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Purpose: The purpose of this study was to compare health outcomes for patients receiving acute care in their homes through
a Hospital at Home (HaH) program to outcomes for inpatients in the traditional hospital setting.

Patients and Methods: We compared outcomes for patients in a HaH program at Virtua Health in 2022 (N = 271) to traditional
inpatients during the same year (N = 13,776) with the same diagnoses. We defined outcomes as recommendations for subacute
rehabilitation (SAR) upon discharge as this recommendation indicates the need for additional therapy based on a physician’s
assessment of the patient. Specifically, we searched notes in the electronic medical records for terms related to recommendation for
SAR using text mining algorithms and a natural language processing (NLP) model to confirm these recommendations. We then
compared the proportion of patients within each group that had a SAR recommendation, and controlled for differences in sample size,
age, and diagnosis using bootstrapping analyses.

Results: We observed that the proportion of patients in the HaH program that were recommended for SAR (0.148) was significantly
different from the proportion of patients who remained in the traditional hospital setting (0.363), with a reduced need for SAR for HaH
patients. We obtained qualitatively similar results when we controlled for sample size and diagnosis. Controlling for age yielded an
older control population, and the difference in the proportion of patients with SAR recommendations between the groups widened.
Conclusion: The reduced need for SAR for HaH patients in this study suggests that HaH programs are a promising alternative care
model. Future work may consider how health outcomes vary for patients with different diagnoses, clinical histories and demographics,
which may inform how HaH programs operate moving forward.
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Introduction

In the United States (US), inpatient care in the home, provided through a Hospital at Home (HaH) program, began at
Johns Hopkins Medical School in the mid-1990s in an effort to avoid the decline that many seniors experience when
receiving treatment within the hospital walls."> In the decades following, few US healthcare systems adopted or
expanded HaH programs.® The stalled growth of these programs during this period has been attributed to the lack of
a broad payment structure for them in the US.>* However, with the COVID-19 pandemic, the US witnessed a revived
interest in this alternative model of care.’ This renewed attention on HaH programs largely came about from a change in
federal healthcare insurance policy. In November 2020, the Centers for Medicare & Medicaid Services (CMS) —the
federal agency that administers major healthcare programs in the US—Ilaunched the Acute Hospital Care at Home
program to provide hospitals expanded flexibility to care for patients in their homes.® This unique waiver program was an
expansion of the CMS Hospitals Without Walls legislation in an effort to provide health systems with avenues to handle
the demand for care expected from COVID-19 surges.” This policy led to the first example of a broad payment system
for acute level of care at home in the US.® As of August 2023, 125 healthcare systems including 296 hospitals had been
approved by CMS for acute care at home,” with numbers projected to rise following the US Congress in December 2022
extending the waiver through December 2024.°
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The expansion of HaH programs across the US has raised concerns about patient safety and quality of care with these
services given the limited research available on these programs.'®'! So far, studies on HaH programs have demonstrated
significant improvements in quality of care including a reduction in total length of stay, reduction in 30 day readmissions, and

12,13

reductions in hospital infections and hospital induced delirium (but see).'*'” In addition, some work suggests that HaH

programs lower the total cost of care'*'®'? (but see)'® and greatly improve patient satisfaction.'>'>'%!® Providers in HaH
programs also report positive experiences, which in turn may have implications for patient care.?*'

In this study, we aimed to contribute to the body of evidence on health outcomes of patients receiving care through
a HaH program by comparing their outcomes to those of patients who received care within the hospital walls (control
group). We focused specifically on patients who received services through Virtua Health, a healthcare system in southern
New Jersey in the US. Virtua Health launched its HaH program in January 2022.*? Patients in Virtua Health’s HaH
program receive support at home from a well-integrated care team including physicians, nurses, and paramedics.*® Every
Virtua Health HaH patient receives a remote patient monitoring kit which includes a tablet for virtual care visits via video
as well as devices to measure oxygen saturation in the blood, body temperature, blood pressure, and glucose levels.?
Patients are monitored and supported by Virtua Health’s 24/7 command center staffed by registered nurses.>* In addition,
every patient receives two in-person nursing visits per day, a virtual physician visit from the attending hospitalists, and
additional virtual rounding sessions with the registered nurses at the command center.>

We hypothesized that patients in the HaH program may witness better health outcomes compared to the control group,
possibly due to increased mobility and comfort in the home. We chose to use recommendations for subacute rehabilita-
tion (SAR) as an indicator of health outcomes because it signals that a physician suggests additional care is needed.?*
Furthermore, recommendations for SAR can be tracked within the Virtua Health system (for example, it would be more
difficult to track readmissions if a patient was readmitted to a hospital outside of the Virtua Health system).

