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Abstract
Introduction: Surgical care in first‐referral hospitals (FRHs) in low‐ and
middle‐income countries (LMICs) is poorly characterized. Inguinal hernia
repair can act as a good tracer condition. This study aimed to evaluate the
variation in hernia repair across different hospital types in LMICs.
Methods: We conducted a secondary analysis of an international prospec-
tive cohort study of hernia surgery. Data was collected from consecutive
patients undergoing primary inguinal hernia repair between 30 January and
May 21, 2023. We characterized patients from LMICs, comparing first‐
referral, secondary, and tertiary hospitals. Emergency surgery, financing
methods, mesh use, and complications were defined as key performance
measures relevant for FRHs. Amultilevel logistic regression model was used
to test associations between complications and hospital type.
Results: This analysis included 8155 patients undergoing hernia repair
across 328 hospitals in 55 LMICs. Most patients were male (89.8%, 7324/
8155), of working age (mean age 41.6, SD 25.3). Emergency surgery rates
were similar across first‐referral, secondary and tertiary hospitals (11.1%,
10.9%, and 9.6%, respectively). Patients in FRHs were most likely to
experience out‐of‐pocket payments (31.4%, 9.4%, and 17.4%). They also
had lower rates of mesh use (71.9%, 82.1%, and 84.1%) and higher post-
operative complication rates (19.1%, 12.5%, and 14.0%), although com-
plications were similar after adjustment (adjusted odds ratio 1.71, 95% CI
0.83–3.54, p = 0.148).
Discussion: This sample of FRHs is capable of delivering simple elective
surgery, reducing the burden on subsequent referral hospitals. To scale
these surgical pathways, FRHs need support to increase the use of mesh
and ensure cost protection for patients.
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1 | INTRODUCTION

First‐referral hospitals (FRHs) in low‐ and middle‐
income countries (LMICs) have been essential in the
delivery of surgical care for common surgical diseases
to the most vulnerable populations.1 They are struc-
tured to be the first point of healthcare contact for rural
populations.2,3 Utilization varies with reports from the
National Sample Survey Office 75th Round (2017–
2018) in India demonstrating that a significant per-
centage of the rural population first seeks healthcare
from private practitioners or smaller clinics.4 A smaller
percentage of patients used community health centers
or first‐referral units. Nevertheless, FRHs remain the
first easily accessible port of call for patients in rural
areas. However, data to characterize the surgical care
delivered in these settings are still scarce and needs
better representation in global surgical studies.5

Inguinal hernia surgery is one of the most commonly
performed operations worldwide with approximately 20
million repairs occurring every year.6 It is a low‐risk pro-
cedure, usually done as an elective case, and with low
overall complication rates. Most of the burden of disease
resides in LMICs,7where it is performedby surgeonsand
nonsurgical physicians, usually through a groin incision
and often under spinal or locoregional anesthesia.8 This
procedure was included in the list of essential surgical
procedures that should be delivered in FRHs.2

Whilst studying variation in all operations performed
across FRHs is unlikely to be feasible, evaluating
inguinal hernia repair can serve as a good marker of
assessment of the elective surgical care across a wide
range of hospitals.9 Comparing FRHs to secondary and
tertiary hospitals can help identify differences in their
populations and variation in the care that is delivered. To
study the surgical care delivered by FRHs in LMICs, we
conducted a secondary analysis of an international pro-
spective cohort study of hernia surgery.8 This study used
inguinal hernia repair as a tracer condition to compare
access to and quality of elective care across different
income groups.8 A secondary analysis using the same
principle, taking hernia repair as a tracer condition,would
allow a more comprehensive understanding of the vari-
ation between different hospital types in LMICs.

2 | METHODS

2.1 | Study objectives

The primary objective of this study was to compare
surgery provided in first, second, and tertiary level

hospitals, using a common tracer condition. The
secondary objective was to better understand the
characteristics of this FRH network, accepting that
FRHs are very heterogenous, and those providing
hernia surgery are likely to reflect one end of the
spectrum. We aimed to explore characteristics in
terms of hospital services provided and geographical
area served.

