1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Author manuscript
Neurosurg Focus. Author manuscript; available in PMC 2022 March 10.

-, HHS Public Access
«

Published in final edited form as:
Neurosurg Focus. 2016 December ; 41(6): E8. doi:10.3171/2016.8.FOCUS16268.

Risk factors associated with the surgical management of
craniopharyngiomas in pediatric patients: analysis of 1961
patients from a national registry database

Joshua Bakhsheshian, MD?, Diana L. Jin, BA2, Ki-Eun Chang, MD1, Ben A. Strickland, MD?,
Dan A. Donoho, MD?, Steven Cen, PhD34, William J. Mack, MD?, Frank Attenello, MD?,
Eisha A. Christian, MD?!, Gabriel Zada, MD!

1Department of Neurological Surgery, Keck School of Medicine, University of Southern California,
Los Angeles, California

2Keck School of Medicine, Keck School of Medicine, University of Southern California, Los
Angeles, California

SDepartment of Neurology, Keck School of Medicine, University of Southern California, Los
Angeles, California

4Department of Radiology, Keck School of Medicine, University of Southern California, Los
Angeles, California

Abstract

OBJECTIVE—Patient demographic characteristics, hospital volume, and admission status have
been shown to impact surgical outcomes of sellar region tumors in adults; however, the data
available following the resection of craniopharyngiomas in the pediatric population remain
limited. The authors sought to identify potential risk factors associated with outcomes following
surgical management of pediatric craniopharyngiomas.

METHODS—The Nationwide Inpatient Sample database and Kids’ Inpatient Database were
analyzed to include admissions for pediatric patients (< 18 years) who underwent a transcranial or
transsphenoidal craniotomy for resection of a craniopharyngioma. Patient-level factors, including
age, race, comorbidities, and insurance type, as well as hospital factors were collected. Outcomes
analyzed included mortality rate, endocrine and nonendocrine complications, hospital charges, and
length of stay. A multivariate model controlling for variables analyzed was constructed to examine
significant independent risk factors.
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RESULTS—Between 2000 and 2011, 1961 pediatric patients were identified who underwent

a transcranial (71.2%) or a transsphenoidal (28.8%) craniotomy for resection of a
craniopharyngioma. A major predilection for age was observed with the selection of a transcranial
(23.4% in < 7-year-olds, 28.1% in 7- to 12-year-olds, and 19.7% in 13- to 18-year-olds) versus
transphenoidal (2.9% in < 7-year-olds, 7.4% in 7- to 12-year-olds, and 18.4% in 13- to 18-year-
olds) approach. No significant outcomes were associated with a particular surgical approach,
except that 7- to 12-year-old patients had a higher risk of nonendocrine complications (relative risk
[RR] 2.42, 95% CI 1.04-5.65, p = 0.04) with the transsphenoidal approach when compared with
13- to 18-year-old patients. The overall inpatient mortality rate was 0.5% and the most common
postoperative complication was diabetes insipidus (64.2%). There were no independent factors
associated with inpatient mortality rates and no significant differences in outcomes among groups
based on sex and race. The average length of stay was 11.8 days, and the mean hospital charge was
$116,522. Hospitals with medium and large bed capacity were protective against nonendocrine
complications (RR 0.53, 95% CI 0.3-0.93, p = 0.03 [medium]; RR 0.45, 95% CI 0.25-0.8, p <
0.01 [large]) and total complications (RR 0.73, 95% CI1 0.55-0.97, p = 0.03 [medium]; RR 0.68,
95% CI 0.51-0.9, p < 0.01 [large]) when compared with hospitals with small bed capacity (< 200
beds). Patients admitted to rural hospitals had an increased risk for nonendocrine complications
(RR 2.56, 95% CI 1.11-5.9, p = 0.03). The presence of one or more medical comorbidities
increased the risk of higher total complications (RR 1.38, 95% CI 1.14-1.68), p < 0.01 [1
comorbidity]; RR 2.37, 95% CI 1.98-2.84, p < 0.01 [= 2 comorbidities]) and higher total hospital
charges (RR 2.9, 95% CI 1.08-7.81, p = 0.04 [1 comorbidity]; RR 9.1, 95% CI 3.74-22.12, p <
0.01 [= 2 comorbidities]).

CONCLUSIONS—This analysis identified patient age, comorbidities, insurance type, hospital
bed capacity, and rural or nonteaching hospital status as independent risk factors for postoperative
complications and/or increased hospital charges in pediatric patients with craniopharyngioma.
Transsphenoidal surgery in younger patients with craniopharyngioma was a risk factor for
nonendocrine complications.

Keywords

National (Nationwide) Inpatient Sample; Kids’ Inpatient Database; craniopharyngioma;
transsphenoidal; parasellar; sellar; oncology

CRANIOPHARYNGIOMAS are benign intracranial tumors derived from residual cell rests
of embryonal tissue, and they have an incidence of 0.5-2.0 cases per million people.311

It is estimated that 30%-50% of craniopharyngiomas arise in pediatric patients, and
although these tumors are considered benign, they can adversely impact a child’s physical
and psychosocial functioning.16:16.17 Surgical intervention is frequently the first step in
management for tissue diagnosis and tumor debulking.1! However, given their proximity to
critical structures of the brain such as the hypothalamus, complete resection is often difficult
and postoperative complications include new neurological deficits, endocrine dysfunction,
and visual deterioration.11:21.23.28.30 Additionally, increased morbidity rates associated with
surgical treatment may have long-standing physical and social effects on patients, and

can contribute to increased total cost of health care.14:2526.29 Therefore, it is important to
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identify preoperative risk factors associated with poor surgical outcomes in pediatric patients
with craniopharyngiomas.

Previous national database registry studies investigating the resection of sellar region tumors
have shown that patient demographic characteristics, hospital volume, or hospital admission
subtypes are associated with postoperative endocrine and nonendocrine complications,
mortality rates, or hospital charges.2:26.2% Recently, the Nationwide Inpatient Sample

(NIS) was analyzed for adult patients undergoing surgery for craniopharyngiomas.?® The
authors reported that hospitals with a low procedural volume had greater postoperative
complications and inpatient charges. The analysis was limited to the adult population, and
factors associated with surgical outcomes in pediatric patients remain unclear. Therefore,
we sought to investigate the impact of demographic characteristics, hospital type, and route
of admission on postoperative complications and hospital charges in children undergoing
surgical treatment for craniopharyngiomas.

