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Francisco, CA

Abstract

Background—The effects of extracranial hemorrhage (ECH), or bleeding outside the brain, are
often considered transient. Yet there are few data on the long-term and functional consequences of
ECH.

Objective—Define the association of ECH hospitalization with functional independence and
survival in a nationally representative cohort of older adults.

Design—Longitudinal cohort study.

Setting—Data from the Health and Retirement Study from 1995 to 2016, a nationally
representative, biennial survey of older adults.

Participants—Adults aged 66 and above with Medicare linkage and at least 12 months of
continuous Medicare Part A and B enrollment.

Exposure—Hospitalization for ECH.

Main Outcomes and Measures—Adjusted odds ratios and predicted likelihood of
independence in all activities of daily living (ADLSs), independence in all instrumental activities
of daily living (IADLs) and extended nursing home stay. Adjusted hazard ratio and predicted
likelihood for survival.

Results—In a cohort of 6719 subjects (mean age 77, 59% women) with average follow-up time
of 8.3 years (55,767 person-years), 736 (11%) were hospitalized for ECH. ECH was associated
with a 15% increase in ADL disability, 15% increase in IADL disability, 8% increase in nursing
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home stays, and 4% increase in mortality. After ECH, subjects became disabled and died at the
same annual rate as pre-ECH but never recovered to pre-ECH levels of function.

Conclusions—Hospitalization for ECH was associated with significant and durable declines in
independence and survival. Clinical and research efforts should incorporate the long-term harms of
ECH into decision-making and strategies to mitigate these effects.

Introduction

Methods

Bleeding, whether spontaneous or as a complication of invasive procedures or medications,
is a major public health burden.1=4 When assessing the effects of bleeding events,
researchers and clinicians often focus on intracranial hemorrhage, uncommon but
devastating. Yet extracranial hemorrhage (ECH)— defined as bleeding from any site

other than intracranial, including gastrointestinal, genituourinary or nasophargyngeal —is

a common and perilous reason for hospitalization in older adults. The risk of gastrointestinal
bleeding, the most common form of ECH, is 2 per 1000 person-years and has a case fatality
rate of 5%.4 Risk of hospitalization for non-gastrointestinal extracranial bleeding (lung,
joint, pericardial or peritoneal bleeding) is much lower (0.41 per 1000 person-years) but
case fatality rate is similar to gastrointestinal bleeding (4%).* Though serious, the effects of
ECH are often considered time-limited and reversible. For example, many decision models
ignore ECH or assume that patients make a full recovery on the order of weeks.>® Typical
treatments for ECH can seem definitive, such as an endoscopy to stop the bleeding source or
a transfusion to un-do its consequences. These treatments may produce short-term resolution
of bleeding symptoms, but few studies have looked beyond short-term outcomes.”:8 There
are surprisingly few data on the long-term effects of extracranial bleeding on mortality and
functional independence.

Functional disability has been shown among older adults who survive hospitalization, a
third of whom acquire long-term deficits.® Although bleeding is a common cause of
hospitalization, its specific long-term and functional impact is unknown. In addition to
procedures, ECH hospitalizations can involve diet changes, procedural sedation, foley
catheters, and bowel preparation for colonoscopy, all of which could contribute to acquired
disability. Moreover, bleeding risk is closely tied to chronologic age, multimorbidity,

and geriatric syndromes like falls, so patients may have diminished reserve, making it
difficult to return to their prior level of functioning.10 Understanding the lasting impact of
ECH on morbidity and mortality is important for patients and caregivers when discussing
expectations for recovery. Therefore, the primary objective of this study was to determine
the association of ECH hospitalization with survival and functional independence in a
nationally representative cohort of older adults.