We observed a significant difference in the frequency of SAR recommendations between the HaH patients and the
control group, with relatively fewer SAR recommendations for HaH patients. These results support the idea that HaH
programs may lead to better outcomes than traditional hospital care for patients with certain diagnoses.

The positive outcomes observed for HaH patients in this study suggest that HaH programs are a promising alternative
way to deliver care, and the results highlight the need for further research to improve our understanding of patient safety

and quality of care with this model.

Materials and Methods

Study Framework

In this study, we compared outcomes for patients who participated in a HaH program to traditional inpatients with the
same Medicare Severity Diagnosis-Related Group codes (MS DRGs) who were not in the program through retrospective
chart review. Specifically, we compared the number of patients recommended for SAR prior to discharge in each group.
Here, SAR was defined as additional care below the acute level, including skilled nursing facilities.

Ethics approval was obtained from the Virtua Health Institutional Review Board (US Department of Health and
Human Services Federal Wide Assurance Identifier: FWA00002656; Marlton, NJ, USA) under study ID G23023. Virtua
Health Institutional Review Board (IRB) waived the requirement for consent because the research involved no more than
minimal risk to subjects, could not practically be carried out without the waiver, and the waiver will not adversely affect
the rights and welfare of the subjects. This requirement of consent was waived on the condition that, when appropriate,
the subjects will be provided with additional pertinent information about inclusion. Because the IRB waived the
requirement for consent, the IRB also waived required documentation of consent because the research presents no
more than minimal risk of harm to subjects and involves no procedures for which written consent is normally required
outside of the research context. We conducted this study in accordance with the Declaration of Helsinki, and maintained
the confidentiality and privacy of all study subjects. All patient information was treated as confidential and used solely
for research.
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Patient Population

We limited the population in this study to patients who received acute care through Virtua Health in 2022. We compared
patients in Virtua Health’s HaH program (N = 271) to inpatients who received care in the hospital (control, N = 13,776). The
control group was further limited to patients with an MS DRG that matched an MS DRG in the HaH patient group. Control
group patients received care at 5 different hospitals, including 66 departments. For the HaH group, there were 5 HaH
departments, each associated with one of the five hospitals, with virtual care provided through a single command center.

Data Collection

Patient data was recorded in an electronic medical record (EMR) using Epic (Epic, Epic Systems Corporation, Verona,
Wisconsin, USA). To collect data from EMRs, we first queried Epic for patients in the HaH program using SQL. We then
queried the database for EMRs for patients who did not participate in the program and with an MS DRG matching one of
the MS DRGs in the HaH group. The following variables were extracted from EMRs and saved for use in further
analysis: clinical note contents, MS DRG, age (years) at admission, gender, and insurance payor. Information from
clinical notes was extracted using natural language processing (NLP) and combined with tabular (structured) data for
further analysis (Figure 1).

NLP-Based Automatic SAR Recommendation Extractor

All analyses on the collected data were completed using Python (version 3.9). To identify whether a patient was
recommended for SAR, we mined the text in each clinical note using the regular expression (re) Python library. We
first standardized the text by replacing all characters that were not letters with a space. Then, we searched each clinical
note with a length of at least 5 characters for the keywords “SAR” or “subacute rehabilitation”. We also searched for
SAR recommendations by searching each note for “rec” (recommended) or “anticip” (anticipated). If a match was found
for both the SAR and recommendation keywords, we calculated the minimum distance between their starting indices in
the string. To account for negations (eg, SAR was not recommended), we implemented the Clinical Assertion/Negation
Classification BERT model with the use of the transformers library.”> This model takes text as input and classifies
whether medical conditions are present, absent, or possible. Specifically, we passed the text in the note between the

