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Abstract

Background: Factors associated with discharge disposition and mortality following aneurysmal subarachnoid hem-
orrhage (aSAH) are not well-characterized. We used a national all-payer database to identify factors associated with
home discharge and in-hospital mortality.

Methods: The National Inpatient Sample was queried for patients with aSAH within a 4-year range. Weighted
multivariable logistic regression models were constructed and adjusted for age, sex, race, household income, insur-
ance status, comorbidity burden, National Inpatient Sample SAH Severity Score, disease severity, treatment modality,
in-hospital complications, and hospital characteristics (size, teaching status, and region).

Results: Our sample included 37,965 patients: 33,605 were discharged alive and 14,350 were discharged home. Black
patients had lower odds of in-hospital mortality compared with White patients (adjusted odds ratio [aOR]=0.67,

95% confidence interval [Cl] 0.52-0.86, p=0.002). Compared with patients with private insurance, those with Medi-
care were less likely to have a home discharge (aOR=0.58, 95% Cl 0.46-0.74, p <0.001), whereas those with self-pay
(@aOR=2.97,95% (I 2.29-3.86, p<0.001) and no charge (@OR=3.21,95% Cl 1.57-6.55, p=0.001) were more likely to
have a home discharge. Household income percentile was not associated with discharge disposition or in-hospital
mortality. Paradoxically, increased number of Elixhauser comorbidities was associated with significantly lower odds of
in-hospital mortality.

Conclusions: We demonstrate independent associations with hospital characteristics, patient characteristics, and
treatment characteristics as related to discharge disposition and in-hospital mortality following aSAH, adjusted for
disease severity.
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tality and discharge disposition can be affected by a
wide range of patient-level and hospital-level factors,
including age, comorbidities, treatment modality, and
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in-hospital complications [3-5]. Several studies have
used the Nationwide Inpatient Sample (NIS) database
to explore predictors of patient outcomes after SAH but
have been limited by the use of nonspecific measures of
SAH severity and the unvalidated reliance on discharge
disposition as a measure of patient outcome [1, 6-8].

Until recently, there was no rapid measure of SAH
severity available within the NIS database. However,
the NIS-SAH Severity Score (NIS-SSS) was developed
in 2014 on the basis of information available within the
database and validated against existing aSAH sever-
ity and general disability scores (Hunt-Hess grade and
Modified Rankin Scale) [9]. Consequently, more clinically
relevant conclusions can be drawn regarding predictors
of discharge disposition after hospitalization for aSAH
using these measures.

The goal of this study is to identify patient-level and
hospital-level factors that predict home discharge dispo-
sition and in-hospital mortality for patients with aSAH
after adjusting for NIS-SSS and variables that may poten-
tially influence discharge disposition and/or mortality.
Findings may inform treatment planning for inpatient
and after-care settings.

Methods

Data Source and Patient Population

This study was a retrospective analysis of approximately
4 years of data (1 January 2012 to 30 September 2015)
from the Healthcare Cost and Utilization Project NIS.
The NIS is a national all-payer database maintained by
the United States Agency for Healthcare Research and
Quality that contains information from more than 7
million hospitalizations annually across a 20% strati-
fied sample of all discharges from nonfederal, short-
term hospitals in the United States. The NIS represents
approximately 35 million annual hospitalizations once
sampling weights are applied. Up to 30 diagnoses and 15
procedure codes associated with each discharge record
are captured by using the International Classification of
Diseases, Ninth Revision, Clinical Modification (ICD-
9-CM) system. Sampling weights were used for all esti-
mates reported in this study. Because all data reported
in the NIS are deidentified, this study was exempt from
approval by the Institutional Review Board.

Patients were included if they had a primary ICD-
9-CM diagnosis code of SAH (diagnosis code 430). To
ensure that our sample contained patients with aSAH, we
excluded patients with ICD-9-CM codes consistent with
head trauma (ICD-9-CM diagnosis codes 800.0-801.9,
803.0-804.9, 850.0-854.1, and 873.0-879.9), arterio-
venous malformation and/or fistula (ICD-9-CM diag-
nosis code 747.81; ICD-9-CM procedure codes 39.53,
92.30). Patients were excluded if their All Patient Refined

Diagnosis Related Group (APRDRG) Severity Subclass
was missing. Furthermore, our analysis was restricted
to patients who underwent treatment with either surgi-
cal clipping (ICD-9-CM procedure code 39.51) or endo-
vascular coiling (ICD-9-CM procedure codes 39.72,
39.75, 39.76, 39.79, 39.52) during their hospitalization
to exclude patients transferred out of facilities that were
unable to provide treatment.

