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Review Article

This systematic review and meta-analysis aimed to evaluate the impact of prospective payment systems (PPSs) on cholecystectomy. 
A comprehensive literature review was conducted, examining studies published until December 2023. The review process focused on 
identifying research across major databases that reported critical outcomes such as length of stay (LOS), mortality, complications, ad-
missions, readmissions, and costs following PPS for cholecystectomy. The studies were specifically selected for their relevance to the 
impact of PPS or the transition from fee-for-service (FFS) to PPS. The study analyzed six papers, with three eligible for meta-analysis, 
to assess the impact of the shift from FFS to PPS in laparoscopic and open cholecystectomy procedures. Our findings indicated no sig-
nificant changes in LOS and mortality rates following the transition from FFS to PPS. Complication rates varied and were influenced 
by the diagnosis-related group categorization and surgeon cost profiles under episode-based payment. There was a slight increase in 
admissions and readmissions, and mixed effects on hospital costs and financial margins, suggesting varied responses to PPS for cho-
lecystectomy procedures. The impact of PPS on cholecystectomy is nuanced and varies across different aspects of healthcare delivery. 
Our findings indicate a need for adaptable, patient-centered PPS models that balance economic efficiency with high-quality patient 
care. The study emphasizes the importance of considering specific surgical procedures and patient demographics in healthcare pay-
ment reforms.
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INTRODUCTION

Global health expenditures have increased since the early 
2000s [1], with a significant portion allocated to inpatient care 
[2]. Managing these escalating costs and fostering quality of 
care are pivotal concerns, particularly in inpatient provider 
payment [3]. This area is crucial in shaping how hospitals 
function as intermediaries between payers and care recipients, 
impacting financial and healthcare delivery.

The increasing healthcare costs have driven a critical shift 
in hospital payment methodologies. Traditional retrospective 
payment models, such as fee-for-service (FFS), are progressive-
ly being supplanted by prospective payment systems (PPSs), 
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such as diagnosis-related groups (DRGs) or episode-based 
payment (EBP) models [4]. In PPS, healthcare providers receive 
predetermined fixed payments based on clinically relevant 
classifications [5,6]. These predetermined rates are not influ-
enced by the actual cost or quantity of services provided [7]. 
This contrasts with the FFS approach, where providers are 
reimbursed based on the volume and type of services rendered 
post-treatment. Therefore, PPS shifts financial risk to provid-
ers, incentivizing efficiency and cost-effectiveness in care de-
livery, while FFS potentially leads to increased healthcare costs 
due to its volume-based incentives [8]. The adoption of PPS 
aims to mitigate healthcare costs by encouraging providers to 
optimize resources and focus on value-driven care [9].

The inception of PPS in the United States (USA) in 1983 
marked a pivotal response to escalating healthcare costs and 
economic stagnation, fundamentally restructuring Medicare 
funding [10]. Since the 1980s, various nations have implement-
ed and refined PPS for inpatient care to optimize resource use 
and enhance transparency [4,11,12]. Based on similar resource 
utilization, PPS categorizes patients into groups (e.g., DRGs), 
assigning predetermined per-case or per-diem rates. This sys-
tem motivates higher admission rates since marginal revenue 
decreases beyond the initial treatment day [13]. PPS thus drives 
a reduction in treatment intensity and per-admission costs. 
While per-diem systems exhibit milder incentives than per-
case systems, the inclination to curtail inputs remains, par-
ticularly under a skewed payment schedule [14]. The potential 
benefits of PPS, such as decreased hospital costs [15,16], shorter 
length of stay (LOS) [17], and reduced waiting times [18], are 
offset by paradoxical consequences. These include increased 
mortality [19], higher readmission rates [20], premature dis-
charge of patients into unprepared community settings [21], 
and increased administrative healthcare system costs [14,22]. 
This dichotomy underscores the need for a thorough analysis 
of PPS’s impact on specific medical procedures, revealing its 
multifaceted effects on healthcare delivery and patient out-
comes.

