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ABSTRACT

First referral hospitals, often known as district hospitals,
are neglected in the discourse on universal health
coverage in low-income and middle-income countries
(LMICs). However, these hospitals are important for
delivering safe surgery for 313 million people. This
study aims to understand the structures, processes
and outcomes of patients undergoing surgery in these
centres in LMICs. This is a preplanned secondary
analysis using data from two high-quality randomised
controlled trials undergoing major abdominal surgery
across six LMICs. Type of hospital was the main
explanatory variable, defined according to the WHO
taxonomy as first referral (ie, district or rural) and
referral (ie, secondary or tertiary). Of the included 15657
patients across 80 hospitals from 6 countries, 3562
patients underwent surgery in first referral and 12149
patients underwent surgery in referral centres. First
referral centres have lower full-time surgeons (median:
1 vs 20, p<0.001) and medically trained anaesthetists
(28.6% vs 87.1%, p<0.001) compared with referral
centres. Patients undergoing surgery in first referral
centres were more likely to have lower rates of American
Society of Anaesthesiologist (ASA) grades Ill-V (8.1%
vs 22.7%, p<0.001), but higher rates of emergency
procedures (65.1% vs 56.6%, p<0.001). In first referral
centres, there was a significantly higher use of WHO
surgical safety checklist (99.4% vs 93.3%, p<0.001)
compared with referral centres. In adjusted analyses,
there were no differences in 30-day mortality (OR 1.09,
95% Cl 0.73 to 1.62) and surgical site infection (OR
1.30, 95% Cl 0.89 to 1.90) between first referral and
referral centres. Postoperative mortality and surgical
site infection remain similar between first referral and
referral centres in LMICs. There may be a clear need to
upscale surgical volume safely in first referral centres
to meet global surgical needs. High-quality research is
needed to drive safe expansion of surgical workforce
and strengthen referral pathways within these surgical
health systems in LMICs.

WHAT IS ALREADY KNOWN ON THIS TOPIC

= To date, first referral hospitals, also known as district
hospitals, play a crucial role in providing surgical care
in low-income and middle-income countries (LMICs).
However, these hospitals are often overlooked in the dis-
course on universal health coverage despite being inte-
gral to delivering safe surgery to a significant population.
Previous published studies highlighted postoperative
mortality and surgical site infections were critical issues
in both first referral and higher-level referral hospitals in
LMICs. There was a clear need for studies focused on
understanding the structures, processes and outcomes
of surgeries performed in first referral hospitals to guide

improvements in surgical care delivery.

INTRODUCTION

The Lancet Commission on Global Surgery'
launched Global Surgery 2030 to address
inequities in the provision of safe, affordable
surgical and anaesthesia care, especially in
low-income and middle-income countries
(LMICs). It was estimated that almost five
billion people worldwide lack adequate
access to safe surgical care, largely in LMICs.
Here, the poorest third of the world’s popu-
lation receives only 3.5% of surgical oper-
ations done worldwide.”™ These surgical
conditions comprise non-communicable
diseases and injuries accounting for about
11% of the global burden of the disease.’
Recent estimates would account for the
prevention of 1.5million deaths per year or
6%—-7% of all deaths in LMICs only if acces-
sible essential surgical care was tended (eg,
obstructed labour, maternal haemorrhage,
fractures and acute abdominal disorders
like appendicitis).® The challenge is how
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WHAT THIS STUDY ADDS

= This study provides new insights by comparing the surgical care
structures, processes and outcomes between first referral and
higher-level referral hospitals in LMICs. First referral hospitals have
fewer full-time surgeons and medically trained anaesthetists, per-
form more emergency surgeries and have a higher usage of the
WHO surgical safety checklist compared with referral hospitals.
Despite these differences, the study found no significant difference
in 30-day postoperative mortality and surgical site infection rates
between the two hospital types. This indicates that first referral
hospitals can potentially manage surgical volumes safely if ade-
quately supported.

HOW THIS STUDY MIGHT AFFECT RESEARCH, PRACTICE OR
POLICY

= The findings of this study highlight the need to upscale surgical
capacity and workforce in first referral hospitals to meet global
surgical needs effectively. It underscores the importance of target-
ed interventions to improve surgical infrastructure and training in
these hospitals. Policy-makers can use this evidence to advocate
for increased investment in first referral hospitals, ensuring they are
equipped to handle both routine and emergency surgeries safely.
Additionally, this study emphasises the necessity for high-quality
research to develop and implement strategies that can strengthen
referral pathways and surgical systems in LMICs, ultimately con-
tributing to better health outcomes and progress towards universal

health coverage.

to provide such a surgical service. It is evident that
improvement will need to be delivered through the
district (non-referral) hospitals.