Data Collection

The primary objective of this study was to identify fac-
tors associated with discharge to home and in-hospital
mortality following aSAH, after controlling for disease
severity and other baseline variables. Disease sever-
ity was measured by using the NIS-SSS, which has been
validated as a proxy for the Hunt-Hess grade [9]. NIS-
SSS was grouped for scores <7 and those > 7; an NIS-SSS
score of 7 is equivalent to a Hunt-Hess grade of 4. Patient
variables collected included age (<50, 50-64, 65-79,
and > 80 years), sex, race (White, Black, Hispanic, Asian
or Pacific Islander, Native American, Other), household
income (0—25th percentile, 26th—50th percentile, 51st—
75th percentile, 76th—100th percentile), insurance sta-
tus (Medicare, Medicaid, Private, Self-Pay, No charge,
Other), APRDRG disease severity (no, minor/moderate,
major, or extreme loss of function), treatment modality
(surgical clipping or endovascular coiling), and number
of in-hospital complications. In-hospital complications
analyzed included Terson’s syndrome (ICD-9-CM code
379.23), vasospasm (435.9), Takotsubo’s cardiomyopathy
(429.83), seizure (780.31, 780.39), iatrogenic cerebrovas-
cular infarction or hemorrhage (997.02), deep venous
thrombosis (453.2, 453.40-453.42, 453.81-453.89, 453.9),
pulmonary embolism (415.1, 415.10, 415.11, 415.19),
myocardial  infarction/other cardiac complication
(410.00-410.92, 997.1), acute renal failure (584.5-584.9),
and acute respiratory failure (518.4, 518.51-518.53,
518.81). Hospital characteristics collected included
hospital bed size (small, medium, large), hospital type
(rural, urban teaching, urban nonteaching), and hospital
region (Northeast, Midwest, South, West). Comorbidity
status was assessed by using the Elixhauser comorbid-
ity measure, which has been validated for use in admin-
istrative datasets [10]. Patients were assigned one point
per Elixhauser comorbidity to compute an Elixhauser
comorbidity score, which was analyzed as a categorical
variable (0-2, 3-5, and > 6). Outcome measures included
discharge disposition and in-hospital mortality. Dis-
charge disposition was classified as home or nonhome
(short-term hospital, home health care, or other facility).
Patients who died in the hospital were not included in the
discharge disposition analysis.
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To note, the NIS database does not distinguish between
acute rehabilitation, subacute rehabilitation, and skilled
nursing facilities. Thus, the reported outcome of non-
home discharge does not always represent a negative
outcome, as acute rehabilitation often precedes home
discharge. Despite this limitation, home discharge is still
generally the most favorable outcome, and thus under-
standing predictors of home discharge yields important
insights. We chose to use the NIS database because of its
robust sample size and breadth of characteristics.

Statistical Analysis

All statistical analyses and data processing steps were
conducted in SAS Version 9.4 (SAS Institute, Cary, NC)
using proc survey procedures to account for NIS strata,
clusters, and weighting. Patients were stratified on the
basis of discharge disposition or in-hospital mortality.
Weighted descriptive statistics summarizing sociode-
mographic characteristics, comorbidities, and hospital
characteristics for patients were generated. Weighted fre-
quencies of sociodemographic characteristics, comorbid-
ities, and hospital characteristics were compared among
groups by using the Rao-Scott x* test. Multivariable logis-
tic regression models were constructed to identify fac-
tors independently associated with discharge home and
in-hospital mortality, after adjusting for covariates (age,
sex, race, household income, insurance status, Elixhauser
comorbidity score, NIS-SSS, APRDRG disease severity,
treatment modality, number of complications, hospital
bed size, hospital type, and hospital region). Statistical
significance was defined at the p <0.05 level.

Results

We present survey-weighted national estimates for home
and nonhome discharge and for discharged alive and
in-hospital mortality in Tables 1 and 2, respectively. We
present adjusted odds ratios (aOR) from our multivari-
able logistic regression analysis for home discharge and
for in-hospital mortality in Tables 3 and 4, respectively.
Our mortality analysis included 37,965 patients, of whom
33,605 (88.5%) were discharged alive. A total of 33,595
patients were included in our discharge disposition anal-
ysis (patients with missing discharge data were excluded)
and 14,350 (42.7%) were discharged home. We present a
multicollinearity analysis; there is low concern for multi-
collinearity in our model (Supplemental Table 1).

System/Care Setting

Hospital bed size (small, medium, or large) and hospital
type (rural, urban nonteaching, or urban teaching) were
not associated with discharge disposition or in-hospital
mortality. Compared with patients in hospitals in the
Northeast, patients in hospitals in the Midwest (aOR

1.31, 95% confidence interval [CI] 1.05-1.63, p=0.016),
South (aOR 1.73, 95% CI: 1.39-2.15, p<0.001), and West
(aOR 2.21, 95% CI: 1.74-2.81, p<0.001) had increased
odds of home discharge. There were no differences in in-
hospital mortality among hospital regions.

