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Background:

Brain tumor surgery represents a high-stakes and technically demanding
area in neurosurgery. This study aims to systematically analyze the inci-
dence and types of postoperative complications, using data from a ter-
tiary care center, with emphasis on tumor type and surgical context.

Methods:

This meta-analysis is based on data collected between January 2022 and
September 2023 from adult patients who underwent surgery for intracra-
nial tumors. Adverse events (AES) occurring within 30 days postopera-
tively were documented by attending neurosurgeons. Tumor histology,
surgical approach, urgency, and complications were analyzed.

Results:

Among 1,173 patients (mean age 57.4 + 15.3 years), 93.4% underwent
elective surgery. The most common tumors were meningiomas (31.1%)
and gliomas (28.2%). The rate of surgery-related AEs was 12.7%, with
dural leaks observed in 1.5% of cases. Postoperative hemorrhage was a
significant issue, especially among glioma patients; 10 experienced
bleeding and 8 required reoperations. The 30-day mortality rate was
0.8%, with causes including postoperative bleeding (n=1), pulmonary
embolism (n=2), and tumor progression (n=2).

Conclusions:

Despite the inherent risks associated with brain tumor surgery, the overall
mortality in this cohort was low. Comprehensive documentation and
early intervention strategies play a crucial role in improving patient out-
comes following neurosurgical procedures.

)] Introduction

Brain tumor surgery has always been considered a critical and high-risk domain within neurosur-
gery. In the last decades, significant advancements have been made, including the development of

new imaging techniques for mapping critical brain fibers, implementation of intraoperative naviga-
tion systems, and neuromonitoring 6 Despite these advancements, adverse events (AES) remain an
inherent risk. Effective documentation of AEs is essential to maintain and enhance the quality of
healthcare delivery. Consequently, morbidity and mortality conferences (MMCs) have become in-
creasingly important for reviewing and preventing recurrent AEs. Several classification systems
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have been established with the common goal of assessing the occurrence and severity of AEs 7. This
is particularly crucial in brain tumor surgery, where surgical AEs can lead to permanent disability,
extended hospital stays, or unplanned readmissions—all contributing to increased healthcare costs
616 The incidence of AEs in neurosurgical care is emerging as a primary indicator for quality as-
sessment. This trend underscores the need for transparent informed consent processes for patients
and serves as a critical marker for modern hospital management to monitor and mitigate risks 1°.
Currently, our understanding of adverse events (AEs) following brain tumor surgery is primarily
derived from administrative or retrospective data sources, which do not fully capture the real-world
scenario *°. Our study group’s prior research suggests that adequately documenting AEs in a pro-
spective setting may reduce their incidence 2, especially with the deployment of established scores
such as the Clavien-Dindo classification (CDC). The implementation of these systems in brain tu-
mor surgery could be a crucial tool for tailoring risk management strategies to align with the spe-
cific characteristics of each patient and the type of tumor involved.

To address this data deficiency, our study was designed to provide an extensive analysis of a pro-
spectively collected database from a major neurological tertiary center. We specifically focus on
brain tumor surgery, aiming to refine current quality metrics and improve patient outcomes in rela-
tion to different tumor types.

1) Methods

This study was conducted as a prospective investigation at a distinguished tertiary care hospital span-
ning between January 2022 and September 2023. The research was approved by the local ethics com-
mittee under reference number S-425/2022, adhering to the Declaration of Helsinki’s guidelines. As
reported by Dao Trong et al. and Lenga et al?- our research team included 15 board-certified neuro-
surgeons and 18 neurosurgical residents who were responsible for the meticulous recording and up-
dating of patient data in our dedicated database.

Upon discharge, patients were given a form to report any postoperative adverse events (POPAE),
which was filled out by the attending physician. These forms underwent a thorough review by a senior
supervising neurosurgeon before the data were entered into our database. In instances of patient re-
admission within 30 days following the initial surgery, the treatment team received an automatic no-
tification?,

All complex cases were subjected to comprehensive discussions during multidisciplinary morbidity
and mortality conferences (MMC) involving the entire neurosurgical staff.

