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Abstract

BACKGROUND

Perioperative surgical home (PSH) is a novel patient-centric surgical system developed
by American Society of Anesthesiologist to improve outcomes and patient satisfaction.
PSH has proven success in large urban health centers by reducing surgery cancellation,
operating room time, length of stay (LOS), and readmission rates. Yet, only limited

studies have assessed the impact of PSH on surgical outcomes in rural areas.

AIM
Evaluate the newly implemented PSH system at a community hospital by comparing

the surgical outcomes using a longitudinal case-control study.

METHODS

The research study was conducted at an 83-bed, licensed level-IIl trauma rural
community hospital. A total of 3096 TJR procedures were collected retrospectively
between January 2016 and December 2021 and were categorized as PSH and non-PSH
cohorts (n = 2305). To evaluate the importance of PSH in the rural surgical system, a

case-control study was performed to compare TJR surgical outcomes (LOS, discharge
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disposition, and 90-d readmission) of the PSH cohort against two control cohorts
[Control-1 PSH (C1-PSH) (n = 1413) and Control-2 PSH (C2-PSH) (n = 892)]. Statistical
tests including Chi-square test or Fischer’s exact test were performed for categorical
variables and Mann-Whitney test or Student’s t-test were performed for continuous
variables. The general linear models (Poisson regression and binomial logistic

regression) were performed to fit adjusted models.

RESULTS

The LOS was significantly shorter in PSH cohort compared to two control cohorts
(median PSH = 34 h, C1-PSH = 53 h, C2-PSH = 35 h) (P-value < 0.05). Similarly, the PSH
cohort had lower percentages of discharges to other facilities (PSH = 3.5%, C1-PSH =
15.5%, C2-PSH = 6.7%) (P-value < 0.05). There was no statistical difference observed in
90-d readmission between control and PSH cohorts. However, the PSH implementation
reduced the 90-d readmission percentage (PSH = 4.7%, C1-PSH = 6.1%, C2-PSH = 3.6%)
lower than the national average 30-d readmission percentage which is 5.5%. The PSH
system was effectively established at the rural community hospital with the help of
team-based coordinated multi-disciplinary clinicians or physician co-management. The
elements of PSH including preoperative assessment, patient education and
optimization, and longitudinal digital engagement were vital for improving the TJR

surgical outcomes at the community hospital.

CONCLUSION
Implementation of the PSH system in a rural community hospital reduced LOS,

increased direct-to-home discharge, and reduced 90-d readmission percentages.

Key Words: Perioperative surgical home; Rural medicine; Case-control study; Total

joint replacements; Health equity
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Core Tip: The study evaluated the newly implemented perioperative surgical home
(PSH) at a rural community hospital using a case-control design. With limited
supporting microsystems, team-based physician co-management was vital to establish
the PSH system and following protocols including preoperative assessment, patient
education, and longitudinal digital engagement. The surgical outcomes - length of stay,
discharge disposition, and 90-d readmission - were compared between the PSH cohort
and the control cohorts. The results from this study highlighted the effectiveness of PSH
in improving total joint replacement surgical outcomes, especially for high-risk patients

who are older and have one or more medical complications.

INTRODUCTION

The demand for orthopedic surgeries including total joint replacement (TJR), which are
primarily performed on hips, knees, and shoulders, are drastically increasing each
yearlll. Yet, delivering quality surgical care to large volumes of TJR patients is a
challenge to many hospitals, specifically those hospitals located in rural areasl23. Rural
and frontier health systems have siloed perioperative care that is spread across many
disciplines and institutions, which contributes to inadequate communication, high cost,
poor care continuity, and preventable complicationsl4l. On average, TJR patients are 65
years or older, and have one or more health conditions (e.g., comorbidities). Due to
generally higher risk of surgery in these populations, there is a 1% to 50% chance of
adverse events in TJR surgeries including major cardiac incidents, healthcare-acquired
conditions, extended length of stay (LOS), readmission to inpatient facilities, improper

To improve surgical outcomes and patient experience, the perioperative surgical

pain management, and side effects[41.

home (PSH) model of care ywas created by the leaders within American Society of

Anesthesiologists (ASA)®7l. Compared to a traditional surgical system, the PSH is a
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coordinated interdisciplinary team providing all surgical care to patients from the
preoperative phase (30 d before surgery) to recovery phase (90 d after surgery) (Figure
1)(7-11],