Socioeconomic Factors

Insurance status was associated with discharge disposi-
tion. Compared with patients with private insurance,
those with Medicare were less likely to have a home dis-
charge (aOR 0.58, 95% CI 0.46-0.74, p<0.001). Those
with self-pay (aOR 2.97, 95% CI 2.29-3.86, p<0.001)
and no charge (aOR 3.21, 95% CI 1.57-6.55, p=0.001)
were more likely to have a home discharge. There was no
significant difference in likelihood for home discharge
between private and Medicaid insurances. Compared
with privately insured patients, those with self-pay also
had a higher likelihood of in-hospital mortality (aOR
1.69, 95% CI 1.26-2.27, p<0.001). Household income
percentile was not associated with discharge disposition
or in-hospital mortality.

Demographic Factors

Increased age was associated with decreased likelihood
of home discharge and increased likelihood of in-hospital
mortality. Compared with patients aged under 50 years,
those aged 50-64 years (aOR 0.55, 95% CI 0.47-0.64,
p<0.001), 65-79 years (aOR 0.28, 0.22-0.37, p<0.001),
and more than 80 years (aOR 0.10, 95% CI 0.06-0.18,
p<0.001) were less likely to be discharged home. Com-
pared with patients aged under 50 years, those aged
65-79 years (aOR 1.78, CI 1.29-2.45, p <0.001), and more
than 80 years (aOR 3.55, 95% CI 2.29-5.51, p<0.001)
were more likely to die in-hospital. Women made up a
higher proportion of the cohort of patients with aSAH
and, on unadjusted analysis, were less likely to have home
discharge (p <0.001). However, when adjusted for covari-
ates, this association was no longer significant (aOR 0.88,
95% CI 0.77-1.00, p=0.057). There was no difference in
mortality between sexes. Although there were no signifi-
cant differences in discharge dispositions between races,
Black patients had lower odds of in-hospital mortality
compared with White patients (aOR 0.67, 95% CI 0.52—
0.86, p=0.002).

Severity of lliness

Greater NIS-SSS and increased APRDRG disease sever-
ity were associated with lower odds of home discharge
and greater odds of in-hospital mortality. Compared
with patients with an NIS-SSS less than 7, those with a
score greater or equal to 7 demonstrated lower odds
of home discharge (aOR 0.46, CI 0.38-0.56, p<0.001)
and higher odds of in-hospital mortality (aOR 1.23, CI



88

Table 1 Survey-weighted national estimates for patients with home and nonhome discharge following aneurysmal suba-
rachnoid hemorrhage, 2012-2015 (N=33,595)

Home (n=14,350), percent (95% CI) Nonhome (n=19,245), percent (95% Rao-Scott

(d)} X2 p value
<50 vyears 47.56 (45.66-49.46) 24.21 (22.80-25.63)
50-64 years 4293 (41.11-44.74) 42.56 (40.96-44.15)
65-79 years 8.78 (7.76-9.80) 27.18 (25.75-28.60)
> 80 years 0.73 (0.41-1.05) 3.90 (5.31-6.80)
Female 64.11 (62.33-65.89) 70.12 (68.62-71.62)
Male 35.89 (34.11-37.66) 29.88 (28.38-31.38)
White 53.64 (51.44-55.83) 59.48 (47.44-61.51)
Black 19.47 (17.71-21.24) 18.11 (16.61-19.61)
Hispanic 15.91 (14.31-17.51) 11.56 (10.35-12.77)
Asian or Pacific Islander 449 (3.59-5.39) 5.09 (4.20-5.98)
Native American 0.59(0.31-0.87) 0.59 (0.34-0.84)
Other 5.90 (4.83-6.97) 517 (4.17-6.17)

0-25th percentile 30.24 (28.27-32.21) 28.60 (26.94-30.26)
26th-50th percentile 25.85(24.17-27.52) 26.52 (25.04-28.00)
51st-75th percentile 2453 (22.89-26.16) 24.22 (22.80-25.65)
76th—100th percentile 19.39 (17.66-21.11) 20.66 (19.09-22.22)

Medicare 10.59 (9.44-11.74) 34.97 (33.45-36.50)
Medicaid 19.61 (17.96-21.25) 17.14 (15.84-1843)
Private 46.28 (44.40-48.16) 3948 (37.91-41.05)
Self-pay 17.69 (16.05-19.32) 5.21 (4.38-6.03)
No charge 1.22(0.76-1.68) 049 (0.28-0.71)
Other 461 (3.76-547) 2.71(2.18-3.24)
b comebllies . . Uil
0-2 63.52 (61.62-65.42) 36.97 (35.28-38.66)
3-5 34.01 (32.18-35.83) 5342 (51.75-55.08)

AN
~

93.35 (92.43-94.26) 73.94 (72.37-75.52)

