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Abstract

Objectives—To estimate the incidence of surgical complications and associated in-hospital 

morbidity and mortality following surgery for malignant brain tumors.

Patients and methods—The Nationwide Inpatient Sample (NIS) database was queried from 

2002 to 2011. All adult patients who underwent elective brain surgery for a malignant brain tumor 

were included. Surgical complications included wrong side surgery, retention of a foreign object, 

iatrogenic stroke, meningitis, hemorrhage/hematoma complicating a procedure, and neurological 

complications. A regression model was conducted to estimate the odds ratios (OR) with their 95% 

confidence intervals (95% CI) of in-hospital mortality for each surgical complication.

Results—A total of 16,530 admissions were analyzed, with 601 (36.2 events per 1000 cases) 

surgical complications occurring in 567 patients. Over the examined 10-year period, the overall 

incidence of surgical complications did not change (P = 0.061) except for iatrogenic strokes, 

which increased in incidence from 14.1 to 19.8 events per 1000 between 2002 and 2011 (P = 

0.023). Patients who developed a surgical complication had significantly longer lengths of stay, 

total hospital costs, and higher rates of other complications. Patients who experienced an 

iatrogenic stroke had a significantly increased risk of mortality (OR 9.6; 95% 6.3–14.8) and so 

were patients with a hemorrhage/hematoma (OR 3.3; 95% CI 1.6–6.6).

Conclusion—In this study of an administrative database, patients undergoing surgery for a 

malignant brain tumor who suffered from a surgical complication had significantly longer lengths 

of stay, total hospital charges, and complication rates. Having a surgical complication was also an 

independent risk factor for inhospital mortality. Nonetheless, it is unclear whether all surgical 

complications were clinically relevant, and further research is encouraged.
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1. Introduction

Malignant brain tumors are the most common primary brain tumor, with an estimated 

incidence in adults of 5.26 cases per 100,000 persons per year in the United States [1]. 

Although newer treatment modalities such as chemotherapy and immune therapy have 

emerged as potential adjuvants for management of these tumors, surgery continues to be 

first-line therapy [1,2]. The importance of this, however, is that newer evidence has 

supported more aggressive resections as a mode to improve survival [3,4]. Nonetheless, 

more aggressive resections carry an increased risk of potentially catastrophic surgical 

complications, including irreversible neurological deficits.

The purpose of this study is to estimate the incidence of surgical complications, (including 

sentinel events) in patients undergoing malignant brain tumor surgery using a large 

administrative database, and analyze their impact on in-hospital morbidity and mortality.

2. Patients and methods

2.1. Study design and data source

In this retrospective cohort study, the Nationwide Inpatient Sample (NIS) administrative 

database was queried for the years 2002–2011. The NIS, as part of the Healthcare Cost and 

Utilization Project (HCUP), is the largest inpatient administrative database in the United 

States, reporting approximately 8 million admissions from a 20% sample of all non-federal 

hospitals per year. The NIS database reports diagnoses, procedures and complications in the 

form of ICD-9-CM (International Classification of Disease-9th Edition-Clinical 

Modification) codes.

2.2. Inclusion and exclusion criteria

Patients with a primary diagnosis of a malignant brain tumor (codes 191.0–1.919) that 

underwent a craniotomy or craniectomy (01.20–01.29), incision of brain and cerebral 

meninges (01.31–01.39) or excision/destruction of lesion or tissue of brain (01.59) were 

included. Patients under the age of 18 years and with non-elective admissions were excluded 

from this study (Fig. 1).

2.3. Data collection

Patients were divided into two cohorts: non-surgical complication and surgical complication. 

In accordance with the Joint Commission guidelines, patients with retention of a foreign 

object (codes E870.1 and 998.4) and patients who received wrong side surgery (E876.5–

E876.9) were classified as having a surgical complication [5]. Additionally, patients who 

experienced an iatrogenic stroke (997.02), meningitis (320.0–320.9) or hemorrhage/

hematoma complicating a procedure (998.1–998.13) were included in the surgical 
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complication cohort [6]. These complications were chosen based on the work by Landriel-

Ibañez et al., who proposed a new classification for complications in neurosurgery. In the 

proposed system, the aforementioned complications are considered “Grade III” surgical 

complications, and refer to “life-threatening adverse events requiring treatment and care in a 

more complex hospital area” [6]. Patients with codes 997.00–997.09 were also classified as 

having a neurosurgical complication, in accordance to a recent study utilizing the NIS to 

examine outcomes after brain tumor resection [7].