This study used 2 public all-payer inpatient care datasets from the Healthcare Cost

and Utilization Project (HCUP). The NIS (https://www.hcup-us.ahrg.gov/nisoverview.jsp)
and Kids’ Inpatient Database (KID) (https://www.hcup-us.ahrg.gov/kidoverview.jsp) have
longitudinal hospital inpatient discharge data from more than 1000 hospitals. The NIS
entailed 20% of all hospital discharges and the KID contained 80% of pediatric discharges.
Data from the KID was available for the years 2000, 2003, 2006, and 2009. For the years
that the KID did not cover, pediatric data were extracted from the 2000-2011 NIS database.
The NIS also has a built-in method for obtaining national estimates of prevalence, as
described by the HCUP-NIS.?

Criteria for inclusion and exclusion

The study population was limited to children (< 18 years) with craniopharyngiomas who
underwent a transsphenoidal or transcranial craniotomy. Admission data were extracted
using the International Classification of Diseases, Ninth Revision, Clinical Modification
(ICD-9-CM) codes.! The criteria for inclusion/exclusion were similar to the previous
published adult report unless otherwise noted.2° Patients with an ICD-9 code of 237.0
(craniopharyngioma) who underwent a transsphenoidal or transcranial procedure (07.61,
07.62, 07.64, 07.65) were included. Patients > 18 years and those with a concomitant
diagnosis code of 253.8 (other disorders of the pituitary and other syndromes of
diencephalohypophyseal origin, excluding a diagnosis of craniopharyngioma) were excluded
from the study.

Risk Factors

Patient variables including race, payer status, sex, admission source (emergency room,
another hospital, other health facility, including long-term facilities, court/law enforcement,
routine), and admission type (emergency, urgent, elective, trauma center, newborn) were
encoded as categorical variables in NIS. Factors that were continuous were recoded into
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new categorical variables, such as number of comorbidities (0, 1, or = 2 comorbidities)

and age (< 7, 7-12, or 13-18 years). Hospital capacity was coded as small (< 200 beds);
medium (201-400 beds); or large (> 400 beds). Other categorical hospital variables included
teaching status, children’s hospital type, and hospital region. Additionally, each hospital’s
annual transsphenoidal and transcranial procedural volume was calculated and categorized,
and individual hospitals were categorized as low volume (< 80th percentile for annual
procedures) or high volume (> 80th percentile for annual procedures).

Outcomes of Interest

An emphasis was placed on hospital complications that occurred during admission.

We examined endocrine complications (panhypopituitarism: 253.7, diabetes insipidus
[DI]: 253.50, electrolyte abnormalities: 276.00-276.52, 276.61-276.90); nonendocrine
complications (CSF rhinorrhea: 349.81, postoperative neurological complications: 997.00—
997.09, intracerebral hemorrhage or hematoma: 430.00-432.90, 998.11-998.13, 374.31,
378.50-378.56, cranial nerve palsy: 368.20, 374.30, cerebral arteriogram: 884.10,
mechanical ventilation: 967.0-967.2, blood transfusion: 990.40, deep venous thrombosis/
pulmonary embolism: 415.00, 415.11-415.19, 453.81-453.89, inferior vena cava filter
installation: 387.00); or any complication (either endocrine or nonendocrine).

Statistical Analysis

Outcomes of endocrine complications, nonendocrine complications, total complications, and
mortality rates were assessed for significance with socioeconomic, patient, hospital, and
admission variables. Other outcomes of interest included specific endocrine complications,
length of stay (LOS), and total charges. The LOS was considered increased if it was more
than 7 days, and total charges were considered high if they were at or above the 90th
percentile ($217,985.08, adjusted for inflation). Patient factors included the following: race,
insurance type, comorbidity, sex, and age. Hospital factors included region, teaching status,
children’s hospital type, bed capacity, and procedure volume. Last, admission variables
included admission source and admission type.

The survey weight-adjusted procedure (SAS survey-mean) was used for descriptive
statistics. A multivariate Poisson regression using the Generalized Linear Mixed Model
(SAS glimmix) with a log link function was used to examine the association (rate ratio)
between risk factors and outcome. A 5-step approach was used as the model-building
strategy (Table 1). Akaike’s Information Criterion (AIC) and Bayesian Information Criterion
(BIC) were used to monitor the improvement of modeling fitting after adding an additional
set of covariates. Changes of beta coefficients were also monitored to inspect the impact
of an existing association after adding more covariates. Given that Model 4 controlled for
the most confounding variables, only the findings from this model were presented as the
final result. Statistical significance was set at p < 0.05 for all analyses. All analyses were
performed using SAS version 9.4.
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Results

Patient Characteristics

Between 2000 and 2011, 1961 pediatric patients were identified who underwent a
transcranial (71.2%) or transsphenoidal (28.8%) craniotomy for resection of a cranio-
pharyngioma. There was no gender predilection. Most of the patients were older (13-18
years old, 38.1%), white (43%), privately insured (60.4%), and had no comorbidity (45%)
(Table 2). The majority of procedures took place in a teaching institution (94.7%), with large
capacity (65.1%), and more likely to be located in the South (43.1%) (Table 3). Most of the
admissions were considered elective (52%). The most common complication recorded was
DI (64.2%) (Table 4) and the mortality rate was 0.5% (n = 9). The average LOS was 11.8
days and the mean hospital charge was $116,522. The surgical approach in each age group is
shown in Table 5.

Patient Demographic variables

There were no significant differences among sex and race for all measured outcomes.

There were no significant factors associated with the surgical approach (transcranial vs
transphenoidal; p > 0.05), except that 7- to 12-year-old patients had a higher risk of
nonendocrine complications (relative risk [RR] 2.42, 95% CI 1.04-5.65, p = 0.04) with the
transphenoidal approach when compared with 13- to 18-year-old patients. Compared with
patients 13-18 years old, 7- to 12-year-olds were more likely to have higher total hospital
charges (RR 3.44, 95% CI 1.55-7.64, p < 0.01), and patients < 7 years old were more likely
to have a longer hospital stay (RR 1.5, 95% CI 1.11-2.02, p < 0.01).

The presence of one or more comorbidities (Table 6) increased the risk of endocrine-related
complications (RR 1.38, 95% CI 1.1-1.72, p < 0.01 [1 comorbidity]; RR 2.18, 95% ClI
1.77-2.69, p < 0.01 [= 2 comorbidities]); electrolyte abnormality (RR 2.15, 95% CI 1.12—
4.1, p = 0.02 [1 comorbidity]; RR 9.2, 95% CI 5.29-15.99, p < 0.01 [= 2 comorbidities]);
higher total complications (RR 1.38, 95% CI 1.14-1.68, p < 0.01 [1 comorbidity]; RR
2.37,95% CI 1.98-2.84, p < 0.01 [= 2 comorbidities]); and accrued higher hospital charges
(RR 2.95, 95% CI 1.08-7.81, p = 0.04 [1 comorbidity]; RR 9.16, 95% CI 3.74-22.12, p

< 0.01 [= 2 comorbidities]) compared with patients with no comorbidities (Tables 7 and

8). Two or more comorbidities placed the patients at higher risk for DI (RR 1.54, 95% ClI
1.2-1.97, p < 0.01) and nonendocrine complications (RR 3.11, 95% CI 2.15-4.49, p < 0.01).
Medicaid patients were more likely to have postoperative panhypopituitarism than patients
with private insurance (RR 2.28, 95% CI 1.14-4.56, p = 0.02).