The components of PSH also included patient-centered coordination programs and
enhanced recovery after surgery(!213l. The implementation of PSH in larger healthcare
systems and academic medical institutions has shown promising results in surgical
outcomes, especially in orthopedic proceduresl®l. For example, Qiu et allll and Alvis et
alll observed that the PSH cohort had a day shorter LOS than the control cohort when
examining hip and knee procedures. Kim et all’®l analyzed 1194 TJR procedures and
found that the PSH cohort had higher discharges to home by 8.1% compared to the non-
PSH cohort. The authors also noticed the surgical cost in the non-PSH cohort was 14.9%
greater cost than the PSH cohort. Yajnik et all'’l retrospectively analyzed 40 knee
procedures and demonstrated that the PSH cohort experienced optimized post-surgical
pain management with less consumption of opioids than the non-PSH cohort. Likewise,
past researchers found that PSH contributed to improved surgical outcomes including,
lower readmission rates, faster postoperative recovery, improved operational efficiency,
and higher patient satisfaction('>18-21],

Despite these successes, some researchers found no change in surgical outcomes with
PSH in similar size urban health centers. For example, Vetter ef all22l and Powell et all®]
found no significant difference in LOS after implementing PSH for orthopedic
surgeries. Qui ef al'¥l and Vetter et all?2 found no difference in readmission rates using
the PSH system. In terms of surgery cost, Leahy et all?!l found there was no significant
reduction for pediatric patients. These examples exhibit that there is no standard PSH
program to achieve a standardized surgical outcomel’l. These PSH studies were
performed in urban healthcare systems and academic-affiliated medical centers. To
authors” knowledge only our pilot study has explored PSH systems in rural or frontier
healthcare service arealtl. This current study addresses this gap by assessing TJR
outcomes at a rural hospital with a newly implemented PSH system using a case-

control study design.
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Surgical care inequality is greater within rural community hospitals due to limited
resources, socioeconomic differences, and poor access to healthcare(?>27]. Compared to
urban hospitals, rural surgical outcomes have higher odds of in-hospital mortality and
higher hospitalization cost/28l. One of the reasons for this is many rural patients are
uninsured, older, and have one or more medical complications!2%3. Rural hospitals in
the United States can often be overwhelmed by the growing demand for TJR surgeries
and factors such as poor coordination among clinicians, lack of patient education, poor
patient care transitions, limited patient engagement (pre-operative and post-operative),
and inconsistent/non-standardized care delivery affect rural orthopedic surgical care
negativelyl’5l.

A newly implemented PSH at a community hospital in rural Montana was created to
address the factors mentioned above, which have plagued the rural orthopedic surgery
system. With limited resources and supporting microsystems, the PSH was successfully
initiated with the help of strong team-based coordination amongst clinicians. The PSH
multi-disciplinary team consisted of the patient’s selected surgeon, anesthesiologist,
hospitalist, physician assistant, registered nurse, and the patient’s primary care
manager. This collaboration focused on improving surgical care and enhancing patient
engagement perioperatively. Effective communication between clinicians was
established for communal decision-making for patient-centric - “physician co-
management” 311,

This research study’s primary objective was to evaluate the newly implemented PSH
system at a local rural, community hospital by comparing TJR surgical outcomes using
a longitudinal case-control study design. Based on our preliminary studyP?, it was
hypothesized that the implementation of the PSH in the rural community hospital
would positively impact patients’ TJR outcomes (i.e., shorter LOS, reduced
readmissions, and increased rate of home discharge) across three distinct cohorts for the

case-control design.

MATERIALS AND METHODS
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The PSH clinic affiliated with the local community hospital began seeing T]R patients in
November 2018. The hospital was an 83-bed, licensed level-III trauma center primarily
serving three counties. However, based on initial analyses, the hospital was serving
patients from more than 10 surrounding counties covering 9000 square miles and
approximately 136000 residents. The research team (health systems engineers and
clinicians) retrospectively collected and analyzed all TJR data from January 2016 to
December 2021. The observational timeframes were reviewed, and three distinct cohorts

were determined for the case-control study design.

