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Abstract

Introduction: Estimating the risk of extended length of stay (LOS) or non-routine discharge disposition is
helpful in surgical decision-making for patients with brain metastases (BM). In 2020, an online calculator
was introduced by Khalafallah et al. that stratified the risk of patients with brain tumors based on poor
surgical outcomes. We applied the calculator to our population of BM patients to determine its
generalizability and validity.

Methods: We included BM patients who underwent a cranial procedure between 2015 and 2018 at a
single academic institution. Patient age, race, marital status, admission status, KPS score, and medical
co-morbidities (5-point modified frailty index (mFI-5)) were included in the analysis. We calculated the
areas under the Receiver Operating Characteristics (ROC) curves to determine the validity of the model
proposed in predicting extended LOS (>7 days) and need for specialty care at discharge (non-routine
discharge disposition).

Results: We analyzed 244 patients (mean age 61.2 years (SD 11.1), 57.0% female, and 78.1% Caucasian).
The areas under the ROC curves were 0.8427 and 0.8422 for extended LOS and non-routine discharge
disposition, suggesting high accuracy of the models for these outcomes. However, the (mFI-5) was not a
significant predictor of either outcome in our multivariate analyses.

Conclusions: We validated Khalafallah et al.'s predictive models of extended LOS and non-routine
discharge disposition in our patient population, which included a broader range of surgical procedures.
Further investigation of this model could clarify how the type of neurosurgical procedure influences
outcomes, the role of the mFI-5, and its overall generalizability.

Introduction

Currently, at least 20% of patients with cancer will develop brain metastases (BM) [1]. The estimated
annual incidence of new BM in the United States ranges from 21,000 to 400,000 [2]. BM patients face a
high cost of care due to multi-modality treatments [1, 3, 4] with added prognostic uncertainties with
significant morbidity and mortality [5]. Accurately predicting patients at high risk for a prolonged length of
stay (LOS) and poor discharge dispositions after surgery may inform upfront surgical decision-making
and optimize care centered around patient’s preferences and healthcare resource utilization [6—8].

In June 2020, Khalafalleh et al. introduced a novel online calculator to predict short-term post-operative
outcomes in BM patients [9]. The authors performed a retrospective analysis of independent risk factors
focused on high-value care outcomes: extended LOS (>7 days), non-routine discharge disposition
(discharge to a facility other than home), and high total hospital charges (>$46,082.63) [9]. Their final
cohort included 235 patients who underwent a craniotomy for tumor resection (n=235, 99.6%) or received
a stereotactic biopsy (n=1, 0.4%). They used the 5-factor modified frailty index (mFI-5) to represent a
patient’s comorbidities including dependent functional status, history of diabetes, history of chronic
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obstructive pulmonary disease (COPD), history of hypertension and history of congestive heart failure.
This index has been shown to predict 90-day postoperative mortality among brain tumor patients [10, 11].

The calculator was an effort to synthesize individual patient risk factors for post-operative surgical
outcomes in BM patients. It is straight-forward, accessible, and could be a useful tool when assessing
surgical risk, however, it has not been validated. Moreover, while its intent appeared to be to assess risk in
patients undergoing surgery for BM, the applicability of the calculator appears limited at this time as the
initial analyses included primarily patients who underwent craniotomy for tumor. In our validity study, we
retrospectively assessed the applicability of the calculator's algorithm to our patient population of BM
patients who underwent a range of cranial procedures, with the objective of validating the risk factors
presented by Khalafallah's group.

Methods

We performed a single-institution retrospective analysis of BM patients admitted to Duke University
Health System (DUHS) from October 1, 2015 to December 31, 2018. All patients underwent a
neurosurgical procedure for their BM and data was collected based on their index operative admission.
The Duke Institutional Review Board approved this study.

Patient care sites

DUHS is comprised of one major academic medical center and two smaller teaching affiliates located in
the Durham-Raleigh, North Carolina area. The main academic center has multiple intensive care units
(ICUs), including a specialized neurological ICU. Included patients were treated by six attending
neurosurgeons.

