7 24.1%

Base/Convexity Base 66 (29%) 13 19.7% 1.0 0.770
Convexity 114 (49%) 18 15.8% 0.8
Posterior fossa 51 (22%) 8 15.7% 0.8

Side R 95 (41%) 17 17.9% 1.0 0.883
L 79 (34%) 12 15.2% 0.8
M 57 (25%) 10 17.5% 1.0
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Variable Categories Total sample Postoperative Complication Relative Risk p-value
(n =231 complications (n =39) rate

WHO grade (n = 167) 1 109 (65%) 12 11.0% 0.4 0.022
2 15 (9%) 1 6.7% 0.2
3 8 (5%) 1 12.5% 0.4
4 35 (21%) 11 31.4% 1.0

Type of tumor Pituitary adenoma 36 (16%) 8 22.2% 1.0 0.005
Cavernous 4 (2%) 1 25.0% 1.1
malformation
High grade glioma 41 (18%) 12 29.3% 1.3
Low grade glioma 13 (6%) 1 7.7% 0.3
Hemangioblastoma 4 (2%) 3 75.0% 3.4
Meningioma 64 (28%) 5 7.8% 0.4
Metastasis 41 (18%) 7 17.1% 0.8
Others 16 (7%) 2 12.5% 0.6
Schwannoma 12 (5%) 0 0.0% 0.0

Comorbidities Hypertension 102 (44%) 24 23.5% 1.7 0.021
Diabetes 45 (19%) 8 17.8% 2.3 0.827
Smoking 24 (10%) 4 16.7% 0.7 1.000
Other tumors 42 (18%) 4 9.5% 1.2 0.238
Other 78 (34%) 17 21.8% 11 0.193

comorbidities
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Patients who died were older than those
discharged from the hospital. They had a lower
postoperative GCS than discharged patients and
a greater pattern of total deficits on admission

than discharged patients. There was no
significant  difference between deaths and
surgeons.

Regarding neurological deficits at discharge,
there was a new postoperative deficit in 8.8% of
patients.

Male sex, motor deficits at admission, tumor
category, and hypertension were risk factors for
in-hospital postoperative complications. A low
GCS on admission and high total neurological
deficits on admission were significantly
associated with complications during the in-
hospital postoperative period.

Regarding the histological types operated on,
meningioma (28%) was the most common tumor
(Fig. 1), followed by high-grade glioma (18%)

(Fig. 2), metastasis (18%) (Fig. 3), and pituitary
adenoma (16%).

There was no significant difference in the
complication rate during the in-hospital
postoperative period stratified by the surgeon.

There was a statistical relevance regarding low
GCS and a greater number of deficits on
admission associated with risk factors for in-
hospital postoperative complications.

In this series, the histological type most
associated with the risk of death was
hemangioblastoma; however, it was also the

histological type that presented the lowest
incidence of cases.
Regarding complications in the in-hospital

postoperative period, it is possible to highlight
that the most frequent complication was CSF
leak, representing 21% of cases, followed by
sepsis (18%), hydrocephaly (5%), and uncal
herniation in 5% of cases (Fig. 4).

Fig. 1. Clinical case: Female patient, 46 years old, presented with a headache with a different
pattern than usual, in addition to mild right hearing loss. Skull Magnetic Resonance Imaging
(MRI) showed an expansive lesion in the petroclival region on the right, suggestive of
meningioma. The approach was performed using a retrosigmoid approach, with subsequent
cranioplasty with a titanium plate
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Fig. 2. Clinical case: 72-year-old male patient with bradypsychism and motor aphasia. A
workup revealed an expansive left frontotemporal lesion with mass effect and adjacent edema.
Patient underwent partial excision of the lesion in the emergency room. Anatomopathological

examination confirmed that it was glioblastoma

Fig. 3. Clinical case: MRI of the brain in a female patient with lung adenocarcinoma that
developed dysmetria and imbalance. The workup revealed multiple brain lesions, which after
excision confirmed that they were pulmonary metastases

Hydrocephalus; 2; 5%

Uncal herniation; 2; 5%

Brain abscess; 1; 3%

Ischemic stroke; 1; 3%

racerebral hemorrhage; 1;
Ii;%
_ventncular emorrhage; 1;
3%
Hypokalemia; 1; 3%

Other; 13; 33% _ Hyponatremia; 1; 3%

Deep vein thrombosis; 2; 5%
Pulmonary embolism; 3; 8%
Diabetes insipidus; 2;6%

Sepsis; 7; 18%

Hipocalcemia; 1; 3%

ebral venous infarction; 1;
3%

Wound infection; 1; 3%

Pneumonia; 1; 3%

CSF leak; 8; 21%

Fig. 4. Postoperative complications in the immediate postoperative period
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Fig. 5. Relation between risk of mortality to each histological type and immediate
postoperative complication rate

Finally, there was a significant reduction in the
number of neurological deficits after surgery
regardless of the histological type. There was
also a difference in the pattern of the number of
deficits at discharge compared with that at
admission between the histological types
analyzed.

