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HIGHLIGHTS

e ERAS reduced hospital stay by over 70% after laparoscopic cholecystectomy.

o Early oral feeding was safely achieved in 100% of ERAS patients.

e ERAS reduced opioid use and nursing-related costs without added complications.
o Inpatient resource utilization improved despite higher drug-related costs.

e ERAS is feasible and scalable for laparoscopic surgery in LMIC settings.

ARTICLE INFO ABSTRACT
Keywords: Background: Enhanced Recovery After Surgery (ERAS) protocols improve outcomes in high-income settings, but
Enhanced recovery after surgery evidence from low- and middle-income countries (LMICs) is limited. This study compared clinical outcomes and
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Health economics

direct healthcare costs between conventional laparoscopic cholecystectomy (CLC) and ERAS-based laparoscopic
cholecystectomy (ERAS-LC) in Rwanda.

Methods: A prospective before-after cohort study was conducted between January and December 2022 at two
tertiary hospitals in Rwanda. A total of 124 adult patients undergoing elective laparoscopic cholecystectomy
were included: 70 managed with conventional care and 54 within an ERAS pathway. Clinical outcomes (length of
stay, opioid use, time to oral intake, complications) and direct hospital costs were compared. Statistical analyses
included chi-square, t-tests, Mann-Whitney U tests, and multivariable regression models adjusting for potential
confounders.

Results: Groups were similar at baseline. All ERAS patients resumed oral intake on day one versus 87.1% in CLC
(p = 0.006); delayed feeding occurred only in CLC (12.9%). Mean LOS was shorter with ERAS (1.2 + 0.4 vs. 4.2
+ 1.1 days; p < 0.001), a >70% reduction. Opioid use was lower in ERAS (25.8% vs. 50.0%; p = 0.012) without
increased complications. Nursing costs decreased significantly (p < 0.001), while medication and surgical act
costs were higher, redistributing overall expenses.

Conclusion: ERAS for laparoscopic cholecystectomy in a resource-limited setting is feasible, safe, and improves
recovery while optimizing inpatient resource use. Despite higher medication costs, ERAS reduces LOS, opioid
use, and nursing costs, supporting its adoption in LMIC surgical care.
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Introduction

Access to safe, timely, and affordable surgical care is a fundamental
component of universal health coverage, yet it remains severely limited
in low- and middle-income countries (LMICs). Globally, an estimated
five billion people lack access to essential surgical and anesthesia ser-
vices. Each year, approximately 33 million individuals face catastrophic
health expenditures related to surgery and anesthesia care (1,2), with an
additional 48 million incurring significant indirect costs such as trans-
portation, accommodation, and food for patients and caregivers (3).
These indirect expenses substantially increase the financial burden of
surgery and further exacerbate health-related poverty (4). Structural
constraints within LMICs including limited surgical volumes, shortages
of trained surgical and anesthesia personnel, insufficient operating
theaters and hospital beds, challenging geographical access, and long
travel distances continue to restrict surgical capacity. These challenges
were highlighted in the World Health Organization's Global Strategy on
Human Resources for Health: Workforce 2030 (5).

The economic consequences of surgical illness are often more pro-
found than those associated with other medical specialties, such as in-
ternal medicine or pediatrics, and disproportionately affect household
livelihoods. Furthermore, (6), low surgical volumes in resource-limited
settings are strongly associated with increased case-fatality rates for
otherwise treatable surgical conditions (7,8).

Despite relatively low-risk patient profiles and fewer postoperative
complications, postoperative mortality in Africa remains alarmingly
high approximately double the global average (7).While perioperative
mortality for major surgery has declined substantially over the past five
decades, largely due to advances in anesthesia, perioperative care, and
surgical techniques, these improvements have not been uniformly
realized across low-resource settings.