One of the challenges hampering improvement is
the sociological phenomenon called the urban-rural
divide, which creates disparities or inequalities in health
outcomes and access to care between people living in
urban and rural communities.” Rural surgery in devel-
oped countries, as in the USA and Australia, describes
the practice of general surgery in rural areas or outside
the metropolitan area.® ¥ For developing countries in
Africa (eg, Malawi and Zambia), rural surgery includes
task-shifting to non-physician clinicians."” In India, rural
surgeons are trained general surgeons for rural practice,
enabling the successful delivery of care in these settings.""
Therefore, rapid growth and success of the rural surgery
movement is associated with its geographical setting,
where these areas have a common ‘landmass’ which
makes resource sharing easier. Further, rural surgery
activities are based on National Surgical, Obstetric and
Anaesthesia Plans created and in force by these coun-
tries. For instance, this may include increasing capacity
for surgical volume and workforce in these settings.

The increasing surgical activity within hospitals in rural
settings is important for several reasons. These include
close proximity to patients, less risk of second delay, lower
risk of catastrophic expenditure and relieving burden on
referral facilities so they can provide specialist care. These
are all important in the agenda for expanding Global
Surgery."® To safely scale surgical activity in first referral

hospitals (ie, rural and district settings), understanding
structures, processes and outcomes in these hospitals is
important. Although global data exist, they are limited
to single country evaluation' '* or lack patient-level data
to understand how structures and processes impact on
clinical outcomes.” Therefore, the aim of this study is
to define structures, processes and outcomes of patients
undergoing surgery in first referral hospitals, according
to the Donabedian model for measuring quality of care.
This study uses data from two high-quality randomised
controlled trials (RCTs) undergoing major abdominal
surgery across six LMICs.

METHODS

Study design and participants

This secondary preplanned analysis included patients
from two published RCTs examining ways to reduce
surgical site infections (SSIs). First, FALCON (Reducing
surgical site infections in low-income and middle-income
countries)'® was a two-by-two factorial RCT done in 54
centres from 7 LMICs (Benin, Ghana, India, Mexico,
Nigeria, Rwanda and South Africa) between 10 December
2018 and 7 September 2020. This trial assessed whether
a combination of four interventions for skin preparation
and sutures before skin closure can significantly reduce
SSIs compared with current practice. These combina-
tions were as follows: (1) 2% alcoholic chlorhexidine and
non-coated suture; (2) 2% alcoholic chlorhexidine and
triclosan-coated suture; (3) 10% aqueous povidone-iodine
and non-coated suture or (4) 10% aqueous povidone-
iodine and triclosan-coated suture. Second, ChEETAh
(Routine sterile glove and instrument change at the
time of abdominal wound closure to prevent surgical
site infection)17 was a cluster RCT done in 81 centres
from 7 LMICs (Benin, Ghana, India, Mexico, Nigeria,
Rwanda and South Africa) between 24 June 2020 and 31
March 2022. This trial assessed whether routine changes
of sterile gloves and instruments (needle holder, forceps
and scissors) before abdominal wall closure significantly
reduces SSIs compared with current practice.

Both the FALCON and CHEETAH included children
and adult patients undergoing elective or emergency
abdominal surgery for a clean-contaminated, contami-
nated or dirty operation for any indication (ie, benign
or cancer) with an abdominal incision of 5cm or greater.
Operations were classified as clean-contaminated if
gastrointestinal or genitourinary tracts were entered, but
no spillage occurred; contaminated if there was a minor
spillage of gastrointestinal or genitourinary contents;
and dirty if there was a gross spillage of gastrointestinal
or genitourinary contents or established peritonitis. The
full protocol'® and results'® '” of both these clinical trials
have been published.

Explanatory variable
The main explanatory variable in this analysis was hospital
type, defined according to the WHO taxonomy system as
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first referral and referral.'® " First referral hospitals were
defined as hospitals at the first referral level responsible
for a district or a defined geographical area containing a
specific population, governed by a politico-administrative
organisation such as a district health management team.
Referral hospitals were defined as secondary or tertiary
centres providing specialist services. At present, there is
no worldwide agreed definitions for the hospital type (ie,
first referral or referral). Therefore, to understand the
type of hospital, a network survey was developed with the
FALCON and CHEETAH study management group. This
prospective survey was sent to all hospital leads involved
in both the FALCON and CHEETAH RCT. This survey
incorporated centre-level factors such as the availability
of surgical and anaesthetic staff, presence of a blood
bank, laboratory service and number of ventilated beds.
A summary of questions is presented in online supple-
mental table S1. The type of centre was defined by the
principal investigators, who are consultant surgeons, at
each of the participating sites for both the FALCON and
CHEETAH RCT.

Inclusion and exclusion criteria

For this secondary preplanned analysis, all patients under-
going major abdominal surgery with complete patient-
level and hospital-level data were included. Patients were
excluded if they underwent clean (non-contaminated)
surgery or caesarean section because patients under-
going the latter were notincluded in the CHEETAH trial.