Patient sample

BM patients admitted to a DUHS hospital during the study period were identified using ICD-10 codes
(C79.31) associated with their billed encounter using Oracle SQL Developer™, a software that screens the
database of the electronic medical record, Epic™. From those identified, we included adult patients 18
years and older who underwent either a tumor resection (via craniotomy or endoscopically), stereotactic
biopsy, or other cranial procedure related to their BM. Examples of other cranial procedures included laser
interstitial thermal therapy (LITT) with biopsy, third ventriculostomy for obstructive hydrocephalus due to
BM, or a drug-infusion catheter insertion. We excluded patients who did not undergo a cranial procedure.
Patients were included regardless of systemic disease status or multifocal disease. Histology categories
included breast, lung, skin, renal, gastrointestinal, and others (Table 1).
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Table 1

Patient demographics and clinical characteristics for cohort (n=244)

Agein years

Mean (SD)

Median (range)

Sex, n (%)

Female

Male

Race?, n (%)

Caucasian
Non-Caucasian

Marital status, n (%)
Married

Not married

Admission source, n (%)
Home

Non-home

Primary cancer type, n (%)
Lung

Breast

Skin

Other?

Gastrointestinal

Renal

Number of metastatic brain tumors, n (%)
>1

1

Tumor location, n (%)

Supratentorial
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61.2 (11.1)
62 (27-87)

139 (57.0)
105 (43.0)

189 (78.1)
53 (21.9)

171 (70.1)
73 (29.9)

211 (86.5)
33 (13.5)

126 (51.6)
36 (14.8)
30 (12.3)
20 (8.2)

18 (7.4)
14 (5.7)

113 (46.3)
131 (53.7)

182 (74.6)




Age in years

Infratentorial

Both

Additional extracranial metastases, n (%)
Yes

No

History of prior radiation therapy, n (%)
Yes

No

KPS score€, n (%)

Mean (SD)

Median (range)

30

40

50

60

70

80

90

100

Medical comorbidities comprising the mFI-5, n (%)
Hypertension

Chronic obstructive pulmonary disease

Diabetes

Dependent functional status®
Heart failure
Mean mFI-5 (SD)

Post-operative disposition, n (%)
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38 (15.6)
24 (9.8)

99 (40.6)
145 (59.4)

113 (46.3)
131 (53.7)

79.2 (14.46)
80 (30-100)
2 (0.8)
1(0.4)

18 (7.4)

22 (9.0)

32 (13.1)
64 (26.2)
86 (35.2)
19 (7.8)

126 (51.6)
38 (15.6)
35 (14.3)
57 (23.4)

15 (6.1)
1.1 (1.02)




Agein years

ICU

Non-ICU

ICU length of stay (days)
Mean (SD)

Median (range)

Hospital length of stay (days)
Mean (SD)

Median (range)

<=7 days, n (%)

>7 days, n (%)

Discharge disposition

Home

Non-home

Post-operative complication, n (%)
Yes

No

Type of neurosurgical procedure, n (%)
Craniotomy for resection
Mean age (SD)

Median age (range)
Complication rate, n (%)
Biopsy

Mean age (SD)

Median age (range)
Complication rate, n (%)

LITT and biopsy

Mean age (SD)
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192 (78.7)
52 (21.3)

0.9 (0.67)

1(0-5)©

3.6 (2.72)

3(0-18) ©

223 (91.4)
21 (8.6)

217 (88.9)
27 (11.1)

38 (15.6)
206 (84.4)

185 (75.8)
61.7 (10.8)
63.0 (28-79)
26 (14.1)
22 (9.0)
59.3 (14.37)
61.5(31-78)
4(18.2)

29 (11.9)
60.1 (11.28)




Age in years

Median age (range) 60.0 (27-87)
Complication rate, n (%) 5(7.2)
Other' 8 (3.3)
Mean age (SD) 60.5 (8.96)
Median age (range) 64.0 (40-67)
Complication rate, n (%) 3 (37.5)
Comparison of age among procedures, p-value 0.73829
Comparison of complication rate among procedures, p-value g 3306h

32 not reported; °1 diffuse large B-cell ymphoma, 3 endometrial, 2 head and neck, 5 ovarian, 1
paraganglioma, 1 parotid, 3 prostate, 1 testicular, 2 urothelial, 1 sarcoma, “Based on last clinic visit or on
admission, 9Requiring assistance with activities of daily living; €0 days means patient was admitted and
discharged within 24 hours; flaser interstitial thermal therapy (LITT), third ventriculostomy for obstructive

hydrocephalus due to BM, or insertion of a drug infusion catheter; 9Kruskal-Wallis p-value, "Chi-Square p-
value; mFI-5=5-factor modified frailty index, SD=standard deviation