Cholecystectomy, the surgical excision of the gallbladder, 
is globally recognized as a standard medical procedure, with 
laparoscopic cholecystectomy (LC) emerging as the preferred 
technique [23]. LC is lauded for its minimal invasiveness, char-
acterized by small incisions and the use of a laparoscope, which 
collectively contribute to shorter patient recovery times and re-
duced risk of complications [24,25]. Due to its standardized ap-
proach and high-frequency occurrence, LC has been seamlessly 
integrated into the DRG-based PPS worldwide [26]. To date, 
there is no systematic review of how PPS specifically affects 
cholecystectomy outcomes. This systematic review seeks to fill 
this gap by examining the influence of PPS on key aspects of 
cholecystectomy, including LOS, mortality, hospital admission 
and readmission rates, and financial impacts. The importance 
of this study lies in its potential to provide vital insights into 
the operational effectiveness and financial efficiency of PPS 

in the context of a frequently performed surgical procedure. 
Such insights are critical for healthcare policymakers, admin-
istrators, and practitioners in shaping and refining healthcare 
delivery models to align with both economic objectives and 
patient care priorities.

MATERIALS AND METHODS

Data source and search strategy
This study has been registered with PROSPERO (CRD 

42024501437) and adhered to the Preferred Reporting Items for 
Systematic Reviews and Meta-Analyses (PRISMA, 2020) guide-
lines [27]. A comprehensive literature review was conducted 
in January 2024 using a combination of keywords: “prospec-
tive payment,” “diagnosis-related group*,” “fee-for-service,” 
“DRG*,” “bundled payment,” “value-based*,” and “cholecystec-
tomy” in PubMed, MEDLINE (Ovid), Embase, and Cochrane 
Central Register of Controlled Trials. This comprehensive 
search covered all relevant studies published up to December 
2023. The gathered literature was systematically organized 
using an online reference management tool (Rayyan, Qatar 
Computing Research Institute,), and duplicate entries were 
removed. Two reviewers (YZ and IEHT) conducted the litera-
ture selection independently, with any discrepancies resolved 
through consultation with a third author (YXK).

Eligibility criteria
This study aimed to evaluate the impact of PPS on cholecys-

tectomy, guided by a PICOS framework (Population, Interven-
tion, Comparison, Outcome, and Study) [28]. Inclusion criteria 
were formulated to encompass studies on payment systems 
relevant to cholecystectomy, aligned with the components of 
the PICOS framework as follows: 1) Population: Inpatients of 
any gender and age undergoing cholecystectomy; 2) Interven-
tion: Prospective payment reforms implemented at the hospital 
level or as part of national/state health initiatives, including 
both pilot and expanded programs; 3) Comparison: Tradition-
al payment methods used before the implementation of PPS; 4) 
Outcome: All types of outcomes, whether at the hospital level 
or individual patient level; 5) Study: All types of observational 
and experimental study designs.

Additional inclusion criteria were applied: 6) accessibility to 
full-text articles; 7) articles written in English; 8) exclusion of 
qualitative studies and narrative reports. Dissertations, editori-
als, and consensus statements were also excluded.

Outcomes
The main objective of this study was to evaluate the impact 

of PPS on cholecystectomy outcomes, focusing specifically on 
LOS and mortality rates (defined as death within 30 or 90 days 
after cholecystectomy or in-hospital mortality). Additionally, 
the study examined non-pooled secondary outcomes such as 
complications, admissions, readmissions, hospital costs, and 
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financial margins.

Data extraction
Data extraction was conducted by the designated screening 

authors (YZ and IEHT). The information collected from each 
article included the first author's name, publication year, study 
country, intervention, data source, population, payment meth-
ods, analytical methods, and outcomes. For continuous vari-
ables reported as medians with range or interquartile range, 
means and standard deviations were estimated using specific 
mathematical algorithms developed by Luo et al. [29] and Wan 
et al. [30]. Costs were initially recorded in their original cur-
rencies and subsequently converted to US dollars ($), factoring 
in inflation up to December 2023, based on the consumer price 
index from the Internal Revenue Service of the USA (https://
www.irs.gov/individuals/international-taxpayers/yearly-aver-
age-currency-exchange-rates).

Quality evaluation
The risk of bias (RoB) in included studies was evaluated 

using the ROBINS-I tool (Risk Of Bias In Non-randomized 
Studies–of Interventions) [31]. Forest plots were scrutinized, 
and I2 statistics were calculated to assess heterogeneity [32]. 
Sensitivity analyses were performed on the outcomes demon-
strating significant heterogeneity (I2 > 70%). The assessment of 
publication bias was conducted using funnel plots [33].