For the purpose of this analysis, we extracted and examined consecutive data specifically from adult
patients with intracranial tumors, while pediatric cases were not included in the study.

Adverse events (AEs) were classified into several categories: wound events, postoperative infections,
cerebrospinal fluid (CSF) fistulas, new neurological deficits, postoperative hemorrhage, and failure
to meet surgical objectives. We defined elective surgery as any procedure scheduled at least 1 day in
advance. In contrast, non-elective surgery encompassed emergency procedures and surgeries that re-
quired revision.

A) Definitions:

1) Wound event: This term encompasses any superficial or deep wound healing complica-
tions, inclusive of those with concurrent infection 6.
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2)
3)
4)
5)
6)
7)
8)

9)

Postoperative infections: These are specifically identified as occurrences of meningitis,
abscess formation, or empyema post-surgery.

CSF fistula: Defined as any instance of internal or external cerebrospinal fluid leakage,
including rhinoliquorrhea®.

Implant malfunction/CSF shunt dysfunction: Includes any form of valvular dysfunction,
mechanical obstruction, or catheter occlusion.

Malpositioning of implanted material: This pertains to the incorrect placement of ventric-
ular or abdominal CSF catheters, pedicle screws, rods, or intervertebral cages.

New neurological deficit: Described as any neurological impairment emerging postoper-
atively that was not evident prior to surgery, or any exacerbation of existing deficits.

Rebleeding: Defined as bleeding into the resection cavity, subdural space, or soft tissue
that precipitates a new neurological deficit or necessitates further surgical intervention.

Surgical goal not achieved: Refers to instances where the predefined objectives of the
surgery were not fully accomplished, including incomplete resections.

Mortality was defined as any cause of death within 30 days post-surgery.

The Clavien-Dindo classification was deployed to provide the gravity of single adverse events .

B) Statistics:
Quantitative categories were articulated in numerical counts and corresponding percentages.
Continuous datasets, authenticated for normal distribution via the Shapiro-Wilk test, were
expressed in means + standard deviations 19. All analytical endeavours were executed utiliz-
ing SPSS version 24.0.0.0 (IBM Corp., Armonk, NY, USA)36.

I11)  Results:

A) Study population and baseline characteristics

A total of 1173 patients with a mean age of 57.4 = 15.3 years (range: 18-93 years) underwent
surgery between January 2022 and September 2023. Elective surgery was performed in 93.4%
(1095/1173) of patients, while emergency surgery was performed in 13.9% (163/1173). The over-
all rate of surgery-related AEs was relatively low (12.7%). The overall revision rate was 4.2%.
Meningioma and glioma pathologies were the most common reason for surgery (31.1; 28.2%,
respectively). A detailed description of the study population is presented in Table 1 and Fig. 1.
The occurrence of AEs was categorized by employing the CDC system as displayed in Fig. 2
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Fig 1 Overview of intracranial tumor entities of study population

B) Occurrence of surgery-related AEs
1) Wound events

In our study, wound events were observed in a diverse group of patients with different types
of intracranial tumors. Specifically, such events occurred in seven (2.1%) patients diagnosed
with glioma. Additionally, three patients each with meningioma and metastasis respectively
also experienced wound events. Further, one patient with ependymoma and another with he-
mangioblastoma were observed to have similar

complications. Of these cases, revision surgery was necessary in six of the seven glioma pa-
tients (1.8%). In contrast, all three (0.8%) meningioma patients, two (1.5%) patients with me-
tastasis, and one (6.7%) patient with hemangioblastoma required surgical intervention for
their wound events.

2) Dural leak

The overall prevalence of dural leaks in our study was found to be 1.5%. Specifically, cere-
brospinal fluid (CSF) leakage occurred in seven (2.1%) patients with gliomas, out of which
only two cases necessitated revision surgery*''?. Additionally, four (6.9%) patients with in-
tracranial neurinomas experienced CSF leakage, with half of these cases requiring surgical
intervention.