Data collection and pre-processing

Data were extracted from the electronic medical record for a total of 6685 orthopedic
procedures that were performed on knees, hips, and shoulders between January 2016
and December 2021 (Figure 2). Six hundred and forty-eight (n = 648) procedures were
included that had CPT codes - 27447 (total knee), 27130 (total hip), and 23472 (total
shoulder). The remaining 6037 did not have CPT codes and were filtered for TJR
procedures by searching for keywords ‘arthroplasty’, “total’, “THA" (i.e., Total Hip
Arthroplasty), “TKA” (i.e., Total Knee Arthroplasty), and “TSA’ (i.e., Total Shoulder
Arthroplasty). During this filtering process, a total of 3420 procedures were excluded
because they were identified as non-TJR procedures, (e.g., arthroscopic procedures,
reductions, nailing hip). A total of 82 TJR procedures were also excluded from the
analysis because they were either duplicate records (n = 1) or missing key outcomes and
demographic values (n = 81) of the patients.

A total of 3183 TJR procedures were considered for the analysis and were categorized
into: the PSH cohort (case) and non-PSH cohort (control). The PSH pathway begins with
visiting PSH clinic for preoperative assessment. Most patients visited the PSH clinic
between 30 to 60 d before surgery for their preoperative assessment. Very few
medically complicated patients needed more time for optimization and postponed their
surgery 6-9 mo (not more than a year) after their preoperative assessment. Therefore,

the inclusion criteria for the PSH cohort (n = 791) included if the patient visited the PSH
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clinic for optimization between 1 and 364 d before surgery. Those patients who visited
the PSH clinic but failed to meet the inclusion criteria (i.e., visited the PSH clinic a year
before their surgery or after their surgery), were excluded from the analysis (n = 87).
The inclusion criteria for the non-PSH cohort included the patients who did not visit the
PSH clinic during their surgical process at all. The non-PSH cohort was further
subcategorized based on the timeframes: Control-1 PSH (C1-PSH) cohort (before PSH
implementation between January 2016 and October 2018, n = 1413) and Control-2 PSH
(C2-PSH) cohort (after PSH implementation between November 2018 and December
2021, n = 892).

The study utilized two control cohorts to evaluate the importance of the PSH system
in two timeframes - before and after PSH implementation. In the first evaluation, the
PSH cohort was compared with C1-PSH cohort. In the second evaluation, the PSH
cohort was compared with C2-PSH cohort. The baseline characteristics were compared
with variables including patient age, gender, body mass index (BMI), ASA score (Class
1, 2, 3, or 4), procedure type (THA, TKA, and TSA) and insurance type (private or
public payer). These variables were included in the baseline characteristics and in the
analysis, as they were found to be potential confounders at PSH implemented hospitals

with the surgical outcomes LOS, discharge disposition, and 90-d readmissionl!416243334],

Statistical analysis

Either the Fischer’s exact test or Chi-square test for association were used to compare
the categorical variables between non-PSH and PSH cohorts. The continuous variables
between two cohorts were analyzed using the Mann-Whitney test or Student’s ¢ test, as
appropriate. The LOS was found to be right skewed and was not normally distributed
using the Shapiro-Wilk test (P value < 0.01). Therefore, a Poisson regression was
performed to fit an adjusted modell143]. For dichotomous variables, i.e., discharge
disposition and 90-d readmission, the binomial logistic regression was used to fit an
adjusted model. All data handling, visualization, and statistical analyses were

performed using R (V4.0.3, Vienna, Austria). The statistical analyses were performed

7/21




with an alpha (a) value of 0.05. All data were encrypted and were accessed only by the

authors and clinicians working at the hospital.

RESULTS

Evaluation 1: Comparison of C1-PSH cohort and PSH cohort

There were no significant differences observed in the baseline characteristics for the
variables gender, BMI, and procedure type (P value > 0.05) (Table 1). However, a
difference was observed between cohorts for the variables age, ASA class, and
insurance type (P value < 0.05). On average, patients in the PSH cohort were two years
older than in the C1-PSH cohort. The PSH cohort also included more medically complex
patients with a higher proportion of ASA class 3 (42%) compared to the C1-PSH cohort
(36%). For insurance, there were more public insurance payers in the PSH cohort (82%)
compared to the C1-PSH cohort (71%).

