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Abstract

Introduction

Comprehensive stroke centers (CSCs) accept transferred patients from referring hospitals

in a given regional area. The transfer process itself has not been studied as a potential fac-

tor that may impact outcome. We compared in-hospital mortality and severe disability or

death at CSCs between transferred and directly admitted intracerebral hemorrhage (ICH)

patients of matched severity.

Materials and Methods

We retrospectively reviewed all primary ICH patients from a prospectively-collected stroke

registry and electronic medical records, at two tertiary care sites. Patients meeting inclusion

criteria were divided into two groups: patients transferred in for a higher level of care and

direct presenters. We used propensity scores (PS) to match 175 transfer patients to 175

direct presenters. These patients were taken from a pool of 530 eligible patients, 291

(54.9%) of whom were transferred in for a higher level of care. Severe disability or death

was defined as a modified Rankin Scale (mRS) sore of 4–6. Mortality and morbidity were

compared between the 2 groups using Pearson chi-squared test and Student t test. We fit

logistic regression models to estimate odds ratios (OR) and 95% confidence intervals (CI)

for association between transfer status and in-hospital mortality and severe disability or

death in full and PS-matched patients.

Results

There were no significant differences in the PS-matched transfer and direct presentation

groups. Patients transferred to a regional center were not at higher odds of in-hospital mor-

tality (OR: 0.93, 95% CI: 0.50–1.71) and severe disability or death (OR: 0.77, 95% CI: 0.39–
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1.50), than direct presenters, even after adjustment for PS, age, baseline NIHSS score, and

glucose on admission.

Conclusion

Our observation suggests that transfer patients of similar disease burden are not at higher

risk of in-hospital mortality than direct presenters.

Introduction
Spontaneous non-traumatic intracerebral hemorrhage (ICH) accounts for 10% to 15% of all
strokes; however, its mortality is greater than 30%, far exceeding that of ischemic stroke.[1–6]
It has been reported that approximately 79% of ICH patients initially present to a non-tertiary
care center,[7] and a significant proportion are transferred to tertiary care hospitals for higher
level of care.[8] Comprehensive Stroke Centers (CSCs) are regional facilities that accept
patients from non-certified hospitals, acute stroke-ready hospitals, and primary stroke centers
(PSCs).[9] It is therefore possible that the most critically ill ICH patients presenting to non-
CSCs are frequently transferred into CSCs because of the perceived need for advanced clinical
resources, neurocritical care, neurosurgical capability, and expertise linked to better patient
outcomes.[10–14]

With public reporting of hospitals focusing on in-patient mortality as an important quality
metric, there is concern that a CSC’s mortality rate may be unfairly inflated against the centers
that are transferring them the sickest, highest mortality-risk patients, thus “penalizing” CSCs.
[15–18] One aspect that has not been fully evaluated is whether the transfer to a CSC, with its
inherent time delay to intensive care, is independently associated with worse outcomes. We
hypothesized that patients transferred into a CSC would have higher risk adjusted in-patient
mortality and poorer functional status than patients directly presenting to a CSC. We used pro-
pensity score (PS) based methods to compare mortality and functional status between ICH
patients transferred to CSC and those who presented directly.

Materials and Methods

Study Design and Setting
We retrospectively identified patients with spontaneous ICH at two different CSCs. Data from
a prospectively collected data registry was used for site 1 [19], where as a retrospective chart
review of consecutive ICH patients was performed at site 2. Both sites are Joint-Commission
certified CSCs and accept transfers from surrounding hospitals; providing 24/7 vascular neu-
rology, neurosurgery, and neurocritical care coverage with dedicated neuro-intensive care
units (NICU). Requests for transfer are received by a physician who would then select the desti-
nation unit (Emergency Department [ED], NICU, stroke unit, or floor). All patients deemed to
be emergent are immediately transferred.