>7 6.66 (5.74-7.60) 26.06 (24.48-27.63)
Minor/moderate loss of function 33,62 (31.84-3541) 6.15(5.39-6.92)

Major loss of function 4868 (46.74-50.61) 31.25 (29.67-32.84)
Extreme loss of function 17.70 (16.05-19.35) 62.59 (60.91-64.26)
Coiling 74.39 (72.30-76.48) 68.07 (66.10-70.04)
Clipping 2561 (23.52-27.70) 31.93 (29.96-33.90)
0 66.79 (64.95-68.64) 31.28 (29.70-32.86)
1 25.16 (23.53-26.78) 40.11 (38.50-41.73)
2 6.38 (5.45-7.30) 20.86 (19.49-22.24)
>3 1.67 (1.20-2.15) 7.74 (6.85-8.63)

Small 411 (3.17-5.05) 5.12(4.23-6.01)




89

Table 1 (continued)

Home (n=14,350), percent (95% CI) Nonhome (n=19,245), percent (95% Rao-Scott

Cl) X2 p value

Medium
Large

Hospital type
Rural

Urban nonteaching

Urban teaching
Hospital region

Northeast

Midwest

South

West

1645 (14.54-18.36)
79.44 (77.36-81.53)

15.17 (13.61-16.74)
79.71 (77.93-81.49)

043

0.35(0.22-0.48) 047 (0.37-0.57)

8.64 (7.62-9.66) 9.20 (8.30-10.10)
91.01 (89.97-92.04) 90.34 (89.42-91.24)

<0.001

15.05 (13.22-16.88) 20.27 (18.31-22.22)
19.80 (17.85-21.73) 2346 (21.52-25.40)
41.32(38.71-43.94) 35.56 (32.98-37.74)
23.83 (21.60-26.07) 20.91 (18.81-23.02)

Cl confidence interval, NIS National Inpatient Sample, SAH subarachnoid hemorrhage

1.02-1.48, p<0.034). Compared with patients with none
to moderate loss of function (i.e., APRDRG score of 1 or
2), patients with major loss of function had a decreased
odds of home discharge (aOR 0.38, 95% CI 0.31-0.46,
p<0.001) and increased odds of in-hospital mortality
(aOR 6.95, 95% CI 2.83-17.09, p<0.001). This was simi-
larly seen in patients with extreme loss of function (aOR
0.10, 95% CI 0.08-0.13, p<0.001 for home discharge:
aOR 33.39, 95% CI 12.20-83.80, p <0.001 for in-hospital
mortality).

A higher number of Elixhauser comorbidities was
associated with lower odds of home discharge and para-
doxically lower odds of in-hospital mortality. Compared
with patients with zero to two comorbidities, those with
three to five comorbidities (aOR 0.70, 95% CI 0.61-0.80,
p<0.001) and greater than six comorbidities (aOR 0.43,
95% CI 0.32-0.57, p<0.001) had a lower odds of home
discharge. Compared with patients with zero to two
comorbidities, those with three to five comorbidities
(aOR 0.58, 95% CI 0.48-0.69, p<0.001) and greater than
six comorbidities (aOR 0.43, 95% CI 0.34—0.62, p <0.001)
had lower odds of in-hospital mortality. When compar-
ing characteristics of patients with zero to two Elixhauser
comorbidities with those with greater than six comorbid-
ities on univariate analysis, groups differed with respect
to age, sex, race, insurance status, disease severity, treat-
ment modality, number of complications, and discharge
disposition (Supplemental Table 2). There was no differ-
ence in in-hospital mortality.

Treatment

Clipping, as compared with coiling, was associated with
a decreased likelihood of home discharge (aOR 0.69, 95%
CI 0.59-0.80, p<0.001) but no difference in in-hospital
mortality. Increased numbers of complications were

associated with a decreasing likelihood of home dis-
charge and increasing likelihood of in-hospital mortal-
ity. Compared with patients with no complications, those
with one, two, and three or more complications had sig-
nificantly (p<0.001) lower rates of home discharge and
higher rates in-hospital mortality, respectively (home
discharge: one complication, aOR 0.68, 95% CI 0.58-0.81;
two complications, aOR 0.55, 95% CI 0.43-0.70; > 3 com-
plications aOR 0.49, 95% CI 0.34—0.72. In-hospital mor-
tality: one complication, aOR 2.24, 95% CI 1.69-2.97; two
complications, aOR 2.52, 95% CI 1.86-3.42,> 3 compli-
cations aOR 2.13, 95% CI 1.45-3.10).