Data collection

We collected data via manual chart review of the electronic medical record, Epic™. Demographic data
collected included age, gender, race, the patient’s primary cancer type, the presence of more than one BM,
the presence of extracranial metastases, the occurrence of prior cranial radiation therapy, and the location
of the BM (supratentorial, infratentorial, or both). We documented the type of procedure performed and
where the patient was evaluated post-operatively (ICU versus step-down unit versus intermediate floor
status). We collected the data points relevant to the online calculator as mentioned in the Khalafallah et
al. study (https://neurooncsurgery.shinyapps.io/brain_mets_calculator/), including the patient’s pre-
admission Kanofsky Performance Status Score (KPS), race (Caucasian versus non-Caucasian), marital
status, and admission source [9]. To calculate the 5-factor modified frailty index (mFI-5), we noted
whether the patient had a prior history of hypertension, chronic obstructive pulmonary disease (COPD), or
heart failure, as well as if they were dependent with activities of daily living before admission. The mFI-5
scores range from zero to five with higher scores indicating greater comorbidities.

Outcome variables

Our outcome variables were as follows: non-routine discharge disposition (those who went to a facility
other than home), extended LOS (defined as over 7 days), ICU admission, and presence of post-operative
complication, if applicable. Data regarding hospital costs were not standardized, so we elected to exclude
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this value in our analysis. Surgical duration only effected the calculator’s prediction of cost, so this was
also excluded from our analysis.

Data analysis

The statistical plan was formulated with a statistician who performed the data analysis. Standard
descriptive statistics were used to summarize the data, namely the means and standard deviations for
continuous variables and the frequency distributions for categorical variables. We performed a logistic
regression to determine independent predictors of extended LOS and non-routine discharge disposition.
We created Receiver Operating Characteristic (ROC) curves based on the multivariate analyses reported
by Khalafalleh et al. for our outcome variables and determined the area under the curve (AUC) of each. All
analyses were performed using Statistical Analysis Software (SAS 9.4 Cary, NC). Level of statistical
significance was set at p < 0.05 in all analyses. Based on the results of the initial ROC's, we calculated
Variance Inflation Factors (VIFs) as well as attempted to optimize the ROCs using our initial analysis to
determine if there were unaccounted for predictive factors.

Results
Patient population

We identified 313 BM patients who were 18 years and older admitted to a Duke University Health System
between October 1, 2015 and December 31, 2018 and included only those who underwent a cranial
procedure. After excluding 69 patients who did not undergo a cranial procedure, 244 patients were
analyzed (see Patient sample above for inclusion criteria, Table 1).

The median age was 62 (range 27-87) (Table 1). The population was predominantly female (57.0%),
Caucasian (78.1%), and married (70.1%). Most patients were admitted from home (86.5%). The primary
cancer type was lung cancer (51.6%), following by breast (14.8%) and then skin (12.3%). Most patients
had a solitary BM (53.7%), and most tumors were supratentorial (74.6%). Most patients did not have
extracranial metastases (59.4%) nor a prior history of cranial radiation therapy (53.7%). The most
common KPS score was 90 (35.2%), followed by 80 (26.2%) and 70 (13.1%). The mean mFI-5 was 1.1
(SD 1.02) and, of these, most patients received a point for their history of hypertension (51.6%). The other
comorbidities represented in the mFI-5 were less common (COPD 15.6%, diabetes 14.3%, and heart failure
6.1%). Fewer than a quarter of patients required assistance with daily activities of living (23.4%).

Outcome variables

The majority of patients were admitted to the ICU post-operatively (78.7%) (Table 1). The median hospital
length of stay was three days (range 0-18 days), whereas median ICU length of stay was one day (range
0-5 days). Most patients were discharged within seven days or fewer (91.4%), and 8.6% had an extended
LOS longer than 7 days. Most patients had a routine discharge disposition as defined by returning home
(88.9%). Postoperative complications occurred in 15.6% of patients.
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The majority of our patients underwent craniotomy for tumor resection (75.8%), and less frequently, laser
interstitial thermal therapy (LITT) and biopsy (11.9%), biopsy alone (9.0%), and lastly “other type” of
cranial procedure (3.3%). Importantly, there was no difference in age or complication rate among the
various neurosurgical procedures (p=0.7382; p=0.3306 respectively).