Hospital Factors and Admission status

Hospitals with medium (201-400) and large (> 400) bed capacity were protective against
nonendocrine complications (RR 0.53, 95% CI 0.3-0.93, p = 0.03 [medium]; RR 0.45, 95%
Cl1 0.25-0.8, p < 0.01 [large]) and total complications (RR 0.73, 95% CI 0.55-0.97), p =
0.03 [medium]; RR 0.68, 95% CI 0.51-0.9, p < 0.01 [large]) when compared with hospitals
with small bed capacity (< 200 beds) (Table 9). Centers with high (= 2 procedures annually)
and low (< 2 procedures annually) procedural volume had similar outcomes.
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Compared with admissions in urban hospitals, patients admitted to rural hospitals had an
increased risk for nonendocrine complications (RR 2.56, 95% CI 1.11-5.9, p = 0.03).
Teaching hospitals were less likely to have postoperative panhypopituitarism (RR 0.27, 95%
Cl 0.09-0.83, p = 0.02), had lower daily hospital charges (RR 0.3, 95% CI1 0.11-0.82, p =
0.02) but similar total charges when compared with nonteaching hospitals (Tables 9 and 10).

Using the Northeast region as the reference point, none of the regions of hospital location
were at increased risk for postoperative complications or hospital costs. The South and
Midwest had lower rates of postoperative panhypopituitarism (RR 0.33, 95% CI 0.15-0.75,
p <0.01; RR 0.21, 95% CI 0.06-0.77, p = 0.02). Admission source and type were not
significant for most outcomes assessed (Tables 11 and 12), except that admission from the
emergency room was associated with a longer hospital stay (RR 1.58, 95% CI 1.13-2.19, p
<0.01).

Discussion

The surgical management of craniopharyngiomas is complex and can present unique
challenges in the pediatric population.>:11:21.28.30 By analyzing the NIS and KID national
databases, we identified the clinical outcomes and key risk factors for complications in
children undergoing surgical management of craniopharyngiomas. The average LOS (11.8
days vs 7.6 days), postoperative DI (64.2% vs 48%), and hospital charge ($116,522 vs
$92,300) were greater in children compared with adults.29 According to our analysis, the
mortality rate was still low (0.5%). We identified age, comorbidities, insurance type, hospital
bed capacity, and rural or nonteaching hospital status as independent risk factors associated
with postoperative complications and/or increased hospital charges.

Patient Demographic variables

Outcomes between the transphenoidal and transcranial approach were similar, except that
younger patients were found to have a higher risk of nonendocrine complications with

the transphenoidal approach. These complications included any postoperative neurological
complications (17.5%), cranial nerve palsy (4.6%), mechanical ventilation (3.0%), need for
postoperative cerebral arteriogram (1.1%), intracerebral hemorrhage or hematoma (0.9%),
and blood transfusion (0.9%). The transphenoidal approach was more commonly used in
children > 12 years old. Transsphenoidal pituitary surgery is generally associated with a
shorter LOS, lower cost, and lower complication rates than transcranial surgery.2* The

risk for neurological complications from the endonasal approach could be due to age-
related anatomical differences found at the skull base. A quantitative radio-anatomical
cross-sectional study of pediatric patients found that the maximum sellar floor thickness
decreased with age in pediatric patients.?2 The varied sellar floor thickness, with a more
limited surgical corridor in younger children, may place the 7- to 12-year-olds at greater risk
for postoperative complications. Seven- to 12-year-olds were 3.4 times more likely to have
higher total hospital costs than 13- to 18-year-olds. This may be attributed to both the higher
percentage of 7- to 12-year-old children undergoing a transcranial approach (Table 5) and
greater risk for complications with the transsphenoidal approach.
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Pediatric patients with preoperative comorbidities had significantly higher risks for
nonendocrine and endocrine complications (including DI, electrolyte abnormalities, total
complications, and higher total hospital charges). Because approximately 55% of the
patients included in this study were found to have 1 or more comorbidity, their inherent
risk for postoperative complications probably influenced the overall outcome in our study,
and contributes to the nationwide trend in adverse clinical outcomes and increased health
care costs. Whereas the management of comorbidities prior to surgical intervention is
advocated to improve postoperative outcomes in patients undergoing intracranial tumor
resections,10:27:29 syrgical management of craniopharyngiomas in pediatric patients may
be more complex. Unlike comorbidities in the adult population, which include cardiac,
pulmonary, or renal disease, pediatric patients with craniopharyngioma generally do not
have other medical issues beyond neurological or endocrine deficiencies attributed to the
tumor (Table 6). The vast majority of comorbidities found in our patient cohort were
probably related to the extent of tumor invasion and complexity of the resection, thereby
correlating with higher risk factors.

Disparities among patients with Medicaid continue to prevail.1>26 In our analysis, we
found that approximately 6.8% (n = 133) of patients had postoperative panhypopituitarism,
and that patients with Medicaid were 2.35 times more likely to have this complication

than were patients with private insurance. Previous univariate analysis conducted for
patients with Cushing’s disease undergoing transsphenoidal craniotomy demonstrated an
association between panhypopituitarism and Medicare enrollment. However, the significance
was lost when controlled for admission type and source.26 Given the limitation of the

study design, we were unable to assess whether patients with Medicaid and at higher

risk for complications were confounded by the extent of tumor involvement, resection, or
other factors that could impact outcomes. Nonetheless, increased awareness of this ongoing
disparity in the Medicaid population is still warranted.