When applied to laparoscopic cholecystectomy (LC), Enhanced Re-
covery After Surgery (ERAS) protocols integrate structured preoperative
patient education, optimized fasting and carbohydrate loading, mini-
mally invasive surgical techniques, opioid-sparing multimodal anal-
gesia, early mobilization, and early postoperative feeding. Collectively,
these measures promote faster functional recovery, improved patient
satisfaction, and shorter hospital stays (9-17).

Compared with conventional laparoscopic cholecystectomy (CLC),
ERAS-based LC has been shown to significantly reduce length of stay,
postoperative pain scores, opioid consumption, and hospital costs. ERAS
protocols also facilitate earlier resumption of oral intake, bowel func-
tion, and ambulation, with high success rates for ambulatory LC and low
complication rates (18,19).

In Rwanda, minimally invasive surgery (MIS) has progressively
expanded following major health system rebuilding efforts after the
1994 genocide. Significant investments in training, infrastructure
development, and international collaborations have enabled the gradual
introduction of laparoscopic surgery, which is now considered the
standard of care for common procedures such as cholecystectomy and
appendectomy. However, while the clinical benefits of ERAS are well
established in high-income countries, evidence regarding its feasibility,
safety, and economic impact in resource-limited settings remains scarce
(20-23).

The introduction of ERAS protocols within Rwanda's surgical system
therefore represents an important opportunity to evaluate their clinical
and economic impact in routine minimally invasive procedures. This
study aims to compare clinical outcomes and direct healthcare costs
between conventional and ERAS-based laparoscopic cholecystectomy
during the initial implementation of ERAS protocols at Rwanda's
teaching hospitals. The findings are intended to inform surgical practice,
hospital policy, and health system planning in similar low-resource
contexts.
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Rationale and hypothesis

Implementation of Enhanced Recovery After Surgery pathways
reduce surgical stress, shortens postoperative recovery time and has the
potential to lower overall perioperative costs by decreasing length of
stay and resource use.

We hypothesized that, compared with conventional perioperative
care, an ERAS pathway for elective laparoscopic cholecystectomy
would:

e shorten the length of hospital stay,

e reduce the opioid requirement,

e promote earlier resumption of oral intake of the patient,

e and still result in an overall favorable cost profile from the hospital
perspective

Methods
Study design and setting

This prospective before-after cohort study was conducted from
January to December 2022 at two tertiary referral hospitals in Rwanda,
the University Teaching Hospital of Kigali (CHUK) and the Rwanda
Military Teaching Hospital (RMTH). Both public teaching hospitals
operate under the Ministry of Health and the Ministry of Defense,
respectively. A total of 124 patients undergoing elective laparoscopic
cholecystectomy were consecutively recruited to evaluate the clinical
outcomes and direct healthcare costs of conventional laparoscopic
cholecystectomy (CLC) compared with procedures performed within an
ERAS pathway.

Study population and group allocation

Patients undergoing laparoscopic cholecystectomy before ERAS
implementation were managed under conventional perioperative care
and constituted the conventional laparoscopic cholecystectomy (CLC)
group. Following protocol finalization and multidisciplinary team
training, subsequent patients were managed within the ERAS pathway
(ERAS-LC group). As ERAS was implemented after site training, most
ERAS cases were treated at CHUK, while RMTH cases were primarily
recruited before ERAS implementation at that site. All eligible adult
patients undergoing elective laparoscopic cholecystectomy during the
study period were consecutively enrolled (n = 124), including 70 in the
CLC group and 54 in the ERAS-LC group, without individual clinical
selection beyond standard surgical eligibility.

Ethical considerations

The study received approval from institutional and national ethics
review boards (EC/CHUK/074/2021). Written informed consent was
obtained from all participants. Patient confidentiality and financial data
protection were strictly maintained.