Discussion

This work represents the first analysis, adjusted for mul-
tiple measures of aSAH disease severity, of patient-level
and hospital-level factors for home discharge in the pop-
ulation of patients with aSAH. With respect to facility
characteristics, although hospitals in the Northeast were
associated with lower odds of home discharge, there were
no regional differences in mortality rates. With respect
to patient variables, Medicare insurance, older age, and
poorer health status were associated with lower rates of
home discharge. Older age, self-pay insurance status,
greater NIS-SSS, lower Elixhauser comorbidities, and
White race (compared with Black race) were associated
with greater odds of in-hospital mortality. Regarding
treatment variables, clipping (compared with coiling) and
greater number of complications were associated with
lower odds of home discharge. We show metavariables
(care setting), patient variables, and treatment variables
all influence disposition and mortality outcomes, and this
work highlights the disparities that may exist in the pop-
ulation of patients with aSAH.
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Table 2 Survey-weighted national estimates for patients with in-hospital mortality following aneurysmal subarachnoid
hemorrhage, 2012-2015 (N=37,965)

Discharged alive (n=33,605), percent In-hospital mortality (n=4,360),
(95% Cl) percent (95% Cl)

<50 vyears 34.18 (33.02-35.34) 22.5917(19.9323-25.2511)
50-64 years 42.7169 (41.5118-43.9219) 36.9266 (33.6801-40.1731)
65-79 years 19.3275 18.4072-20.2477) 30.2752 (27.1336-33.4169)
> 80 years 3.7792 (3.3233-4.2351) 10.2064 (8.1700-12.2429)
s s
Female 67.5643 (66.3826-68.7461) 68.8863 (65.8698-71.9029)
Male 324357 (31.2539-33.6174) 31.1137 (28.0971-34.1302)
Race  <o00n
White 56.9647 (55.2484-58.6809) 66.5409 (63.2250-69.8568)
Black 18.6950 (17.4103-19.9797) 11.5723(9.3175-13.8272)
Hispanic 134335 (12.3506-14.5165) 11.8239(9.5700-14.0777)
Asian or Pacific Islander 48297 (4.1405-5.5188) 5.6604 (4.0250-7.2958)
Native American 0.5917 (0.3997-0.7838) 0.6289 (0.0819-1.1759)
Other 54854 (4.6201-6.3506) 3.7736 (2.3994-5.1478)
Householdincome 0650
0-25th percentile 29.2906 (27.9030-30.6782) 27.6023 (24.5102-30.6944)
26th-50th percentile 26.2395 (25.0865-27.3926) 27.8363 (24.7896-30.8829)
51st-75th percentile 24.3478 (23.2489-25.4468) 23.9766 (21.1559-26.7974)
76th-100th percentile 20.1220 (18.8079-21.4362) 20.5848 (17.7652-23.4044)

Medicare 245562 (23.4996-25.6127) 404817 (37.1753-43.7880)
Private 42.3989 (41.1370-43.6609) 31.5367 (28.4242-34.6492)
Self-pay 10.5326 (9.6209-11.4443) 10.5504 (8.4681-12.6328)
No charge 0.8056 (0.5536-1.0577) 0.4587 (0.0168-0.9007)
Other 3.5208 (3.0034-4.0382) 29817 (1.7990-4.1643)
0-2 48.2964 (46.9162-49.6766) 44,9541 (41.5109-48.3974)
3-5 45.1272 (43.8162-46.4383) 474770 (44.1270-50.8271)
>6 6.5764 (5.9429-7.2099) 7.5688 (5.8508-9.2868)

AN
~

82.2050 (81.1773-83.2328) 66.2844 (62.9430-69.6258)

>7 17.7950 (16.7672-18.8227) 33.7156 (30.3742-37.0570)
Minor or moderate loss of function 17.8842 (16.9537-18.8148) 0.5734 (0.0725-1.0743)

Major loss of function 38.6847 (37.3947-39.9747) 11.2385 (9.0846-13.3924)
Extreme loss of function 43.4310 (42.0652-44.7968) 88.1881 (85.9495-90.4267)
Coiling 70.7633 (69.0634-72.4632) 72.1330 (68.9575-75.3086)
Clipping 29.2367 (27.5368-30.9366) 27.8670 (24.6914-31.0425)
0 464365 (45.1679-47.7052) 10.6651 (8.5247-12.8055)
1 33.7301 (32.5638-34.8964) 49,7707 (46.3852-53.1561)
2 14,6704 (13.7605-15.5804) 29.8165 (26.7260-32.9070)
>3 5.1629 (4.6021-5.7238) 9.7477 (7.8084-11.6870)

Small 4.6868 (3.9426-54311) 4.0138 (2.4510-5.5765)
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Table 2 (continued)

Discharged alive (n=33,605), percent In-hospital mortality (n=4,360),

(95% CI)

percent (95% Cl)

Medium
Large
Hospital type
Rural
Urban nonteaching
Urban teaching

15.7120 (14.2160-17.2079)
79.6012 (77.9412-81.2613)

04166 (0.3274-0.5058)
8.9570 (8.1955-9.7186)
90.6264 (90.6264-91.3994)