Statistical analysis
In studies presenting data amenable to aggregation, a me-

ta-analysis was conducted to compare the effects of PPS ver-
sus traditional payment methods on LOS and mortality. The 
pooled odds ratio and its 95% confidence interval (CI) were 
calculated for dichotomous outcomes, while the weighted 
mean difference with its 95% CI was determined for contin-
uous outcomes. Data from various studies were integrated 
using a random-effects model, allowing for the compilation of 
effect estimates. All statistical analyses were conducted using R 
statistical software (version 4.3.1; R Foundation for Statistical 
Computing). Other findings were systematically described for 
studies with data unsuitable for pooling.

RESULTS

Characteristics of studies
The methodology for this systematic review follows the 

PRISMA guidelines, as illustrated in the PRISMA flowchart 
(Fig. 1). The initial search yielded a total of 106 records. After a 
thorough screening, six studies [34-39] specifically examining 
the impact of PPS on cholecystectomy were identified. These 
studies originated from various countries between 2002 and 
2023: one from Israel, two from Taiwan, two from the USA, 
and one from Ireland. Detailed information about these stud-
ies is shown in Table 1. Three studies [34,35,39] conducted a 
comparative analysis between FFS and PPS for LOS, and mor-
tality were subsequently included in the meta-analysis. The re-
maining three studies provided distinct insights: one study [38] 
evaluated and compared two different DRG-based payment 
schemes for LC, while the other two studies [36,37] focused on 
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the outcomes following EBP implementation for cholecystecto-
my. These latter studies were described separately due to their 
specific focuses. The baseline characteristics of the studies in-
cluded are shown in Supplementary Table 1.

Quality assessment
The assessment of RoB for the included studies is depicted in 

Supplementary Fig. 1. While certain studies exhibited potential 
biases, the overall risk assessment across the reviewed literature 
was deemed within acceptable limits. Significant heterogeneity 
was observed for LOS, with an I2 statistic > 70%. Consequently, 
a sensitivity analysis was conducted specifically for LOS (Sup-
plementary Fig. 2). Publication bias was evaluated using funnel 
plots (Supplementary Fig. 3).

Synthesis of results
Length of stay (pooled results)
Three studies assessed the impact of PPS on LOS in chole-

cystectomy cases, with one study examining both LC and open 
cholecystectomy (OC). A random-effects model was employed 
for these studies. The analysis indicated that PPS did not sig-
nificantly alter LOS compared to FFS payment systems (Fig. 
2A).

Mortality (pooled results)
Two studies investigated the relationship between the imple-

mentation of PPS and postoperative mortality rates following 
cholecystectomy. The meta-analysis of these studies revealed 
no significant difference in mortality rates following the adop-
tion of PPS (Fig. 2B).

Complications (non-pooled results)
A study from Taiwan examined two different DRG-based 

PPS for LC: the DRG-1 group for patients without comorbid-
ities and the DRG-2 group for patients with comorbidities 
undergoing LC for acute cholecystitis. The findings indicated 
that DRG categorization effectively differentiated postoper-

ative complications. The DRG-2 group, comprising patients 
undergoing LC with comorbidities, experienced a higher rate 
of complications, which consequently resulted in negative fi-
nancial margins. In another study from the USA evaluating 
EBP for LC, adult patients were categorized based on the cost 
profiles of their surgeons: the least expensive (lowest 25%), 
average (middle 50%), and most expensive (highest 25%). The 
study revealed significant variation in EBP for LC across dif-
ferent surgeons. The overall complication rate was reported 
at 11%. Notably, complication rates were significantly higher 
among patients treated by the most expensive surgeons than 
those treated by the least expensive (5% for the least expensive, 
7% for the average, and 10% for the most expensive surgeons).

Admission (non-pooled results)
Two studies from Israel and Ireland, respectively, indicated 

a slight increase in cholecystectomy admissions following the 
transition from FFS to PPS. Conversely, a study from the USA 
found no significant difference in admission rates when com-
paring EBP with FFS.

Readmission (non-pooled results)
One study from Israel observed a 4.7% increase in readmis-

sion rates for cholecystectomy following the shift from FFS to 
PPS. Another study from the USA highlighted that under EBP, 
readmission rates were significantly higher among the most 
expensive surgeons (14%) than their least expensive counter-
parts (8%).