Hospital Factors

Higher hospital volume and specific surgical caseloads have previously been associated with
improved health-related outcomes.26:20.29 We found no difference in complication rates

and hospital charges between centers with high and low procedural volume in our patient
cohort. Zaidi et al. found that patients at high-volume centers had fewer complications than
patients at low-volume hospitals when assessing surgical risk factors in adult patients with
craniopharyngiomas. It is possible that the finding by Zaidi et al. may have been attributed to
an unmeasured confounding variable. These authors also used a dichotomized classification
system, in which hospitals were classified as either low-volume (< 20 procedures over a 5-
year period) or high-volume (> 20 procedures over a 5-year period) centers. In our analysis,
the mean annual procedural volume was 1.5; therefore we dichotomized low-volume
centers (those with < 2 procedures annually; < 80th percentile for annual procedures), or
high-volume centers (those with = 2 procedures annually; > 80th percentile for annual
procedures), which we acknowledge as a limitation of the current study. The referral pattern
to high-volume hospitals can also include more complicated cases,® thereby masking any
protective effects. There could also be a threshold at which there are insufficient resources
for the volume of procedures, thereby compromising the protective impact of higher-volume
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centers. This is in line with the finding that hospitals with greater bed capacity were
protective for total complications and nonendocrine complications when compared with
hospitals with lower bed capacity (Table 8).

Differences in complication rates can also be attributed to the availability of pediatric
neurosurgeons with experience in skull base surgery. Multiple studies have shown

a marked difference in outcome according to the neurosurgeons’ experience with
craniopharyngiomas.13:18:21 We were unable to determine the number and level of
experience of surgeons managing the patients with craniopharyngiomas. However, a small
percentage of patients were treated at rural (2.3%) or nonteaching (3.3%) hospitals,

which were associated with an increased risk for nonendocrine complications and
panhypopituitarism, respectively. Patients treated at a children’s hospital showed no
difference in our analysis; however, the large number with missing data (64%) may limit the
relevance of this finding. A large percentage of data were also missing for admission source
(27.5%) and admission type (15.4%), which may limit interpretation of their associations.
In agreement with Zaidi et al., we believe that a prospective study is needed to assess the
outcomes after referring complex lesions of the sellar region to highly specialized tertiary
centers.

Limitations and Strengths

The use of a large population-based administrative database carries many limitations. The
existence of coding error has previously been shown,*8 and this can have an impact on

the coding of diagnoses, covariates, and complications. The database is limited to inpatient
records for a single admission, and does not capture complications that occur on subsequent
admissions. Therefore, we were unable to distinguish between transient and permanent DI.
A large limitation of this study is that the database does not contain specific information
about the tumor (size, location, invasion, and so on), which has previously been shown to
have a strong impact on patient outcomes. The costs analyzed were mainly due to hospital
charges, and did not include professional fees and noncovered charges.

The main strength of this study is the use of a national database to analyze a large number
of patients during an 11-year period, while incorporating a multivariate model to deduce
multiple confounding factors. The associations do not imply direct causes, but rather the
need for prospective trials to further identify the impact of these highlighted factors. The
development of national databases has made it possible to accrue enough data to investigate
clinical questions that would otherwise be difficult to answer. Although these databases
carry many limitations, they still provide a great deal of clinical information acquired
from assessing a large pool of patients with similar conditions. We used 2 large national
databases, the NIS and the KID, to evaluate risk factors associated with the surgical
management of craniopharyngiomas in pediatric patients. The KID is the largest publicly
available pediatric inpatient care database in the US, and it was developed through a
federal, state, and industry partnership sponsored by the Agency for Healthcare Research
and Quality. In future studies, other prospective databases, such as the Pfizer International
Growth Database (KIGS) of patients treated with growth hormone, can be included to
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further investigate the impact of growth hormone treatment and the presence of obesity in
patients undergoing surgery for craniopharyngioma.’

Conclusions

This analysis identified age, comorbidities, insurance type, hospital bed capacity, and rural
or nonteaching hospitals as independent risk factors for postoperative complications and/or
hospital costs in pediatric patients who underwent surgery for craniopharyngioma. Further

clinical studies are warranted to investigate the impact of these variables on complications

and hospital costs.
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TABLE 1.

The 5-step model used to perform statistical analysis

Step Description

1 A univariate model was created to validate variables for multivariable regressions analysis

Model 1 was created to adjust for patient-level factors (race, insurance status, age category, no. of comorbid conditions, & sex)

Model 2 added hospital variables (bed size, region, teaching status, location, children’s specialty status, procedure vol) to Model 1

Model 3 added the variable admission type to Model 2

albr|lw N

Model 4 added the variable admission type & source to Model 2

Neurosurg Focus. Author manuscript; available in PMC 2022 March 10.
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TABLE 2.

Cohort demographic variables—patient factors in 1961 patients with craniopharyngioma

Variable & Category  Percentage

Sex
Male 50.3
Female 47.2
Missing 25
Age
<7yrsold 26.3
7-12 yrs old 35.6
13-18 yrsold 38.1
Race
White 43.0
Black 8.7
Hispanic 18.8
Asian/Pacific 2.1
Native American 1.2
Other 5.8
Missing 20.4

Payer status

Medicare NA
Medicaid 33.0
Private/HMO 60.4
Self-pay 2.6
No charge NA
Other 35
Missing NA
Comorbidity
No comorbidity 45.0
1 comorbidity 28.1
22 comorbidities 26.9

HMO = health maintenance organization; NA = not available.

The risk of individual identification of persons is increased when the number of observations in any given cell is < 10.
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TABLE 3.

Patient demographic variables—hospital factors in 1961 patients with craniopharyngioma

Variable & Category  Percentage

Hospital region

Northeast 18.2
Midwest 15.8
South 43.1
West 22.9
Teaching status
Nonteaching 33
Teaching 94.7
Missing 2.0
Hospital capacity
Small 10.9
Medium 221
Large 65.1
Missing 2.0
Hospital location
Rural 2.3
Urban 95.7
Missing 2.0
Hospital type
Not children’s 6.8
Children’s general 12.8
Children’s unit 16.0
Missing 64.4
Hospital vol
<2 ops annually 50.0
>2 ops annually 50.0
Admission type
Emergency 194
Urgent 13.1
Elective 52.0
Newborn NA
Trauma center NA
Missing 154
Admission source
ER 10.1
Another hospital 2.4
Other facility 1.2

Neurosurg Focus. Author manuscript; available in PMC 2022 March 10.
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Variable & Category Percentage

Routine 58.5

Missing 275

ER = emergency room.
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TABLE 4.

Outcomes in 1961 patients with craniopharyngioma

Event Percentage  95% CI
DI 64.2 59.1-69.2
Electrolyte abnormality 19.7 15.7-23.8
RBC transfusion 8.1 5.2-11
Neurological complications 7.3 4.8-9.7
Panhypopit 6.8 4.6-8.9
Cranial nerve palsy 6.3 3.5-9.2
Mechanical ventilation 5.9 3.6-8.3
Any ICH 2.7 1.3-4.1
CSF rhinorrhea 0.9 0.2-1.7
Cerebral arteriogram 0.6 0-1.3
IVC filter 0.5 0-1.2
Pneumonia 0.4 0-0.9
DVT/PE 0.3 0-0.7

Page 16

DVT/PE = deep venous thrombosis/pulmonary embolism; ICH = intracerebral hemorrhage or hematoma; I\VVC = inferior vena cava; panhypopit =
panhypopituitarism; RBC = red blood cell.
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TABLE 5.