16.8578 (14.0170-19.6986)
79.1284 (76.0224-82.2344)

Hospital region

0.0016
0.6881 (0.3313-1.0448)
11.8119 (9.7860-13.8379)
87.5000 (85.4439-89.5561)
0.0372

Northeast 18.0330 (16.3709-19.6951) 18.5780 (15.7269-21.4291)
Midwest 21.8866 (20.1486-23.6247) 18.3486 (15.6971-21.0001)
South 37.8961 (35.6576-40.1346) 37.7293 (34.1169-41.3418)
West 22.1842 (20.2371-24.1313) 253441 (22.2518-284364)

Cl confidence interval, NIS National Inpatient Sample, SAH subarachnoid hemorrhage

Although our study cannot identify causal mechanisms
for the associations seen, it informs future analyses of
data sets that have more granularity. Longitudinal studies
examining health outcomes prior to aneurysm rupture
and post discharge beyond the inpatient setting, qualita-
tive studies examining health-related quality of life and
patient preferences, and institutional studies examining
time to care and specific interventions will all help iden-
tify reasons for why the health disparities seen exist. Our
work generates multiple hypotheses regarding hospital
system characteristics, patient characteristics, and treat-
ment characteristics. It informs us of patient groups, such
as regarding insurance status and comorbidity score, that
may have suboptimal outcomes and need more support.

Hospital System Characteristics

Hospital-level factors, including location, were associated
with home discharge, although hospital bed size and type
(rurality and teaching status) were not. Although it is dif-
ficult to ascertain exactly why hospitals in the Northeast
are associated with decreased home discharge, several
hospital-level cultural factors can influence outcomes,
including regional implementation of initiatives, such as
nurse-driven patient mobilization (e.g., physical therapy)
and neurointensivist-led care teams, which have been
shown to significantly improve discharge disposition
outcomes in patients with aSAH [11, 12]. Furthermore,
higher hospital aSAH volume has been shown to be
associated with increased home discharge and lower in-
hospital mortality, suggesting hospitals with higher aSAH
volumes may provide better outcomes, perhaps owing
to more experienced surgeons or better equipped teams
[13, 14]. Ilustratively, a study comparing aSAH treated
at an institution’s tertiary referral university hospital
and safety net county hospital found that the university

hospital had significantly more discharges to home or
rehabilitation centers than the county hospital did. Even
after adjusting for disease severity, length of hospital
stays, and insurance status, county hospital patients were
more than three times more likely to be discharged with a
poor Modified Rankin Scale score and Glasgow Outcome
Scale score [15]. Interestingly, an NIS database study on
heart failure also found that the Northeast region was
associated with the least risk-adjusted rate of routine
home discharge [16].

Patient Characteristics
Older age was associated with worsened outcomes,
which aligns with past aSAH analyses. Two separate sin-
gle-institution retrospective studies found that age and
Hunt-Hess grade were associated with discharge disposi-
tion and mortality, whereas race, sex, frailty, Fisher score,
body mass index, multiple aneurysms, and aneurysm
size and location were not [17, 18]. A prospective study
found that age and clinical grade at presentation affected
6-month postdischarge outcomes as measured by Glas-
gow Coma Outcome scale, although time to surgery post
aSAH bleed did not [19]. A study of patients more than
70 years old found that increasing age significantly affects
discharge disposition and mortality: patients who died
in-hospital and who were discharged to rehabilitation
were significantly older than those discharged home [20].
Black patients have a decreased in-hospital mortal-
ity compared with White patients. In contrast, a study
analyzing all patients with SAH discharged in New York
City in a 1-year time span found that non-White race was
associated with poorer Modified Rankin Scale score, even
when controlling for payer status [21]. A national study
on patients with traumatic brain injury found that, com-
pared with White patients, Black patients were less likely
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Table 3 Survey-weighted multivariable logistic regression
analysis for factors associated with home discharge fol-
lowing aneurysmal subarachnoid hemorrhage, 2012-2015