The Fig. 5 shows the risk of mortality and
immediate postoperative complication rate for
each histological type of tumor.

4. DISCUSSION

Most patients in this series (64%) were aged
between 50 and 70 years (mean 57 + 15,3
years). Age alone was not a risk factor for a
worse prognosis. This finding aligns with the
study by Rogne et al. [16] that evaluated patients
over 70 years of age surgically treated for
intracranial tumors, specifically surgeries for
lesion excision and biopsies. The study showed
that even older patients benefited from surgery
and that there was no statistical difference in the
prognosis of older patients [16].

The overall complication rate in our series was
17% and the in-hospital mortality rate was 6%.
The rates of complications and mortality were
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higher when compared to data from the
international literature because this series
analyzed brain metastases together with the
excision of primary brain tumors. Using the
international data, Bekelis et al. [17] obtained a
mortality rate of 2.4% considering only primary
CNS tumors [17]. Ambekar et al. [18] reported a
rate of 1.3% considering only surgically treated
meningiomas [18].

The most common histological type was
meningioma, accounting for 28% of cases. In a
study published by Barnholtz-Sloan et al. [19],
meningiomas accounted for 36.3% of cases and
were also the most common histological type
[19]. In the same Harvard study, the incidence of
high-grade gliomas was 25.5%, slightly higher
than in the present study, which comprised 18%
of cases. It is important to highlight that in the
American study, only primary CNS tumors were
included in the analysis, and metastases were
excluded, which justifies the slightly higher
percentage values than those in this study [19].

Regarding postoperative neurological deficits,
this series showed that there was a significant
reduction in the number of neurological deficits
after surgery, regardless of the histological type,
with statistical relevance.
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When analyzing in-hospital postoperative
complications, it is possible to highlight that the
most frequent complication was CSF leak,
representing 21% of cases, followed by sepsis,
which accounted for 18% of cases. Unlike other
case series in which surgical site infection
represents a large percentage of complications
[16], the absence of post-hospital follow-up in
this series explains why such complication was
not included, as it typically manifests after
hospital discharge [19,20]. The variables with
statistical significance associated with
complications were male sex, presence of motor
deficit at admission, tumor type (high-grade
gliomas cause more complications), and
hypertension.

There was also a statistical relevance regarding
lower GCS and a higher number of deficits on
admission, both of which were associated with
risk factors for complications in the in-hospital
postoperative period.

Schiavolin et al. (2020), in a study carried out in
Italy, evaluated the risk factors associated with
worse outcomes in patients surgically treated for
brain tumors. In this study, they found that males
have a higher risk of unfavorable outcomes, as
evidenced in this series. Furthermore,
concerning pre-operative neurological deficits,
they found that high-grade gliomas and language
deficits were associated with worse outcomes. In
this study, the pre-operative deficit associated
with the worst outcome was motor deficit [20].

Regarding the preoperative ASA score, in the
present study, there was no statistical value in
the prognosis of operated patients. Rogne et al.
[16] also showed that the ASA score was not
statistically significant in the prognosis of these
patients [16].

Regarding in-hospital death, the histological type
most associated with the risk of death was
hemangioblastoma; however, this was also the
histological type that presented the Ilowest
incidence of cases and was the only case that
progressed to death, making a more careful
analysis difficult.

Other risk factors associated with in-hospital
death were male sex, motor deficit on admission,
high WHO grade, and presence of postoperative
complications (all with statistically significant p-
values). Increased age, low GCS, and increased
total neurological deficits on admission were also
significantly associated with mortality.
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In a study conducted by the American College of
Surgeons, Bekelis et al. [17] found that the
presence of any neurological deficit upon
admission was associated with a higher mortality
rate in these patients. It is important to highlight
that in this study there was also no influence of
older ages on the prognosis [17].

Therefore, a thorough analysis of the risk factors
for increased complications and death is
necessary to improve modifiable factors. For
patients with non-modifiable factors, evaluation
of more effective treatment alternatives and
improvement in the quality of surgical services
are needed.

This study has some limitations. It was a
retrospective study, conducted in a single
institution, and did not consider the length of
hospital stay of patients. Future studies will be
necessary to confirm these findings. Due to the
relative rarity of any histological type of brain
tumor, communication between investigators
through collaborative studies will be essential to
allow information to be compared.

5. CONCLUSION

Based on this retrospective cohort, we concluded
that the most common histological type was
meningioma, followed by high-grade gliomas and
metastases. There was an improvement in the
number of neurological deficits at discharge after
the surgical approach compared with that at
admission. The most common postoperative
complications were cerebrospinal fluid leaks,
followed by sepsis, hydrocephalus and uncal
hernia. The risk factors associated with death in
surgically treated patients were male sex, motor
deficit at admission, high WHO grade, immediate
postoperative complications, increased age, low
GCS at admission, and increased total
neurological deficits at admission.
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