FALCON, n=5,788
(54 hospitals from seven
countries)

Excluded patients, n=1,997
« No surgery, n=97

+ Withdrew consent, n=16 A= = = ———
« C-section, n=1,648

+ No rural survey data, n=258

FALCON, n=3,791
(45 hospitals from six countries)

Therefore, to prevent imbalances between the cohorts,
the latter group was excluded (figure 1).

Measuring quality of care
To measure the performance of quality of care across
different surgical systems, the Donabedian model was
used. This model uses key metrics to assess structures,
processes and outcomes within health systems. To ensure
relevance to surgical systems, key metrics were identified
and mapped to each of these domains through a consensus
process with the trial management group, with expertise
in surgery, perioperative care, public health and meth-
odology. Briefly, key metrics mapped were as follows: (1)
structure was assessed by availability of trained consultant
surgeons and anaesthetists; (2) process was assessed by
the casemix of surgery being performed defined as the
proportion of patients with ASA grades III-V, emergency
surgery and use of the WHO surgical safety checklist and
(3) outcomes defined as postoperative mortality and SSI.
Postoperative mortality was defined as death within 30
days of surgery. SSI up to 30 days from surgery was defined
by the US Centers for Disease Control and Prevention
definition of deep incisional or superficial incisional SSI
as follows: (1) the infection occurred within 30 days of
the index operation; (2) the infection involved the skin,
subcutaneous, muscular or fascial layers of the incision;
(3) the patient had at least one of purulent drainage
from the wound, organisms detected by wound swab,
diagnosis clinically or at imaging, or wound opened

CHEETAH, n=13,326
(81 hospitals from seven
countries)

Excluded patients, n=1,460

+ No surgery, n=25

«  Withdrew consent, n=0

+ C-section, n=0

« No rural survey data, n=1,435

CHEETAH, n=11,866
(72 hospitals from six countries)

l

Total patients in secondary
analysis, n=15,657
(80 hospitals from six countries)

Referral hospitals, n=12,149
(55 hospitals from six countries)

Figure 1

Figure 1: Flow chart of patient inclusion into the study

Non-referral hospitals, n=3,562
(25 hospitals from six countries)

FALCON (Reducing surgical site infections in low-income and middle-income countries); ChEETAh (Routine sterile glove and
instrument change at the time of abdominal wound closure to prevent surgical site infection)
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spontaneously or by a clinician and (4) the patient had at
least one of pain, tenderness, localised swelling, redness,
heat at the wound site or systemic fever (>38°C). In both
the FALCON and CHEETAH trials, outcome assessors
underwent rigorous training to conduct follow-up assess-
ments, either face to face or via telephone, employing
a set of predefined questions to ensure consistency and
accuracy in data collection.

Data collection and definitions

Both the FALCON and CHEETAH datasets were
combined to include patientlevel and operative-level
characteristics. Patient-level variables included were age
(ie, child, adult), gender (ie, male, female), smoking
status (ie, ex-smoker (>6 weeks), current or ex-smoker <6
weeks or never smoked), ASA grade, presence of diabetes
and HIV status (ie, known negative, known positive and
status not known). Operative-level variables include
timing of surgery (ie, elective and emergency), indica-
tion of surgery, type of operation, degree of contamina-
tion, prophylactic antibiotics (was defined as the use of
antibiotics up to 60min before surgery), hair removal
at the site of the wound, use of the WHO surgical safety
checklist, intraoperative pulse oximetry, and glove and
instrument change.

Statistical analysis

Categorical variables were compared using the % test.
Non-normally distributed data were analysed using
the Mann-Whitney U test. Survival was estimated using
Kaplan-Meier survival curves and compared using the
log-rank test. Time to death was calculated as time from
surgery to death within 30 days after surgery. Patients
who were alive were censored at 30 days. In this study,
a multilevel Cox (for 30-day mortality) and logistic (for
30-day SSI) regression model were used to account for
key confounding variables and bias that could have been
introduced by the clustered nature of both trials. These
models accounted for confounding variables such as
smoking status (current, ex-smoker and never-smoker),
ASA grade (I, II, III and IV/V), timing of surgery (ie,
elective vs emergency), type of surgery (gastrointes-
tinal vs non-gastrointestinal), surgical approach (open
midline vs open non-midline vs laparoscopic), wound
contamination (clean-contaminated vs contaminated-
dirty), malignant indication (no vs yes), use of WHO
checklist (no vs yes) and change of glove and instrument
(no vs yes) as fixed effects. Hospital levels were included
as random effects. A p<0.05 was considered statistically
significant. Data analysis was performed using R Foun-
dation Statistical software (R V.3.2.2) with TableOne,
ggplot2, Hmisc and survival packages (R Foundation for
Statistical Computing, Vienna, Austria).

Role of the funding source

The sponsor of the study had no role in study design, data
collection, data analysis, data interpretation or writing of
the report. The corresponding author had full access to

all the data in the study and had final responsibility for
the decision to submit for publication.

Patient and public involvement
No patients or the public were involved at any stage
during the production of this paper.