Demographic aOR (95% Cl) p value
Age
<50 years Reference
50-64 years 0.55 (0.47-0.64) <0.001
65-79 years 0.28 (0.22-0.37) <0.001
>80 years 0.10 (0.06-0.18) <0.001
Sex
Male Reference
Female 0.88 (0.77-1.00) 0.057
Race
White Reference
Black 0.94 (0.78-1.13) 0.503
Hispanic 0.96 (0.79-1.16) 0.662
Asian or Pacific Islander 0.83 (0.60-1.16) 0.282
Native American 0.93(0.39-2.23) 0.875
Other 1.11 (0.84-1.47) 0451
Household income
0-25th percentile Reference
26th-50th percentile 1.01 (0.81-1.24) 0.956
51st-75th percentile 092 (0.75-1.12) 0407
76th—100th percentile 1.01 (0.83-1.23) 0913
Insurance status
Medicare 0.58 (0.46-0.74) <0.001
Medicaid 1.10 (0.91-1.32) 032
Private Reference
Self-pay 2.97 (2.29-3.86) <0.001
No charge 3.21(1.57-6.55) 0.001
Other 1.65 (1.19-2.28) 0.003
Elixhauser comorbidities
0-2 Reference
3-5 0.70 (0.61-0.80) <0.001
>6 043 (0.32-0.57) <0.001
NIS SAH Severity Score
<7 Reference
>7 0.46 (0.38-0.56) <0.001
Disease severity
Minor or moderate loss of function Reference
Major loss of function 0.38 (0.31-0.46) <0.001
Extreme loss of function 0.10 (0.08-0.13) <0.001
Treatment modality
Coiling Reference
Clipping 0.69 (0.59-0.80) <0.001
Number of complications
0 Reference
1 0.68 (0.58-0.81) <0.001
2 0.55 (0.43-0.70) <0.001
>3 049 (0.34-0.72) <0.001

Hospital bed size
Small

Reference

Table 3 (continued)

Demographic aOR (95% Cl) p value
Medium 1.31 (0.89-1.93) 0.166
Large 1.32(0.91-1.89) 0.141

Hospital type
Rural Reference
Urban nonteaching 0.61(0.26-141) 0.241
Urban teaching 0.74 (0.32-1.67) 0.464

Hospital region
Northeast Reference
Midwest 1.31 (1.05-1.63) 0016
South 1.73(1.39-2.15) <0.001
West 2.21(1.74-2.81) <0.001

Odds ratios were adjusted (aOR) for age, sex, race, household income, insurance
status, comorbidities, disease severity, treatment modality, in-hospital
complications, and hospital characteristics (size, teaching status, and region)

aOR adjusted odds ratio, Cl confidence interval, NIS National Inpatient Sample,
SAH subarachnoid hemorrhage

to opt for withdrawal of life support or engage in pallia-
tive measures, such as going to hospice, possibly due to
distrust of the hospital system [22]. There is currently a
dearth of work done on racial associations with outcomes
in patients with aSAH, and additional work should be
done to further explore these findings.

Compared with privately insured patients, Medicare
patients had lower odds of home discharge, whereas
self-paying patients had higher odds of home discharge.
This finding has been previously shown in both SAH and
intracerebral hemorrhage populations, suggesting that
for self-pay patients, home discharge may indicate lim-
ited access to rehabilitation and skilled care facilities and
a lack of readily accessible discharge options, and in real-
ity, may not be an optimal health outcome [23, 24].

Severity of Condition and Treatment Characteristics

We found more severe disease, as measured by num-
ber of Elixhauser comorbidities, NIS-SSS, APRDRG
severity, and number of complications, was, unsurpris-
ingly, associated with lower odds of home discharge.
Patients with a high Elixhauser comorbidity burden
did not differ from those with a low comorbidity bur-
den on univariate analysis. However, paradoxically, a
greater number of Elixhauser comorbidities was associ-
ated with lower odds of mortality, although this index
has previously been shown to be a predictor of mortal-
ity [25, 26]. The reason why lower comorbidity burden
is associated with in-hospital mortality after adjust-
ment for all other variables on multivariate analysis is
unclear. As shown in our supplemental analysis, mul-
ticollinearity would not the culprit. Rather, it can be
hypothesized that withdrawal of life-sustaining support
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Table 4 Survey-weighted multivariable logistic regression
analysis for factors associated with in-hospital mortality
following aneurysmal subarachnoid hemorrhage, 2012-

2015

Demographic aOR (95% Cl) p value
Age

<50 years Reference

50-64 years 1.22 (0.99-1.50) 0.051

65-79 years 1.78 (1.29-2.45) <0.001

>80 years 3.55(2.29-5.51) <0.001
Sex

Male Reference

Female 0.98 (0.82-1.17) 0.785
Race

White Reference

Black 0.67 (0.52-0.86) 0.002

Hispanic 0.85 (0.66-1.10) 0.225

Asian or Pacific Islander 0.89 (0.60-1.32) 0.556

Native American 0.89 (0.31-2.55) 0.824

Other 0.65 (0.42-0.99) 0.046
Household income

0-25th Percentile Reference

26-50th Percentile 1.07 (0.86-1.33) 0.536

51-75th Percentile 0.99 (0.78-1.25) 0916

76-100th Percentile 0.93(0.72-1.21) 0.594
Insurance status

Medicare 1.32(0.97-1.80) 0.080

Medicaid 1.16 (0.89-1.51) 0.271

Private Reference

Self-pay 1.69 (1.26-2.27) <0.001

No charge 0.75 (0.27-2.05) 0.567

Other 1.37 (0.86-2.17) 0.187
Elixhauser comorbidities

0-2 Reference

3-5 0.58 (0.48-0.69) <0.001

>6 0.46 (0.34-0.62) <0.001
NIS SAH Severity Score

<7 Reference

>7 1.23 (1.02-1.48) 0.034
Disease severity

Minor or moderate loss of function ~ Reference

Major loss of function 6.95 (2.83-17.09) <0.001

Extreme loss of function 33.39(12.20-83.80) <0.001
Treatment modality

Coiling Reference

Clipping 0.90 (0.74-1.09) 0.296
Number of complications

0 Reference

1 224 (1.69-2.97) <0.001

2 2.52(1.86-342) <0.001

>3 2.13(1.45-3.10) <0.001

Hospital bed size

Table 4 (continued)