Study population

We used data from 1995 to 2016 from the Health and Retirement Study (HRS) to examine
the association of hospitalization for extracranial bleeding with functional status and death.
The HRS is a nationally-representative, longitudinal cohort of over 43,000 Americans over
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age 50 residing in the community or nursing homes with linked Medicare claims.1! Subjects
are interviewed every other year by phone, internet or in-person on topics related to health
and function, work and retirement. Researchers interview proxies when participants cannot
answer questions because of physical or cognitive impairment.12:13

We created a longitudinal cohort of all HRS participants aged 66 and older with Medicare
claims linkage and at least 12 months of continuous Medicare Part A and B enroliment
(Appendix Figure 1). Participants were enrolled when they first met inclusion criteria and
censored at the time of disenrollment from Medicare part A or B, HRS drop out, or death.
The HRS was approved by the institutional review board at the University of Michigan.
The data used for this analysis are publicly available and contain no unique identifiers; the
University of California, San Francisco, Committee on Human Research approved analysis
of HRS data for this study and waived the requirement for patient consent (Institutional
Review Board No. 16-19185).

Demographics and comorbidities

Information on participants’ baseline sociodemographics and clinical characteristics was
taken from the first HRS interview where participants met eligibility criteria. We also report
time-varying clinical characteristics that contribute to bleeding risk and disability based on
prior published studies: diagnosis of cancer, heart disease, hypertension, vascular disease,
anemia, renal disease, atrial fibrillation, prior bleeding event, use of a walker, history of
falls, or alcohol use.14-18 We defined participants as having a specific comorbidity if, at
any time point after cohort entrance, they self-reported a diagnosis in an HRS interview

or met claims criteria at (Appendix Table 1), both of which correlate well with chart
diagnoses and population estimates.1%:20 Falls were assessed using participants’ answers to
the HRS interview question, “Have you fallen down in the last 2 years?” Use of a walker
was assessed using participants’ answers to the HRS interview question, “Do you ever use
equipment or devices such as a cane, walker or wheelchair when crossing a room?” Alcohol
use was determined either using a claims diagnosis of alcohol use disorder or if participants
reported drinking one or more alcoholic beverages per week.

Extracranial hemorrhage hospitalization

The primary exposure was hospitalization for extracranial bleeding. We defined
hospitalization for ECH using a validated claims algorithm that has a positive predictive
value of 89% to 99% compared with chart review (Appendix Table 2).2122 The algorithm
incorporates claims for extracranial bleeding from upper and lower gastrointestinal,
genitourinary, lung (epistaxis, hemoptysis), joint, pericardial and peritoneal sites. To identify
current hemorrhagic events, the algorithm includes only hospitalizations with a primary
discharge diagnosis related to bleeding. Hospitalizations associated with major trauma are
excluded. We examined the first hospitalization for ECH for each participant. We report
information on hospitalization characteristics, like endoscopic evaluation, admission to the
ICU, blood transfusion, and discharge disposition.
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We examined four outcomes: ADL (activity of daily living) independence, IADL
(instrumental ADL) independence, extended nursing home stay, and death. We defined ADL
independence as not needing assistance with any ADLs (walking across the room, dressing,
bathing, eating, transferring to or from bed, and toileting).2% We defined IADL independence
as not needing assistance with any IADLs (preparing a hot meal, shopping for groceries,
making telephone calls, taking medicines, and managing money).2* We defined extended
nursing home stay as self-report of spending =90 nights in a nursing home since the last
interview.2> ADL independence, IADL independence, and extended nursing home stays
were measured at each biennial interview. We determined date of death using a combination
of the National Death Index, Medicare enrollment files, and HRS surviving family member
exit interviews.

We conducted a longitudinal cohort study with the goal of determining three key measures
for each study outcome: (1) the baseline outcome rate, (2) the association between ECH and
the outcome, (3) and the association between ECH and change in baseline outcome rate.
Participants entered the cohort when they first met inclusion criteria and were followed until
censoring date as described above.

For ADL independence, IADL independence, and extended nursing home stay outcomes, we
fit separate random-effects logistic regression models with repeated measures. Each outcome
was modeled as a function of ECH, time in cohort, and the interaction between ECH and
time in cohort, as well as time-invariant and time-varying confounders (modeling equation
and visual representation in Appendix Text 1). We excluded observations with missing
outcomes (1.2% with missing ADL outcome, 1.5% with missing IADL outcome, 1.0%

with missing nursing home outcome). In exit interviews, next-of-kin reported dependence
>90% of the time prior to death, so when exit interviews were missing, we imputed ADL
and IADL status as dependent. For death, we fit a Gompertz survival model that modeled
time to death as a function of the same dependent variables as described above (Appendix
Text 2).28 Gompertz is a parametric survival model; in this study, it is more useful than

a semiparametric Cox model because it estimates a baseline hazard, and it is superior

to other parametric models for mortality because it best reflects the observed mortality
progression as age increases.2® Compared to alternative models, the Gompertz model also
demonstrated superior goodness-of-fit using the Akaike Information Criterion.2’ For all
models, we defined confounders that contribute to bleeding, disability, and death a priori
rather than using significance testing to determine which to include in the regression models,
consistent with epidemiologic best practices.