Demographic variables such as age, sex, hospital location, and teaching status were 

collected for each admission. Hospital location is determined via use of Core Based 

Statistical Area (CBSA) codes. Hospitals located in counties with a CBSA type of 

metropolitan were considered “urban” hospitals, whereas hospitals with a CBSA type of 

micropolitan were classified as “rural” hospital. Hospitals are considered “teaching 

hospitals” if they meet any of the following criteria: (1) an approved residency program, (2) 

is member of the Council of Teaching Hospitals, or (3) has a ratio of interns/residents to 

beds of 0.25 or higher. Overall preoperative comorbidity was calculated via the Elixhauser 

comorbidity score, an established method to calculate a score from administrative databases; 

this method adds 1 point per comorbidity (from a list of 30 comorbidities) to produce a final 

score [8].

2.4. Outcomes

Both cohorts were analyzed to compare outcomes in the form of other complication 

development, average length of stay, total hospital charges and mortality. Other 

complications included: pneumonia (481, 482, 483), myocardial infarction (410.0–410.91), 

acute kidney injury (584.5–584.9), pulmonary complications (518.5–518.53), pancreatitis 

(577.0), urinary tract infection (UTI; 595.0, 595.9, 599.0), deep vein thrombosis (453.4–

453.42, 453.8, 453.9) pulmonary embolism (415.22, 415.13, 415.19) and surgical site 

complication (998.83, 998.32, 998.51, 998.59, 998.6) [6].

2.5. Statistical analysis

Descriptive statistical analyses were performed to compare demographic variables between 

cohorts. Results are presented as mean ± standard deviation when applicable or as mean 

with interquartile ranges (IQR) for non-parametric data. Continuous data was compared via 

the Student’s T-test and non-continuous data was compared via the χ2 test. A linear 

regression analysis was used to analyze trends of surgical complications, length of stay and 

total hospital charges over time. A multivariable logistical regression analysis was 

conducted to estimate odds ratios (OR) of mortality with their 95% confidence intervals 

(CI). OR analyses were controlled for patient age, sex and comorbidities. P-values <0.05 

were considered significant. Statistical analyses were performed using STATA SE 12 

(StataCorp LP, College Station, Texas).

3. Results

A total of 16,530 patients who underwent surgery for a malignant brain tumor between 2002 

and 2011 were identified, with 567 patients (3.4%) in the surgical complication cohort 
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[Table 1]. Patients in the surgical complication and non-surgical complication cohorts were 

similar in terms of age and sex. However, the median number of comorbidities in the 

surgical complication cohort was two, compared to one in the non-surgical complication 

cohort (P < 0.001). The proportion of patients treated at urban and teaching hospitals was 

not statistically different between cohorts.

When analyzing hospital resource utilization, patients with a surgical complication had 

significantly longer average lengths of stay (11.8 vs. 4.4 days, P < 0.001) and double the 

total hospital charges ($111,518 vs. $53,638, P < 0.001). Length of stay significantly 

decreased over time from an average of 5.2 days in 2002 to 4.0 days in 2011 (P < 0.001) 

[Fig. 2]. On the other hand, total hospital charges increased from a mean of $33,210 in 2002 

to $75,774 in 2011 (P < 0.001) [Fig. 3].

Additionally, patients in the surgical complication cohort had significantly higher rates of 

other complications (19.2% vs. 5.4%, P < 0.001), including pneumonia, acute kidney injury, 

respiratory complications, UTI, DVT, PE and surgical site complications (including wound 

infection).

During the examined period, there were a total of 601 documented surgical complications 

(36.2 per 1000 cases) occurring in 567 patients; 34 patients had two surgical complications. 