Hospital costs (non-pooled results)
One study from Taiwan indicated a significant reduction in 

costs following the implementation of DRG-case payment for 
LC. Conversely, there was a significant increase in total costs in 
the OC group. Another study from Taiwan revealed higher to-
tal claims in the DRG-2 patient group, comprising LC patients 
with comorbidities, compared to the DRG-1 group, comprising 
LC patients without comorbidities.

Fig. 2. Forest plots for (A) length of stay and 
(B) mortality following cholecystectomy. LC, 
laparoscopic cholecystectomy; OC, open 
cholecystectomy; MD, mean dif ference; 
OR, odds ratio; CI, confidence interval; FFS, 
fee-for-service; PPS, prospective payment 
system.

Source MD (95% CI) MD (95% CI)

Shmueli et al. [34], 2002
Lang et al. [35], 2004_LC
Lang et al. [35], 2004_OC
Valentelyte et al. [39], 2023
Total

Heterogeneity: = 1,158.96 ( < 0.001), I = 100%�2 p 2

0.10 [ 0.93; 1.13]
2.60 [2.46; 2.74]
0.36 [ 0.60; 0.12]
0.10 [0.10; 0.10]
0.62 [ 1.54; 2.79]

3

Favors PPSFavors FFS

2 1 0 1 2

A

B Source OR (95% CI) OR (95% CI)

Shmueli et al. [34], 2002
Lang et al. [35], 2004_LC
Lang et al. [35], 2004_OC
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Heterogeneity: = 0.90 ( = 0.64), I = 0%�2 p 2

0.69 [0.29; 1.62]
1.22 [0.52; 2.88]
0.98 [0.73; 1.30]
0.96 [0.66; 1.42]

2
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Financial margin (non-pooled results)
One study from Israel indicated a decrease in actual hospital 

income following the introduction of PPS for cholecystectomy, 
while two other studies from Taiwan reported an increase in 
financial margins after transitioning to DRG-case payment. 
Additionally, another study from the USA observed increased 
financial margins after shifting from FFS to EBP.

Summary of findings
The outcomes for cholecystectomy following changes in pay-

ment systems are summarized in Table 2. Transitioning from 
FFS to PPS resulted in no significant changes in LOS and mor-
tality. However, there were minor increases in admission and 
readmission rates and a decline in financial margins. Specifi-
cally, switching from FFS to DRG-case payment demonstrated 
contrasting outcomes for different cholecystectomy procedures. 
For LC, this switch led to a reduction in LOS without impact-
ing mortality rates, alongside an increase in financial margins. 
For OC, there was an observed increase in LOS, which was also 
accompanied by a rise in financial margins. Moving from FFS 
to EBP revealed no significant alteration in admission rates but 
a slight increase in financial margins.

DISCUSSION

The debate surrounding the impact of PPS on healthcare 
quality is multifaceted and contentious. Critics argue that by 
placing financial pressure on hospitals, PPS might compromise 
the quality of care [40]. Conversely, proponents contend that 
PPS incentivizes hospitals to enhance care quality as a path-
way to cost efficiency [12]. This study represents a pioneering 
effort to systematically review global literature and synthesize 
evidence on postoperative outcomes in cholecystectomy post-
PPS implementation. Its objective is to provide evidence on 
the implications of PPS on this standard surgical procedure, 
offering valuable insights into healthcare policy and economic 
efficiency in surgical procedures. Our findings reveal that the 
transition from FFS to PPS, including DRG and EBP, presents a 
complex picture with both positive and negative outcomes.

Our meta-analysis revealed that the transition to PPS did 
not significantly decrease LOS in cholecystectomy procedures. 

This outcome presents a nuanced understanding of the impact 
of PPS on LOS, diverging from previous reviews that typical-
ly suggested a reduction in LOS due to PPS [41-44]. Instead, 
our results align with other studies that have observed that 
LOS often remains stable or may even experience a short-term 
increase following the implementation of DRG-based case 
payment [45,46]. This variation in outcomes underscores the 
complexity of healthcare responses to PPS and the necessity for 
a deeper analysis of the specific circumstances and contexts in 
which PPS is implemented. For instance, a study in Taiwan ob-
served a notable decrease in LOS from 8 to 5.4 days (p < 0.001) 
under a DRG-based payment system [35]. However, an Irish 
study demonstrated only a marginal reduction of 0.1 days post-
PPS implementation [39].