Data collection

Demographic, clinical, and perioperative data including age, sex,
comorbidities, and length of hospital stay were prospectively recorded
using a standardized electronic tool integrated into routine clinical
workflows. Direct healthcare costs encompassing preoperative, intra-
operative, and postoperative expenses (consultations, hospitalization,
medications, consumables, and pharmacy services) were obtained from
hospital finance departments and calculated according to official hos-
pital and Ministry of Health tariffs. Daily hospitalization costs include
nursing care, medications, consumables, and meals. Data were collected
independently by trained data collectors and accountants, reported to a
study coordinator, and consolidated for analysis to minimize bias.
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Data protection and financial data access

Financial files were accessed only after formal clearance from the
hospital administration and the finance department. Electronic data
were stored on password-protected, access-controlled computers within
the hospital network and on an encrypted drive accessible only to the
study coordinator and designated analyst. Data collectors and hospital
accountants accessed financial data only within the hospital finance
office and reported to an independent study coordinator to minimize
bias. A data-use agreement was secured with each hospital before data
extraction and included in the ethics committee clearance of each
hospital.

Statistical analysis

Categorical variables are presented as counts and percentages. Group
comparisons for categorical variables were performed using Pearson's
chi-square test; where expected cell counts were < 5 we used Fisher's
exact test. Continuous variables are presented as mean + standard de-
viation (SD) when approximately normally distributed, or as median
and interquartile range (IQR) when distributional skewness was present;
Continuous variables were assessed for normality using Shapiro-Wilk
test.

For continuous outcomes that were approximately normally
distributed, independent t-tests were used; for non-normal continuous
variables like costs and length of stay, the Mann-Whitney U test (Wil-
coxon rank-sum) was applied. Because cost data are characteristically
skewed, we report both mean (SD) and median (IQR) and use non-
parametric tests for primary comparisons.

For sensitivity, we used bootstrap methods to estimate 95% confi-
dence intervals for mean differences where appropriate. Associations
between outcomes (for example length of stay) and categorical variables
(for example feeding day) were assessed by comparing the distributions
of LOS across categories (Mann-Whitney or Kruskal-Wallis as appro-
priate) and by regression modelling.

To account for potential confounding due to the non-randomized
design, we fitted multivariable models: (i) logistic regression for bi-
nary outcomes and (ii) linear regression for continuous outcomes after
appropriate transformation. Candidate covariates included age, sex,
comorbidity status (presence of hypertension/diabetes), insurance sta-
tus, and hospital site. All tests were two-tailed and statistical signifi-
cance was set at p < 0.05. Analyses were performed in SPSS v24 (IBM)
and R v4.x for bootstrap estimates.

Perioperative care protocols

Patients were managed according to either a conventional periop-
erative care pathway or an ERAS pathway for laparoscopic
cholecystectomy.

Conventional laparoscopic cholecystectomy (CLC)

Conventional laparoscopic cholecystectomy was performed accord-
ing to existing hospital protocols without any additional interventions.
Standard care included overnight preoperative fasting, routine intrave-
nous fluid administration, opioid-based analgesia, and selective use of
antiemetics as clinically indicated. All procedures were conducted under
general anesthesia in accordance with institutional anesthesia protocols.
Postoperatively, oral intake was typically initiated within 24 h, and
patients were discharged once they tolerated a full oral diet, ambulated
independently, and achieved adequate pain control with oral analgesics.

ERAS laparoscopic cholecystectomy (ERAS-LC)

The ERAS pathway emphasized structured preoperative counseling,
shortened fasting with preoperative carbohydrate-containing clear
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fluids when available, multimodal opioid-sparing analgesia, judicious
intraoperative fluid management, and avoidance of routine drains and
tubes. General anesthesia was standardized and supplemented with
local anesthetic infiltration and prophylactic antiemetics. Postoperative
recovery focused on early discontinuation of intravenous fluids, initia-
tion of oral fluids within 2 to 4 h, early feeding and mobilization, and
predefined discharge criteria. Patients were discharged once clinically
stable, mobile, tolerating oral intake, and comfortable on oral
analgesics.