Surgical approach in each age group in 1961 patients with craniopharyngioma

Patient Age % Transsphenoidal % Transcranial

<7yrs 2.9 234
7-12 yrs 74 28.1
13-18 yrs 18.4 19.7
Total 28.8 712

Neurosurg Focus. Author manuscript; available in PMC 2022 March 10.

Page 17



Page 18

Bakhsheshian et al.

N YN VYN VN VYN VN VN VN WN uo13eo1|dwiod d1LoIYd /m NG
WN YN YN VN VYN VN VN VN WN ainjre} ey aAnsabuod
VN VW VN VYN VYN VN VN VN WN (ss0] poojq a1uo.yd) BlWBUY
WN YN YN VN VYN VN VN VN WN aseasIp Jejnasen uafe||0d/ vy
N YN VYN VN VYN VN VN VN WN asnge |0yod|v
WN YN YN VN VYN VN VN VN WN saw
14 VN VN 80 S VYN VN VN VWN Ayyedoinfeod
14 YN VYN 80 9 VN VN 2T T2 uoisuapedAH
LL 9T ¢§ 80 S VYN VN VN VN (payeotjdwosun) W@
€8 LT /S 80 92 VYN VYN VN VN uoissaidaQ
T€T 6T € TT & VN VN 6T 2 (Aouaryap) erwsuy
vie 6 6 TT L9 €y € €T 6€ aseasip Areuow|nd s1uoiyd
982 8y /ST 9T € G¢ 09 60 9T sisAeled
T6€ 86 T6T G¢ € Sy 9. ve v Ansaqo
L06 ZTT 89 09 96T ¥¥l 9¥Z 8G 86 s1ap1osip a1Kj013099 %2 pin|4
0S0T vIT G/ 65 6T €Tz ¥9€ 69 8IT wsiplosAyodAH
0921 9T 0§56 8. S5z €8T €I v8 &yl S13pJosip [ea1fojoinau Jaylo
baiq syjuaned IV % baa4 o bauq 0 bauad o baug Apigiowo)
SIN am SIN am

siusied [eoa1bansuoN

susned [ealbang

ewolbuAreydoiuels yum syuaned T9ET Ul 110yod uaned ul A11p1giowod Jo abejusaiad pue Aousnbai4

‘9 319vl

Author Manuscript Author Manuscript

Author Manuscript

Author Manuscript

Neurosurg Focus. Author manuscript; available in PMC 2022 March 10.



Page 19

Bakhsheshian et al.

‘SILYLe profewnayl = vy ‘Aousnbaly = bai4 ‘snijjaw saeqeIp = NG

VN VN VN WN VN VN VN VN VN $s0] JyBIapn
VN VN VN VN VN VN VN VN VWN asessIp Je[nAJeA
WN VN VN VN VN VN VN VN VN Buipssgo/m ssessip isojn onded
VN VN VN VN VWN VN VN VN VWN Sisejselaw o/m Jowny pijos
WN VW VN VN VN VN VN VN VWN ain|rey [eusy
VN VN VN VN VN VN VN VN VWN 1apJosip uone|nautd Areuowind
VN VN VN WN VN VN VN VN VN SISOY9Asd
VN VN VYN VYN VN VN VN VN VWN aseasIp Jejnasen [esaydiiad
VN VN VN WN VN VN VN VN VN 139Ued J11BISeIB N
VN VN VN VN VWN VN VN VN VWN ewoydwAT
WN VW VN VN VN VN VN VN VWN aseasIp JanI
VN VN VN VN VWN VN VN VN VWN asnqe Bnig
baiqsuaned |iv. % bai4 95  baiq % bai4 o5 baig Apigiowo)d
SIN am SIN am

s1uaned [e21BANSUON

sjuaned [ealbang

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

Neurosurg Focus. Author manuscript; available in PMC 2022 March 10.



Page 20

Bakhsheshian et al.

'G0"0 > d e 8ouedlIUBIS [eansNels salealpul adA) aoeyplog (1D %S6) HY Se passaldxa ale sanjep

'suoneal|dwod [eio) = dwod |ejo)

r1-1)2etr (192450 6TT (LG5T-€6'0) 12T (L0'2-6L°0) ‘82T (15'1-86'0) 22T W\ (z81-280) 22T sIk 1>

(Le'1-56'0)ST'T  (65T-€€0)2L0 (Tr'T-98°0) T'T (68'T-9.0) 2T (e€'1-,8'0) 80'T WN (L6'T-v6'0) 9€'T sIkzT-L

ERIIEIETEN| ERIIEIETEN| ERIIEIETEN| ERIIEIETEN| ERIEIETENS| ERITEIETE)S| ERIEIETENS| SIA 8T-€T
aby

ERIIEIETEN| ERIIEIETEN| ERIIEIETEN| ERIIEIETEN| ERIEIETENS| ERITEIETE)S| ERIEIETENS| ETEN

(c1-680)¥0T  (9V'T-¥'0) 920  (L2'T-G8°0) ¥0'T (¥v'1-69°0) T (6T'1-98'0) T (8z'Tz-60)9z¢  (SST-98°0)ST'T alewsad
XaS