2.2 | Study design and participants

This was a secondary analysis of an international,
prospective cohort study of patients undergoing
inguinal hernia surgery,8 which compared a measure-
ment set across different income groups. The study
followed the principles of collaborative research and
was disseminated and delivered by the NIHR Global
Health Research Unit on Global Surgery Collabora-
tive.10 Any hospital performing inguinal hernia repairs
was eligible to take part. Consecutive patients under-
going primary inguinal hernia repair were included in 4‐
week inclusion blocks between 30 January and May 21,
2023, regardless of age or urgency of surgery. Patients
with an open approach via midline incision were
excluded due to the higher complexity associated with
these procedures.11 Only routine, anonymized data
was collected and no changes were made to existing
clinical care pathways. Ethical approval was obtained
by the hospital lead, who was the local principal
investigator, according to local regulations. Consent
from patients was taken in some hospitals as required
by the local research ethics committee, and other
hospitals had a waiver from it.

2.3 | Study setting

For this analysis, only patients operated in LMICs were
included. The country income groups were defined by
the World Bank in 2022 as upper‐middle income, lower‐
middle income, and low‐income countries.12 We
defined three levels of hospital based on the definitions
used in previous global cohort studies13: (a) first‐
referral, hospitals with few specialties, mainly internal
medicine, obstetrics and gynecology, pediatrics, and
general surgery; (b) secondary hospitals with 5 to 10
clinical specialties, usually with 200 to 800 beds; and (c)
tertiary hospitals with highly specialized staff and
technical equipment and clinical services highly differ-
entiated by function. Hospitals were classified by the
hospital lead in the hospital questionnaire which was
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completed by the hospital lead at each site and verified
by a consultant to ensure data quality. This was done in
parallel to patient data collection and allowed for a
better characterization of the hospitals taking part in the
study. The data management plan was the same as
described in the main analysis.8

2.4 | Hospitals coverage

For each hospital, GPS coordinates and location were
identified. Population density was calculated within a 5‐
km radius of each hospital using an existing online tool
(https://tomforth.co.uk/circlepopulations/). This distance
was selected because it represents a walking distance
considering that not all hospitals are easily accessible
by road and it was previously used in studies measuring
access to a healthcare facility.14 We accepted a prior
that is only one of many possible geospatial charac-
teristics, and so we considered this an exploratory
study. Comparison between the population densities
covered by each hospital type was presented to further
characterize each participating hospital.

2.5 | Measurement set

The measurement set was previously developed and
tested to evaluate the attributes of the World Health
Organization's Health System Building Blocks.8 The
measurement set evaluated access and coverage,
quality, and safety. The writing group, which included a
network of surgeons working in FRHs in LMICs,
selected four key performance measures that were
most relevant for FRHs.15 These were emergency rate,
financing methods, mesh use, and postoperative com-
plications. Among the financing methods, out‐of‐pocket
expenditure was selected as the most relevant,
considering the relationship with patients' vulnera-
bility.16 The other measures were considered additional
descriptive data (Supplementary Table 1).

Each measure was applied to a pre‐specified set of
patients to ensure relevance and to be compliant with
the recommendations.17,18 Urgency of surgery, bowel
resection rates, and postoperative complications were
assessed in all patients. Postoperative complications
were evaluated at 30 days after surgery, either in per-
son, by phone, or by checking the health records,
without any changes to their routine follow‐up. Waiting
times were measured among patients who underwent
elective repair. Mesh use was assessed among adults
who underwent elective repair. Day‐case surgery was
measured among adults undergoing elective repair with
an ASA of I–II and age younger than 90 years, which is
the group where day‐case surgery was recommended
to be adopted. The other measures were assessed in

all patients and hospitals and compared between the
three hospital levels.

2.6 | Statistical analysis

Continuous variables with a normal distribution were
presented as mean and standard deviation, and
skewed variables were presented as median and
interquartile range. Categorical variables were reported
with frequencies and percentages. Adjusted rates of
key performance measures for each type of hospital
were derived using a multilevel logistic regression
model and presented with 95% confidence intervals.
Hospitals nested within countries were included as
random effects. The rates of additional descriptive
measures were presented as unadjusted rates. All
statistical analyses were performed using R (version
4.0.2, R Foundation for Statistical Computing, Vienna,
Austria).