We used the method of recycled predictions to illustrate the regression model results
because it allows one to compare the population predicted outcome rate under different
scenarios.28:29 For each outcome, we used the regression model results (Appendix Tables 3
& 4) to calculate and plot the predicted outcome probability over time for the entire cohort
in two scenarios: (1) a population where none experience an ECH and (2) a population
where all experience an ECH at 5.2 years, the median time to ECH in this cohort. We
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performed all analyses using SAS 9.4 (Cary, NC) and STATA (Version 16.1, College Station,
TX). We report all results with 95% confidence intervals. STROBE statement checklist can
be found in Appendix Table 5.

Cohort characteristics

Our cohort consisted of 6719 subjects with an average follow-up time of 8.3 years, resulting
in 55,767 person-years of observation. There were 736 (11%) participants hospitalized for
ECH between 1995 and 2016. Mean age was 77 years, and 59% were women (Table 1).
Eighty-one percent identified as White, 12% as Black, and 14% were proxy interviews.
Hypertension (65%) was the most common comorbid condition, followed by vascular
disease (37%) and heart disease (37%). One-third of participants had a history of falls,

and one-quarter used alcohol. At baseline, 15% reported needing assistance with at least one
ADL, 23% reported needing assistance with at least one IADL, and 4% lived in a nursing
home.

The overwhelming majority of diagnoses associated with participants’ hospital admissions
were related to upper and lower gastrointestinal bleeding (Table 2). Ninety-one percent

of ECH occurred at a gastrointestinal site, 5% occurred at a genitourinary site, and the
remaining 4% were classified as occurring at other sites. Median length of stay was 5 days
(IQR 3,7). One-hundred-sixty-four patients (21%) were admitted to the ICU. Thirty-two
percent underwent upper endoscopy, 13% underwent colonoscopy, and 17% underwent
both during hospitalization. Fifty-nine percent received a transfusion during admission.
Nearly three-quarters (71%) were discharged home, 16% were discharged to skilled-nursing
facilities, 4% died, and the remainder were discharged to other locations (e.g. acute care
facilities, long-term care hospitals, hospice).

Longitudinal functional outcomes after ECH hospitalization

Figure 1 depicts two predicted probability curves for ADL independence: one curve showing
a population where none experience an ECH (blue curve) and a second curve showing a
population where all experience an ECH at 5.2 years (red curve), the median time to ECH

in this cohort. These curves graphically represent three key findings based on the full model
results (Appendix Table 3) and described in detail in the following sections— (1) baseline
rate of function loss (blue curve throughout follow-up and red curve prior to 5.2 years),

(2) change in function associated with ECH (difference between blue and red curves at 5.2
years), and (3) change in baseline rate of function loss following ECH (difference between
red and blue curve slope after 5.2 years).

For ADLs, the baseline population likelihood of ADL independence declined by an average
of 3.1% per year (95% CI —-3.1% to —3.3%). Assuming hospitalization for ECH at 5.2 years,
ECH was associated with a drop in ADL independence from 68% to 53% (-15%, 95%

Cl -11% to —18%). Following ECH, the baseline rate of ADL disability did not change,
meaning that subjects returned to the same annual rate of loss of ADL independence.
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The baseline rate of IADL independence declined by an average of 3.4% per year (95% ClI
-3.3% to —3.5%) (Appendix Figure 2). IADL independence declined abruptly from 61% to
45% after hospitalization for ECH at 5.2 years (-15%, 95% CI —10% to —19%). After ECH,
the baseline rate of IADL disability did not change.