There were less than 10 cases of foreign object retention (0.7 per 1000 cases), less than 10 

wrong-side surgeries (0.7 per 1000 cases), 269 cases of iatrogenic stroke (16.3 per 1000), 19 

cases of meningitis (1.1 per 1000), 170 cases of hemorrhage/hematoma complicating a 

procedure (10.3 per 1000), and 137 cases of other neurological complications (8.2 per 1000) 

[Table 2]. During this period, the only event that increased in incidence was iatrogenic 

stroke, with a 2002 incidence of 14.1 per 1000 compared to 19.8 per 1000 cases in 2011 (P 

= 0.023); the overall incidence of surgical complications did not significantly change over 

the 10-year period (P = 0.061). A comparison between surgical complications between 

patients who underwent surgery for a malignant brain tumor and patients who underwent 

surgery for a benign tumor (from a cohort of patients operated on between 2002 and 2011 

from the NIS) revealed that the complication rate was higher in the benign tumor group 

(4.5% vs. 3.4%, P < 0.001). Nevertheless, it is unclear whether this 1.1% absolute difference 

would be clinically-relevant, and warrants further investigation.

Patients in the surgical complication cohort had a 9.0% mortality compared to only 0.7% in 

the non-surgical complication t cohort (P < 0.001). Following multivariable analysis, it was 

found that patients with any surgical complication were 4.4 times more likely to die during 

their hospital stay (OR 4.4; 95% CI, 2.9–6.6), and so were patients with an iatrogenic stroke 

(OR 9.6; 95% CI 6.3–14.8) and hemorrhage/hematoma (OR 3.3; 95% CI 1.6–6.6) [Table 3].

4. Discussion

Malignant brain tumors (most commonly high-grade astrocytomas such as glioblastoma 

multiforme) are the most common primary brain tumor, and incidence rates have increased 

over time [9]. Surgery is considered first-line therapy for these patients [10–12], but 

attempting resection of these tumors carries inherent risks such as neurological deficits and 

subsequent decreases in overall survival [13].
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The present study analyzed 16,530 admissions of patients undergoing surgery for malignant 

brain tumors, demonstrating a 3.4% risk of having at least one surgical complication. The 

most common surgical complication was iatrogenic stroke, with an estimated incidence of 

16.3 per 1000 cases. Notably, this event was the only event to significantly increase over the 

examined 10-year period. Moreover, suffering from an iatrogenic stroke increased the risk 

of in-hospital mortality by 9-fold. In a study by Gempt et al. analyzing the incidence of 

infarctions following glioma resection, 31% of patients were found to have new 

postoperative ischemic lesions (assessed by diffusion-weighted imaging) with an associated 

decline in neurological function [14]. This group of authors identified the proximity of the 

tumor to central arteries as the greatest risk factor for postoperative ischemic damage [14].

The second most common surgical complication was hemorrhage or hematoma 

complicating a procedure, with an incidence of 10.3 per 1000 cases. Similar to iatrogenic 

strokes, having a hemorrhage/hematoma carried a significantly increased risk of in-hospital 

mortality (OR 3.3; 95% CI 1.6–6.6). Postoperative hemorrhage has been also recognized as 

a complication following glioma surgery, and a study by Tanaka et al. found a rate of 5.6%, 

with one case of fatal hemorrhage following surgery [15].

Retention of a foreign object and wrong side surgery were relatively rare events, with 

reported incidences of less than 0.7 per 1000 cases. Notably, these cases were not found to 

carry an increased risk of mortality. Postoperative meningitis occurred in 1.1 per 1000 cases, 

and also did not increase the risk of mortality.

Both retention of a foreign object and wrong side surgery are considered “sentinel events” 

by the Joint Commission, an organization that evaluates, accredits and certifies more than 

20,000 health care organizations and programs in the United States according to certain 

performance standards. According to the Joint Commission, these events are preventable, 

and the cause is often attributed to systems and processes rather than to an individual person 

[16]. On the other hand, iatrogenic strokes, hemorrhage/hematoma and meningitis are more 

related to the procedure itself and postoperative care. Of note, the less than 10 cases of 

wrong-side surgery in the present study occurred prior to the year 2008, when the surgical 

safety checklist was implemented [17].