2.7 | Role of the funder

The funders of the study had no role in study design,
data collection, data analysis, data interpretation, or
writing of the report.

3 | RESULTS

Overall, data was collected from 18,058 patients un-
dergoing inguinal hernia repair in 83 countries. After
excluding missing data (n = 95) and patients from HIC
countries (n = 9808), this analysis included 8155 pa-
tients from 328 hospitals in 55 upper‐middle‐, lower‐
middle‐, and low‐income countries. This included 39
FRHs, 83 secondary hospitals, and 206 tertiary hospi-
tals, as shown in Figure 1 and comparisons were made
in this order.

Most patients underwent surgery in publicly funded
hospitals (79.9%, 6513/8155), independent of hospital
type, as shown in Table 1. However, privately funded
hospitals had the highest representation among FRHs,
when compared to secondary and tertiary hospitals
(38.5%, 25.3%, and 17.0%, respectively, Supplemen-
tary Table 2). Emergency surgery was available during
24 h in most hospitals (89.9%, 295/328), but there were
four FRHs where it was not available at any time of the
day (10.3%, 4/39). The median number of beds
increased from first‐referral to tertiary hospitals (100.0,
250.0, and 750.0, respectively). Population density
within a 5‐km radius of each hospital, weighted with the
patients involved in the study per hospital, was lower
among FRHs (median 1398.5 per sqkm), as shown in
Figure 2.
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F I GURE 1 Flowchart of included patients. Data are n (%) unless stated otherwise. HICs: high income countries, UMICs: upper‐middle
income countries, LMICs: lower‐middle income countries, LICs: low‐income countries.

TABLE 1 Hospital characteristics and variation.

First‐referral hospitals
(n = 494)

Secondary level hospitals
(n = 1184)

Tertiary level hospitals
(n = 6477)

Total
(n = 8155)

Income group

UMIC 129 (26.1%) 598 (50.5%) 2572 (39.7%) 3299 (40.5%)

LMIC 201 (40.7%) 490 (41.4%) 3257 (50.3%) 3948 (48.4%)

LIC 164 (33.2%) 96 (8.1%) 648 (10.0%) 908 (11.1%)

(Missing) 0 0 0 0

Hospital funding

Public 296 (59.9%) 883 (74.6%) 5334 (82.4%) 6513 (79.9%)

Private 165 (33.4%) 289 (24.4%) 952 (14.7%) 1406 (17.2%)

Public‐private 33 (6.7%) 12 (1.0%) 191 (2.9%) 236 (2.9%)

(Missing) 0 0 0 0

Surgical emergency service

Yes ‐ surgery
available 24h

361 (73.1%) 986 (83.3%) 6107 (94.3%) 7454 (91.4%)

Yes ‐ surgery only during
daytime

37 (7.5%) 95 (8.0%) 233 (3.6%) 365 (4.5%)

Yes ‐ for assessment only 43 (8.7%) 103 (8.7%) 56 (0.9%) 202 (2.5%)

No 53 (10.7%) 0 (0.0%) 81 (1.3%) 134 (1.6%)

(Missing) 0 0 0 0

Number of beds

Median (IQR) 100.0 (80.0–103.0) 250.0 (200.0–413.0) 750.0 (435.0–1200) 550.0 (350.0–
1047)

Note: Data are n (%) unless stated otherwise.

Abbreviations: HIC: high‐income country; LIC: low‐income country; LMIC: lower‐middle‐income country; UMIC: upper‐middle‐income country.
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Patients undergoing hernia repair in LMICs were
mostly male (89.8%, 7324/8155) and symptomatic
(80.3%, 6549/8155). Most patients were of working age
(mean age 41.6, SD 25.3) and had low ASA scores
(94.1%, 7670/8155). FRHs operated a higher propor-
tion of large hernias, including those extending to the
scrotum, mid‐thigh, and beyond (40.5%, 31.4%, and
33.3% respectively). Most operations were clean
(93.4%, 7620/8155) and the hernia defect size varied
across all hospitals, as shown in Table 2.