Finally, the baseline rate of independence from a long-term nursing home stay declined
by 1.9% per year (95% CI —1.6% to —2.1%) (Appendix Figure 3). Assuming an ECH at
5.2 years, the likelihood of no long-term nursing home stay decreased from 89% to 81%
(=7.8%, 95% CIl —4.6% to —9.4%). ECH did not affect the baseline rate of freedom from a
nursing home stay; that is, subjects returned to the same annual rate of having a long-term
nursing home stay.

Longitudinal mortality outcomes

Figure 2 depicts two population survival curves: one assuming no ECH hospitalizations
(blue curve) and the second assuming everyone had an ECH hospitalization at 5.2 years

(red curve), the median time to ECH in this cohort. This figure graphically represents three
key findings based on the full model results (Appendix Table 4)—(1) baseline mortality rate
(blue curve throughout follow-up and red curve prior to 5.2 years), (2) change in mortality
associated with ECH (difference between blue and red curve at 5.2 years), and (3) change in
baseline mortality rate following ECH (difference between red and blue curve slope after 5.2
years).

Absent ECH hospitalizations, the average annual decline in the predicted survival was
-4.3% per year (95% Cl —3.9% to —4.6%). With an ECH at 5.2 years, ECH hospitalization
was associated with a reduction in predicted survival from 78% to 74% (-4.0%, 95% CI
-2.1% to —5.3%). ECH was not associated with a change in the baseline mortality rate
following hospitalization.

Sensitivity analyses

We tested the robustness of our primary result with three sensitivity analyses. First, because
intercurrent hospitalizations unrelated to ECH in the two-year period between interviews
could affect disability trajectory, we adjusted for hospitalization for causes other than ECH
in our regression. Secondly, because overall illness trajectory following ECH hospitalization
could also affect disability trajectory, we adjusted for the time between ECH hospitalization
and subsequent HRS interview. We found that our primary result was consistent when

we controlled for these potential biases (full results in Appendix Table 6). Finally, we
examined how ECH-associated disability compares with disability from hospitalization

for other reasons; to do so, we used the same cohort to analyze the association between
hospitalization for any reason other than ECH with functional independence. Compared

to ECH, non-ECH hospitalization was associated with similar predicted likelihood of

ADL disability immediately after the event, but disability accelerated more after non-ECH
hospitalization.

J Hosp Med. Author manuscript; available in PMC 2023 April 01.
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Discussion

In this nationally representative cohort, we demonstrate that ECH was associated with
persistent, increased risk of death and disability. ECH confers a 4% excess mortality risk.
Survivors experience a substantial loss of independence that does not remit over time: 15%
increase in ADL disability, 15% increase in IADL disability, and 8% increase in long-term
nursing home stays. Compared to the baseline rate, this is akin to accelerating loss of ADL
independence by 4.0 years, IADL independence by 3.8 years, move to a nursing home by
3.4 years, and death by an additional year.

These results build on research of the outcomes following ECH. Our finding that ECH

is associated with a 4% increase in mortality corroborates the case fatality rates reported

in studies of gastrointestinal bleeding, the predominant form of ECH.#30-32 We found

that almost 1 in 10 bleeding hospitalizations was for a non-gastrointestinal bleeding

event. Although epistaxis and hematuria do not always require the same intensity of care
as gastrointestinal bleeding and are sometimes characterized as “nuisance bleeding,” we
demonstrate that hospitalization for these additional sites of extracranial bleeding can have
important long-term consequences. We expanded the current literature by showing that
ECH survivorship is associated with increased ADL and IADL dependence and prolonged
nursing home stays, all of which have profound implications for patients, caregivers and the
healthcare system.

The association of ECH with functional dependence, prolonged nursing home use, and
mortality has implications for the care of patients at-risk for ECH and those hospitalized
ECH. ECH seems to follow the well-established observation that hospitalization for

any reason is associated with disability in older adults.® Although ECH shares some
characteristics with other medical hospitalizations, these results provide an estimate of
ECH-specific disability that is important for shared decision-making. Furthermore, these
results demonstrate that, in absolute terms, ECH is associated with substantial disability on a
population level.