Tabular Data

Summarize
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Natural Language Processing Al Engine
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Figure | Flow diagram depicting the combination of clinical notes (unstructured data) and tabular (structured) data from electronic medical records (EMRs) used for
analysis in this study. Clinical notes for each patient were collected from the EMR. The free text in the notes was processed before each note was searched for keywords
(see Methods). In the final stage of language processing, a clinical BERT model was used to extract the sentiment in the note eg, identify if the note asserts a subacute
rehabilitation (SAR) recommendation or negates a SAR recommendation. This information was converted to structured data and combined with other structured data from
the patient for further analysis and interpretation.
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starting index for the first recommendation or SAR keyword through 5 characters past the starting index of the other
keyword. We marked each clinical note as a recommendation for SAR if a match in the note was found for both the
recommendation and SAR key terms, the minimum distance between those terms was 40 characters or fewer, and the
Clinical Assertion/Negation Classification BERT model indicated an assertion, or recommendation.

Statistical Analysis

The sample size in this study was determined by the number of patients who met the criteria named above (Patient
population). To estimate if our sample size was sufficient to detect differences in the rate of recommendations for SAR,
we conducted a power analysis. Federman et al reported that 10.4% of control group patients and only 1.7% of HaH
patients were admitted to skilled nursing facilities following discharge from acute care in their study. We used these
values to estimate the effect size for recommendations for SAR. We then used the stats.api submodule in the statsmodels
library in Python to compute the required sample size for each group to detect a difference in proportions given the
estimated effect size, a power of 0.80 and a= 0.05. This analysis indicated that each group should include 101 patients. In
other words, our sample size was likely sufficient for detecting differences between the groups with the above effect size
and parameters. To address the relatively large size of the control group (N = 13,776) and the imbalance in size between
the groups (approximately 1 HaH patient to 50 control patients), we employed bootstrapping to control for sample size.
We describe the procedure below following a description of our main analysis.

To compare outcomes for HaH patients and control group patients, we calculated the proportion of patients who were
recommended for SAR by counting the number of SAR recommendations and dividing by the total number of patients in
each group. We tested whether the proportion of patients recommended for SAR was significantly different between the
two groups using a two-tailed two proportion Z-test. Specifically, we calculated the test statistic,

(5 —s) ~0
JP-n(E+)

where p, pi, P2 is the proportion of patients recommended for SAR across both groups, the proportion recommended for

7 =

SAR in the control group, and the proportion recommended for SAR in the HaH group, respectively, and n; and n, are
the total number of patients in the control group and HaH group, respectively.

We addressed the imbalanced sample size between the groups using bootstrapping. Specifically, we created a new
HaH sample with size equal to the smaller of the two groups (N = 271) by sampling from the HaH patient group with
replacement using the sample function in the Pandas library in Python. We repeated this for the control group, sampling
with replacement to create a resample of equal size (N = 271). We computed the proportions of patients recommended for
SAR for each resample as well as the difference in proportions for that resample. We repeated this procedure 10,000
times, which resulted in a distribution of estimates on the proportion of HaH patients recommended for SAR, the
proportion of control patients recommended for SAR, and the difference in proportion of patients recommended for SAR.
We then calculated 95% confidence intervals (CIs) on these estimates by finding the values corresponding to the 0.025
and 0.975 quantiles of the resampled distributions. These 95% ClIs offered an estimate on the variability in these
measures. With the resampled distributions, we also compared how the observed values (original sample) compared to
this control analysis. To compare the sample size control to the observed values, we approximated the percentile of the
observed value in the resampled distribution using the quantile function in the Numpy Python library.

Recommendations for SAR may vary with patient age. We tested for a significant difference in age between the
groups using a two-sided two-sample #-test (a=0.05). To control for age between the groups, we performed
a bootstrapping analysis in which we created resamples for both HaH and control groups that approximated the age of
the HaH group. First, we assigned a bin to each patient based on their age, where each bin covered approximately a 10-
year range. We then calculated the number of HaH patients in each age bin, and limited the bins used for bootstrapping to
those that included at least 10 patients. This resulted in the following bins: [60, 70), [70, 80), [80, 90), [90, 100). These
bins included 38, 97, 91, and 33 patients, respectively. We then performed a bootstrapping procedure similar to the
sample size control analysis. In this case, when we created new resampled HaH groups, we sampled with replacement