Regarding the key performance measures relating
to access, emergency surgery rates showed little vari-
ation across hospital types (adjusted rates 11.1%,
10.9%, and 9.6%). Overall, insurance by the govern-
ment was the most common payment method (67.2%,
5479/8155, Supplementary Table 3). The out‐of‐pocket
payment rates were highest in FRHs (31.4%, 9.4%, and
17.4%), as shown in Figure 3.

Regarding the key performance measures relating
to quality, mesh use in adults undergoing elective repair
increased from FRHs to tertiary hospitals (adjusted
rates of 71.9%, 82.1%, and 84.1%). Postoperative
complications at 30 days varied between hospitals, with
the highest rates in FRHs (19.1%, 12.5%, and 14.0%).
Most of these were minor complications (Clavien Dindo
I–II 14.0%, 1137/8155, Supplementary Table 4). A
multilevel logistic regression model did not identify
significant differences in the complication rate by hos-
pital type (adjusted odds ratio for FRHs 1.71, 95% CI
0.83–3.54, p‐value 0.1483).

The additional descriptive data evaluating access
and coverage showed that bowel resection rates were
similar among different hospital types (2.4%, 1.6%, and

2.5%). The variation in waiting times for elective repair
was small (median 8 months in FRHs and 6 months in
secondary and tertiary hospitals). Standardized patient
pathways, waiting list management, and day‐case
surgical units were available equitably across the
different hospital types, as shown in Table 3.

The additional descriptive data evaluating quality
and safety varied between hospital types. In all hospi-
tals, most patients were operated by a senior surgeon
(67.6%, 5509/8155). However, differences were noted
in the use of nonsurgical medical practitioners. In ter-
tiary hospitals, they rarely performed operations (0.7%,
43/6477), as opposed to the FRHs, where it had a
higher rate (5.3%, 26/494). Anesthesia type varied
between the three hospital levels. General and spinal
anesthesia were commonly adopted with differences of
less than 2% between the different hospital types. The
main difference was the use of locoregional anesthesia,
which had higher adoption in FRHs and secondary
hospitals (12.6%, 12.8%, and 8.7%, respectively).
Minimally invasive surgery had limited adoption in all
hospitals, but FRHs showed the lowest rate (9.3%, 46/
494). Day‐case surgery was adopted in less than half of
the eligible patients across all hospitals (41.9%, 2263/
5399), as shown in Figure 4 and Supplementary
Table 4.

4 | DISCUSSION

This study highlights key differences and similarities
between patients undergoing hernia surgery in first‐
referral, secondary, and tertiary level hospitals in

F I GURE 2 5 km population density presented on patients treated by hospital type. [Colour figure can be viewed at wileyonlinelibrary.com]
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LMICs. It shows that the FRHs represented in this study
are likely to have similar complication rates to tertiary
centers, but patients are less likely to have mesh
placed. While mesh availability was already known to
be lower in LMICs, the variation across different hos-
pital types suggests that this particularly affects FRHs.
The remote location of these hospitals might account

for the challenges in delivering mesh to these areas.19

The cost of the mesh would also impact the utility and
availability of mesh in rural populations.20

The other important finding was that patients oper-
ated in FRHs were most likely to have out‐of‐pocket ex-
penditures. This highlights the vulnerability of this
population, who required more financial protection to

TABLE 2 Included patients.

First‐referral hospitals
(n = 494)

Secondary level hospitals
(n = 1184)

Tertiary level hospitals
(n = 6477)

Total
(n = 8155)

Age

Mean (SD) 41.2 (23.3) 43.7 (24.3) 41.3 (25.6) 41.6 (25.3)

Sex

Female 49 (9.9%) 144 (12.2%) 637 (9.8%) 830 (10.2%)

Male 445 (90.1%) 1040 (87.8%) 5839 (90.2%) 7324 (89.8%)

(Missing) 0 0 0 0

ASA grades

ASA I‐II 478 (96.8%) 1119 (94.5%) 6073 (93.8%) 7670 (94.1%)