The 1.OS was lower in the PSH cohort compared to the C1-PSH cohort (median 34 vs
53 h, P value < 0.01) (Figure 3). Based on the Poisson regression results, the PSH clinic
had a positive effect on LOS (P value < 0.01). On average, the LOS was 10% shorter in
the PSH cohort compared to the C1-PSH cohort (Table 1). Other variables that also had
a significant effect on patients’” LOS were age, gender, BMI, procedure type, and
inﬂrance type (P value < 0.05) (Supplementary Table 1).

Discharge disposition was classified into two types: patient discharged to home or
discharged to other facilities such as skilled nurse facilities, inpatient rehabilitation
facilities, or other hospitals’ swing beds. Discharge disposition was significantly
different between the PSH and C1-PSH cohort (y2 = 72, P value < 0.01) (Figure 4). The
unadjusted odds for the PSH cohort discharged to other facilities was 80% lower than
the C1-PSH cohort (P value < 0.01) (Table 2). Using logistic regression, the adjusted
odds for the PSH cohort discharged to other facilities were 91% lower than the C1-PSH
cohort (P value < 0.01) (Table 2). Age, gender, procedure type, insurance type, and LOS
were also associated with the patient’s discharge type (P value < 0.05) (Supplementary
Table 1).
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Readmission was categorized by if a patient was readmitted to any inpatient within
90 d post-surgery or not. The Chi-square test had no strong evidence for a difference in
the readmission rates between the PSH and C1-PSH cohort (y*> = 1.65, P = 0.2) (Figure 4).
The unadjusted odds for the PSH cohort readmitted after surgery was 24% lower than
the C1-PSH cohort (P = 0.17) (Table 2). The adjusted odds for the PSH cohort read mitted
after surgery was 28% lower than the C1-PSH cohort (P = 0.17) (Table 2). In this
adjusted analysis, no variable had a significant effect on patient readmission

(Supplementary Table 1).

Evaluation 2: Comparison of PSH and C2-PSH cohort

Except for variables ASA and procedure type, there was no significant difference
observed between cohorts in the baseline characteristics (P = 0.046) (Table 3). Similar to
evaluation 1, the PSH cohort had more medically complex patients with a higher
proportion of ASA class 3 (42%) compared to the C2-PSH cohort (36%). For procedure
types, there were more knee procedures in the PSH cohort and there were more hip and
shoulder procedures in the C2-PSH cohort.

There was no significant difference between LOS in the PSH cohort and C2-PSH
cohort in the unadjusted analysis (median 34 vs 35 h, P = 0.5) (Figure 5). However, in
the adjusted analysis using Poisson regression, the LOS was found to be lower in the
PSH cohort compared to the C2-PSH cohort (P value < 0.01). On average, the LOS was
10% shorter in the PSH cohort compared to the C2-PSH cohort (Table 4). Other
variables that also had significant effect on patients’” LOS were age, gender, BMI,
procedure type, and insurance type (P value < 0.05) (Supplementary Table 2).

Similar to evaluation 1, the discharge disposition s found to be significantly
different between the PSH and C2-PSH cohorts (y2 = 8, P value < 0.01) (Figure 6). The
unadjusted odds for the PSH cohort discharged_to other facilities was 49% lower than
the C2-PSH cohort (P value < 0.01) (Table 4). Using logistic regression, the adjusted
odds for the PSH cohort discharged to other facilities was 62% lower than the C2-PSH
cohort (P value < 0.01) (Table 4). Age, gender, procedure type, insurance type, and LOS
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were also associated with patient discharge type (P value < 0.05) (Supplementary Table
2).
Similar to evaluation 1, the Chi-square test had no strong idence for a difference in
the readmission rates between the PSH and C2-PSH cohort (y2 =1, P = 0.31) (Figure 6).
However, atypical results were observed in the unadjusted analysis, where the odds of
the PSH cohort readmitted after surgery was 31% higher than the C2-PSH cohort (P =
0.26) (Table 4). Atypical results were also observed in the adjusted analysis, where the
odds for the PSH cohort readmitted after surgery was 29% higher than the C2-PSH
cohort (P = 0.26) (Table 4). In the adjusted analysis, no variable had a significant effect

on patient readmission (P value > 0.05) (Supplementary Table 2).