Multivariate analyses and ROC curves

We replicated the regression analyses presented by Khalafallah et al. (Table 2) for BM patients [9]. In
these replicated models, independent predictors of extended LOS were non-Caucasian race (OR 5.16,
p=0.0037), non-home admission source (OR 8.22, p=0.0003), and KPS (OR 0.93 per 1 point increase,
0.0030) (Table 2). Independent predictors of non-routine discharge disposition were age (OR 0.95,
p=0.0431) and non-home admission source (OR 6.87, p=0.0004) (Table 3). In contrast to Khalafallah et
al., the mFI-5 score was not a significant predictor of either extended LOS or non-routine discharge
disposition. Non-Caucasian race, KPS and marital status were also not significant predictors of non-
routine discharge disposition. The area under the ROC curves (AUC) were 0.8427 for LOS >7 days (Figure
1a) and 0.8422 for non-routine (non-home) discharge disposition (Figure 1b).

Table 2. Multivariate analyses of Khalafallah et al. variables on outcomes

a. Length of stay >7 days (n=244)

Variable Odds Ratio  95% Cl P.Value VIF
Race

Caucasian Reference

Non-Caucasian 5.16 1.71-15.61 0.0037* 1.06

Admission Source

Home Reference

Non-home 8.22 2.60-25.95  0.0003* 1.12
KPS (per 1 point increase) 0.93 0.89-0.98 0.0030* 1.60
mFI-5 Score (per 1 point increase)  1.30 0.54-3.11 0.5589 3.49

b. Non-routine discharge disposition (n=244)
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Variable Odds Ratio 95% ClI P Value VIF

Age (per 1 year increase) 0.95 0.91-0.99 0.0431* 1.21
Race

Caucasian Reference

Non-Caucasian 1.24 0.41-3.79 0.7055 1.12

Marital Status

Yes Reference
No 2.51 0.93-6.78 0.0706 1.17

Admission Source

Home Reference

Non-home 6.87 2.36-19.99 0.0004* 1.14
KPS (per 1 point increase) 0.98 0.94-1.01 0.2073 1.67
mFI-5 Score (per 1 point increase)  1.92 0.88-4.20 0.1017  3.57

*Indicate statistical significance (p<0.05); KPS = Kanofsky performance status score; mFI-5 = 5-factor
modified frailty index, VIF = variance inflation factor

Table 3. Multivariable analyses of hypertension and dependent functional status on outcome

a. Length of stay >7 days (n=244)

Variable Odds Ratio 95% Cl P.Value VIF
Hypertension

No Reference

Yes 0.39 0.07-1.63 0.1728  2.48
Dependent Functional Status

No Reference

Yes 0.15 0.03-0.86  0.0338 2.19

b. Non-routine discharge disposition (n=244)

Page 11/18



Variable Odds Ratio 95% ClI P.Value VIF
Hypertension

0 Reference

1 0.27 0.06-1.18 0.0826  2.51
Dependent Functional Status

0 Reference

1 1.40 0.33-598 0.6512  2.29

VIF = variance inflation factor

The mFI-5 was not a significant variable in our regression analyses. The mean mFI-5 score was low (1.1,
SD 1.02) and hypertension and dependent functional status were the most commonly reported
comorbidities at 51.6% and 23.4%, respectively. We performed additional analyses of patients with
hypertension or dependent functional status to determine whether these were independent predictors of
outcome (Table 3). A dependent functional status was a significant predictor of length of stay (with
reduced OR 0.15 for extended LOS, p=0.0338), but did not impact non-routine discharge disposition.
Hypertension was not an independent predictor for either variable.

We then removed the mFI-5 from each regression (Table 4). The AUC for the extended LOS ROC curve
improved (0.8478) (Figure 1c) and the ROC curve for non-routine discharge disposition remained the
same (0.8422) (Figure 1d). For non-routine discharge disposition, age was no longer a significant
outcome. The variance inflation factor for all significant covariates was below 2, suggesting an absence
of significant correlation among the predictors.

We then added the type of neurosurgical procedure to the regressions (Figure 1e, 1f). The type of surgery
increased the AUC for the extended LOS (Figure 1e); however, it did not change the AUC for the non-
routine discharge disposition (Figure 1f). The odds ratio for extended LOS was greater for patients who
underwent craniotomy with resection (2.64, 95% Cl, 0.53-13.07) compared to those who underwent LITT
with biopsy or biopsy alone.

Lastly, we replicated the analyses for craniotomy only patients (n=185, Supplementary Table 1), and the
mFI-5 was not significant for either outcome of length of stay or non-routine discharge disposition.
Further, the AUC of the ROC curves for both outcomes were 0.8049 and 0.7512 for extended length of
stay and non-routine discharge disposition, respectively (Figure 1g and 1h).