ASA III‐V 14 (2.8%) 63 (5.3%) 384 (5.9%) 461 (5.7%)

Not recorded 2 (0.4%) 2 (0.2%) 19 (0.3%) 23 (0.3%)

(Missing) 0 (0.0%) 0 (0.0%) 1 (0.0%) 1 (0.0%)

Symptoms

Asymptomatic 54 (10.9%) 184 (15.5%) 1367 (21.1%) 1605 (19.7%)

Symptomatic 440 (89.1%) 1000 (84.5%) 5109 (78.9%) 6549 (80.3%)

(Missing) 0 0 0 0

Hernia size

Limited to inguinal region 294 (59.5%) 812 (68.6%) 4319 (66.7%) 5425 (66.5%)

Limited to scrotum 193 (39.1%) 354 (29.9%) 2069 (31.9%) 2616 (32.1%)

Extend to mid‐thigh or
beyond

7 (1.4%) 18 (1.5%) 88 (1.4%) 113 (1.4%)

(Missing) 0 0 1 1

Contamination

Clean 484 (98.0%) 1124 (94.9%) 6012 (92.8%) 7620 (93.4%)

Clean‐contaminated 484 (98.0%) 1124 (94.9%) 6012 (92.8%) 7620 (93.4%)

Contaminated 0 (0.0%) 7 (0.6%) 28 (0.4%) 35 (0.4%)

Dirty 0 (0.0%) 1 (0.1%) 11 (0.2%) 12 (0.1%)

(Missing%) 0 1 2 3

Hernia defect size

<1.5 cm 76 (15.4%) 231 (19.5%) 1605 (24.8%) 1912 (23.5%)

1.5–3 cm 173 (35.0%) 447 (37.8%) 2378 (36.7%) 2998 (36.8%)

>3 cm 212 (42.9%) 408 (34.5%) 1744 (26.9%) 2364 (29.0%)

Not known 33 (6.7%) 97 (8.2%) 749 (11.6%) 879 (10.8%)

(Missing) 0 0 0 0

Note: Data are n (%) unless stated otherwise. ASA: American Society of Anesthesiologists Physical Status Classification System grade.
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access surgical care and were then less likely to receive
a repairwithmesh,which compounds their lackof access
to it. Considering the high levels of poverty in the regions
covered by FRHs, this finding identifies the susceptibility
of these patients to catastrophic expenditures.3High out‐
of‐pocket payments in financially vulnerable populations
may also set the stage for delayed presentations with
larger hernias that extend to the scrotum, midthigh, and
beyond in FRHs.21 The higher representation of privately
funded hospitals in this category might partly explain this
observed difference.22 This funding and financing
mechanism seems to be able to support elective surgery
but has less capacity to deliver emergency surgery and is
only available to a restricted group of patients, who were
able to fund their care.

This study also showed that patients undergoing
hernia repair in FRHs were most likely to be operated
on by nonsurgical medical practitioners. The lack of
surgeons or nonsurgical practitioners trained in using
mesh for hernia repair might play a role.23 A lack of
surgeons in these settings might be a reason for the
higher use of nonsurgical medical practitioners.1

There are limitations to this study. First, the FRHs
represented in this study are all capable of providing
hernia repair and most likely represent one end of the
spectrum of these types of hospitals; that is, they are
probably the larger and better resourced of the FRHs.
However, they represent a large number across multi-
ple countries and so have provided real‐world patient

data rather than survey data alone. Second, there might
be differences in FRHs from upper‐middle‐, lower‐
middle‐, and low‐income countries which were not fully
explored in this study, given the low number of patients
included. Third, this study was not intended to be a
comprehensive evaluation of all FRHs but rather a
purposeful selection of hospitals identified by invitation,
subscription, and snowball methods of dissemination.
The higher proportion of privately funded FRH than
expected might be a marker of that.24 Finally, the fact
that not all patients had a routine follow‐up appointment
at 30 days after surgery might have underestimated the
complication rates. However, this is not possible in all
settings and the strategy followed had likely captured all
patients with major events who would represent for
further care in their hospitals.