3) Postoperative hemorrhage

Postoperative hemorrhage was a notable complication, particularly in patients with gliomas.
Specifically, ten (3.0%) glioma patients experienced postoperative bleeding, and eight of
these underwent revision surgery. In addition, among the patients with meningioma, four
(1.1%) suffered from postoperative hemorrhage, with three requiring surgical revision®. All
three (5.2%) neurinoma patients who presented with post-surgical bleeding were also revised.
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Furthermore, two (1.1%) patients with metastases and one (7.1%) patient with an inflamma-
tory condition required revision surgery due to postoperative hemorrhage.

Fig 2 Classification of adverse events according to the Clavien-Dindo system

Adverse events and CDC grade
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4) New neurological deficit

Postoperatively, 3.2% of the cases developed new neurological deficits. Specifically, among
34 (10.3%) patients with gliomas, new postoperative neurological deficits were observed,
and one of these patients required surgical revision. Similarly, 42 (11.5%) patients with
meningiomas experienced postoperative deficits, with one undergoing surgical revision 3435,

5) Surgical goal not achieved

Surgical goals were not met in a small number of cases: one patient with a meningioma
(0.3%), one patient with a pituitary adenoma (10.5%), one patient with metastasis (1.0%), and
one patient with an epidermoid tumor (11.1%). However, none of these patients required re-
vision surgery due to this issue.

C) Secondary unplanned admissions to IMC or ICU and mortality rates

In 3.9% of the cases, a secondary admission to the Intensive Care Unit (ICU) or Intermediate
Care (IMC) was necessary post-surgery due to the occurrence of AEs. The overall mortality
rate was 0.8%, accounting for a total of five patient deaths®®. The causes of mortality included
massive postoperative hemorrhage in one case, pulmonary embolism in two cases, and tumor
progression in another two instances
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D) Occurrence of surgery-associated medical complications

The overall incidence of surgery-associated medical complications was 7.0% .In patients with
supratentorial intracranial tumors, the most common events were pneumonia and pulmonary
embolism, each occurring in 1.7% of cases. Similarly, in patients with infratentorial tumors,
the most prevalent AEs were pulmonary embolism and delirium, also with an occurrence rate
of 1.7% each.

V) Discussion

Surgical intervention for intracranial tumors is associated with a notable risk of AEs. The identifica-
tion and management of these AEs are crucial for evaluating the efficacy of quality measures in neu-
rosurgery. In this context, there is a concerted effort to enhance safety protocols to diminish the rates
of mortality and morbidity associated with these surgical procedures. To our knowledge, our study is
pioneering in its detailed examination of AEs following brain tumor surgery, specifically in relation
to various types of intracranial pathologies. This analysis is grounded in a comprehensive and pro-
spectively compiled database. Our findings indicate a relatively low incidence of AEs at 12.7%, with
the need for revision surgeries in 4.2% of the cases. The most common AEs observed were dural
leaks and the emergence of new neurological deficits, consistently noted across different groups.
Mortality rates were found to be minimal at 0.8%, with causes including massive postoperative bleed-
ing in one instance, pulmonary embolism in two cases, and tumor progression in another two in-
stances. Additionally, the incidence of AEs not directly related to the surgery was found to be com-
paratively low at 7.0%, suggesting effective and meticulous postoperative care.

In their retrospective single-center study, Schipmann et al. reported a 24.5% rate of surgery-related
AEs in a cohort of 2511 patients with brain tumor pathologies. The most common complication was
CSF leakage, with surgical site infections and postoperative hematomas also being notable. Glioma
was identified as the most frequent tumor type, with an incidence of 42.0% 22 These findings are in
line with Meyer et al.’s report of a 26.1% occurrence of AEs, with a significant proportion (8.4%)
being severe or potentially life-threatening 2. Similarly, a retrospective study by Lonjaret et al. on
167 brain surgery patients reported a 16.0% prevalence of AEs, predominantly in cases of malignant
gliomas 2%, Contrasting with these findings, our study reveals a notably lower overall AE rate of
12.7%. This rate is particularly striking given the similar composition of our study cohort, where
gliomas and meningiomas were the most frequent intracranial neoplasms. The observed diminution
in the incidence of surgically induced AEs in our analysis may be attributable to the methodological
rigor employed in the construction of our database. This database is meticulously configured to facil-
itate granular segregation of surgical AEs, thereby enabling the extrapolation of authentic prevalence
metrics in real-world scenarios. Consequently, our dataset ostensibly provides a more veracious and
comprehensive reflection of outcomes in comparison to antecedent research endeavors. Moreover,
the meticulous process of AE documentation in our study, involving thorough recording by treating
physicians and subsequent review by two attending doctors, might have minimized the potential for
human error, thereby ensuring a more precise account of AEs.