DISCUSSION

This study evaluated the importance of PSH at a rural community hospital by
comparing the PSH cohort with two control cohorts. In the first evaluation, the PSH
cohort was compared with the C1-PSH cohort and for the second evaluation, the PSH
cohort was compared with the C2-PSH cohort. The C1-PSH cohort included patients
who had TJR surgeries before the PSH was implemented. The C2-PSH cohort consists of
patients, who had TJR surgeries after PSH was implemented but did not visit the PSH
clinic or followed the PSH-pathway.

In both evaluations, the LOS was shorter in the PSH cohort compared to the control
cohorts (median PSH = 34 h, C1-PSH = 53 h, C2-PSH = 35 h)[143334, Although there was
no statistical difference in LOS between the PSH and the C2-PSH cohort in the
unadjusted analysis, the LOS was significantly shorter in the PSH cohort (10% shorter)
in the adjusted analysis. This is because the PSH cohort had older and more medically
complicated patients than the control cohorts. Therefore, when adjusted for the
variables age, BMI, ASA, efc., the PSH had a significant effect in reducing LOS.
Correspondingly, the PSH cohort had lower percentage of discharges to other facilities
compared to the control cohorts (PSH = 3.5%, C1-PSH = 15.5%, C2-PSH = 6.7%).
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There was no statistical significance in adjusted and unadjusted analysis for 90-d
readmission. The readmission percentage was lower in the PSH cohort (4.7%) than the
C1-PSH cohort (6.1%). Conversely, the PSH cohort (4.7%) had slightly higher
percentage of 90-d readmission than the C2-PSH cohort (3.6%). Despite a marginal
increase in the PSH cohort, the 90-d readmission percentage was still lower than the
national average 30-d readmission which is 5.5%[%3%l. Past studies also demonstrated
similar results where despite no statistical significance, the implementation of PSH
helped to lower the readmission rates after surgery/(333839],

Akin to other studies of urban health systemsl®9], implementing PSH at a community
hospital helped to improve the TJR surgical outcomes. With only limited resources and
siloed supporting microsystems, physician co-management was vital to effectively
establish the PSH system at the rural community hospital. The PSH preoperative
process utilized patient assessment and patient education approximately 30 d before
surgery. The assessment helped clinicians identify patients with high-risk factors such
as diabetes, high or low blood pressure, sleep apnea, obesity, and heart or respiratory
complications40l. Based on these risks, the patients were ‘optimized” and received
treatment to improve the overall care by minimizing existing conditions or controlling
undiagnosed conditions. In addition, the total joint education class hosted by the PSH
clinicians educated patients on how to prepare for surgery, manage pain, plan for
postoperative discharge, and reach clinicians for postoperative assistancel®4ll. Finally, a
digital platform was initiated in the recovery phase to improve patient-clinician
coordination and communication after surgery. The digital platform was used to
engage and assess longitudinal patient-reported outcomes (post and pre-surgical pain,
satisfaction, sleep, efc.) from 30 d preoperative to 90 d postoperative. These factors were
conducive to improving patient satisfaction, shortening the LOS, increasing discharge
to home, and reducing readmission after the surgeryl(62442].

The PSH clinic majorly saw patients who were high risk (older, high ASA score, high
BMI, one or more medical complications such as diabetes, hypertension), which left the

C2-PSH cohort with low to medium-risk patients. This explained why the C2-PSH had
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improved surgical outcomes for LOS, discharge disposition, and 90-readmission
compared to the C1-PSH cohort. The PSH system was effective in optimizing medically
complicated patients, delivering similar or improved surgical outcomes compared to
the C2-PSH cohort. The results from this study support that more patients (especially
high and medium risk) should follow the PSH pathway for an effective and improved
surgical experience.

Unlike the majority of the PSH studies that were performed at hospitals or health
institutions located in metropolitical areas, this research examined the dissemination of
PSH system and its effectiveness at a community hospital located in a micro-statistical
area (population between 10000 to 50000). According to the United States Census
Bureau, 27.2 million people (8.4% of the United States population) live in micro-
statistical areas encompassing 660 counties*’l. Compared to metropolitical areas,
patients living in micro-statistical areas are often prone to experiencing health equity
issues and access to health services, including surgical carel#l. This study contributes to
improving surgical outcomes using PSH system for community hospitals that are
specifically located in micro-statistical areas. The authors envision that these study
results will immensely help researchers and clinicians who are working to enhance
surgical care in states similar to Montana demographics and social factors, including
Alaska, Idaho, Wyoming, North Dakota, and South Dakota.