A study published by Landriel Ibanez et al. encouraged a new classification for 

complications following neurosurgical procedures [6]. This classification consists of three 

grades, with Grade III surgical complications implying “life-threatening complications 

requiring management in Intensive Care Unit” [6]. According to this proposed classification, 

iatrogenic strokes, hemorrhage/hematoma and meningitis are all considered surgical 

complications and thus were included in this cohort.

The significant increase in iatrogenic strokes in the examined 10-year period warrants 

special attention. During the last decade, numerous studies have supported gross total 

resection as a means to improve survival [12,18], with recent reports encouraging at least a 

70% resection and less than 5 mL of residual tumoral volume [3,4]. As stated by Gulati et 

al., “glioblastoma surgery is a delicate balance between achieving maximal tumor resection 

and inducing new deficits” [19]. While both surgeons and patients may be tempted to resect 
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as much as possible, a thorough discussion with the patient should be made prior to surgery, 

and benefits of a potential increased survival with the associated risk of neurological deficits 

should be discussed. Currently, it is unclear whether all iatrogenic strokes and hemorrhages/

hematomas in this study were merely incidental postoperative imaging findings (not 

uncommon in the setting of brain tumor resection) or associated with neurological deficits. 

While the increase in iatrogenic strokes may be a result of the shift toward more aggressive 

resections in recent years, more sensitive postoperative imaging techniques might have also 

played a significant role in increasing the diagnosis of postoperative ischemia. Nevertheless, 

extensive adjustment analysis revealed both of these vascular complications to be 

independent risk factors for in-hospital morbidity, which may indicate that they could have 

been clinically relevant to some degree.

The postoperative course of patients who experienced a surgical complication was 

significantly different from patients without a surgical complication. The former group had 

significantly higher in-hospital complications and stayed on average 11.8 days in the 

hospital, compared to only 4.4 in the latter cohort. Additionally, hospital costs almost 

doubled at an estimated of $111,518 U.S. dollars. The impact of surgical complications on 

hospital resource utilization is a potential incentive for quality of care improvement, and 

both the hospital staff and surgeons must cooperate to decrease the incidence of this events 

[16].

In a study by Zacharia et al., the authors utilized the NIS to investigate the incidence of 

Hospital-Acquired Conditions (HACs) following resection of benign and malignant brain 

tumors [7]. HACs included retention of a foreign object, air embolism, blood 

incompatibility, pressure ulcers, falls, urinary tract infection, surgical site infection, and 

others. The authors found a HAC incidence of 5.4%, and having a HAC was an independent 

risk factor for in-hospital mortality and increased hospital costs [7]. However, that study did 

not examine trends over time, nor did it examine the independent impact of each HAC on in-

hospital mortality.

4.1. Strengths and limitations

The findings in the present study provide several useful insights to the neurosurgical 

community. First, an analysis over time revealed that while the rate of all surgical 

complications remained steady over time, only iatrogenic strokes increased, most likely due 

to the increased aggressiveness of tumor resection. Second, it was demonstrated via 

extensive adjusted analyses that patients who developed a surgical complication had a 

significantly increased risk of mortality, providing further evidence to further analyze the 

risks and benefits of overly-aggressive surgery.

This study however, has some limitations. The use of an administrative database carries the 

risk of coding or reporting bias. Identification of vascular complications such as iatrogenic 

stroke and hemorrhage/hematoma was done entirely via ICD-9 codes, and it is unclear what 

proportion of these complications were clinically relevant, or asymptomatic procedure-

related radiographic findings. It is not uncommon to find small hemorrhages/hematomas on 

imaging following brain tumor resection, and more extensive investigation into this matter is 

warranted. The lower surgical complication rate (3.4%) found in this study when compared 
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to other clinical series may be explained by the fact that other common surgical 

complications are not captured by the NIS. For example, adverse events such as transient 

new neurological deficits, transient diabetes insipidus, and postoperative seizures requiring 

anticonvulsant do not have such specific ICD-9 codes [6], and thus are difficult to capture in 

an administrative database. Although in-hospital complications could be identified via 

ICD9-CM codes, complications occurring outside the hospital could not be assessed. 