(¥8'2-86'T) LET

(87'2-G7'0) SO'T

(L6T-ZT)¥ST

(66'5T-62°S) 26

(69'2-LLT)8TC

(80°€2z-€7°0) €8'6

(67'7-ST2) TT°E

SOIIPICIOWOD 2=

(89T-#TT)8E'T (2Tv—260) 26T (97T-96'0) ¥2'T (Tr-2T1) ST (zL1-11) 88T (99°98T-€1°0) 66'8  (ST'T-16°0) 2V'T Anpigiowod 1
ERIIEIETEN| ERIIEIETEN| ERlIEIETEN| ERIIEIETEN| ERIEIETEN| ERITEIETE)S| ERIEIETENS| Aipigiowod oN
Aupigiowo)d
ERIVEIET )] ERIVEIET )] ERIVEIETEN] CRIVEICT )] ERIVEIEIE)] ERIVEIEI )] ERIVEIEIE)| SUUYM
(z5'1-8L0060T (LG7-€20)TOT (IST-650) ¥6°0 (Ly'2-Sv'0) 90°T (zv'1-v9°0) 96°0 W\ (€8'2-€8'0) €ST Byio
(Sv'2-2€'0) 68°0 VN (z6'2-LT°0) TL°0 VN (9T°2-€1°0) £5°0 WN (25'21-69°0) ¥8'C UedLIBWY dAITEN
(62'1-80)20T  (S0'2-S2'0) 2.0 (L¥'1-6L°0)80°T (S¥'1-T1°0) LL°0 (82'1-62'0) 86°0 W\ (68'T-89°0) €T'T Burssin
(Le'T-60)TT'T  (9¥'T-T2°0)950  (€7T-L0) S6°0 (¥'2-16'0) 67T (ze1-80)€0T  (€6'2,¥20)8TY  (¥0'2—68°0) SE'T SluedsiH
(te'1-2L0) 260 (96'2-L20)60  (L£T-9°0) T6°0 (Lz'z-6v'0) SO'T (2€'1-99°0) ¥6°0 W\ (T10'2-L5'0) 20T yoe|g
(2£'1-25°0) ¥8'0 VN (26'1-€5°0) T0'T (SL'2-€2°0) 80 (55'1-5'0) 88'0 WN (66'1-62°0) 9L°0 Jl19ed/UeISY
aoey
(S5'1-9'0) 960 VN (96'T-75'0) 20'T (8T'v—Lv'0) TV'T (LL'1-65°0) 20'T WN (ST'2-2€°0) €8°0 Ked-jjas
ERIIEIETEN| ERIIEIETEN| ERIIEIETEN| ERIIEIETEN| ERIEIEIENS| ERITEIETE)S| ERIEIETENS| OINH Buipnjoul ayealid
(92'1-25°0) 18'0 VN (29'1-25°0) 26°0 (Tz'2-12°0) 89°0 (¥€'1-87°0) 18°0 WN (66'1-2€°0) 8'0 Yo
(e8'7-60°0) 29°0 VN (50'9-T1°0) 28°0 VN (z96-11°0) LL°0 W\ L\ Burssin
(91'1-€8°0)86'0 (9Gv—vT'T)82C (¥2T-LL0)86°0 (9T'1-5'0) 92°0 (z1-180066'0  (8T'Z-T00)9T0  (SE'T-89°0) 96°0 presIpaiN
aoueInsu|

dwo) elol

udodAyuedq

1a

seniew.louqy 814104108|3

aulIo0puz

eayLIouIyy 4SO

3UII00PUBUON

3lqeLIBA 7 0138 YsIY

ewolbuAreydoiuels yum syuaned T96T ul sabieyd enidsoy pue ‘soj ‘abreyasip auiinos yum ssjgersen aiydesbowsp jusized Jo uoneIdosse ay |

'L 319vlL

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

Neurosurg Focus. Author manuscript; available in PMC 2022 March 10.



Page 21

Bakhsheshian et al.

‘(1D %G6) Y se passaidxa ale sanjeA

(62'1-5v'0) 68'0 (L5'-T) 9¢°C (coz-1T1) ST  (82T-280)€0°T sIk />

(85'1-€1'0) £8°0 woL-ssT vre  (LLT-66'0)€€T (T2 T-80) 86°0 sIKZT-L

ERIEIETEN| ERITEIETENS| ERIIEIETENS| ERIIEIETENS| SIA QT-€T
aby

(9T'6-6€°0) 68T WN WN (8T'2-85°0) 2T'T Burssin

CRIVEI TN ERIVEETEEN] ERIVEIEI N ERIVEIEIEN] 3eN

(Sz1-v'0) TL°0 (sgz-/80) 67T  (€£T-58'0)90'T  (8T'T-¥8'0) 660 alewsad
X85

(18'1-970) 26°'0

(2T2evLe) 16

(90Z-27) /ST

(¥0'1-29°0) €8°0

SOIIPICIOWOD 2=

(52 1-87°0) 26°0

(18'.-80'T) 6°C

(59'1-€6°0) ¥2'T

(9T'1-82°0) 60

Anpigiowoo T

ERIEIETEN| ERITEIETENS| ERIIEIETES| ERIIEIETENS| Aipigiowod oN
Aupigiowo)d

ERIVEIEIE)] 9dUvl3)9y ERIVEIEI ] 9Juvla)ay SUUYM

(T9'22z'0)SL°0 (8zz-9z0) L0  (8LT-29'0)60'T  (¥¥'1T-G9°0) 26°0 Byio

(S6'2T-2€°0) 6TC

VN

(97'€-90°0) L¥'0

(89'2-77'0) 80'T

uedllswy aAlleN

(8¥'1-ST°0) L0 (see-vro) 12T (99T-280)9T'T  (2'1-TL°0) 260 Burssin

(85'1-5€°0) SL°0 (L0e-GL0) 18T  (T9T-¥80)9T'T (ET'T-L9°0) 280 SluedsiH

(L6'T-T0) 70 (re'e-€20)680  (69T-€L0) TT'T  (6T'T-9°0) G580 xoe|g

(c9'2-€1°0) 850 (7'€-€2'0) 68'0 (se'2-90)8T'T  (9LT-29°0) ¥0'T Jl19ed/UeISY
9%ey

VN (svz1-190) 152 (L0'2-9v'0)86'0 (8L'T-850) TO'T Ked-y19s

ERIEIETEN] ERIIEIETEN| ERlIEIETEN| ERlIEIETEN| OINH Buipnjaul ayeald

(S87-T70) TV'T

(T2'9-€0) €T

(9r'1-2£0) ¥2°0

(29'1-89'0) S0'T

1BY10

VN

VN

(¥5'9-27°0) 88°0

(16'¢-€2°0) ¥6°0

Buissin

(Tr'1-8€°0) €2°0

(58'2-18°0) /ST

(T7'1-68°0) 60°'T

(€2'1-€8°0) T0'T

PIEdIpal

aoueInsu|

abreyd Ajreq ybiH

abaey) [e101 ybiy

SO

aunnoy

3lqeLIBA 7 0138 YsIY

ewolbuAreydoiuels yum syuaned T96T ul sabieyd [endsoy pue ‘soj ‘abreyasip auinos Yim si019e) [eaidsoy Jo uolierdosse ay |

Author Manuscript

‘8319vL

Author Manuscript

Author Manuscript

Author Manuscript

Neurosurg Focus. Author manuscript; available in PMC 2022 March 10.



Page 22

Bakhsheshian et al.

'G0°0 > d Je sauedIHIUBIS [eDNISINEIS SaledIpul 8dA) aoeyplog

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

Neurosurg Focus. Author manuscript; available in PMC 2022 March 10.