Results

A total of 124 patients who underwent elective laparoscopic chole-
cystectomy between January and December 2022 were included in the
analysis. Clinical data were retrieved from the surgical archives of the
University Teaching Hospital of Kigali (CHUK) and Rwanda Military
Teaching Hospital (RMTH); while corresponding financial data were
obtained from the respective hospital Finance Departments.

Of the included patients, 54 (43.5%) were managed under the ERAS
protocol and 70 (56.5%) received CLC care. Most ERAS cases were
performed at CHUK, where the ERAS protocol was first introduced and
operationalized.

Baseline characteristics of study participants

One hundred and twenty-four patients undergoing elective laparo-
scopic cholecystectomy were include: 70 in the CLC group and 54 in the
ERAS group. Baseline demographics and comorbidities were similar
between groups (Table 1); the ERAS group was slightly younger (mean
+ SD 48.3 + 12.1 years) compared with the CLC group (54.2 + 10.8
years).

Postoperative clinical outcomes

Postoperative clinical outcomes are summarized in Table 2, with
statistically significant differences observed in feeding resumption,
length of hospital stay, and opioid use.

Through the Pearson chi-square test, we were able to detect a sta-
tistical difference when it came to resumption of feeding or length of
hospital stay.

ERAS protocol and surgical procedure

Early feeding (defined as first meal on postoperative day 1) was
achieved in 54/54 (100%) of ERAS patients versus 61/70 (87.1%) of
CLC patients (chi-square test, p = 0.006). Mean (+SD) length of stay was
1.2 + 0.4 days in the ERAS group and 4.2 + 1.1 days in the CLC group
(Mann-Whitney U test, p < 0.001) [or: median (IQR) X (Y-Z) vs A
(B—C); Mann-Whitney U, p < 0.001. Opioid requirement was lower in
the ERAS group (14/54, 25.8%) than in the CLC group (35/70, 50.0%)
(chi-square test, p = 0.012).

Table 1
Characteristics of study participants.

Variable ERAS group (n = 54) CLC group (n = 70)
Age (years), mean + SD 48.3+12.1 54.2 +10.8
Gender, n (%)
Male 9 (16.7) 13 (18.6)
Female 45 (83.3) 57 (81.4)
Insurance Coverage, n (%)
CBHI 42 (77.8) 54 (77.1)
Private 5(9.3) 5(7.1)
Other 7 (13.0) 11 (15.7)
Comorbidities, n (%)
None 39 (72.2) 50 (71.4)
Hypertension 8 (14.8) 12 (17.1)
Diabetes + Hypertension 7 (13.0) 8(11.4)
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Table 2 Table 4
Clinical outcomes comparing ERAS and CLC protocols. Cost Analysis of ERAS vs. CLC Protocols (FRW, mean + SD).
Outcome ERAS group CLC group p-value Variables ERAS Group CLC Group p-value
First meal resumption, n (%) Surgical Acts 47,365 + 8210 43,602 + 7540 <0.001
Day 1 54 (100) 61 (87.1) 0.006 Anesthesia Acts 20,944 + 3120 20,944 + 3120 0.877
Day 2 0 (0) 9(12.9) 0.378 Nursing Acts 6403 + 1850 28,641 + 6210 <0.001
Postoperative complications, n (%) Consumables 34,753 £+ 5670 38,747 + 7530 0.092
None 54 (100) 69 (98.6) Drugs 217,421 + 42,310 61,967 + 15,420 <0.001
Relook surgery 0 (0) 1(1.49 Hospitalization Fees 19,423 + 4560 22,956 + 5870 0.704
Length of stay (days), mean + SD 1.2+04 42+1.1 <0.001
Opioid use, n (%) 14 (25.8) 35 (50.0) 0.012 1 RWF = 0.0008812 Euro (26 Dec 2022, Ref: Exchange-rates.org).

Perioperative care pathways

A structured comparison of perioperative management strategies
between the two groups is presented in Table 3.