RESULTS

Study characteristics

Of the 19089 patients from the FALCON and CHEETAH
RCT, a total of 3432 patients were excluded from the final
analysis because of no surgery (n=100), withdrew consent
(n=16), underwent C-section (n=1648) and no survey
data to compliment patient-level data (n=1668). There-
fore, this secondary preplanned analysis included 15657
patients across 80 centres from 6 countries (figure 1). A
summary of patients and hospitals included in both the
FALCON and CHEETAH RCTs is presented in online
supplemental table S2.

Structure measures

Of the centres involved within FALCON and CHEETAH,
complete survey-level data were available for 80 centres, of
which 25 centres (31.3%) were classified as first referral.
First referral centres had significantly lower number of
full-time surgeons (median: 1 vs 20, p<0.001) and medi-
cally trained anaesthetists (28.6% vs 87.1%, p<0.001)
compared with referral centres. First referral centres
also had significantly lower volume of annual surgical
procedures >500 (22.9% vs 82.3%, p<0.001), lower rates
of blood bank or blood storage unit (74.3% vs 96.8%,
p=0.003) and ventilated beds outside operating thea-
tres (37.1% vs 83.9%, p<0.001) compared with referral
centres (table 1, figure 2).

Process measures

Patients who underwent surgery in first referral centres
were more likely to be female patients (59.2% vs 51.3%,
p<0.001) and non-smokers (93.6% vs 90.3%, p<0.001)
compared with referral centres. However, patients
undergoing surgery in first referral centres were more
likely to have lower rates of ASA grades III-V (8.1% vs
22.7%, p<0.001) and diabetes (3.3% vs 6.5%, p<0.001).
There was no difference in the proportion of children
and adults between referral and first referral centres
(table 2, figure 2). Patients undergoing surgery in first
referral centres were more likely to be emergency (65.1%
vs 56.6%, p<0.001), for benign disease (94.2% vs 76.5%,
p<0.001) and dirty operations (23.7% vs 22.1%, p<0.001)
compared with referral centres. In first referral centres,
there was a significantly higher use of WHO surgical
safety checklist (99.4% vs 93.3%, p<0.001) compared with
referral centres. However, rates of hair removal before
surgery were lower in first referral centres compared with
referral centres (26.8% vs 49.6%, p<0.001). There were
no differences in the rates of prophylactic antibiotics and
intraoperative pulse oximetry between first referral and
referral centres (table 3).
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Table 1 Centre-level factors associated with referral and first referral centres

Label Levels First referral centre, n=25 Referral centre, n=55 P value
Number of surgical procedures <200 2 (8.0%) 1(1.8%)
200-500 15 (60.0%) 7 (12.7%) <0.001
>500 8 (32.0%) 47 (85.5%)
Full-time consultant surgeons who are staff Median (IQR) 2 (1, 3) 25 (8.5, 40) <0.001
Presence of a medically trained anaesthetist 9 (36.0%) 48 (87.3%) <0.001
Presence of an anaesthetic technician/nurse 23 (92.0%) 53 (96.4%) 0.6
Blood bank or blood storage unit in your hospital 17 (68.0%) 54 (98.2%) <0.001
Ventilated beds outside of the operating theatre 13 (562.0%) 48 (87.3%) <0.001

Outcome measures

In the unadjusted analysis, rates of 30-day postoperative
mortality were lower in first referral centres compared
with referral centres (4.6% vs 7.6%, p<0.001). A summary
of hospital-level, patient-level and operative-level factors
associated with postoperative mortality is presented in
online supplemental tables S3-S6. In adjusted analyses
clustered by hospital, there was no significant differ-
ence in the rates of postoperative mortality between
first referral and referral centres (OR 1.09, 95% CI 0.73
to 1.62) (figure 3). In the unadjusted analysis, rates of
SSI were lower in first referral centres compared with
referral centres (14% vs 21%, p<0.001). A summary of
patient-level and operative-level factors associated with
postoperative SSI is presented in online supplemental
table S7. In adjusted analyses clustered by hospital, there
was no significant difference in the rates of postoperative

SSI between first referral and referral centres (OR 1.30,
95% CI 0.89 to 1.90) (online supplemental figure 1).

DISCUSSION

These preplanned secondary analyses including 15657
patients from 2 major surgical trials in global surgery
aimed to examine structures, processes and outcomes
between first referral and referral centres in LMICs. This
study identified three principal findings. First, the work-
force of trained consultant surgeons and anaesthetists is
lower in the first referral centres. Second, first referral
centres have higher rates of low-risk, benign operations
and emergency cases compared with high-risk, elective
and cancer operations in referral centres. Finally, post-
operative mortality and SSIs were similar between first
referral and referral centres, even after adjusting for
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Table 2 Baseline patient-level and operative-level characteristics of patients undergoing major abdominal surgery from