Table 4. Multivariate analysis of outcomes, excluding mFI-5
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a. Length of stay >7 days (n=244)

Variable Odds Ratio 95% ClI P.Value VIF
Race

Caucasian Reference

Non-Caucasian 5.38 1.79-16.13  0.0023 1.05
Admission Source

1 Reference

0 7.92 2.53-24.81 0.0004* 1.11
KPS (per 1 pointincrease) 0.93 0.89-0.98 0.0028* 1.59

b. Non-routine discharge disposition (n=244)

Variable Odds Ratio  95% Cl P.Value VIF
Age 0.96 0.92-1.004 0.0719 1.19
Race

Caucasian Reference

Non-Caucasian 1.353 0.45-4.07 0.5903 1.12
Marital Status

Yes Reference

No 2.55 0.95-6.84 0.0642 1.16
Admission Source

Home Reference

Non-home 5.65 2.01-15.91 0.0010* 1.13
KPS (per 1 pointincrease) 0.98 0.94-1.02 0.2270 1.67

*Indicate statistical significance (p<0.05); KPS = Kanofsky performance status score; VIF = variance
inflation factor

Discussion

Our study validated the models published by Khalafallah et al. to validate their calculator’s
(https://neurooncsurgery.shinyapps.io/brain_mets_calculator/) ability to predict poor outcomes regarding
extended LOS and non-routine discharge disposition for BM patients who undergo neurosurgical
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procedures [9] °. We found high accuracy of the proposed predictive models in our population, which
included a greater range of cranial procedures. Each independent predictor in our multivariate analyses
was analyzed, and notably the mFI-5 score was not a strong predictor of outcome, even after subgroup
analyses of craniotomy only patients.

Our patient cohort was a similar in number compared to Khalafallah et al.'s (244 patients vs. 235,
respectively) and showed similar demographic profiles, cancer types, and proportion of patients with a
solitary BM, supratentorial tumors, and extracranial metastases [9]. Our mean KPS and mFI-5 scores were
also similar. We did have more patients with a history of prior radiation therapy (46.3% vs. 27.2%). Our
cohort had a higher percentage of patients who were dependent with their activities of daily living (ADLSs)
(23.4% vs. 7.2%). Khalafallah et al.'s group had more patients who underwent craniotomy (99.6% vs
75.8%), while we had a portion of patients who underwent less invasive procedures (11.9% LITT and
biopsy, 9% biopsy alone).

Our post-operative complication rate was lower than that of Khalafallah et al.’s cohort (15.6% vs. 36.6%),
even accounting for neurosurgical procedure type (our complication rate for craniotomy-only patients
was 14.1%) [9] °. Identifying the reason for this difference is beyond the scope of this study, although it
would be interesting to determine in future studies given the similarity of our overall patient cohorts.

In terms of outcomes, Khalafallah et al.'s cohort had a higher percentage of patients with an extended
LOS (25.1% vs. 8.6%, Khalafallah vs. ours) and non-routine discharge disposition (22.6% vs 11.1%) [9].
Khalafallah et als cohort also had a higher mean length of hospital stay than our cohort (6.17 days vs.
3.6 days). There are several possible explanations for these differences. First, the majority of Khalafalleh
et als patients underwent a craniotomy and our neurosurgical population included patients who
underwent procedures other than craniotomy, which are generally more minimally invasive procedures.
Our data supports that those who undergo craniotomies have longer LOS than those who undergo biopsy
or LITT with biopsy procedure. Another factor to consider is that the greater number of patients with non-
routine discharge disposition in their study may also account for the higher percentage of patients
requiring extended LOS, as sometimes discharge is delayed due to logistical delays finding suitable
accepting facilities or number of ancillary team members involved in discharge planning (such as case
managers). Lastly, there may also be institutional differences in terms of definition of “readiness of
discharge,” which are beyond the scope of our study. One potential explanation for Khalafallah et al.'s
models being better predictors of extended LOS is that they had a broader range of LOS (mean 6.17 +/-
SD 6.41 days vs. ours mean 3.6 +/- SD 2.72 days), and thus with greater differences in outcomes than
ours, there would be more variation to predict.