Table 3 highlights the substantial differences between conventional
care and ERAS protocols for laparoscopic cholecystectomy, showing
significantly shorter hospital stays, reduced opioid use, and earlier
feeding (p < 0.05). ERAS shifts perioperative care from reactive to
proactive and uses multimodal strategies, early feeding, restricted fluids,
and regional analgesia to reduce surgical stress and improve recovery.

Cost analysis

Direct healthcare costs associated with laparoscopic cholecystec-
tomy are presented in Table 4.

Nursing-related costs were significantly lower under ERAS (Mann-
Whitney U, p < 0.001). Drug costs were higher in the ERAS arm (p <
0.001). Because cost data were skewed, we present both mean (SD) and
median (IQR) in Table 4 and conducted sensitivity analyses using

Table 3

Comparative analysis of conventional vs. ERAS protocol for LC.

Component Conventional ERAS protocol Key differences
protocol
- Standard IV . .
fluids ;)ieiglar diet until 6 h _ERAS
SN oo T
P (800 ml + 400 ml) preop
. (Tramadol) . nutrition
Preoperative . 3 - Alternatives: clear .
- Antiemetics . - Proactive vs.
Care only if Juices/tea reactive nausea
Y . - Multimodal R
symptomatic remedication prevention
- Fasting: 6 h p - Earlier patient
X (Paracetamol, .
solids, 2 h clear education
. Dexamethasone)
fluids
-GA + 10c€11 infiltration ERAS use
- General (Bupivacaine) .
. . . regional
anesthesia - Restricted fluids (4-8 analgesia
- Liberal IV fluid: 1 h
Intraoperative 1bera uids  ml/kg/ ) - - Goal-directed
(2 ml/kg/h) - Glycemia monitoring .
. . fluid therapy
- Standard - Active warming . .
o - Strict metabolic
monitoring - Ondansetron
X control
prophylaxis
- IV fluids until
oral intake (4-6 - IV stopped at 4 h - ERAS achieves
h) - Oral fluids at 2-4 h 3x faster
- Opioids for pain - Multimodal analgesia  recovery
Postoperative (VAS > 7) (NSAIDs first-line) - 50% lower
- Feeding within - Full diet by 12 h opioid use
24 h - Discharge at 24 h if - Protocolized
- Discharge when  criteria met discharge

Key Outcomes

tolerating diet

- Mean LOS: 4.2
days

- 50% opioid use
- 12.9% delayed
feeding

- Mean LOS: 1.2 days
- 25.8% opioid use
- 100% Day 1 feeding

p < 0.05 for all
comparisons

bootstrapped 95% confidence intervals for mean differences.

Multivariable models adjusting for age, sex, comorbidity and hos-
pital site showed that ERAS remained independently associated with
shorter length of stay and reduced opioid use.

Discussion

In this prospective before-after study of 124 patients undergoing
elective laparoscopic cholecystectomy in two Rwandan teaching hos-
pitals, implementation of an ERAS pathway was associated with earlier
oral feeding, a large reduction in length of stay, and lower opioid re-
quirements while maintaining similarly low complication rates. The
reductions in length of stay and nursing costs likely reflect combined
effects of protocolised early mobilization, protocolised feeding and
multimodal analgesia that reduce the need for prolonged inpatient
monitoring and parenteral therapy. Higher drug costs reflect routine use
of multimodal analgesia and prophylactic antiemetics under ERAS;
these are anticipated to be offset by lower inpatient resource
consumption.

Clinical outcomes

Clinically, our ERAS pathway produced the anticipated improve-
ments in recovery. Patients on ERAS protocols resumed oral intake
immediately and ambulated earlier, reflecting the evidence that early
feeding and mobilization accelerate gut function without harm. All
ERAS patients resumed oral intake on postoperative day 1, compared
with 87.1% in the CLC group (p = 0.006), and the mean length of stay
was reduced by more than 70% (1.2 vs. 4.2 days; p < 0.001). This is in
line with a recent meta-analysis of laparoscopic cholecystectomy found
that ERAS significantly shortened length of stay, hastened time to first
flatus, and reduced nausea/vomiting and pain scores compared to
conventional care (24).

