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An Acute Hospital-Community Hospital Care Bundle for Elderly Orthopedic
Surgery Patients: A Propensity Score-Matched Economic Analysis

Care bundle for elderly orthopedic patients

INTRODUCTION

Singapore is one of the world's fastest-aging countries, with a total population of 5.7

million peoplell. According to the forecasts of demographic statistics!!l, the proportion
of people aged 65 and beyond is anticipated to quadruple from 8% in 2005 to 20% in
2030 and 38% by 20502 This demographic transition puts Singapore's healthcare
system under strain, as an aging population presents a mix of issues. For instance, an
aging population increases the demand for joint replacement surgery, particularly
among those aged 65 years and abovel3l. Orthopedic surgery is sometimes associated
with increased mortality and morbidity in the elderly patient population compared to
the general pqpulation/+7].
Additionally, the risk of hospitalization for those aged 65 years and above is higher and
is associated with a longer length of stay (LOS) in acute hospitals (AHs)®], resulting in
an increased socioeconomic burden. In Singapore, age-adjusted per capita bed days in
AHs have bea'l gradually increasing since 2006, primarily due to an increase in
admissionsl®l. The proportion of patients aged 65 years and older admitted to public
healthcare institutions has climbed from 28.6% in 2006 to 39.0% in 20200l The
requirement for postoperative rehabilitation and continuing care following discharge
from AHs is also projected to increase as the elderly require a more extended recovery
period. Therefore, any interventions that may be utilized to lower inpatient stay costs
and shorten LOS in AHs benefit Singapore's public healthcare providers.

Several care bundles or interventions have been adopted to improve patient care and
decrease AH LOS in a general population undergoing surgery!10-12l. Most of them are
interdisciplinary in nature and focus on optimizing all aspects of the patient's

perioperative management while also encouraging the patient to participate actively in




their own recovery and rehabilitation. Similarly, Singapore's Ministry of Health (MOH)
has developed an Acute Hospital-Community Hospital (AH-CH) care bundle to
improve the quality of care and provide ongoing postoperative care to assist patients in
rehabilitating and reintegrating into their communities!!3l. The core concept of this care
bundle is to transfer patients out of AHs at the point when clinically necessary and into
CHs, where they can receive more beneficial dedicated postoperative care to aid in their
recovery while freeing up scarcer capacity in AHs. The AH-CH care bundle aims to
recognize CH as an integral aspect of inpatient care by treating the AH and CH stay as a
single episode. The workstream of this care bundle collaborates closely with inpatient
ams at AHs to facilitate discharge planning and a smooth transfer to CHs.
This study aimed to evaluate the potential benefits and analyze the AH inpatient
hospitalization costs and savings associated with this AH-CH care bundle in elderly

patients undergoing orthopedic surgery in Singapore General Hospital (SGH).

g
MATERIALS AND METHODS

This study was approved by our institutional review board (IRB No. 2022/2178) and

reported following Consolidated Health Economic Evaluation Reporting Standards
(CHEERS 2022) guidelines[!4l. It was a retrospective single-center analysis of outcomes
for elderly patients = 75 years admitted to the orthopedic surgery department in SGH
between two study periods: 2017-2018 (before the bundled-care period) vs. 2019-2021
(after the bundled-care period). The inclusion criteria were all elderly patients aged 75
and above undergoing elective major orthopedic surgery between 2017 and 2021. Data
was collected from our electronic health intelligence system and finance database.
tients who underwent emergency surgery were excluded from the evaluation.
Propensity score matching was performed to balance the comparison of elderly patients
receiving orthope% surgery in a 1:1 ratio before and after the care bundle periods
based on age, sex, American Society of Anesthesiologists (ASA) classification, Charlson
Comorbidity Index (CCI), and surgical approach. The matched cohorts were examined

for discharge deposition, AH LOS, and postoperative 30-day mortality. The CCI was




calculated based on a patient’s diagnosis using the 10" revision of the International