The discrepancy in the impact of PPS on LOS may stem from 
previous reviews’ lack of focus on specific surgeries like cho-
lecystectomy. The complexity of cholecystectomy procedures 
significantly affects variations in LOS, as more complex cases 
often necessitate more extended hospital stays [38]. The limited 
scope of our study, constrained by a few select research papers, 
may affect the generalizability of our findings. Additionally, 
while PPS has the potential to reduce inpatient LOS, there is 
an observed trend where healthcare providers might reallocate 
services from inpatient to outpatient settings. This shift was 
evident in a Taiwanese study, where increased outpatient visits 
were noted in the LC group post-DRG implementation, while 
outpatient visits decreased but LOS prolonged in the OC group 
[35]. Such patterns suggest a strategic response by hospitals 
to financial incentives, possibly leading to a redistribution of 
healthcare services. Furthermore, hospitals may consciously 
uphold existing LOS standards to ensure comprehensive pa-
tient recovery and maintain high-quality care, particularly for 
intricate cases. This situation highlights the complex interplay 
between financial incentives, healthcare service delivery, and 
the commitment to patient care outcomes, indicating that 
PPS-induced changes might not straightforwardly result in re-
duced LOS for surgical procedures like cholecystectomy.

This review revealed no significant impact of PPS on mortal-
ity rates in cholecystectomy procedures, echoing findings from 
a 2010 scoping review [41] that also reported minimal changes 
in death rates following PPS implementation. In the realm of 

Table 2. Summary of outcomes following payment system changes

Changes in 
payment system

Outcomes of cholecystectomy

Length of stay Mortality Admission rate Readmission rate Total charge Financial margin

FFS to PPS ⊗▼ ⊗ ▲▲ ▲ ▼
FFS to DRG ▼▲▼ ⊗⊗⊗ ▼▲ ▲▲
FFS to EBP ⊗ ▲

Each symbol in the table represents an individual study. A single study may appear multiple times across different cells if it reports multiple outcomes.  
‘▲’ increase of a variable; ‘▼’ decrease of a variable; ‘⊗’ no difference.
FFS, fee-for-service; PPS, prospective payment system; DRG, diagnosis-related group; EBP, episode-based payment.
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cholecystectomy, especially since the widespread adoption 
of laparoscopic techniques in the 1990s, efforts to enhance 
safety have been paramount. Initiatives such as the “critical 
view of safety” and the American Gastrointestinal and Endo-
scopic Surgeons (SAGES) safe cholecystectomy program have 
significantly reduced major complications like common bile 
duct injuries, which now occur at a rate of less than 1% [47-52]. 
This has contributed to maintaining low postoperative mor-
tality rates for cholecystectomy, typically around or below 1% 
[53]. Hence, it becomes challenging to definitively link PPS to 
mortality outcomes in cholecystectomy, particularly given the 
small number of studies focused on this aspect. This scarcity of 
data underscores the need for more comprehensive, high-quali-
ty research to establish a clearer understanding of PPS’s impact 
on mortality in cholecystectomy patients.

Furthermore, reviewing the impact of PPS on surgical com-
plications, especially in LC for acute cholecystitis, is a pivotal 
aspect of this study. LC, known for its safety with a low inci-
dence of severe complications [54,55], justifies its inclusion in 
DRG-based PPS. One Taiwanese study [38] suggests that DRG 
categorization effectively manages postoperative LOS and 
complications, particularly for LC patients with comorbidities. 
Patients classified under the more complex DRG-2 category 
experienced higher complication rates, underscoring the need 
for refined approaches in DRG-based PPS to accommodate 
patients with intricate surgical requirements. The variation 
in complication rates observed among surgeons under EBP in 
the USA [37] also highlights the complex dynamics between 
financial incentives and patient outcomes. It indicates a poten-
tial conflict wherein surgeons may face disincentives to treat 
more complex, high-risk patients due to financial constraints 
or inadequately structured compensation models. The critical 
role of comorbidities in clinical risk stratification within the 
context of PPS is also noteworthy. This suggests that PPS mod-
els should consider varying patient complexity, particularly 
in procedures like LC where comorbidities can significant-
ly impact postoperative resource utilization and outcomes. 
Moreover, cholecystitis manifests from mild to severe symp-
toms, making cholecystectomy highly variable in complexity. 
A nuanced approach within PPS is essential to address the 
wide-ranging manifestations of cholecystitis and the varying 
complexity of cholecystectomy procedures. Tailoring DRGs to 
differentiate between simple and complex procedures could 
enable more precise reimbursement, reflecting the care inten-
sity required, thus ensuring that hospitals are adequately com-
pensated for complex surgeries without sacrificing care quality. 
This approach advocates for adaptable payment systems to sup-
port high-quality patient care across diverse clinical scenarios.