Prevention of the morbidity and mortality associated with ECH can occur at multiple

levels. Pre-hospitalization, recognition of the severity of ECH should prompt quality
improvement initiatives to address modifiable risk factors for bleeding like inappropriate
combination of antiplatelet and anticoagulant medications.33 Consideration should be given
to care pathways that divert low-risk patients with ECH to observation, novel hospital-
at-home models, non-invasive testing such as CT angiography, or expedited outpatient
management.34:35 In the hospital, evidence-based interventions to prevent hospital-acquired
disability, such as units dedicated to older patients, should be employed.3¢ These results can
also be used to guide expectations for recovery and independent community living following
ECH.

These results also inform the risk-benefit tradeoff of medications known to increase the risk
of hemorrhage. ECH is a common side-effect of widely used medications like anticoagulants
and antiplatelets and the most common reason for Emergency Department visits due to
medication harm in the U.S.37 Even low-dose direct acting anticoagulants increase the
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absolute risk of ECH by 1.5%/year in older adults with atrial fibrillation.38 Principally,

the findings counteract the perception that extracranial hemorrhages are reversible with
time-limited impact. While it is commonly appreciated that thromboses, such as stroke,
myocardial infarction, and venous thromboembolism, are major threats to independence,
these results demonstrate hospitalization for ECH, while seemingly transient, is associated
with substantial long-term disability and death. That hemorrhage may result in the same
outcomes we seek to avoid by using anticoagulants and antiplatelets should prompt efforts to
integrate hemorrhage into clinical decision-making vis-a-vis its effect on function. Further,
the study findings support measuring long-term functional outcomes in clinical trials in
addition to clinical events.

The study design and data have limitations that are important to consider when interpreting
the results. The biennial assessment period means that functional changes within that
interval might be missed. Nevertheless, because episodes of disability strongly predict
chronic impairment, the long-term trajectory presented is revealing.3° We used claims-
based definitions for bleeding that have been previously validated and have good positive
predictive value, but hospital records were not obtained to independently validate these
outcomes.?1:22 We evaluated only inpatient bleeding episodes and only those that were
documented as the primary reason for hospitalization; thus, our results only apply to a
subset of bleeding events significant enough to merit hospitalization yet not occurring in
the context of other illnesses. We were not able to determine whether bleeding events
occurred on anticoagulant or antiplatelet medications because Medicare Part D prescription
data are only available for 2006 onward. However, because medication-related bleeding
events are more severe and patients taking anticoagulant and antiplatelet medications often
have multimorbidity, we anticipate that bleeding hospitalizations due to medications would
have an even greater impact on survival and function.#%-41 Whether and how medications
affect ECH-related disability should be a focus of future studies. We accounted for patient
characteristics that are associated with ECH, death and disability, and sensitivity analyses
controlling for non-ECH hospitalization and time from ECH to HRS interview confirmed
out primary result. Nevertheless, we cannot exclude the possibility that unmeasured
confounders contribute to these declines rather than ECH. In addition, Medicare claims
data lack the granularity needed to examine hemorrhage severity, such as the degree of organ
dysfunction or acute interventions, that might produce differing long-term outcomes.

In summary, the results of our study show that hospital admission for ECH is associated with
increased mortality, loss of functional independence, and prolonged nursing home stays.
This should prompt better recognition and incorporation of the enduring harms of bleeding
into both patient care and research.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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=== Population with no ECHs === Population where all have an ECH at 5.2 yrs
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Figure 1. Longitudinal likelihood of ADL independence and association with extracranial
hemorrhage

L egend- ADL, activity of daily living; ECH, extracranial hemorrhage.

This graph is produced from the regression model results (Appendix Text 1, Appendix Table
3).The blue line represents the predicted likelihood of the outcome assuming no one has
an ECH, and the red line represents the predicted likelihood of the outcome assuming all
have an ECH at 5.2 years, the median time to ECH in the cohort. The blue line represents
the predicted loss of independence where there are no ECH admissions in the cohort (i.e.,
the baseline rate of function loss). The red line represents a scenario where everyone in

the population has an ECH: (1) the red line from 0 to 5.2 years represents the baseline

rate of function loss pre-ECH; (2) at 5.2 years, the difference between the blue and red
lines represents the change in function associated with ECH (3) after 5.2 years, the red line
describes the change in baseline rate of function loss post-ECH. Functional trajectory is
displayed through 12 years, the 75th percentile of follow up time.