Study Participants
We identified all spontaneous ICH patients, age 18 and above, admitted from March 2011 to
March 2012 at site 1 and between 2008 and 2013 at site 2. Patients with arteriovenous malfor-
mations (AVM), aneurysms, pure intraventricular hemorrhage (IVH), subdural hematomas
(SDH), subarachnoid hemorrhage (SAH), or patients who were enrolled in an interventional
clinical trial were excluded. Eligible ICH patients were categorized based on transfer status.
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Patients transferred into a CSC were considered exposed while patients presenting directly to a
CSC were considered unexposed.

Variables
We collected baseline demographics, including age, sex, race, past medical history, home medi-
cation use, illicit substance abuse, baseline National Institutes of Health Stroke Scale (NIHSS)
score, Glasgow Coma Scale (GCS) on admission, initial imaging findings, and baseline labora-
tory results for patients at both participating sites.

Measurements
Imaging. Initial CT scans for all patients were reviewed by two neurologists each sepa-

rately at both sites, blinded to presentation group (transfers or direct presenters) and patient
outcomes. Hematoma volumes were measured by the ABCD2 method.[20] Hematoma loca-
tion was also designated as either supra- or infratentorial, and categorized into the following
locations: cortical or lobar, subcortical (e.g., basal ganglia, thalamus), brainstem, and cerebel-
lum. ICH score was calculated for all patients.[21]

Outcomes. The primary outcome of interest was all cause in-hospital mortality. This
information was consistently available from either prospectively collected data registry or elec-
tronic medical records for both sites. We also collected information on discharge disposition, and
functional outcome as measured by the modified Rankin Scale (mRS) score at the time of dis-
charge or day 7 (whichever came first). Severe disability or death (SDD) was defined as a mRS
score of 4–6, and has been evaluated as a secondary outcome.[22] Data on discharge disposition
was available for site 1 from the stroke registry and was abstracted frommedical records for site
2. Six levels of disposition were captured as discharge to home, inpatient rehabilitation, skilled
nursing facility, subacute unit, transfer to another service, and hospice or death.

Sample Size
We aimed to explore the association between in-hospital mortality and transfer to tertiary care
hospitals for ICH patients. Our approach entailed assimilating all eligible ICH cases with com-
plete data elements on all variables, over the period of investigation, from two high volume
CSCs. For formal hypothesis testing, a logistic regression of a binary response variable (in-hos-
pital mortality [Y]), on a binary independent variable (transfer [X]) with a sample size of 530
observations (of which 40% are unexposed and 60% are exposed) achieves 80% power at a 0.05
significance level to detect a change in probability (Y = 1) from the baseline value of 0.30 to
0.42. This change corresponds to an odds ratio of 1.68.[23]

Quantitative Variables
We used propensity scores (PS) to match exposed (transfers) and unexposed (direct present-
ers) patients. A multivariable logistic regression model was fit to determine the PS for each
patient. The PS model included baseline variables available on admission, including, but not
limited to: demographics, past medical history, home medications, social history, neurologic
exam, initial laboratory results, and initial imaging. A 5:1 computerized greedy matching tech-
nique, where exposed patients were first matched to unexposed patients who had a PS that was
identical in all 5 digits was employed.[24] Those who did not match were then matched on 4
digits of the PS, continuing down to a 1-digit match on PS for those who remained unmatched.
Balance between exposed and unexposed for the covariates in the PS-matched sample was
assessed using Pearson chi-squared or independent sample Student t-test where appropriate.