Our analysis also suggests that PPS should not significantly 
inf luence hospital admission and readmission rates, consis-
tent with prior studies [44]. Post-PPS, hospitals often increase 
outpatient visits to maintain care quality. However, this shift 
might inadvertently raise readmission rates due to potential 

postoperative complications in procedures like cholecystecto-
my. Since readmissions within 30 days are critical indicators of 
healthcare quality, hospitals, especially in competitive regions, 
are motivated to minimize these rates. This dynamic under-
scores the complexity of healthcare management under PPS, 
where balancing hospital admissions, readmissions, and outpa-
tient care becomes a crucial strategic consideration.

The impact of PPS on hospital costs and financial margins 
is complex and multifaceted. While one study [35] showed 
that implementing DRG case payment for LC reduced costs, 
the opposite trend was observed for OC, potentially due to the 
varying complexities and resource requirements of these pro-
cedures. Regarding financial margins, the response to PPS var-
ied among hospitals: some reported a decline in actual income, 
whereas others experienced increased margins. This suggests 
that multiple factors inf luence PPS’s economic outcomes, 
including hospital efficiency, patient demographics, and the 
payment system’s specific structure. The shift to PPS might 
also incentivize cost-shifting behaviors. Providers motivated 
by revenue maximization could respond strategically to the 
financial incentives of PPS, potentially leading to exploitation 
of the system for monetary gain. This raises questions about 
the broader implications of PPS on healthcare economics and 
calls for a deeper investigation into how these payment models 
influence hospital behaviors, particularly in terms of cost man-
agement and financial decision-making. The complexity of 
these dynamics highlights the need for carefully designed PPS 
models that align economic incentives with the goals of quality 
care and efficient resource use.

This study has several limitations. First, the review was based 
on a relatively small number of studies–only six in total, with 
just three eligible for meta-analysis. This limited sample size 
restricts the generalizability of the findings. Second, signifi-
cant heterogeneity was observed in LOS outcomes, complicat-
ing the interpretation of the impact of PPS on this aspect of 
cholecystectomy care. Third, the reviewed studies spanned a 
broad temporal range from 2002 to 2023, reflecting potential 
shifts in healthcare practices and policies that might affect the 
outcomes over time. Additionally, the variation in healthcare 
settings and methodologies across the studies could introduce 
biases or inconsistencies in the results. Fourth, the studies in-
cluded primarily provided aggregated data on hospital stays, 
mortality, admissions, readmissions, hospital financial margin, 
and hospitalization costs without delving into patient-specific 
details on surgical complications such as biliary tract damage 
or the necessity to convert laparoscopic cholecystectomies to 
open surgeries. This gap highlights the need for future research 
to comprehensively capture and analyze these important surgi-
cal outcomes.

Despite these limitations, this study represents the first sys-
tematic review examining the impact of PPS on cholecystecto-
my. It sheds light on how the transition from FFS to PPS does 
not uniformly influence various aspects such as LOS, mortali-
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ty, complications, admissions, readmissions, costs, and finan-
cial margins on cholecystectomy. The findings underscore the 
importance of designing and continuously refining PPS models 
to balance economic efficiency with high-quality patient care. 
For healthcare decision-makers and practitioners, this study 
emphasizes the importance of aligning healthcare delivery 
with economic and patient care goals, especially for prevalent 
surgeries like cholecystectomy. It underscores the necessity for 
f lexible and detailed healthcare payment reforms tailored to 
specific surgical procedures and patient demographics.
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