Statistical Classification of Disease and Related Health Problems (ICD-10) codes.
Patients within the care bundle were further analyzed for CH LOS, total AH-CH LOS,
referral waiting time from AH to CH, U-turn rates, and Modified Barthel Index (MBI)
scores, which employs a 100-point rating scale that evaluates a patient's capacity to
execute ten distinct activities of daily living!'5l.
Costs were derived from inpatient billing data and indicated the total cost of the
inpatient stay per case prior to the subsidy. Cost data were adjusted to 2021 Singapore
dollars to account for healthcare inflation (~1.02-1.08% over the study period; Monetary
Authority of Singapore, https://www.mas.gov.sg/). Cost breakdown was calculated
d compared between the two matched cohorts.
Statistical analyses were performed in R Statistical Software (version 4.2.1). Continuous
variables were reported as median (range) or mean (standard deviation [SD]).
Categorical variables were reported as frequency (percentage). The Wilcoxon-Mann-
Whitney test was used to analyze continuous variables, and x2 or Fisher’s exact tests
were used to analyze Categmaal variables. Cost data were presented as mean (SD)

following CHEERS guidelines!!4l. Statistical significance was set at a P value < 0.05.

RESULTS

Following the AH-CH care bundle intervention, we have developed a rapid transfer
pathway from AH to CH for elderly patients undergoing orthopedic surgery (Figure 1).
Briefly, once patients have completed surgery at the AH site, they are screened for fast-
track transfer to CH sites by nursing professionals from the orthopedic surgery
department. Patients who consent to be treated in CH facilities are entitled to financial
counseling for an estimated cost of their entire AH-CH stay. Afterward, surgeons
initiate CH referral letters, and patients are transported and admitted to CH sites. We
analyzed 862 elderly patients in total who underwent elective orthopedic surgery before

and after the AH-CH care bundle intervention.




Patient demographics, clinical and ngical characteristics, and hospitalization metrics
between the two matched cohorts are shown in Table 1. There was no significant
difference in patient demographics, baseline characteristics, and discharge deposition.
Elderly patients within the care bundle transferred to CHs after the surgery had a
shorter median AH LOS of 7 days (range: 1-44; mean 8.83) compared to 9 days (range:
7-73; mean 12.5) in patients before the care bundle period (P < 0.001). The mortality rate
for all included patients was 0% following orthopedic surgery.

The AH inpatient stay of both groups is shown in Table 2. Elderly patients within the
care bundle group had a significantly lower mean total AH inpatient hospitalization
cost of 5524,497.3 per patient, 14.9% lower than patients before the care bundle period
of 5$28,772.8 per patient (P < 0.001). The detailed cost breakdown analysis revealed that
the care bundle group had much lower costs for ward accommodation (5$5,924.4 vs.
5$8,748.8, P < 0.001), daily medical treatment (5$2,932.4 vs. $$3,980.9, P < 0.001), nursing
care (S$1,379.9 vs. 5$1,574.3, P = 0.040), investigation (5$1,847.1 vs. $$2,173.2, P = 0.003),
and rehabilitation (5$634.0 vs. $$905.0, P < 0.001) services. There was no significant
difference in the costs of surgery procedure, pharmacy, and consumables between the
two groups.

The CH hospitalization metrics are shown in Table 3. Our first CH was officially opened
in August 2018, followed by the second in January 2019. There was no CH data
available prior to the implementation of the AH-CH care bundle. The median CH LOS
was 23, 24, and 22 days within the care bundle group from 2019 to 2021. The median
total AH-CH LOS was reduced from 35 days in 2019 to 33 days in 2021. The overall
referral time from AH to CH after surgery was around 3 to 5 days. A U-turn occurs
when a patient is readmitted to AH within 8 h of being transferred to CH. The overall
U-turn was almost 0, with only one case in 2021 readmitted to AH. MBI scores of
elderly patients were significantly increased at the time of being discharged from CHs.
The average MBI score for all elderly patients within the care bundle group improved
significantly from 50.9 (SD: 23.9) at admission to 71.9 (SD: 23.4) at discharge (P < 0.001).