Opioid use was reduced by half in the ERAS group (25.8% vs. 50.0%;
p = 0.012), demonstrating the effectiveness of opioid-sparing strategies
embedded within ERAS protocols. This approach is strongly supported
by contemporary evidence showing that minimizing opioid exposure
reduces adverse events, improves patient comfort, and accelerates
functional recovery (25-28).

Additionally, early discontinuation of intravenous fluids achieved in
85.3% of ERAS patients reflects enhanced recovery physiology and
effective perioperative coordination. These findings highlight the po-
tential for ERAS to support rapid and safe recovery even in resource-
limited settings, where optimizing bed turnover and minimizing post-
operative complications are critical (29).

Financial implications

Despite the fact that >90% of the population is enrolled in the
Community-Based Health Insurance (Mutuelle de sante - CBHI) even
modest co-payments can impose a significant financial burden. Evidence
from rural Rwanda shows that nearly half of insured women undergoing
cesarean section had to borrow money to afford care, and up to one-fifth
experienced catastrophic health expenditure when transportation costs
and lost wages were included (30). These findings highlight the
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substantial contribution of indirect costs, particularly transport and in-
come loss to financial hardship despite insurance coverage. These ob-
servations show the potential for ERAS protocols, to lessen the financial
hardship.

ERAS was associated with a statistically significant reduction in
nursing care costs (z = —6.520, p < 0.001). This reduction is likely
attributable to improved perioperative organization, fewer post-
operative complications, and earlier mobilization. Although decreases
in anesthesia costs, consumables, and hospitalization fees did not reach
statistical significance, the overall downward trend consistently favored
ERAS, suggesting potential meaningful cost savings when implemented
at scale. From a cost perspective, ERAS shifted expenses away from
prolonged inpatient care towards perioperative optimization. By
dramatically shortening stay, ERAS cut nursing and ward costs: our data
showed a > 75% reduction in nursing and hospitalization charges.

This is in line with economic analyses from elsewhere, an ERAS
program in colorectal surgery saved ~€3439.30 per patient by reducing
days in postoperative phase (31). Similarly, an RCT in Pakistan found
ERAS reduced median hospital stay (28.9 vs 40.5 h) and total per-patient
cost by ~12% (32). These results are also consistent with the meta-
analysis by Arachchilage et al. (33), which reported a 13 to 15%
reduction in total postoperative costs and a 15 to 20% reduction in
complication rates. Similar findings by Akthar (34), further reinforcing
the broader economic value and clinical efficiency of ERAS protocols.

For patients, shorter stays also mean fewer missed workdays and
travel episodes. This can substantially reduce indirect costs, as evidence
from Rwanda demonstrates that inclusion of transportation expenses
and lost wages increases the incidence of catastrophic health expendi-
ture to approximately 20-23% (30). By enabling patients to return home
sooner, ERAS likely diminishes such indirect financial burdens.

In our setting, higher costs were seen for surgery and drugs
(reflecting advanced equipment and additional medications) and, ERAS
was associated with higher surgical act costs (z = 4.584, p < 0.001) and
higher drug expenditures (p < 0.001). These increases may reflect the
need for specialized perioperative medications, multimodal analgesia
regimens, and equipment or training necessary to implement ERAS
effectively.

Interpretation for resource-limited settings

The broader implications for LMIC surgical care are significant. Our
results add to mounting evidence that ERAS is feasible and effective
outside high-income settings. A recent systematic review found that
ERAS implementation in LMICs consistently reduced length of stay
across surgical specialties (35). However, success hinges on systems
capacity. Strategic procurement, supply chain improvements, and staff
training may mitigate initial financial burdens. Faster postoperative
recovery also increases bed turnover and allows patients to resume so-
cioeconomic activities sooner, contributing to broader economic bene-
fits (24).