Transferring ICH Patients Is Safe

PLOS ONE | DOI:10.1371/journal.pone.0159174 July 28, 2016 3 / 12



Statistical methods
Descriptive statistics were used to provide summary measures for continuous and categorical
variables as means with standard deviations (SD) or medians with interquartile range (IQR)
and proportions, respectively. Univariable comparisons were made between the exposed and
unexposed patients; categorical variables were tested using either the Chi-Squared Test or the
Fisher exact test, whereas student t-test or the MannWhitney U test was used for continuous
variables. Multivariable models were fitted to explore the association between transfer and
mortality as the primary outcome, and severe disability and death (mRS 4–6) as a secondary
outcome. The unadjusted odds ratios (OR) and 95% confidence interval (CI) for mortality and
severe disability and death (SDD) were estimated using baseline models. These models were
then sequentially risk-adjusted using PS and other important variables. Separate models were
fitted for the complete data set and for a PS-matched sub-sample. Alpha was set at 0.05 for all
hypothesis testing. Point estimates, confidence intervals, and p values were calculated using
SAS version 9.3 (SAS Institute, Cary, NC). This study was approved by the local Institutional
Review Board at each site.

Results

Descriptive analyses of full and matched cohorts
A total of 530 eligible ICH patients were identified from both sites. Of these, 291 (54.9%) were
transferred whereas 239 (45.1%) were direct presenters. The proportion of transferred patients
at site 1 was significantly higher as compared to site 2 (59.2% vs. 49.1%, p = 0.02). The number
and proportion of exposed (transferred) and unexposed (direct presenters) patients at each
site, before and after PS matching is presented in Fig 1.

The transferred group had significantly higher proportion of white patients. The transferred
patients also had significantly lower NIHSS, higher GCS, lower ICH scores, smaller ICH vol-
umes, and lower proportion with intraventricular extension of hemorrhage. The comparison
between transferred and directly admitted patients at both sites, for important demographic,
past medical history, and clinical and radiological factors at presentation is shown in Table 1.

Using PS methods, 175 ICH patients who were transferred were matched to 175 ICH
patients who presented directly from the full sample of 530 eligible patients. Baseline character-
istics of the PS-matched transfer and direct presentation groups for the combined sites are
shown in Table 2. PS matching balanced the important disease severity differences between
exposed and unexposed patients such as presentation NIHSS, GSC, ICH Score, hematoma vol-
ume, and presence of IVH. The only difference between the PS-matched groups observed was
in race with a higher proportion of the transfer patients being white (59.4% vs. 49.1%, p<0.01).

We also performed PS matching at individual site level. These data were not found to be dif-
ferent from the overall matched sample (data not shown).

Primary Outcome: In-hospital Mortality
In the overall sample of 530 patients, the proportion of in-hospital mortality was significantly
higher for direct presenters as compared to those who were transferred (28.0% vs. 18.6%,
p = 0.01). There was however no difference between direct and transferred patients for in-hos-
pital mortality in the PS-matched sample (22.9% vs. 25.1%, p = 0.62). The unadjusted OR and
95% CI comparing directly admitted and transferred patients for the primary outcome of in-
hospital mortality was 0.59 (0.39–0.88), suggesting a statistically significant 41% reduction in
mortality for transferred patients. These estimates were no longer significantly different after
controlling for PS and other important factors in both the full and the PS-matched cohorts.
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Table 3 illustrates the odds of in-hospital mortality for transfer patients when compared with
direct presenters using multivariable models fitted for both sites combined.

The unadjusted in-hospital mortality was higher for directly admitted patients as compared
to transferred patients at both sites individually; however, these differences did not achieve sta-
tistical significance. (Site 1: 26.6% vs. 17.8%, p = 0.07 and Site 2: 29.6% vs. 19.8%, p = 0.09).
Multivariable models were also fitted for the two sites separately, using similar adjustments as
were performed for the combined data. These models did not show a statistically significant
difference between transferred and directly admitted patients for in-hospital mortality (data
not shown). One exception was the model for site 2 controlling for PS, NIHSS, age, and admis-
sion glucose. This model showed significantly lower odds of in-hospital mortality for trans-
ferred patients (OR, 95% CI: 0.36 (0.14–0.93).