Our areas under the ROC curves (0.8427 and 0.8422 for extended LOS and non-routine discharge
disposition, respectively) support high accuracy of the models proposed by Khalafallah et al. for these
outcomes [9]. However, mFI-5 was not significant in our regression models, even though our mean mFI-5
was similarly as low as the Khalafallah et al.'s cohort (1.1 vs. 1.0). When we excluded the mFI-5 from the
regressions, the ROC curve for extended LOS did improve, though it remained the same for non-routine
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discharge disposition. We initially hypothesized the significant of the mFI-5 was affected by the greater
range of neurosurgical procedures performed at our institution compared to Khalafallah et al's. The
presence of comorbidities may more greatly impact the outcomes of patients who undergo craniotomies,
which are more invasive compared to other neurosurgical procedures. However, in a separate subgroup
analysis of our craniotomy only patients, the mFI-5 was still not significant (Supplementary Table 1). To
further investigate why the mFI-5 was not significant in our cohort, we performed separate analyses on
components of the mFI-5. We noted similar percentages of comorbidities between our group and
Khalafallah et als, except our patient cohort had more patients who were dependent (23.4% vs. 7.2%). We
thus sought whether dependent functional status was its own independent risk factor for poor outcome.
Surprisingly, dependent functional status was significant in its lower association with extended LOS
(0.15, p=0.0338). One explanation for this finding is that given these patients were dependent before
admission, they had likely either come from home with home health services previously arranged or a
non-home admission source, which would have facilitated quicker discharge given arrangements already
being in place. We also included hypertension in this separate analysis since it was the comorbidity that
was most prevalent (51.6%). Hypertension was not a significant variable when analyzed independently.
Overall, we were not able to validate the mFI-5 as a significant predictor of outcome, and the significance
of the mFI-5 in surgical outcomes remains an area of further study.

As far as other independent predictors of outcome, three of four predictors of extended LOS were similarly
significant in our analyses: non-Caucasian race, non-home admission source, and KPS, while mFI-5 was
not. As far as independent risk factors for non-routine discharge disposition, age and non-home
admission source were significant predictors in our initial multivariate analysis. In our model, age seemed
to have been a negative predictor of non-routine discharge disposition (OR 0.95,95% CI 0.91-0.99), while
it was a positive predictor in the Khalafallah et al. study (OR 1.07,95% CI 1.02-1.11) [10, 11]. When we
performed the regression without the mFI-5, age was no longer significant which made the initial
difference irrelevant. In contrast to Khalafallah et al., neither race nor KPS were independent risk factors
for non-routine discharge disposition [9]. Similar to Khalafallah et al., marital status was not a significant
predictor of this outcome. In addition, since our cohort included a greater variety of type of neurosurgical
procedures performed, we did a separate analysis including type of procedure in our regressions and
found it to be an independent predictor of LOS. Overall, our study supports the model for extended LOS as
a strong predictive model and that the model for non-routine discharge disposition is heavily influenced
by non-home admission source, and perhaps other factors not included originally.

This study is limited by its retrospective design, single institution design, and limited sample size. Its
results inspire further research using this online calculator for predicting post-operative outcomes and
informing treatment plans. Notably, our study was more inclusive of patients who underwent a larger
range of neurosurgical procedures offered to BM patients. Accurate predictive calculators of
neurosurgical outcomes are valuable. For BM patients at various time points of disease and treatment
courses with many prognostic uncertainties, this additional piece of information can improve their care
decisions.
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Conclusion

Our retrospective analysis of BM patients treated at our institution was overall comparable to the cohort
described by Khalafallah et al [9]. Given our similar results, we believe the use of the calculator would
generalize well to other tertiary care institutions. We found our inclusion of a greater range of cranial
procedure types to be critical in confirming its validity for predicting extended LOS and non-routine
discharge disposition. However, the mFI-5 was not a significant predictor of either outcome. Based on
this, further study regarding the impact of neurosurgical procedure type and patient comorbidities is
warranted.
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a. LOS > 7 days, all patients (n=244)
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c. LOS = 7 days without mFI-5, all patients (n=244)
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b. Non-routine discharge disposition, all patients (n=244)
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d. Non-routine discharge without mFI-5, all patients (n=244)
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g LOS > 7 days, craniotomy only (n=185)
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h. Non-routine discharge disposition, craniotomy only (n=185)
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ROC Curves (n=244) a. LOS > 7 days b. Non-routine discharge disposition c. LOS > 7 days without mFI-5
d. d. Non-routine discharge disposition without mFI-5 e. LOS > 7 days without mFI-5, with any type of
surgery f. Non-routine discharge disposition without mFI-5, with any type of surgery g. LOS > 7 days,
craniotomy only (n=185) h. Non-routine discharge disposition, craniotomy only (n=185) *LOS = length of
stay, ROC = receiver operating characteristic
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