2226 e Risk Management and Healthcare Policy 2023:16

Dove!


https://www.dovepress.com
https://www.dovepress.com

Dove Yadav et al

from each age bin with N equal to the number of HaH patients in each of those age bins. When we created resampled
control groups, we again sampled with replacement from each age bin with N equal to the number of HaH patient in that
age bin. In other words, the resampled groups were matched for size and approximately matched for age. As above, we
calculated the proportion of patients recommended for SAR in each group as well as the difference in proportions for
10,000 iterations. To verify that the resamples were matched for age, we also saved the 0.25, 0.50, and 0.75 quartiles of
the age of the patients in each resample on every iteration. From these distributions, we calculated 95% CIs on the
estimates. We then compared the observed proportions from the original groups to the 95% Cls in this age-matched
control.

Differences in recommendations for SAR may also depend on the patient’s primary diagnosis. If certain diagnoses are
unevenly distributed within groups or imbalanced across groups, the main effect could be influenced by these differences
in diagnoses. To investigate the distribution of diagnoses within and between groups, we calculated the proportion of
patients with each MS DRG (Figure 2). We next considered how recommendations for SAR vary by MS DRG by
comparing the number and proportion of patients recommended for SAR for every MS DRG for which there were at least
10 patients. We then identified the MS DRGs with the greatest and smallest differences in the proportion of recommen-
dations for SAR. To address an uneven distribution of diagnoses within and between groups, we employed bootstrapping.
We repeated a procedure very similar to the age-matched control except here we sampled 10 patients with replacement
from each MS DRG bin. We then computed 95% CIs on the resampled distribution, and evaluated if there was
a significant difference in recommendations for SAR between the groups when these MS DRGs were evenly represented.

Results

We aimed to determine if health outcomes for patients receiving acute care in Virtua Health’s HaH program were
different from patients in a control group, who received the same level of care in a Virtua Health hospital. Towards this
goal, we extracted EMRs from patients who participated in this HaH program in 2022 (N = 271; 114 male, 157 female;
age (years), mean: 78.004, std: 10.2). We found that there were 41 distinct diagnoses in this group based on the final MS
DRG code for that stay (Figure 2). We limited the control group to patients in the hospital in 2022 who had an MS DRG
that matched one of those 41 diagnoses in the HaH group (N = 13,776; 6313 male, 7463 female; age (years), mean: 66.1,

HEART FAILURE AND SHOCK WITH MCC
RESPIRATORY INFECTIONS AND INFLAMMATIONS WITH MCC
KIDNEY AND URINARY TRACT INFECTIONS WITHOUT MCC

SIMPLE PNEUMONIA AND PLEURISY WITH CC
CHRONIC OBSTRUCTIVE PULMONARY DISEASE WITH MCC
CELLULITIS WITHOUT MCC
CHRONIC OBSTRUCTIVE PULMONARY DISEASE WITH CC
RESPIRATORY INFECTIONS AND INFLAMMATIONS WITH CC
BRONCHITIS AND ASTHMA WITH CC/MCC 1
SIMPLE PNEUMONIA AND PLEURISY WITH MCC
SEPTICEMIA OR SEVERE SEPSIS WITHOUT MV >96 HOURS WITH MCC
SEPTICEMIA OR SEVERE SEPSIS WITHOUT MV >96 HOURS WITHOUT MCC
KIDNEY AND URINARY TRACT INFECTIONS WITH MCC
OTHER KIDNEY AND URINARY TRACT DIAGNOSES WITH CC
BRONCHITIS AND ASTHMA WITHOUT CC/MCC
CELLULITIS WITH MCC
CHRONIC OBSTRUCTIVE PULMONARY DISEASE WITHOUT CC/MCC
OTHER KIDNEY AND URINARY TRACT DIAGNOSES WITH MCC
MISCELLANEOUS DISORDERS OF NUTRITION, METABOLISM, FLUIDS AND ELECTROLYTES WITHOUT MCC
INTERSTITIAL LUNG DISEASE WITH MCC
OTHER MUSCULOSKELETAL SYSTEM AND CONNECTIVE TISSUE DIAGNOSES WITH CC
SIMPLE PNEUMONIA AND PLEURISY WITHOUT CC/MCC
KIDNEY AND URETER PROCEDURES FOR NON-NEOPLASM WITH CC
GASTROINTESTINAL OBSTRUCTION WITH MCC
INFECTIOUS AND PARASITIC DISEASES WITH O.R. PROCEDURES WITH CC
MAJOR GASTROINTESTINAL DISORDERS AND PERITONEAL INFECTIONS WITH CC
PULMONARY EDEMA AND RESPIRATORY FAILURE