Fig 1. Number of transferred and directly admitted patients at participating sites before and after propensity score matching.

doi:10.1371/journal.pone.0159174.g001
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Secondary Outcome: Severe Disability or Death
A discharge modified Rankin Scale score of 4 to 6 was defined as severe disability or death
(SDD), and was evaluated as a secondary outcome. The proportion of ICH patients with SDD
was significantly higher in directly admitted patients as compared to those who were trans-
ferred (82.0% vs. 67.4%, p<0.01). This difference was also significant at both sites individually
(Site 1: 90.3% vs. 79.4%, p = 0.01 and Site 2: 73.0% vs. 47.8%, p<0.01). Once matched on PS,
the difference between exposed and un-exposed patients was no longer statistically significant
for SDD (78.9% vs. 75.4%, p = 0.45). We also fitted multivariable models to assess the associa-
tion of transfer with SDD in full and PS-matched samples, controlling for PS and other impor-
tant co-variates. All models indicated lower odds of SDD associated with transfer. However,
none of the point estimates were statistically significant, other than those obtained from full

Table 1. Comparison of demographic, past medical history, and clinical factors, between direct presenters and transferred patients at both sites.

Description Presented Directly (n = 239) Transferred In(n = 291) p value

Age, mean (SD) 62.7 (13.6) 64.2 (14.8) 0.22

Females, n (%) 137 (57.3) 160 (54.9) 0.59

Race, n (%)

White 119 (49.8) 192 (65.9) <0.01

Black 104 (43.5) 78 (26.8)

Asian 2 (0.8) 7 (2.4)

Other 14 (5.9) 14 (4.8)

Hispanic, n (%) 38 (15.9) 44 (15.1)

Past Medical History, n (%)

ICH 24 (10.0) 17 (5.8) 0.08

Ischemic stroke or TIA 22 (9.2) 45 (15.5) 0.03

Atrial Fibrillation 19 (7.9) 31 (10.7) 0.29

Diabetes Mellitus II 53 (22.2) 85 (29.2) 0.07

Hypertension 186 (77.8) 229 (78.7) 0.81

Hyperlipidemia 46 (19.3) 55 (18.9) 0.92

Coronary Artery Disease 19 (7.9) 50 (17.2) <0.01

Peripheral Vascular Disease 3 (1.3) 7 (2.4) 0.34

Statin as a home med 41 (17.2) 48 (16.5) 0.84

History of illicit substance abuse 38 (15.9) 40 (13.8) 0.49

NIHSS on arrival, median (IQR) 16 (7–28) 9 (2–23) <0.01

GCS on arrival, median (IQR) 11 (6–15) 14 (7–15) 0.01

Glucose on arrival, median (IQR) 133 (112–175) 130 (104–183) 0.49

Platelet count, median (IQR) 209 (164–250) 198 (163–249) 0.70

PTT, median (IQR) 29 (26–32) 29.6 (27–34) 0.055

INR, median (IQR) 1.03 (0.97–1.12) 1.08 (1.01–1.19) <0.01

ICH Score, median (IQR) 2 (1–3) 1 (0–2) <0.01

ICH Volume, median (IQR) 19.1 (7.7–46.1) 13 (4–35) <0.01

ICH location, n (%)

Cortical/Lobar 70 (29.3) 74 (25.4) 0.58

Subcortical/BG/Thalamus 145 (60.7) 184 (63.3)

Brainstem 14 (5.7) 15 (5.2)

Cerebellum 10 (4.2) 18 (6.2)

IVH present, n (%) 132 (55.2) 122 (41.9) <0.01

Comfort measures, n (%) 37 (15.5) 36 (12.4) 0.30

doi:10.1371/journal.pone.0159174.t001
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sample models with adjustment of PS, site, NIHSS, age, and admission glucose. The odds ratios
and 95% CI obtained from these models are presented in Table 4.