Likewise, neurological status or other functional long-term outcomes cannot be assessed 

using the NIS.

Overall, it is difficult to translate administrative data to the clinical setting. However, the 

fact remains that studies have advocated for more aggressive tumor resection [3,12], in an 

attempt to improve survival. Whether the increase in iatrogenic strokes observed in our 

study is a consequence of these studies cannot be proven just yet, and more evidence is 

needed. Likewise, though it appears that iatrogenic strokes were an independent risk factor 

for mortality, it may also be possible that unmeasured covariates (such as preoperative 

performance status, tumor location, tumor size, etc.) had an influence on inpatient death, and 

we believe prospective multi-center collaborations are the most desired for this type of 

question.

5. Conclusion

In this study of an administrative database, the incidence of surgical complications following 

malignant brain tumor surgery was estimated at 36.2 per 1000 cases. Patients with a surgical 

complication experienced higher complication rates, longer hospitalizations, increased 

hospital costs and a significantly increased risk of in-hospital mortality. Iatrogenic strokes 

were the only surgical complication to significantly increase in the examined 10-year period, 

potentially due to the increasing evidence that more aggressive tumor resection leads to 

increased survival. Nonetheless, the risks and benefits of overly aggressive surgery warrant 

further investigation, inasmuch as patients who experienced an iatrogenic stroke were nine 

times more likely to die during their hospital stay.
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Fig. 1. 
Framework for patient selection shows inclusion/exclusion criteria.
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Fig. 2. 
Average length of stay for patients undergoing malignant brain tumor surgery between 2002 

and 2011. Length of stay significantly decreased over time (P < 0.001).
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Fig. 3. 
Mean total hospital charges for patients undergoing malignant brain tumor surgery between 

2002 and 2011. Hospital charges increased significantly over time (P < 0.001).
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Table 1

Demographics of patients undergoing elective cranial neurosurgery for malignant brain tumors between 2002 

and 2011.

Variable No surgical complication Surgical complication P-value

No. cases 15,963 567

Age 53.9 ± 16.3 54.7 ± 17.3 0.126

Sex (male, %) 57.5 59.8 0.286

Elixhauser comorbidity score (median, IQR) 1 (0–8) 2 (0–6) <0.001

Urban hospital (%) 97.6 96.7 0.234

Teaching hospital (%) 84.2 82.6 0.394

Complications (%) 5.4 19.2 <0.001

 Pneumonia (%) 0.6 3.5 <0.001

 Myocardial infarction (%) 0.1 1.9* 0.059

 Acute kidney injury (%) 0.5 1.9* <0.001

 Respiratory complication (%) 1.1 9.0 <0.001

 Pancreatitis (%) 0.1* 1.9* 0.075

 UTI (%) 2.4 9.9 <0.001

 DVT (%) 1.0 5.1 <0.001

 PE (%) 0.2 1.9* 0.034

 Surgical site complication (%) 0.3 3.9 <0.001

Length of stay (mean) 4.4 ± 4.7 11.8 ± 11.8 <0.001

Mortality (%) 0.7 9.0 <0.001

Total charges ($) 53,638 ± 41,801 111,518 ± 105,304 <0.001

IRQ: interquartile range, UTI: urinary tract infection, DVT: deep vein thrombosis, PE: pulmonary embolism.

Boldface denotes statistically significant results.

*
NIS does not allow the publication of values that are less than or equal to 10 observations, so the number 11 was used to calculate percentages.
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Table 3

Multivariable analysis showing odds ratios of in-hospital mortality stratified by surgical complication.

Sentinel event OR 95% confidence interval P-value

Object retention 0.00 0.0–0.0 –

Wrong-side surgery 0.00 0.0–0.0 –

Iatrogenic stroke 9.6 6.3–14.8 <0.001

Meningitis 0.6 0.1–5.4 0.688

Hemorrhage or hematoma 3.3 1.6–6.6 <0.001

Other neurological complication 0.00 0.0–0.0 –

Any surgical complication 4.4 2.9–6.6 <0.001

OR: odds ratio.

All analyses were adjusted for patient age, sex and comorbidities.

Boldface denotes statistically significant results.
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