Page 23

'G0'0 > d e aourdIUBIS |BINSIIE)S SaledIpul 8dA) BJeyplOg

‘(12 %S6) ¥ Se passaidxa aJe sanfen

Bakhsheshian et al.

(212900880 (vee-8€0)ET'T  (TL'T-29°0) LO°T (¥6'1-€'0) 92°0 (15'1-69°0) 20'T VN (9T'1-22°0) 50 1S3

(trt-€r060  (GL0o-sT0)€e0  (2r'T-820)GO0'T (88'1-59°0) TT'T (zz'1-52°0) 56°0 VN (ST'1T-5'0) 92°0 yinos

ERITEIETE)S| ERIIEIETEN| ERIIEIETEN| ERIIEIETEN| ERIEIRIENS| ERIIEIETENS| ERIEIRIENS| 1Se3YLION

(801T-9'0) T80  (£2'0-90'0) T2'0  (S7'T-990) 860 (65°2-650) €21 (92'1-59°0) 16'0 VN (€0'1-62°0) 550 1SaMpIN
uoiBai [eydsoH

(¥T'1-85°0) 180  (86'T-2T'0) 87’0  (22'T-L¥0) 920 (LT'2-21'0) 96°0 (¥T'1-25°0) LL°0 VN (z6'1-25°0) T [endsoy s,uaip|iyo 10N

(6T'1T-92°0) S6°0

(#'1-81°0) 50

(Tr'1-62°0) €0°T

(26'1-29°0) 60°T

(TeT-2L0) T

(92°€168-0) T0'0

(€2'1T-15°0) 6£°0

Buissin

(L2'1-€2°0) 96°0

(T'2-T2°0) 99°0

(€€'1-19'0) 6°0

(21'2-€50) 90°T

(L2'1-99'0) 26°'0

(80'T22€9T-0) 82°0

(26'1-€90) T'T

1UN s, UBIPIIYD

ERITEIETE)S| ERIIEIETEN| ERIIEIETEN| ERIIEIETEN| ERIEIRIENS| ERIIEIETENS| ERIEIRIENS| Ajpe1oads 1o |esauab s,ualpjiyd
Jendsoy s,uaipjiyo jo adAL

ERITEIETE)S| ERIIEIETEN| ERIIEIETEN| ERIIEIETEN| ERIEIRIENS| ERIIEIETENS| ERIEIRIENS| ueqin

(55'2-86'0)85T (2GTT-ST0) 2€T  (652—L9°0) ¢€'T (6L'7-€2°0) 90'T (eez-zLo) et WN (6'5-TT'T) 95 [einy
uo1eds0| [endsoH

ERIVEIEI )] ERIVEIET )] CRIVEICTEN] CRIVEICT )] 9dUvla)oy ERIVEIET )] 9JUvla)ay mc_sommucoz

(951-990)20T  (€8'0-600) L20  (S58'2—2L0) EV'T (¥9'1-82°0) 89°0 (€5'1T-65'0) 96°0 VN (LGe-57'0) 22T Buiyoea)
snyels Buiyoes) jendsoH

ERITEIETE)S| ERIIEIETEN| ERIIEIETEN| ERIIEIETEN| ERIEIRIENS| ERIIEIETEN| ERIEIRIENS| MO

(T'1-8°0) 60 (7'1-5€'0) 690 (8T'T-9L°0) G6°0 (80'1-8%'0) 220 (901-€£00880  (99°2.-650) SS9  (LGT-€8°0) ¥T'T ubiH
|OA 81NPa20Id

ERIVEIEI )] ERIVEIET )] CRIVEICTEN] CRIVEIET )] 9JUvla)ay ERIVEIET )] ERIVEICIE)N] |lews

(L6'0-5500€L0  (29T-CTO) vv0  (FE'T-T90) 60 (9z'1-€'0) 19°0 (zT'1-85°0)8'0  (18'€0T-T0°0) 680  (€6'0-€°0) £5°0 wnipaiN

(60-150)890  (29zvz0)80  (S52T-950) €80 (90'1-22°0) ¥5'0 (90'1-65°0) 92°0 VN (8'0-52°0) 5+°0 abre
Ajoedes jeydsoH

dwo) erol ndodAyued 1a sallljewouqy 2141041093 aul1oopug eayaioulyy 4SO 3UILID0OPUSUON 3|geLIeA 79 10108 MSiy

Author Manuscript

Author Manuscript

‘6 3719Vl

Author Manuscript

ewolbuAreydoiuess yum syuained T9ET Ul SUOIIRIIIAWOI [L10) pUR ‘BUIIJ0PUBUOU ‘BULIDOPUS YlIM S3|qeLieA d1ydelbowap juaiied JO uoIeIo0sse ay L

Author Manuscript

available in PMC 2022 March 10.

3

Neurosurg Focus. Author manuscript



Page 24

'G0'0 > d e aourdIUBIS |BINSIIE)S SaledIpul 8dA) BJeyplOg

‘(12 %S6) ¥ Se passaidxa aJe sanfen

(¥0'8-6.0) 152 (€9'1-€T°0) 90 (L1-650)T  (181-28°0) 22T 1S9
(rze-v'0) ¥T'T (92'1-82°0) 9°0 (ee1-L0)960  (9'T-96'0) €2'T yinos

ERIEIETEN] ERlIEIETEN| ERlIEIETEN| ERlIEIETEN| 1SeayHoN
(rr's-Lv'0) 9'T (Ly'1-1°0) 880 (¥€'1-95°0) 280 (v.T-16'0) 92'T 1SaMpIN

uoifai [eydsoH

(ST'T-T0) ¥€°0

(¥S'2-LT°0) 59°0

(96'T-€2°0) 6T'T

(1€'1-29°0) 60

[endsoy s,uaip|iyo 10N

(T£'1-52°0) 59°0

(52°2-87°0) ¥O'T

(25 1T-v2°0) 90T

(ze'1-L2°0)T0T

Buissin

(7' 1-9T°0) L¥'0

(9T'5-¥2'0) 96'T

(65'T-99'0) €0°'T

(v€£'1-69°0) 96°0

1uN s,UBIPNIYD

ERIEIETEN] ERlIEIETEN| ERlIEIETEN| ERlIEIETEN| Ayjerdads Jo [essusb s,uaipiyd
Jendsoy s,uaipjiyo jo adAL

ERIIEIETEN| ERlIEIETEN| ERlIEIETEN| ERlIEIETE | ueqin

VN (Te8-€T0) ¥0T  (¥6'2-99°0)6€T  (LL'T-87'0) 26°0 [einy
uo1edo| [endsoH

CRIVEICT )] ERIVEIEIE)N] 9JUvla)oy 9JUvla)ay mc_sommucoz

(z80-1T°0) €0 (7'1-T0) L€0 (652-690)62T (G2T-290)80°T Buiyoea)
snyels Buiyoes) jendsoH

ERIIEIETEN| ERIEIRIENS| ERIEIEIENS| ERIEIRIENS| MO

(S2'1-25°0) 96°0 (8r'1-9v'0) €80  (c2'1-5.°0)S6'0 (9T'T-T8'0) L6°0 ubiH

|OA 8INpadoid

CRIVEICT )]

ERIVEIEIE)N]

ERIVEIEIEN]

ERIVEICIE)N]

lewS

(15'5-12°0) L0°T

(eLv—1'0) 8T

(25'1-29°0) L6°0

(9r'T-v2°0) ¥O'T

wnIpajy

(SL11-10) €5°€

(T2'z-L1°0) 190

(L¥'1-850) €6°0

(ev'1-22°0) 20T

abue

Ajoedes jeydsoH

Neurosurg Focus. Author manuscript; available in PMC 2022 March 10.