DISCUSSION

This study demonstrates that the AH-CH care bundle intervention can directly reduce
AH LOS in elderly patients undergoing orthopedic surgery. Regaining movement and
strength cannot occur quickly enough for an elderly patient recovering after orthopedic
surgery. Physical and occupational therapy are the most effective strategies for
resuming normal activities as quickly as possiblel'®l. Postoperative rehabilitation assists
elderly patients in learning to perform their exercise appropriately, monitor their
performance, and identify potential problems that the clinician should be aware of.
However, rehabilitation and physiotherapy are typically time-consuming, and AH LOS
is a quality indicator used by healthcare systems to assess the efficiency of their hospital
operation. Reduced AH LOS increases bed turnover, enabling AHs to meet the demand
for acute admission and interhgspital transfers with an available capacityll7. 18I, In
Singapore, it has been observed a growth in AH admissions that was dispropo&ionate
to the growth of the general population. The mean AH LOS for elderly patients
increased from 7.8 days in 2010 to EZ days in 2013, As a result, Singapore is
implementing system-level strategies to provide excellent care and a safe discharge
while preventing prolonged AH stays. Our results identified potential benefits of this
care bundle in shortening median AH LOS by two days in elderly patients undergoing
orthopedic surgery, without sacrificing postoperative complications, readmissions, and
mortality.

The total costs of AH inpatient stay were consequently reduced. Cost savings were
achieved from cost buckets associated with prolonged AH LOS. Applying the observed
decrease in AH LOS to our elderly patient cohort would have resulted in an estimated
bed day savings of S5$184,440.0 between 2019 and 2021 (200 beds reserved for the
orthopedic surgery department with an estimated bed day cost of S$461.1).
Furthermore, the reduced LOS would improve AH's capacity due to cost savings. As a
result, there would be substantial advantages for both patients and the hospital because

the increased capacity may boost utilization and cut down on waiting lists.




Compared to AH LOS, a CH stay might last from a few days to a few weeks, depending
on the patient's condition. CH services are designed to enhance patient functional
impairment statuses and maximize their physical capacities in preparation for discharge
home or continuation of treatment at other community-based step-down care facilities.
The benefits of admission to CHs for rehabilitation care include the following: 1) A
good chance for patients, particularly elderly patients, to improve physical functions; 2)
Patients can participate in at least two hours of therapy daily; and 3) Patients and
caregiver can participate in rehabilitation and discharge planning. Patients undergoing
orthopedic surgery in this care bundle had a median CH LOS of 22-24 days. One
constraint of this study was the limited bed capacity of our two newly-constructed CHs,
which resulted in a slower bed turnover rate. The median duration between AH site
referral and CH site acceptance was observed to be approximately 3-5 days. To fulfill
the demand for intermediate residential care, Singapore's MOH is expanding its
network of CHs that will be co-located with their cluster-run AHs to complement acute
care services and assist patient care continuums.

Our results demonstrated that CH is critical in providing rehabilitation and continuing
care to assist elderly patients in rehabilitation. When elderly patients were discharged
from CHs, their MBI scores increased significantly. The second constraint was that we
were unable to get MBI scores for the matched cohort before the care bundle period. As
such, we were unable to compare MBI scores between matched elderly patients
discharged directly from AH and those transferred to CHs for further rehabilitation.
Even if patients are discharged immediately from AH following orthopedic surgery,
many of them will most likely require weekly postoperative rehabilitation at AH. In
comparison, support from CH care professionals is another factor related to positive
results for patients referred to CHs for postoperative rehabilitation. CH care teams will
work with patients, particularly the elderly, to establish daily, achievable goals for
participating in a function-specific exercise to regain strength. This is of great benefit to

both patients and healthcare providers.




This study has a few limitations. First, the AH-CH care bundle is designed for a specific
patient population and may not be applicable to other populations or healthcare
settings. Second, the exclusion of emergency surgery patients may limit the
generalizability of the study’s findings to a broader patient population. Third, this care
bundle may not capture the unique characteristics and complexities of each specific
orthopedic surgery procedure. However, there are a few perspectivesan our findings.
The AH-CH care bundle is a promising approach to improving the quality and
efficiency of care for elderly patients undergoing elective orthopedic surgery. It
provides a standardized and evidence-based practice, which may lead to enhanced
patient outcomes and reduced costs, as well as promote a multidisciplinary approach to

improve communication and collaboration between healthcare providers.

CONCLUSION

In conclusion, our results show that transitioning care between acute and community
hospitals via the AH-CH care bundle effectively reduces AH LOS in elderly patients
undergoing orthopedic surgery. A well-designed postoperative rehabilitation program

at CH sites can help prevent complications that may have a lasting effect on the quality

of life.