FALCON and CHEETAH by referral centre status

First referral Referral P value
Age
Child 471 (13.2) 1677 (13.9) 0.341
Adult 3091 (86.8) 10418 (86.1)
Sex
Male 1449 (40.8) 5885 (48.7) <0.001
Female 2101 (59.2) 6189 (51.3)
(Missing) 12 21
Smoking status
Ex-smoker (>6 weeks) 112 (3.2) 666 (5.5) <0.001
Current or ex-smoker (<6 weeks) 114 (3.2) 509 (4.2)
Never smoked 3324 (93.6) 10899 (90.3)
(Missing) 12 21
ASA grade
Grade | 2360 (66.5) 4961 (41.1) <0.001
Grade Il 904 (25.5) 4361 (36.2)
Grade llI 198 (5.6) 2216 (18.4)
Grade IV/V 86 (2.5) 526 (4.3)
(Missing) 14 33
Diabetes
No 3432 (96.7) 11289 (93.5) <0.001
Yes 117 (3.3) 785 (6.5)
(Missing) 13 21
HIV status
Known negative 1725 (48.6) 6497 (53.8) <0.001
Known positive 65 (1.8) 200 (1.7)
Status not known 1760 (49.6) 5377 (44.5)
(Missing) 12 21

ASA, American Society of Anesthesiology; ChEETAh, Routine sterile glove and instrument change at the time of abdominal wound closure to
prevent surgical site infection; FALCON, Reducing surgical site infections in low-income and middle-income countries.

hospital-level and patient-level differences. These find-
ings support the rationale for the safely scale capacity of
surgical care in first referral centres across wider surgical
systems through high-quality health-systems research and
advocacy.

Prioritising surgical and anaesthetic workforce
remains one of the core agenda of the Lancet Commis-
sion on Global Surgery,' to ensure equitable access to
meet surgical needs and universal health coverage.
Although a target of 40 specialist surgeons, anaesthetists
and obstetricians per 100 000 population has been indi-
cated, significant disparities may exist in first referral
centres, as highlighted in this study. Scaling up surgical
workforce to meet demands in first referral centres of
LMIGs is urgently needed, but knowledge gaps remain.
First, assessing safety and efficacy of task shifting
common surgical procedures such as hernia, laparoto-
mies and C-section through high-quality research is

needed. A recent systematic review highlighted a need
for randomised trials in this area.”” Second, the imple-
mentation of safe training programmes for surgeons
and anaesthetists, including components focused on
rural training, is necessary. This training may benefit
from a contextual adjustment, where hernia repairs are
important in West Africa, whereas gallbladder disease
is more prevalent in parts of India and South America.
Third, more research will be needed to understand the
effects on the wider referral pathway. On one hand,
ensuring appropriate referrals from primary care will
prevent district hospitals from being overburdened. On
the other, these district hospitals may be best placed to
deliver local, simple emergency surgical care, close to
the patient freeing up referral hospitals to treat more
complex patients. The unexpected consequences and
right balance are likely to be context-specific and will
benefit from monitoring in the future.
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Table 3 Baseline operative-level characteristics of patients undergoing major abdominal surgery from FALCON and

CHEETAH by referral centre status

First referral centre Referral centre P value
Timing of surgery
Elective 1242 (34.9) 5251 (43.4) <0.001
Emergency 2320 (65.1) 6844 (56.6)
Indication
Malignant disease 111 (3.1) 2185 (18.1) <0.001
Benign disease 3341 (94.2) 9222 (76.5)
Trauma 78 (2.2) 599 (5.0)
Obstetric 17 (0.5) 55 (0.5)
(Missing) 15 34
Operation
Appendicectomy 727 (20.4) 2047 (16.9) <0.001
Colorectal 166 (4.7) 1701 (14.1)
Gynaecology 1044 (29.3) 2201 (18.2)
HPB 244 (6.9) 535 (4.4)
Other 737 (20.7) 2881 (23.8)
Small bowel 300 (8.4) 1134 (9.4)
Upper Gl 186 (5.2) 895 (7.4)
Urology 142 (4.0) 662 (5.5)
(Missing) 16 (0.4) 39 (0.3)
Contamination
Clean-contaminated* 2003 (56.5) 6537 (54.2) <0.001
Contaminated 704 (19.8) 2852 (23.7)
Dirty 841 (23.7) 2670 (22.1)
(Missing) 14 36
Prophylactic antibiotics
No 102 (2.9) 324 (2.7) 0.584
Yes 3446 (97.1) 11738 (97.3)
(Missing) 14 33
Hair removal at site of wound
No hair at site of wound 2059 (58.1) 5020 (41.6) <0.001
In theatre, electric 154 (4.3) 433 (3.6)
In theatre, razor/blade 282 (8.0) 1214 (10.1)
Before theatre arrival 514 (14.5) 4330 (35.9)
Not done 537 (15.1) 1064 (8.8)
(Missing) 16 34
WHO Surgical safety checklist
No 20 (0.6) 809 (6.7) <0.001
Yes 3528 (99.4) 11253 (93.3)
(Missing) 14 33
Intraoperative pulse oximetry
No 19 (0.5) 78 (0.6) 0.536
Yes 3529 (99.5) 11985 (99.4)
(Missing) 14 32
Glove and instrument change*
No 2238 (62.8) 8128 (67.2) <0.001
Yes 1324 (37.2) 3967 (32.8)
Continued
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Table 3 Continued

First referral centre Referral centre P value
Gl surgery
Non-Gl tract 1452 (43.0) 5538 (49.1) <0.001
Gl tract 1923 (57.0) 5744 (50.9)
(Missing) 187 813

*This data collection point was only available for CHEETAH. The clean-contaminated group includes the clean group.