MS DRG

MALIGNANT BREAST DISORDERS WITHOUT CC/MCC

MAJOR HIP AND KNEE JOINT REPLACEMENT OR REATTACHMENT OF LOWER EXTREMITY WITH MCC OR TOTAL ANKLE REPLACEMENT
RESPIRATORY SIGNS AND SYMPTOMS

PATHOLOGICAL FRACTURES AND MUSCULOSKELETAL AND CONNECTIVE TISSUE MALIGNANCY WITH CC
HEART FAILURE AND SHOCK WITH CC

KIDNEY AND URETER PROCEDURES FOR NON-NEOPLASM WITH MCC

RESPIRATORY INFECTIONS AND INFLAMMATIONS WITHOUT CC/MCC

OTHER RESPIRATORY SYSTEM DIAGNOSES WITHOUT MCC

SIGNS AND SYMPTOMS WITHOUT MCC

POISONING AND TOXIC EFFECTS OF DRUGS WITHOUT MCC
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FEVER AND INFLAMMATORY CONDITIONS
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Figure 2 Proportion of patients within the Hospital at Home (HaH, dark gray) and control (light gray) groups with each Medicare Severity Diagnosis-Related Group code
(MS DRG). Most MS DRG codes include an indication of whether the diagnosis is with or without a complication or comorbidity (CC) or major complications or
comorbidities (MCC). O.R. indicates operating room; C.D.E. indicates common bile duct exploration.
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Table I Number (Count) and Proportion of Patients Insured by
Medicare, Managed Medicare, or Another Payor for the control Group
and HaH Group

Insurance Count Proportion
control HaH control HaH
Medicare 5362 175 0.482 0.646
Managed Medicare | 3319 87 0.298 0.321
Other 2444 9 0.22 0.033

std: 22.7). For both groups, most patients were insured by Medicare, while some were insured by Managed Medicare or
another insurance payor (Table 1).

We first considered recommendations for SAR in clinical notes as this indicates that a physician suggests that the
patient requires further care following discharge from acute care. After categorizing each clinical note as including or

1,19 we calculated the

excluding a recommendation for SAR with text mining and a machine learning classification mode
proportion of patients in each group for which a SAR recommendation was mentioned (see Methods). For the control
group, 4,999 of 13,776 patients (proportion: 0.363) were recommended for SAR. In contrast, only 40 of the 271 HaH
patients (proportion: 0.148) were recommended for SAR. This difference in the proportion of patients recommended for
SAR across the two groups (Aproportion = 0.215) was significantly different (Figure 3; two-tailed two proportion Z-test,
Z =732, p=2.53 x 10™"%), with relatively far fewer HaH patients recommended for SAR.

The imbalance in sample size between the HaH and control groups in this study was large (approximately 1 HaH
patient for every 50 control group patients). To address this imbalance, we employed bootstrapping (see Methods), so that
we could both match the sample size across the groups and estimate the variability in the proportion measure. We created

new bootstrapped samples for each group (N=271, respectively) by resampling patient data with replacement, and

- recommended for SAR

0.8

o
[o)]
1

proportion

o
H
1

0.2

0.0 T
Hospital at Home

control

Figure 3 Proportion of patients in the HaH program that were recommended for SAR (0.148; N = 40 of 271) was significantly different from that of the control group
(0.363; N = 4,999 of 13,776), with relatively fewer HaH patients recommended for SAR (*** indicates p < 0.001, Z = 7.32, two-tailed two proportion Z-test).
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calculated the measures above—proportion of patients recommended for SAR in each group and their difference. After
repeating this procedure 10,000 times, we found that the observed proportion of HaH patients recommended for SAR
(0.148) fell near the 50.27th percentile of the resampled distribution (Figure 4). Accordingly, given an approximately
normal distribution, the observed proportion of patients recommended for SAR was nearly centered on the 95% CI of the
resampled distribution (95% CI: 0.107-0.192, center of interval: 0.149). Similarly, for the control group, we found that