Figure 1 Fast transfer pathway from acute hospital to community hospitals for
elective elderly orthopedic patients. Once patients have completed surgery at the AH
site, they are screened for fast-track transfer to CH sites by nursing professionals from
the orthopedic surgery department. Patients who agree to be treated in CH facilities are
entitled to financial counseling and an estimate of the total cost of their AH-CH stay.
Afterward, surgeons initiate CH referral letters, and patients are transported and

admitted to CH sites. AH: acute hospita; CH: community hospital




Table 1 Comparison of patient demographics, clinical characteristics, and

hospitalization metrics between elderly patients who underwent elective

orthopedic surgery before and after the care bundle intervention

Variable Before Care Bundle Period After Care Bundle Period P value
(2017-2018) (2019-2021)
n (%) n (%)
Matched patients 431 431
Age (year) (median [range]) 79 [75-97] 80 [75-99] 0.184
Gender
Male 111 (25.8) 123 (28.5) 0.400
Female 320 (74.2) 308 (71.5)
ASA classification
1 3(0.7) 8(1.9) 0.074
2 336 (78.0) 311 (72.2)
3 92 (21.3) 112 (26.0)
4 0 0
CCI
0 3(0.7) 8(19) 0.200
1 12 (2.8) 21 (4.9)
2 316 (73.3) 292 (67.7)
3 16 (3.7) 18 (4.2)
>4 84 (19.5) 92 (21.3)
Surgical approach
Open 346 (80.3) 337 (78.2) 0.502
MIS 85 (19.7) 94 (21.8)
AH LOS (days)
Median [range] 9 [7-73] 7 [1-44] < (.001
Mean (SD) 12.5 (13.8) 8.83 (7.02) <0.001
Discharged home 431 (100) 1 (100) -
Postoperative mortality 0 a -

Continuous variables were presented as median [range] or mean (SD); Categorical

variables were presented as 1 (%).




ASA: American Society of Anesthesiologists classification; CCI: Charlson

Comorbidity Index; MIS: Minimum Invasive Surgery; AH: Acute hospital; LOS:
length of stay.

Table 2 Comparison of inpatient hospitalization costs between elderly patients

receiving elective orthopedic surge efore and after the care bundle intervention

AH Hospitalization Cost (S$) Before Care Bundle Period (n =431) After Care Bundle Period (1 = 431)

Total inpatient cost per case  28,772.8 (28,581.6) 24,497.3 (15,281.8)

Cost breakdown
Surgery procedure 4,861.8 (2,076.2) 4,594.6 (1,847.1)
Ward accommodation 8,748.8 (15,164.3) 5,924.4 (6,277.9)
Daily medical treatment  3,980.9 (4,875.8) 2,932.4 (2,371.8)
Nursing 1,574.3 (1,715.5) 1,379.9 (959.5)
Investigation 2,173.2 (2,086.3) 1,847.1 (1,828.1)
Rehabilitation 905.0 (1,474.5) 634.0 (490.7)
Pharmacy 479.6 (1,149.3) 414.8 (988.2)
Consumables 2,231.4 (1,883.8) 2,412.2 (1,631.4)

Cost data were presented as mean (SD) in 2021 Singapore dollars (S$), adjusted for
inflation. 1 Singapore dollar (S$) = 0.722 US dollar (US$).




Table 3 Community hospitalization metrics in elderly patients undergoing

elective orthopedic surgery within the care bundle intervention

2019 2020 2021

Total case 135 170 126
CH LOS (days) (median [range]) 23 [4-98] 24 [2-175] 22 [2-87]
Total AH-CH LOS (days) (median [range] 35[8-122] 33 [5-184] 33 [9-114]
Referral time from AH to CH (days) (median [range]) 4 [1-20] 5[1-14] 3[1-12]
U-turn from CH to AH within 8 hrs (%) 0 0 1 (0.79)
MBI score (median [range])

Admission 58 [11-98] 47 [5-94] 37 [10-97]

Discharge 74 [14-100] 65 [12-100] 68 [13-99]

Continuous variables were presented as median [range]; Categorical variables were
presented as 1 (%).

CH: Community hospital; LOS: length of stay; AH: Acute hospital; MBI: Modified
Barthel Index.
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