Gliomas emerged as a predominant intracranial pathology in our study, with an overall surgery-re-
lated adverse event (AE) prevalence of 12.7%. Notably, a smaller proportion of these cases, 4.5%,
necessitated revision surgery due to glioma complications. This contrasts with findings from a recent
study of 231 patients with diffuse lower-grade gliomas, where AE rates soared to nearly 50%. How-
ever, it is important to clarify that these AEs primarily involved new or worsened neurological deficits
1 In a different retrospective analysis focusing on malignant gliomas and relying on administrative
data, the overall AE rate was substantially lower, recorded at 3.4% 2. The most frequent surgical
complications in this study were iatrogenic-induced strokes (16.3%) and postoperative hematomas
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(10.3%). In our research, the occurrence of ischemic strokes was not explicitly documented as a sep-
arate complication but was noted in cases presenting with clinical symptoms, such as new neurolog-
ical deficits. Despite this different approach to documentation, we observed that dural leakage and
postoperative hematoma were prevalent complications in our cohort, with 2.4% of cases requiring
revision surgery for hematoma evacuation. This aligns with findings from Tanaka et al., who reported
a 5.6% incidence of postoperative hemorrhage following glioma surgery, including one fatal case,
similar to our observations3L. The relatively high incidence of CSF leakage in our cohort might be
partly attributed to the involvement of junior physicians in surgical closures, a stage where inadvert-
ent leakage can occur. This observation underscores the well-known learning curve in neurosurgery
33 Nevertheless, training emerging surgeons remains a crucial responsibility for academic tertiary
care centers. Consequently, some AEs, particularly those associated with the learning process, might
be challenging to avoid entirely. To potentially mitigate these training-related AEs, we propose spe-
cific measures such as mandatory joint reviews of surgical outcomes by both senior and junior sur-
geons. Such collaborative evaluations could potentially accelerate the learning curve for individual
procedures. However, the effectiveness of these measures in reducing AEs needs to be validated
through prospective studies.

Meningiomas, constituting approximately one-third of all primary central nervous system tumors, are
the most commonly occurring intracranial neoplasms 28, Neurosurgical resection remains the corner-
stone of meningioma management. However, this surgical intervention is not without risks, notably
the potential for new neurological deficits or exacerbation of existing symptoms in patients. The in-
cidence of AEs following meningioma surgery has been reported to range from approximately 10.0
to 25.0%, reflecting significant variability across studies 2112835 |n a notable study by Schipmann
et al., encompassing 500 meningioma patients, the researchers observed a reoperation rate of 9.6%,
primarily due to complications such as CSF leakage and surgical site infections 2. Similarly, Jenkins
et al. conducted a prospective analysis on 345 meningioma patients, documenting major AES in
20.6% of cases. These AEs were characterized by new neurological deficits post-surgery or the ne-
cessity for further intervention or reoperation 8. Specifically, they reported that 1.4% of cases re-
quired surgical intervention due to postoperative hematomas, while only 0.3% needed revision sur-
gery for CSF leakage. Our study observed parallel trends, with dural leakages accounting for 0.5%
of cases, all necessitating surgical revision. Postoperative hematoma was diagnosed in 1.1% of cases,
with 0.8% undergoing surgical revision. Remarkably, our overall surgery-related AE rate was 5.2%,
aligning closely with Jenkins et al.’s findings. A critical distinction in our study was the clear sepa-
ration between surgery-related and non-surgery-related AEs. This differentiation is vital for guiding
surgeons in understanding and mitigating potential risks in future operations. Contrarily, amalgamat-
ing surgery- and non-surgery-related AEs, as observed in some of the mentioned studies, can lead to
ambiguity. This lack of clarity obscures the underlying causes and possible resolutions of these AEs,
potentially hindering the development of targeted strategies to reduce their incidence. In summary,
our study contributes to the growing body of evidence on the risks associated with meningioma sur-
gery,emphasizing the importance of precise categorization of AEs for enhancing surgical outcomes
and patient care.