Other Outcomes: Discharge Disposition
A significantly higher proportion of transferred patients were discharged home as compared to
directly admitted patients (26.8% vs. 13.4%, p<0.01) and likewise a higher proportion of
directly admitted patients were discharged to hospice or died as compared to those who were
transferred (35.2% vs. 23.0%, p<0.01). However, these differences among transferred and
directly admitted patients for discharge disposition were not significant in the PS-matched
sample as shown in Table 5. Table 5 also summarizes other important outcomes in the PS-
matched sample.

Table 2. Comparison of demographic, past medical history, and clinical factors, between direct presenters and transferred patients at both sites,
in the propensity score–matched cohort.

Description Presented Directly (n = 175) Transferred In(n = 175) p value

Age, mean (SD) 62.7 (13.5) 62.2 (15.3) 0.76

Female, n (%) 98 (56.0) 95 (54.3) 0.75

Race, n (%)

White 86 (49.1) 104 (59.4) <0.01

Black 80 (45.7) 52 (29.7)

Asian 0 (0.0) 5 (2.9)

Other 9 (5.1) 14 (8.0)

Hispanic, n (%) 25 (14.3) 26 (14.9) 0.88

Past Medical History, n (%)

ICH 17 (9.7) 13 (7.4) 0.45

Ischemic stroke or TIA 20 (11.4) 19 (10.9) 0.87

Atrial Fibrillation 15 (8.6) 15 (8.6) 1.00

Diabetes Mellitus II 41 (23.4) 42 (24.0) 0.90

Hypertension 47 (88.7) 45 (84.9) 0.57

Hyperlipidemia 137 (78.3) 133 (76.0) 0.61

Coronary Artery Disease 19 (10.9) 16 (9.1) 0.59

Peripheral Vascular Disease 3 (1.7) 4 (2.3) 0.70

Home medications include a statin 32 (18.3) 27 (15.4) 0.48

History of illicit substance abuse 28 (16.0) 29 (16.6) 0.89

NIHSS on arrival, median (IQR) 13 (6–25) 17 (5–27) 0.61

GCS on arrival, median (IQR) 13 (7–15) 11 (3–15) 0.27

Glucose on arrival, median (IQR) 131 (109–177) 129 (104–177) 0.52

Platelet count, median (IQR) 205 (168–250) 196 (167–248) 0.75

PTT, median(IQR) 29.0 (26. 0–31.8) 29.2 (26.0–33.9) 0.35

INR, median (IQR) 1.0 (1.0–1.1) 1.1 (1.0–1.2) <0.01

ICH Score, median (IQR) 1 (1–3) 1 (1–3) 0.48

ICH Volume, median (IQR) 17.0 (7.7–46.1) 17.4 (6.0–41.1) 0.47

ICH Location, n (%)

Cortical / Lobar 53 (30.3) 49 (28.0) 0.72

Subcortical / BG / Thalamus 107 (61.1) 106 (60.6)

Brainstem 7 (4.0) 7 (4.0)

Cerebellum 8 (4.6) 13 (7.4)

IVH present, % 50.3 (88) 49.1 (86) 0.83

Comfort measures, % 12.0 (21) 15.4 (27) 0.35

doi:10.1371/journal.pone.0159174.t002
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Discussion
We explored association between in-hospital mortality and transfer to a higher level of care for
ICH patients. Our primary outcome of interest was in-hospital mortality, as this has been a
recent focus of the Centers for Medicare and Medicaid Services (CMS) in the US, for public
reporting and ranking of hospitals’ quality of care. In an effort to improve in-hospital quality of
care for its beneficiaries, the CMS has issued new rules that update its payment policies, under
the In-patient Prospective Payment System (IPPS).[25] The new IPPS rule focuses on two pri-
mary metrics for stroke patients: 30-day unplanned readmission and 30-day death rate. The
30-day death is defined as deaths from any cause with 30 days of a hospital admission, and
thus includes a measure of in-patient mortality. The lack of risk-adjustment, specifically stroke
severity, in the IPPS rule for stroke mortality has been critiqued at length.[26] Although in its
current form, the IPPS rule principally applies to patients with ischemic stroke, recent updates
have added broader stroke related International Classification of Disease (ICD) 9 codes that
can potentially capture some ICH patients as well.[27] Extension of the rule to report ICH

Table 3. Odds Ratios and 95%Confidence Intervals for various multivariable models fitted to com-
pare transferred and directly presented patients for in-hospital mortality, in the full and PS-matched
cohorts.