Gl, gastrointestinal.

Improving safety and quality of surgery in the LMICs
is associated with improved outcomes for patients such
as 30-day SSIs and postoperative mortality. The latter
is recognised to be the third most common cause of
death globally.?' Several major trials testing interven-
tions have tested interventions in patients undergoing
surgery in LMICs. Despite this, the implementation of
evidence into practice is slow. One such intervention
is the surgical safety checklist which was significantly
higher in first referral centres compared with referral
centres (99.4% vs 93.3%). Therefore, shifting focus
onto identifying key factors for successful implemen-
tation to support wider scale-up both in referral and
non-referral centres may serve to maximise the impact
of research programmes and enable cross-institutional
learning to the benefit a wider patient population.
For instance, key priority areas for scale-up would
be around improving the workforce population and
increasing healthcare financing in these countries to
support these systems.

While upscaling surgical capacity in LMICs is of
growing importance,?”** the knowledge on the inter-
face between referral systems and different hospital
types is limited and has been under-researched.' *

Mortality: HR (95% CI, p-value)

Understanding these pathways is important to deliver
efficient care pathways and equitable surgical care for
patients towards achieving universal health coverage.
A recent scoping review including 14 articles identi-
fied several issues in these pathways.? First, shortages
of essentials such as infrastructure, equipment and
personnel extend into referral centres. Therefore,
improving national and international funding for
interventions to improve functionality and reliability
of referral pathways into surgical services in LMICs is
important. Second, there is a lack of national proto-
cols for the triage of common urgent surgical condi-
tions to facilitate more timely transfer of patients to
appropriate levels of care.?” ** In LMICs, paper-based
referral forms are often the only piece of documenta-
tion following patients through the healthcare system.
Clinician training and compliance in the completion
of structured referral forms may reduce unnecessary
referrals, as well as improving the quality of refer-
rals. A strong focus on interventions to improving
these pathways will serve to strengthen surgical health
systems in LMICs.

The major strength of the study includes a large
cohort of patients from two major randomised surgical

Age group Adult - '
Child 0.69 (0.52-0.92, p=0.011) ——
Sex Male - |
Female 0.81 (0.70-0.93, p=0.002) |
Smoking status Current smoker - .
Ex-smoker 1.17 (0.77-1.77, p=0.469) e
Never smoker 0.83 (0.56-1.21, p=0.325) —
ASA grade Grade | - n
Grade Il 1.69 (1.21-2.36, p=0.002) | —
Grade Ill 4.04 (2.83-5.79, p<0.001) ! ——
Grade IV + Grade V 7.59 (5.24-10.97, p<0.001) | —
Timing of surgery Elective (planned admission) - [
Emergency (unplanned admission) 1.61(1.36-1.91, p<0.001) 2
Gastrointestinal surgery Gl tract - n
Non Gl tract 0.86 (0.70-1.04, p=0.122) -
Surgical approach Open midline . *
Laparoscopic 0.17 (0.07-0.39, p<0.001) . i
Open non-midline 0.33 (0.26-0.42, p<0.001) —.— !
Contamination Clean-contamniated - O
Contamniated 1.33 (1.11-1.58, p=0.002) |
Dirty 1.92 (1.52-2.42, p<0.001) : -
Malignant No - .
Yes 1.95 (1.58-2.42, p<0.001) T -
Was WHO checklist used? Yes = i
No 0.82 (0.56-1.20, p=0.298)
Change of glove and instrument No - *
Yes 1.09 (0.85-1.41, p=0.496) n
Referral centre status First referral - "
Referral centre 1.09 (0.73-1.61, p=0.675)
= =

Hazard ratio (95% Cl, log scale)