Demographic aOR (95% Cl) p value
Small Reference
Medium 142 (0.84-2.39) 0.188
Large 1.13(0.69-1.84) 0.623
Hospital type
Rural Reference
Urban nonteaching 0.88 (0.44-1.75) 0.707
Urban teaching 0.67 (0.35-1.30) 0.236
Hospital region
Northeast Reference
Midwest 0.80 (0.61-1.06) 0.126
South 0.95 (0.74-1.23) 0.700
West 0.96 (0.74-1.25) 0.755

Odds ratios were adjusted (aOR) for age, sex, race, household income, insurance
status, comorbidities, disease severity, treatment modality, in-hospital
complications, and hospital characteristics (size, teaching status, and region)

aOR adjusted odds ratio, C/ confidence interval, NIS National Inpatient Sample,
SAH subarachnoid hemorrhage

is less likely to be pursued in individuals with a base-
line higher morbidity because they already lived with
a significant number of burdens. Hence, it is possible
that such patients may survive but are discharged to a
higher level of care. Indeed, families of patients with
more comorbidities may be more familiar with the hos-
pital system and more likely to opt for discharge to a
higher level of care, such as a skilled nursing facility or
long-term acute care hospital, rather than withdrawing
care. There is also a chance that patients with a higher
comorbidity burden had early withdrawal of life-sus-
taining support, which was not counted as in-hospital
mortality. However, given the lack of data on code sta-
tus of patients, this hypothesis cannot be thoroughly
tested. A limitation of the NIS and many databases is
the inability to capture qualitative data such as cultural
tendencies, patients’ goals of care, family dynamics,
and physician—patient decision making.

Finally, treatment modality can influence discharge
disposition; we found that coiling was associated with
a greater odds of home discharge than clipping. This
is likely because patients who undergo clipping need
additional care in the acute period, as demonstrated in
a previous NIS analysis finding that clipping is associ-
ated with increased length of hospital stay compared
with coiling [4]. The data set unfortunately does not
delineate the nuances decision making required when
deciding between endovascular or open surgeon for
complex aneurysms including aneurysmal architecture
or potential need for dual antiplatelet therapy (DAPT).
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Limitations

Several limitations are present in our work. First, errors
are likely present when coding patients in the NIS, par-
ticularly for patients who died in the hospital and are
coded retroactively [27], which may bias our mortality
results, as the total number of comorbidities in deceased
patients may not be fully coded. However, audits are rou-
tinely conducted on billing claims, which incentivizes
accurate reporting [28]. Second, although the NIS data
set allows for robust analysis of population-level data, it
did not provide detailed treatment-specific factors that
may influence clinical decision making, such as aneurysm
size and morphology, the presence of multiple aneurysms
requiring treatment, or clinical versus radiographic
vasospasm. Crucial treatment variables, such as time to
aneurysm clipping or blood pressure control, could not
be analyzed. To help overcome this limitation, our analy-
sis adjusted for broad treatment patterns (securement
method and number of complications) and hospital fac-
tors, which often influence treatment protocols. Third,
with respect to our primary outcome of discharge dispo-
sition, the NIS does not distinguish between acute reha-
bilitation, subacute rehabilitation, and skilled nursing
facilities, although discharge to acute rehabilitation may
be considered a positive outcome in the setting of rup-
tured aSAH. Additionally, patient code status (which we
did not have data on) may have influenced outcomes, as
patients with do-not-resuscitate status or do-not-inter-
vene status may not have received interventions or may
have been discharged home despite a poor condition.
Finally, because ICD-9-CM codes do not specify aSAH,
there is a possibility that non-aSAH was included. How-
ever, we minimized the risk of capturing non-aSAH by
excluding all trauma-related and arteriovenous malfor-
mation/fistula-related diagnoses, as well as limiting the
sample to patients who were clipped or coiled.

Conclusions

This study demonstrates substantial independent asso-
ciations with hospital characteristics, patient characteris-
tics, and treatment characteristics as related to discharge
disposition and in-hospital mortality following aSAH,
adjusted for disease severity. Future studies are needed to
identify drivers of these differences and elucidate avenues
by which to mitigate them.
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