The findings from this study identified different areas
for intervention to improve access to and quality of
surgical care in FRHs. The analysis that was conducted
and focused on different hospital levels all based in
LMICs allowed a better understanding of the variation
present there, which was not explored before. Hernia
surgery might be safely expanded in FRHs, but access
to mesh can be improved. As supported by previous
evidence, this will decrease recurrence rates and the
need for further surgery.17,25 Considering that hernia
repair is a simple and low‐risk procedure, improving
capacity and training in FRHs will be better for their
populations since these hospitals tend to be closer to

F I GURE 3 Key performance measures. [Colour figure can be viewed at wileyonlinelibrary.com]
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local communities.26 At the same time, populations
covered by FRHs need to have access to better pay-
ment mechanisms and increasing insurance by gov-
ernments could be part of a solution.24

Future research to fully understand and characterize
surgical care in FRHs is still needed. An established
network of surgeons from FRHs will be essential to
identify and recruit more centers in future studies. A

better understanding of outcomesof patientswhosought
care in FRHs but ended up having an operation in sec-
ondary or tertiary level hospitals is relevant, but it was
beyond the scope of this study. Exploring it further will
identify the capacity limits within FRHs. It is important to
identify which procedures in the essential surgery pack-
age can be delivered safely in FRHsandwhich should be
referred to secondary and tertiary hospitals.2 There

TABLE 3 Additional descriptive data to measure access across the hospital types.

First‐referral hospitals
(n = 494)

Secondary level hospitals
(n = 1184)

Tertiary level hospitals
(n = 6477)

Total
(n = 8155)

ACCESS AND COVERAGE

Bowel resection

Yes 12 (2.4%) 19 (1.6%) 159 (2.5%) 190 (2.3%)

No 482 (97.6%) 1163 (98.4%) 6316 (97.5%) 7961 (97.7%)

(Missing) 0 2 2 4

Total n = 442 n = 1053 n = 5920 n = 7415

Waiting time to elective surgery

Median (IQR) 8.0 (2.3–24.0) 6.0 (3.0–16.4) 6.0 (2.6–18.0) 6.0 (2.7–18.0)

(Missing)

Waiting time before diagnosis

Median (IQR) 6.1 (1.9–18.1) 4.3 (1.5–11.7) 4.0 (1.2–11.9) 4.0 (1.3–11.9)

(Missing)

Waiting time after diagnosis

Median (IQR) 0.8 (0.2–3.0) 1.9 (0.5–5.7) 2.1 (0.7–6.0) 2.0 (0.6–6.0)

(Missing)

Waiting time after decision for surgery

Median (IQR) 0.2 (0.1–0.8) 0.6 (0.2–1.6) 0.7 (0.1–2.0) 0.6 (0.1–1.8)

(Missing)

Total n = 368 n = 853 n = 4559 n = 5780

Standardized patient pathways

Yes 273 (55.3%) 690 (58.3%) 3770 (58.2%) 4733 (58.0%)

No 221 (44.7%) 494 (41.7%) 2707 (41.8%) 3422 (42.0%)

(Missing) 0 0 0 0

Waiting list management

Yes 431 (87.2%) 1040 (87.8%) 5580 (86.2%) 7051 (86.5%)

No 63 (12.8%) 144 (12.2%) 897 (13.8%) 1104 (13.5%)

(Missing) 0 0 0 0

Availability of day case surgical unit

Yes 361 (73.1%) 1001 (84.5%) 5019 (77.5%) 6381 (78.2%)

No 133 (26.9%) 183 (15.5%) 1458 (22.5%) 1774 (21.8%)

(Missing) 0 0 0 0

Note: This table shows the variation of additional descriptive data to evaluate access across hospital types.
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might be conditions where this varies across health
systems, but a thorough review of these procedures
would be beneficial.27 These procedures could then be
used subsequently as tracers to evaluate healthcare in
these populations. Building surgical capacity and
accessibility to surgical care in remote populationswill be
the key to addressing the problem of themissingmillions
of surgical procedures that need to be performed in rural
populations but are not being done currently.
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