sample size control

HaH
1500 -

1000 A

500 A

0.10 0.15 0.20 0.25 0.30 0.35 0.40 0.45
proportion recommended for SAR

control
1500 A

1000 A

500 A

0.10 0.15 0.20 0.25 0.30 0.35 0.40 0.45
proportion recommended for SAR

control - HaH
1500 -

1000 A

500 A

N resamples

0.10 0.15 0.20 0.25 0.30 0.35 0.40 0.45
A proportion recommended for SAR

Figure 4 Sample size-matched control bootstrapping analysis. Top: Distribution of the proportion of patients recommended for SAR for 10,000 bootstrapped samples in
which 271 patients were sampled with replacement from the HaH group. Black, vertical dashed line marks the observed proportion of HaH patients (original group)
recommended for SAR (0.148). Middle: Same as top but for the control group. Each resample consisted of 27| patients. The vertical dashed line indicates the observed
proportion of control patients recommended for SAR (0.363). Bottom: The difference in proportion of patients recommended for SAR (proportion of patients in control
resample recommended for SAR — proportion of patients in HaH resample recommended for SAR) on each of the 10,000 bootstrap iterations. The observed difference in
proportions (control — HaH, 0.215) is marked by the dashed, vertical gray line.
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the observed proportion of SAR recommendations (0.363) was near the 50.14th percentile of the resampled distribution,
and this observed value was centered on the 95% CI of the resampled distribution (95% CI: 0.306-0.421, center: 0.363).
In line with the estimates on recommendations for each group, the 95% CI for the difference in recommendations
between the groups was 0.144-0.284, with the observed difference in proportions (0.215) falling near the 50.73rd
percentile of the resampled distribution. Taken together, even when matching sample size, there were more recommen-
dations for SAR in the control group than in the HaH group.

age control

HaH
I
2000 A :
1
1
1
1000 1 :
1
1
1
1
0 ] . Ll Ll Ll Ll Ll
0.1 0.2 0.3 0.4 0.5 0.6
proportion recommended for SAR
control
|
2000 A :
1
1
1
1000 - :
1
1
1
1
o T T T l T
0.1 0.2 0.3 0.4 0.5 0.6

proportion recommended for SAR

control - HaH

I

2000 1 :

0 :
2 |
=3 |
£ |
S 1000 - |
QL) |
= :
|

O 1 1 l T T
0.1 0.2 0.3 0.4 0.5 0.6

A proportion recommended for SAR

Figure 5 Age-matched control bootstrapping analysis. Top: Distribution of the proportion of patients recommended for SAR for 10,000 bootstrapped samples, in which 271
patients were sampled stratifying for age (see Methods). Black, vertical dashed line marks the observed proportion of HaH patients (original group) recommended for SAR
(0.148). Middle: Same as top but for the control group. Each of the 10,000 resamples consisted of 271 patients, and sampling was stratified for age based on the age of
patients in the HaH group. The vertical dashed line indicates the observed proportion of control patients recommended for SAR (0.363). Bottom: The difference in
proportion of patients recommended for SAR (proportion of patients in control resample recommended for SAR — proportion of patients in HaH resample recommended
for SAR) on each of the 10,000 age-matched bootstrap iterations. The observed difference in proportions (control — HaH, 0.215) is marked by the dashed, vertical gray line.
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We next considered the possibility that this difference in recommendations for SAR may be due to an age difference between
the groups. Indeed, the age of the HaH group was significantly different from the control group (two-tailed two sample #-test, t =
8.60, p = 8.48x10'®), with the former older than the latter. We reassessed the comparison of recommendations for SAR by
employing bootstrapping, similar to our sample size control. However, in this case, we created resamples that approximated the
age of the HaH group by resampling patients within approximately 10-year wide bins (see Methods). We verified that the age of
the control and HaH resamples was approximately the same (95% CI 25th percentile, control: 72—73.5 years, HaH: 72-73.5
years; 95% CI 50th percentile, control: 78—79 years, HaH: 78-79 years; 95% CI 75th percentile, control: 85-87 years, HaH: 84—
86 years). With this age-matched control analysis, the control resamples were older than the original group (median: 71 years).
The 95% ClIs for the proportion of patients recommended for SAR was 0.100-0.185 and 0.436-0.552 for HaH group and control
group, respectively (Figure 5). In other words, with a relatively older control group, the proportion of recommendations was
higher than the proportion of recommendations in the original control group. The estimates for the HaH group, on which the
resampling was based, were very similar to the observed proportion of recommendations. Taken together, the difference in
proportion of recommendations for SAR between the HaH and control groups widened with the age-matched control (95% CI:
0.278-0.425), again with fewer SAR recommendations for the HaH group.