In our study, non-surgical related adverse events (AES) were observed in 13.9% of cases, with pneu-
monia and pulmonary embolism being the most prevalent at 1.6% and 1.7%, respectively. Notably,
two patients succumbed to pulmonary embolism. This finding is consistent with previous literature,
which reports similar prevalence of non-surgical related AEs. For example, Schipmann et al. identi-
fied a 12.1% incidence of nosocomial infections among 2511 individuals undergoing cranial surgery.
Their study also highlighted advanced age and a compromised baseline health status as potential pre-
dictors for these AEs and subsequent patient readmissions 22. Additionally, thromboembolic events
have been recognized as a frequent cause of patient readmission, with some studies citing a preva-
lence as high as 19.7%2 2. It is important to underscore that patient factors such as age and baseline
34
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health status warrant careful consideration, and in some cases, proactive intensive care unit (ICU)
admission may be necessary to enhance patient monitoring. In our cohort, there was a notable re-
quirement for secondary transfers to the ICU or intermediate care (IMC), suggesting the importance
of such specialized care in preventing further neurological and systemic deterioration, thereby im-
proving overall medical outcomes. However, routine admission to the ICU should not be standardized
as it could lead to resource overutilization. Instead, the development and implementation of ICU
scoring systems for judicious patient selection are imperative. This approach aligns with findings
from previous studies, which advocate for the careful selection of patients for ICU admission based
on specific criteria to optimize care and resource allocation 121526 Therefore, our study not only
aligns with previous research in terms of the prevalence of non-surgical related AEs but also empha-
sizes the need for tailored patient care strategies, particularly in the context of ICU admissions, to
ensure optimal patient outcomes.

In this study, the mortality rate was remarkably low, at only 0.8%. This included two instances of
death due to pulmonary embolism, two cases where patients succumbed to tumor progression in the
absence of viable curative options, and one case of fatal postoperative hemorrhage. Compared to
existing literature, where mortality rates in similar settings range from 1.1 to as high as 16.0% 3 2 21, 22,
our findings represent a significant deviation. We attribute this favorable outcome partly to our rig-
orous approach in documenting AEs. In our department, cases with complexities undergo thorough
review sessions involving the entire neurosurgical team. These meetings focus on pinpointing and
addressing any gaps in patient care that could potentially lead to AEs. This proactive strategy is aimed
at mitigating the occurrence of future AEs. Additionally, our adoption of the Clavien-Dindo classifi-
cation system for standardizing AE documentation has not only streamlined our internal processes
but also enhanced the comparability of our data with that from other neurosurgical centers 7.8 23,
MMCs form a cornerstone of our practice. These conferences serve as platforms for surgical teams
to exchange insights, engage in critical analysis, and learn from past errors, thereby preventing recur-
rence of similar issues £ 12, The protocol mandates a detailed examination of AE causes, encompass-
ing both clinical and surgical errors, and extends to evaluating systemic healthcare issues. Further-
more, these discussions are instrumental in the professional development of our residents, as they
receive guidance and feedback from seasoned physicians, who scrutinize patient treatment plans to
identify areas of strength and improvement 22, This comprehensive and reflective approach is likely
a key contributor to the notably low morbidity and mortality rates observed in our study.

V) Conclusion

This study represents a significant contribution to the field quality management in neurosurgery, par-
ticularly in understanding and documenting AEs in the treatment of intracranial tumors. Our research
stands out as a prospectively compiled database, encompassing a wide array of intracranial tumors,
to analyze AEs. The findings have highlighted a notably low mortality rate in our cohort, suggesting
that meticulous AE documentation and proactive intervention strategies in neurosurgical practice can
lead to improved patient outcomes. The insights gained not only contribute to the existing body of
knowledge but also pave the way for future research aimed at further improving patient care in the
treatment of intracranial pathologies.
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