Figure 3 G, gastrointestinal.
ASA: American Society of Anestheisiology
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trials testing interventions to reduce SSIs in six LMICs.
This study also has important limitations to address.
First, there are no clear definitions or criteria that
constitute a first referral centre. Therefore, the type
of hospital was self-defined as principal investigators
from both the FALCON and CHEETAH trials. This
may likely be biased as this was the perceived hospital
type, and it remains unclear on the factors that led
to their judgement. Therefore, casemix of procedures
performed in first referral may be under-represented.
Nevertheless, this paper is the first step towards
generating further research into understanding of
the surgical activity and the surgical health systems
around these hospitals. Future research should seek
better ways to define first referral centres which may
include a future Delphi consensus meeting around
key metrics such as distance from nearby referral
centres, surgical volume, availability of specialists and
capacity of access and transport mechanisms. Second,
data on population-level estimates were not collected
for the number of workforces in each country to draw
direct comparisons with the Global Surgery 2030
Commission. Third, in-depth structures and processes
that govern these hospitals and implementation of
best practice beyond the operating theatres were not
collected. Despite this, early signals from the use of
the WHO checklist highlight the need for further eval-
uation of implementation processes globally. Finally,
despite adjustment in the statistical model, there may
still be some residual confounding bias which may not
be captured in this study. For instance, differences
in pathways within countries and hospitals, as well as
the lack of representation from a broader range of
LMICs, remain challenges.
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Naah, Ato Oppon-Acquah, Benjamin A Oppong Greater Accra Regional Hospital:
Emma A Agbowada, Ameley Akosua, Ralph Armah*, Christopher Asare, Lawrence K
B Awere-Kyere, Amanda Bruce-Adjei, Nana Ama Christian, Delali A Gakpetor,
Korankye K Kennedy, Jacqueline Mends- Odro, Ambe Obbeng, Doris Ofosuhene,
Dorcas Osei-Poku, Zelda Robertson Komfo Anokye Teaching Hospital: Dorcas O
Acheampong, Jane Acquaye, Juliana Appiah, Joshua Arthur, Jonathan Boakye-
Yiadom, Anita Eseenam Agbeko, Frank E Gyamfi*, Bertina B Nyadu Korle Bu
Teaching Hospital: Samira Abdulai, Nii A Adu-Aryee, Nelson Agboadoh, Erica Akoto,
Joachim K Amoako, Nicholas T Aperkor, Wilfred K Asman, Godsway S Attepor,
Antoinette A Bediako-Bowan*, Kwaku Boakye-Yiadom, George D Brown, Florence
Dedey, Victor K Etwire, Benjamin S Fenu, Philemon K Kumassah, Linda A Larbi-
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Sunyani Regional Hospital: Vivian Adobea, Amos Bennin, Stanley Doe, Ruth Sarfo
Kantanka, Ephraim Kobby, Collins Kyeremeh, Edwin Osei, Prince Yeboah Owusu,
Frank Owusu*, Clement Sie-Broni, Marshall Zume Tamale Teaching Hospital (Hub):
Saba Abdul-Hafiz, Daniel K Acquah, Shamsudeen M Adams, Mohammed S
Alhassan, Munira Amadu, Samuel A Asirifi, Martin Awe, Millicent Azanlerigu,
Mathias K Dery, Yenli Edwin, Abantanga Atindaana Francis, Gbana Limann, Aloysius
Maalekuu, Hawa Malechi, Sheriff Mohammed*, Ibrahim Mohammed, Kareem
Mumuni, Bernard A Ofori, Jonathan | K Quansah, Napoleon Bellua Sam, Anwar S
Seidu, Stephen Tabiri*, Shekira Yahaya Techiman Holy Family Hospital: Emmanuel
Kojo Acquah, Jaabir Alhassan, Percy Boakye, Christian L Coompson*, Addo K
Gyambibi, Ametepe Jeffery-Felix, Bismark E Kontor, Ruth Manu, Elijah Mensah,
Gifty Naah, Carmen Noufuentes, Abraham Sakyi India All India Institute of Medical
Science, Jodhpur: Ramkaran Chaudhary, Sanjeev Misra*, Puneet Pareek, Manish
Pathak, Dharma R Poonia, Kirti K Rathod, Mahaveer S Rodha, Naveen Sharma,
Nivedita Sharma, Subhash C Soni, Vaibhav K Varsheney, Jeevan R Vishnoi All India
Institute of Medical Science, Rishikesh: Deepak K Garnaik, Farhanul Huda, Manoj J