Our analyses thus far were based on 41 distinct MS DRGs. We next considered if differences in recommendations for
SAR depended on diagnosis (using MS DRG) for those MS DRGs for which there were at least 10 patients in each group
(Table 2). With this criterion, the top 10 most common MS DRGs were included, and for all of those 10 MS DRGs the
proportion of patients recommended for SAR was higher in the control group than in the HaH group. We observed some
variability in this difference across diagnoses, with the largest difference for those patients with respiratory infections and
inflammations with complication or comorbidity (CC) and simple pneumonia and pleurisy with major complications or
comorbidities (MCC) (Table 2). The MS DRGs with the smallest difference in recommendations for SAR were
bronchitis and asthma with CC/MCC and cellulitis without MCC. Given that the proportion of patients within each
MS DRG varied somewhat between the groups (Figure 2) and that there appeared to be some variability in recommenda-
tions for SAR (Table 2), we ran a control analysis to test whether the main effect—fewer recommendations for SAR for

Table 2 Number of Patients Recommended and Not Recommended for SAR by MS DRG for the HaH Group and control Group. The
Proportion of Patients Recommended for SAR in Each Group and Their Difference (control Proportion — HaH Proportion) is Also
Shown. Only MS DRGs for Which There are at Least |0 Patients with That MS DRG are Shown

MS DRG N control N HaH Proportion control-HaH
Recommendation Recommendation Recommended for
for SAR for SAR SAR
No Yes No Yes control HaH

Respiratory infections and inflammations with CC 378 246 12 0 0.394 0 0.394
Simple pneumonia and pleurisy with MCC 250 221 9 | 0.469 0.1 0.369
Respiratory infections and inflammations with MCC | 613 592 24 6 0.491 0.2 0.291
Heart failure and shock with MCC 633 582 25 7 0.479 0.219 0.26
Chronic obstructive pulmonary disease with MCC 251 140 17 3 0.358 0.15 0.208
Simple pneumonia and pleurisy with cc 368 123 22 2 0.251 0.083 0.168
Kidney and urinary tract infections without MCC 523 308 21 6 0.371 0.222 0.149
Chronic obstructive pulmonary disease with CC 181 6l 14 2 0.252 0.125 0.127
Bronchitis and asthma with CC/MCC 395 53 12 0 0.118 0 0.118
Cellulitis without MCC 723 190 17 2 0.208 0.105 0.103

Abbreviations: CC, complication or comorbidity; Cls, confidence intervals; CMS, Centers for Medicare & Medicaid Services; EMR, electronic medical record; HaH, Hospital at
Home; MCC, major complications or comorbidities; MS DRG, Medicare Severity Diagnosis-Related Group; NLP, natural language processing; SAR, subacute rehabilitation.
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HaH patients—still held when matching the number of patients with each MS DRG. We again employed bootstrapping in
a similar way for the age control analysis above (see Methods), and created resamples in which each MS DRG was
uniformly represented in both groups. This resulted in non-overlapping 95% Cls for the control and HaH groups (control,
95% CI: 0.298-0.380; HaH, 95% CI: 0.115-0.156; Figure 6). In other words, there does not appear to be a subset of MS
DRGs that drives the reduction in need for SAR for HaH patients in this study.