Bakhsheshian et al.

abreyd Alrea ybiH  sbaeyd eroL ybiH S{on! aunnoy 8|qeLIBA 79 10108 XSIY

ewolbuAreydoiuesd yum syuaied T9ET Ul suoirealjdwod [e10) pue ‘aulId0puUsuUoU ‘aulI20pUd YIIM S1019e) [elidsoy JO UoI1eIoosse ay L

‘0T 3719Vl

Author Manuscript Author Manuscript Author Manuscript Author Manuscript



Page 25

Bakhsheshian et al.

(1D %G6) H se passaidxa ale sanjeA

(Tz1-9,00960 (Tr1-2T0)¥'0  (VET-TL0) L60 (95'1-8v'0) .80 (¢1-L0) 160 (95'225-600) L. (28T-TLO)ET'T wabin
(Sz'1-6L0)66'0 (Pre-€v'0) 2T (9€T-€L0) 660 (ev'1-Lt7°0) 28°0 (Sz'1-¥L'0) 96'0 (¥S'¥81-€0°0) L€C  (6L'T-2L0) ¥T'T Kouabiawz
ERIVEIET )] ERIVEI )] ERIVEI )] CRIVEICTEN] ERIVEIEI )] ERIVEIEI )] CRIVEICT )] 9AI1d9|3
adA) uoissiwpy
(9T'1-89'0) 680  (9L2-¥2'0) 280 (8T'T-95°0) T80 (68'1-25°0) 66°0 (€T'1-19°0) £8°0 A\ (€8'1-79'0) 80'T aunnoy
(zzz-990) 12T N (Tr'2-9v'0) SO'T (9-600) 220 (96'T-€7°0) 160 wN (18'9-58'0) T'C Auioey soyp0
(89'9-2€°0) 5T VN (8¥'8-¥10) T'T (S8'15-65°0) 2G'S (5€'2-6€°0) 69'T A\ VN UNoY/MeT
ERIIEIETEN| ERIIEIETEN| ERIIEIETEN| ERIIEIETEN| ERITEIETE)S| ERIIEIETE)S| ERIIEIETEN| y3
(S€'1-15°0) £8°0 VN (TL1-Lv'0) 60 (Lz'e-€'0) 66'0 (8¥'1-6%'0) S8'0 A\ (80'2-82°0) 92°0 [endsoy Jatpouy
924N0S UOISSIWLPY
dwo) elol udodAyuedq 1a sallljewaouqy 914104109|3  uonedljdwo) suloopug  eayddoulyy 4SD SUIIDOPUBUON  3|gelIeA 79 10108 MSiY

ewolbuAreydoiuesd yum syuaied T9ET Ul SUoIealdwod [e101 pue ‘aulId0pUBUOU ‘BULIDOPUS YlIM S3dA) UOISSILLIPE JO UOIRIJ0SSe ay |

Author Manuscript

Author Manuscript

1T 3719vL

Author Manuscript

Author Manuscript

Neurosurg Focus. Author manuscript; available in PMC 2022 March 10.



Page 26

'G0'0 > d e aourdIUBIS |BINSIE)S SaledIpul 8dA) BJeyplOg

(12 %S6) ¥ Se passaidxa aJe sanfen

VN

(€8'.-82°0) 67'T

(TT'Z-L9°0) 6T'T

(95°'1-15°0) 68°0

usbin

(v6'2-€'0) ¥6°0

(67'€-90) S¥'T

(6'1-16°0) 8E'T

(2'1-690) 160

Buissin

(#T'T-90°0) 92°0

(e'7-250) 60T

(6T'Z-€TT)8S'T

(82'1-v2°0) 86°0

Aousblawg

ERIVEIEI ]

ERIVEIEI )]

ERIVEIET )]

CRIVEICTEN]

EYVIREIE!

adA) uoissiwpy

(6£'9-67°0) 82'T

(¥0'2-8€°0) 88°0

(TT'1-25°0) 920

(52'1-59'0) 6°0

aunnoy

Neurosurg Focus. Author manuscript; available in PMC 2022 March 10.

Bakhsheshian et al.

(6L'65-€7'0) 6 WwN (¥9'2-5v'0) 60T (29T-GE'0) 9L°0 Auioey soyp0
WN VN (65'7T-¥2'0) 98T  (5'9-TT°0) 98°0 1UnoY/MeT
ERIEIEIENS| ERITEIETE)S| ERIIEIETENS| ERIIEIETEN| e
WN (€8'2-82°0) 6V'T (TT'2-290)6T'T  (95T-TS'0) 680 [endsoy Jatpouy

924N0S UOISSIWLPY

abreyd Aire@ ybtH  8baeyd feloL ybiH SO aunnoy 8|0BLIBA 79 10108 YSIY

ewolbuAreydoiuess yum syuaied T96T Ul sabueyd [eudsoy pue ‘SO ‘abueydsip sunnod yiim sadAy uoissiwpe 4o UoIeId0sse ay L

2T 31avL

Author Manuscript Author Manuscript Author Manuscript Author Manuscript



	Abstract
	Methods
	Database
	Criteria for inclusion and exclusion
	Risk Factors
	Outcomes of Interest
	Statistical Analysis

	Results
	Patient Characteristics
	Patient Demographic variables
	Hospital Factors and Admission status

	Discussion
	Patient Demographic variables
	Hospital Factors
	Limitations and Strengths

	Conclusions
	References
	TABLE 1.
	TABLE 2.
	TABLE 3.
	TABLE 4.
	TABLE 5.
	TABLE 6.
	TABLE 7.
	TABLE 8.
	TABLE 9.
	TABLE 10.
	TABLE 11.
	TABLE 12.