ERAS protocols improve efficiency through shorter hospital stays,
reduced nursing burden, and fewer complications. This balance may
translate into net savings over time, particularly in our systems with
high patient volumes and limited bed capacity. ERAS relies on coordi-
nated, multidisciplinary care and adequate nursing; those conditions
may be lacking in many low-resource hospitals. Reports from similar
settings note resistance to new protocols, limited perioperative staffing,
and sparse data collection as key barriers (36).

Rwanda's health system, supported by strong political commitment
to surgical universal health coverage through initiatives such as Na-
tional Surgical, Obstetric and Anesthesia Plan (NSOAP), performance-
based financing (PBF), and broad insurance coverage (Community
Based Health Insurance, RSSB, MML...), is relatively well-positioned to
adopt ERAS protocols. However, important challenges remain. For
instance, patients who travel long distances to access care may be less
comfortable with early or same-day discharge, highlighting contextual
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barriers to rapid recovery pathways. Addressing these challenges will
require targeted education for both clinicians and patients, strengthened
referral and follow-up systems, and gradual, context-sensitive adapta-
tion of ERAS protocols. While preoperative counseling and patient
involvement in discharge planning proved beneficial in our setting,
broader system-level improvements, particularly in referral networks,
are essential to fully realize the benefits of ERAS.

Encouragingly, ERAS Society guidelines have increasingly been
adapted to low- and middle-income country contexts to account for such
constraints.

Overall, our findings demonstrate that ERAS can safely improve
clinical outcomes and system efficiency in LMIC settings; however,
achieving these benefits at scale will require sustained commitment to
perioperative capacity building, resource allocation, and implementa-
tion support.

Strengths

This is one of the first evaluations of an Enhanced Recovery After
Surgery (ERAS) pathway for laparoscopic cholecystectomy in Rwanda
and contributes data from a low- and middle-income country setting
where evidence on ERAS implementation and costs remains limited or
unavailable. The prospective design allowed systematic collection of
clinical and financial data and reduced the risk of missing or incomplete
records commonly encountered in retrospective studies. It also reflects
real-world clinical implementation in two tertiary teaching hospitals,
providing findings that are directly relevant to similar healthcare sys-
tems in the region. Finally, the analysis included detailed hospital cost
components, allowing a more granular understanding of how ERAS
protocols may influence resource utilization within the hospital setting.

Limitations
This study has several limitations:

(i) This was a non-randomized prospective before-and-after study
and therefore subject to confounding and secular trends; alloca-
tion to ERAS was determined by time and site (ERAS was
implemented after team training), and most ERAS patients were
treated at a single centre (CHUK), which limits external
generalisability.

(i) Although data collectors and hospital accountants reported to an
independent coordinator to reduce detection bias, staff could not
be blinded to the pathway and performance; hence, Hawthorne
effects are possible.

(iii) The sample size was modest, and rare complications cannot be
excluded.

(iv) Cost data are sensitive to local tariffs and supply chains; there-
fore, findings may not be generalised to other hospitals or health
systems.

(v) Finally, longer-term outcomes (patient-reported outcomes, re-
turn to work) were not assessed. Although statistical analyses
were performed to mitigate confounding, using the measured
variables namely age, sex, comorbidity, insurance status and
hospital site, and performed sensitivity analyses, residual con-
founding due to unmeasured factors cannot be completely
excluded. So, future multicenter randomized or matched cohort
studies would help provide stronger evidence.

Conclusion

This study demonstrates that ERAS protocols offer significant clinical
and economic advantages in laparoscopic cholecystectomy. Sustained
efforts to strengthen protocol adherence, address implementation bar-
riers, and invest in staff training will be crucial for achieving full ERAS
integration. As Rwanda continues to expand minimally invasive surgery
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capacity, ERAS provides a pathway to enhance surgical quality, promote
efficiency, and support equitable access to high-value care.
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