OR 95% CI p value

Full Sample (n = 530)

No adjustment 0.59 0.39–0.88 0.01

Adjusted for PS 0.84 0.54–1.31 0.44

Adjusted for NIHSS, age, admission glucose 0.73 0.45–1.20 0.21

Adjusted for PS, NIHSS, age, admission glucose 0.71 0.42–1.19 0.20

Adjusted for PS, site, NIHSS, age, admission glucose 0.67 0.39–1.15 0.14

Matched Sample (n = 350)

No adjustment 1.13 0.69–1.85 0.62

Adjusted for PS 1.15 0.70–1.89 0.59

Adjusted for NIHSS, age, admission glucose 0.95 0.53–1.71 0.87

Adjusted for PS, NIHSS, age, admission glucose 0.94 0.52–1.69 0.83

Adjusted for PS, site, NIHSS, age, admission glucose 0.93 0.50–1.71 0.81

doi:10.1371/journal.pone.0159174.t003

Table 4. Odds Ratios and 95%Confidence Intervals for various multivariable models fitted to com-
pare transferred and directly presented patients for severe disability and death, in the full and Propen-
sity Score-matched cohorts.

OR 95% CI p value

Full Sample (n = 530)

No adjustment 0.45 0.30–0.68 <0.01

Adjusted for PS 0.61 0.40–0.95 0.03

Adjusted for NIHSS, age, admission glucose 0.71 0.42–1.21 0.21

Adjusted for PS, NIHSS, age, admission glucose 0.58 0.33–1.02 0.06

Adjusted for PS, site, NIHSS, age, admission glucose 0.52 0.29–0.95 0.03

Matched Sample (n = 350)

No adjustment 0.82 0.50–1.36 0.45

Adjusted for PS 0.82 0.50–1.37 0.45

Adjusted for NIHSS, age, admission glucose 0.79 0.43–1.47 0.46

Adjusted for PS, NIHSS, age, admission glucose 0.79 0.42–1.46 0.43

Adjusted for PS, site, NIHSS, age, admission glucose 0.77 0.39–1.50 0.44

doi:10.1371/journal.pone.0159174.t004
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related mortality can also be envisioned. Furthermore, in-hospital mortality continues to be an
important stroke related quality of care metric used by other hospital benchmarking organiza-
tions such as University Health Systems Consortium (UHC).[28] As CSCs accept a large num-
ber of ICH patients from smaller, non-tertiary care hospitals, inflation of in-hospital mortality
continues to remain a concern for physicians and hospital administrators alike.

Over time, the number of patients with ICH transferred from outside facilities has steadily
increased.[8, 29] A clear understanding of the impact that the transfer process may have on
patient outcome is essential given the limited advanced clinical resources, neurocritical care,
neurosurgical capability, and diagnostic expertise available at the primary hospital.[30, 31] Our
literature review revealed only a few small reports that have described specific transfer related
parameters that may be associated with poor outcomes in ICH patients. [32, 33] We hypothesized
that ICH patients transferred to CSCs could have higher in-hospital mortality than direct present-
ers. Our hypothesis was based upon assumption that the inherent delay in receiving intensive care
could be associated with increased mortality risk. For example, it is conceivable that blood pres-
sure control is highly variable and is not as tightly regulated during the transfer process when
compared to patients directly admitted to CSCs. To address this hypothesis, we used propensity
score matching to compare direct presenters and transfer patients with similar demographics,
comorbidities, and ICH severity. Using this methodology, we observed no difference in mortality
between those who were transferred for a higher level of care and those who presented directly to
our two tertiary care centers. Therefore, we found no evidence that patients transferred for a
higher level of care had higher odds of mortality when compared to matched direct presenters.