MS DRG control
HaH

1500 A
1000 A

500 A

0.10 0.15 0.20 0.25 0.30 0.35 0.40
proportion recommended for SAR

control

1500 A
1000 A

500 A

0.10 0.15 0.20 0.25 0.30 0.35 0.40
proportion recommended for SAR

control - HaH

— —
o wm
o o
o o

1 1

N resamples

500 A

0.10 0.15 0.20 0.25 0.30 0.35 0.40
A proportion recommended for SAR

Figure 6 MS DRG bootstrapping analysis. Top: Distribution of the proportion of patients recommended for SAR for 10,000 bootstrapped samples. On each bootstrap iteration,
for each MS DRG that included at least 10 patients, 10 patients were sampled with replacement from the HaH group (see Methods). In effect, the representation of each MS DRG
was uniform in each resample Black, vertical dashed line marks the observed proportion of HaH patients (original group) recommended for SAR (0.148). Middle: Same as top but for
the control group. The vertical dashed line indicates the observed proportion of control patients recommended for SAR (0.363). Bottom: The difference in proportion of patients
recommended for SAR (proportion of patients in control resample recommended for SAR — proportion of patients in HaH resample recommended for SAR) on each of the 10,000
bootstrap iterations. The observed difference in proportions (control — HaH, 0.215) is marked by the dashed, vertical gray line.
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Discussion
In this study, 36.3% of patients in the traditional hospital setting were recommended for SAR while only 14.8% of patients in
a HaH program received this recommendation. This main finding—fewer recommendations for SAR in the HaH group than in
the control group—held when we controlled for differences in sample size, age, and diagnosis (MS DRGs).

We compared recommendations for SAR between the groups because this metric indicates the need for additional therapy
upon discharge based on a physician’s assessment of the patient. This physical assessment is made prior to the patient’s
discharge from acute care. Several studies investigating outcomes for HaH patients used readmission rates between 3 and 12

14:13.26 45 a point of comparison, which offers a longer-term view of the patient than the metric we used

months from discharge
in this study. Future work may consider the implications of acute care at home on short and long time scales.

SAR is often recommended for patients following acute care when the patient requires physical therapy before
returning home.?* One possibility is that HaH patients ambulate more than patients in the traditional hospital setting,
contributing to the reduced need for SAR for HaH patients. Indeed, older patients in the hospital have lower activity
levels and more severe comorbidities.”” However, a direct comparison of activity levels for HaH and traditional patients
has yet to be systematically investigated.”® A second possible reason for the reduced need for SAR for HaH patients is
lower rates of delirium. Prior work has shown lower rates of delirium in elderly patients treated at home compared to
those in the hospital.” Lastly, greater patient satisfaction with the comfort and convenience of care at home compared to
in the hospital could possibly contribute to the reduced need for additional care.*®

The decreased need for SAR in HaH patients in this study was based on a patient population with various diagnoses—
41 distinct MS DRGs. Here, we were limited in our ability to investigate how recommendations for SAR may vary by
diagnosis because of the size of the HaH patient group.

In the HaH group, there were 31 MS DRGs for which there were fewer than 10 patients. Future work may more
closely consider how outcomes for HaH patients vary for the most common diagnoses of patients admitted to HaH
programs.®! Furthermore, differences in outcomes between HaH patients and traditional inpatients may depend on patient
age. One possibility is that the gap in outcomes is even greater among older patients than among younger patients. The
results from this study hint at this possibility, as the age-matched analysis was based on an older control group than the
original control and the difference in SAR recommendations was even greater than the original comparison (Figure 5).
Given the sample size of the HaH patient group, we were unable to consider this possibility on a finer scale.

Conclusion

We observed that patients in Virtua Health’s HaH program were recommended for SAR (14.8%) at less than half of the
rate of inpatients in the traditional brick-and-mortar hospital (36.3%). We were limited in our ability to systematically
investigate how the reduced need for SAR varied by patient age and diagnosis given the sample of the HaH patient
group, though results hinted at some variability with these factors considered. Future work may investigate how health
outcomes for HaH patients vary with demographic and clinical factors, as well as the reasons that HaH patient outcomes
may differ from traditional inpatients. The positive outcomes observed for HaH patients in this study suggest that acute
care in the home may be a promising alternative for patients with certain diagnoses. Future research on health outcomes
for HaH patients could not only enhance our understanding of this alternative care model but also provide insights into
how best to implement this approach in practice.
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