The limitations of this study include being a retrospective which may contain data
collection biases that could alter the results and key findings!®l. Instead, a prospective
clinical trial study can minimize these biases and provide better evidence-based
resultsl*®l. Second, this study was performed at a community hospital located in a rural
micro-statistical area (with a population greater than 10000). The results from this study

may not be generalizable to more rural places (e.g., with a population of less than 5000).

CONCLUSION

To the author’s knowledge, this study is first of its kind to evaluate the effectiveness of a

PSH in a rural surgical system using a case-control study design. Implementing PSH at
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a community hospital was primarily successful because of patient-centric physician co-
management to ensure continuity of care across all perioperative surgical phases. The
PSH elements including preoperative assessment, patient education, and longitudinal
digital engagement were imperative for improving the TJR surgical outcomes at the
community hospital. Future research should include analysis of outcomes including
same-day surgery cancellation, surgical cost, postoperative recovery measures, and
postoperative opioid consumption. Other future research should also include advanced
analytics and predictive modeling such as machine learning and deep learning to
predict patient risk and improve the performance of surgical systems at rural and

frontier hospitals47].

ARTICLE HIGHLIGHTS

Research background

With increasing demand for total joint replacement (T]JR) procedures, delivering quality
surgical care is a challenge to many hospitals, specifically those hospitals located in
rural areas. The p(aioperative surgical home (PSH) developed by Amercian Society of
Anesthesiologists has proven successful in large urban health centers by reducing
surgery cancellation, operating room time, length of stay (LOS), and readmission rates.
Yet, only limited studies have assessed the impact of PSH on surgical outcomes in rural

areas.

Research motivation

Compared to urban hospitals, rural hospitals in the United States can often be
overwhelmed by the growing demand for TJR surgeries and factors such as poor
coordination among clinicians, lack of patient education, poor patient care transition,
and inconsistent care delivery that affect rural orthopedic surgical care negatively. A
new PSH system was implemented at a community hospital located in rural Montana to

address these issues, which have plagued the rural orthopedic surgery system.
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Research objectives
The objective of his research was to evaluate the newly implemented PSH system at a
local rural, community hospital by comparing TJR surgical outcomes using a

longitudinal case-control study.

Research methods

A case-control study was performed to compare the PSH and non-PSH cohorts of T]R
rgical outcomes performed at a rural community hospital. Statistical tests including

the Chi-square test or Fischer's exact test were performed to compare the categorical

variables between non-PSH and PSH cohorts. Similarly, for continuous variables,

student's t test or Mann-Whitney test was performed, as appropriate. The adjusted

analysis was performed using general linear models; Poisson regression for the LOS,

and binomial logistic regression for discharge disposition and 90-d readmission.

Research results

The LOS was shorter in PSH cohort compared to the control cohorts [median PSH = 34
h, Control-1 PSH (C1-PSH) = 53 h, Control-2 PSH (C2-PSH) = 35 h]. Correspondingly,
the PSH cohort had a lower percentage of discharges to other facilities than the control
cohorts (PSH = 3.5%, C1-PSH = 15.5%, C2-PSH = 6.7%). No statistically significant
difference was observed in 90-d readmission between PSH and control cohorts.
However, the implementation of PSH helped to lower the readmission rates after

surgery.

Research conclusions

Implementing PSH at a community hospital helped to improve the TJR surgical
outcomes. The patient-centric physician co-management to ensure continuity of care
across all perioperative surgical phases was vital for establishing PSH system at a rural
community hospital. The PSH elements including preoperative assessment, patient

education, and longitudinal digital engagement were imperative for improving patient
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satisfaction, shortening the LOS, increasing discharge to home, and reducing

readmission after the surgery.

Research perspectives

This study contributes to improving surgical outcomes using PSH system for
community hospitals that are specifically located in micro-statistical areas. The authors
envision that these study results will immensely help researchers and clinicians who are
working to enhance surgical care in states similar to Montana demographics and social
factors, including Alaska, Idaho, Wyoming, North Dakota, and South Dakota. In the
long term, this research will contribute to reducing socio-economic and socio-
demographic differences in delivering high-quality surgical care to patients in the

United States.
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