A prior study from a single tertiary care hospital, of 77 direct presenters and 48 transferred
ICH patients, reported a significantly greater proportion of directly admitted patients with bet-
ter outcome (mRS 0–3) at hospital discharge.[34] However, the investigators did not find any
differences for in-hospital mortality between the two groups (22.1% vs. 22.9%, p = 0.91).
Although our results corroborate with this report in terms of in-hospital mortality, our data
did not show worse outcomes (mRS 4–6) associated with transfer. Differences in patient popu-
lation, pre-tertiary hospital care, and regional referral patterns may account for this variation.
Our findings are also similar to another report from larger national inpatient sample database,
that showed no difference between transferred and non-transferred ICH patients for in-hospi-
tal mortality.[35] However, lack of stroke specific disease severity measures may not readily
permit adequate adjustments in such administrative databases.[36]

Unlike previous studies, the unique nature of the PS method allowed us to match direct pre-
senters and transfers on the probability of being transferred, controlling for factors known at
the time that the decision was made to transfer to a tertiary care center.

Table 5. Comparison of outcomes between transferred and directly presented ICH patients at both sites after Propensity Scorematching.

Outcomes Presented Directly (n = 175) Transferred In(n = 175) p value

Discharge disposition, n (%)

Home 26 (14.9) 40 (22.9) 0.12

Inpatient rehab 39 (22.3) 21 (12.0)

Skilled Nursing Facility 13 (7.4) 14 (8.0)

Subacute unit 3 (1.7) 4 (2.3)

Transfer to other service 41 (23.4) 44 (25.1)

Hospice or Death 53 (30.3) 52 (29.7)

Discharge mRS, median (IQR) 5 (4–5) 5 (4–6) 0.87

Discharge mRS 4–6, n (%) 138 (78.9) 132 (75.4) 0.45

In-hospital mortality, n % 40 (22.9) 44 (25.1) 0.62

doi:10.1371/journal.pone.0159174.t005
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Our findings should be interpreted in the context of its known and potential limitations.
Our small sample size may have limited our ability to detect differences between groups; how-
ever, a sample size of 175 matches is seen as reasonable for PS methodology.[37, 38] This study
focuses on the short-term outcomes of ICH patients cared for at two tertiary care facilities. We
do not have information on all ICH patients presenting to acute care hospitals in each of our
catchment areas. We report our observations as tertiary care centers receiving patients in trans-
fer, not as centers transferring patients out for a higher level of care. Unfortunately, the lack of
granularity in outside medical records prevents us from reporting on management parameters
at referring hospitals, the amount of time spent at outside facilities, the amount of time spent
in transit from the transferring hospital to the receiving hospital, and the relationship between
these blocks of time and short-term mortality. Finally, our findings may not be readily general-
izable to other CSCs or hospital systems, based on regional differences in patient populations
and referral patterns.

Despite these limitations, we feel that this analysis contributes to the literature in two ways:
(1) it demonstrates that the process of transfer, in-and-of itself, does not appear to increase in-
hospital mortality in ICH patients, (2) it also serves the important role of starting a dialogue
about the implications of using short-termmortality without adjustment for ICH severity as a
quality metric in ICH patients. Further prospective research is needed to determine if transfer is
truly associated with higher risk of in-hospital mortality in ICH patients. Variations in provision
of initial care and independence of hospital systems are some of the challenges in this regard. We
propose harnessing the potential of national and regional stroke research consortia to assimilate
cohorts of ICH patients, at various levels of care, that allow for collection of patient level out-
comes data, including transfer metrics. If our results are replicated in larger samples and different
sites, it would suggest that the transfer process does not pose increased harm to patients with
ICH who are being referred to a more advanced center for a higher level of care.
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