The analysis is based on 6719 participants; we excluded 333 person waves (1.2%) with
missing ADL outcome data, 400 person-waves (1.5%) with missing IADL outcome data,
268 person-waves (0.98%) with missing nursing home outcome data.
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=== Population with no ECHs Population where all have an ECH at 5.2 yrs
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Figure 2. Longitudinal likelihood of mortality and association with extracranial hemorrhage
L egend ECH, extracranial hemorrhage.

This graph is produced from the regression model results (Appendix Text 2, Appendix Table
4).The blue line represents the predicted likelihood of the outcome assuming no one has

an ECH, and the red line represents the predicted likelihood of the outcome assuming all
have an ECH at 5.2 years, the median time to ECH in the cohort. The blue line represents
the predicted survival where there are no ECH admissions in the cohort (i.e., the baseline
mortality rate). The red line represents a scenario where everyone in the population has an
ECH: (1) the red line from 0 to 5.2 years represents the baseline survival rate pre-ECH; (2)
at 5.2 years, the difference between the blue and red lines represents the mortality associated
with ECH (3) after 5.2 years, the red line describes the change in baseline mortality rate
post-ECH. Survival trajectory is displayed through 12 years, the 75th percentile of follow up
time.

The analysis is based on 6719 participants; none were missing mortality data.

J Hosp Med. Author manuscript; available in PMC 2023 April 01.



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

Parks et al.

Baseline cohort characteristics

Sociodemographics
Age, years, median (IQR)
Women, (%)
Married or partnered, (%)
Lives alone, (%)
Greater than high school education, (%)
Race, (%)
White
Black
Other
Hispanic ethnicity, (%)
Proxy interview, (%) *
Medical comorbidities
Cancer (excluding minor skin cancer), n (%)
Heart disease, (%)

Hypertension, (%)

Vascular disease, (%) >
Anemia, (%)

Renal disease, (%)

Atrial fibrillation, (%)

Prior bleeding event, (%)
Alcohol use, (%)

Function and community dwelling
ADL disability, (%)

IADL disability, (%)
Nursing home residence, (%)
Use of walker, (%)

Falls, (%)

Cohort
(n=6719)

77 (74, 83)
3897 (58)
3493 (52)
2150 (32)
3964 (59)

5442 (81)
806 (12)
67 (1)
336 (5)

940 (14)

1142 (17)
2486 (37)
4300 (64)

2486 (37)
1008 (15)
269 (4)
538 (8)
47 (1)
1680 (25)

1008 (15)
1545 (23)

269 (4)
1411 (21)
2217 (33)

Abbreviations — IQR=interquartile range, ADL=activities of daily living, IADL=instrumental activities of daily living

Comorbidity definitions by Medicare claims and self-report of physician diagnosis can be found in Appendix Table 1
*
Proxy interview defined as next-of-kin interview when participants cannot answer questions because of physical or cognitive impairment

Ak
Vascular disease defined as acute myocardial infarction or ischemic heart disease
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Bleeding hospitalization characteristics

Table 2

Bleeding hospitalization characteristics ECH admission (n=763)

Site of bleeding, n (%)
Gastrointestinal

Genitourinary

Other ™
Procedures during admission, n (%)

Upper endoscopy

Colonoscopy

Both

Neither
Packed red blood cell transfusion, n (%)
Intensive Care Unit admission, n (%)
Length of stay, median (IQR)
Discharge location, n (%)

Home

Skilled nursing facility

Deceased

Others ™

696 (91)
39 (5)

28 (4)

246 (32)
98 (13)

126 (17)
293 (38)
450 (59)
164 (21)
5(3,7)

538 (71)
120 (16)
32 (4)

73 (10)

Abbreviations- RBC= red blood cell, ICU= intensive care unit, LOS= length of stay, IQR=interquartile range

*
Other bleeding sites include epistaxis (1%), hemoptysis, hemoperitoneum, hemopericardium, hemarthrosis, unspecific hemorrhage (<1%)

Hok

Other discharge locations include long-term care hospital, hospice, transfer to other acute care hospital
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