Lokavarapu, Neha Mishra, Rohit Ranjan, Rajkumar K Seenivasagam*, Shanky
Singh, Pratik Solanki, Raunak Verma, Enono Yhoshu Baptist Hospital Tezpur: Suzan
John, Jeffery A Kalyanapu, Ananta Kutma, Sanish Philips* Christian Hospital
Chinchpada: Arun K Gautham, Alice Hepzibah, Grace Mary, Deepak S Singh*
Christian Hospital Madhipura: Eunice S Abraham, Chetana Chetana, Amos Dasari,
Prashant Dummala, Chinta S Gold, Jurgen Jacob, Jeremiah N Joseph, Elizabeth N
Kurien, Priya Mary, Arpit J Mathew*, Amy E Mathew, Danita D Prakash, Oliver
Samuel, Ashwin Sukumar, Niyah Syam, Rose Varghese Christian Medical College &
Hospital, Ludhiana (Hub): Alisha Bhatt, William Bhatti, Tapasya Dhar, Dhruva N
Ghosh, Ankush Goyal, Sunita Goyal, Monika A Hans, Parvez D Haque, Deepak Jain,
Rita Jain, Jyoti Jyoti, Savleen Kaur, Karan Kumar, Anil Luther*, Amit Mahajan, Kavita
Mandrelle, Vishal Michael, Partho Mukherjee, Reuben Rajappa, Vivin Daniel Sam,
Prashant Singh, Atul Suroy, Ravinder Singh Thind, Sreejith K Veetil, Rahul Williams
Christian Medical College & Hospital, Vellore: Sreekar D, Esther R Daniel, Smitha E
Jacob, Mark R Jesudason, Pushplatha Kumari, Rohin Mittal*, Soosan Prasad,
Vasanth Mark Samuel, Bharat Shankar, Srujan Sharma, Moonish V Sivakumar, Suraj
Surendran, Anita Thomas, Paul Trinity GB Pant Institute of Postgraduate Medical
Education and Research: Sudheer Kanchodu, K Leshiini, Sundeep S Saluja* GMC
Chandigargh: Ashok K Attri*, Ishan Bansal, Sanjay Gupta, Monika Gureh, Simran
Kapoor GMC Patiala: Manisha Aggarwal, Vinoth Kanna, Harmanjot Kaur, Ashwani
Kumar*, Simrandeep Singh, Gurtaj Singh Herbertpur Christian Hospital: Viju John*
Kalpana Chawla GMC: Mohammed Adnan, Nivesh Agrawal, Uttkarsh Kumar,
Pardeep Kumar, Abhishek S, Vikram Sehrawat, Deepak Singla, Gaurav Thami*
Kasturba Medcial College Hospital, Manipal: Vijay Kumar*, Stanley Mathew,
Murlidhar V Pai, P S Prabhu, Sundeep P T King George’s Medical Unit: Naseem
Akhtar, Arun Chaturvedi, Sameer Gupta, Vijay Kumar, Puneet Prakash, Shiv Rajan*,
Mohit Singh, Abhilasha Tripathi Lady Willingdon Hospital, Manali: Philip V
Alexander*, Josy Thomas, Pradeep Zechariah Makunda Christian Leprosy & General
Hospital: Vijay A Ismavel, Moloti Kichu*, Carolin V Solomi Padhar Hospital: Rahul A
Alpheus, Ashish Victor Choudhrie*, Rashmi Jacob Gunny, Susan Joseph PGI
Chandigargh: Muneer A Malik, Nitin J Peters*, Neha Pundir, Ram Samujh Sher-I
Kashmir Institute of Medical Sciences: Hafsa | Ahmed, Gowhar Aziz, Nisar A
Chowdri, Rayees A Dar, Robindera Kour, Imtiyaz Mantoo, Asif Mehraj*, Fazl Q Parray,
Najmus Sagib, Zamir A Shah, Rauf A Wani St Stephens Hospital: Subrat Raul*,
Komal Rautela, Rajeev Sharma, Nishu Singh, Rakesh Vakil Tata Medical College,
Kolkata: Priyanka Chowdhury, Sona Chowdhury, Sonia Mathai, Pragyanmai Nayak,
Bipradas Roy* Mexico Centro Medico Nacional de Occidente: Andrea S Alvarez
Villasefior, Kriscia V Ascencio Diaz, Victor J Avalos Herrera, Francisco J Barbosa
Camacho, Aldo Bernal Hernandez, Elyoenai Bonilla Ahumada, Irma V Brancaccio
Pérez, Miguel A Calderon Llamas, Guadalupe Castillo Cardiel, Guillermo A Cervantes
Cardona, Gabino Cervantes Guevara, Enrique Cervantes Perez, Maria Chavez,
Jonathan M Chejfec Ciociano, Luis R Cifuentes Andrade, Ana O Cortés Flores, Edgar
J Cortes Torres, Tania A Cueto Valadez, Andrea E Cueto Valadez, Esteban Cueva
Martinez, Paulina Dominguez Barradas, Isaac Esparza Estrada, Paola Flores
Becerril, Jose A Flores Cardoza, Clotilde Fuentes Orozco, Luis A Garcia Gonzalez,
Benjamin Garcia Reyna, Eduardo Gomez Sanchez, Jaime L Gonzalez Bojorquez,
Eduardo Gonzalez Espinoza, Alejandro Gonzalez Ojeda*, Fanny Y Gonzalez Ponce,
Cristhian S Guerrero Ramirez, José A Guzman Barba, Bertha G Guzman Ramirez,
Mario J Guzman Ruvalcaba, Daniel A Hérnandez Alva, Silvia A Ibarra Camargo, Juan
C Ibarrola Pefia, Martin Islas Torres, Jorge Jiménez Tornero, Zayra M Lara Pérez,
Roberto Mares Pais, Mel P Mellado Tellez, Roberto C Miranda Ackerman, Damian
Mora Santana, Gilberto Morgan Villela, Rodrigo Najar Hinojosa, Cesar Nufio Escobar,
ltzel Ochoa Rodriguez, Oscar Olvera Flores, Angelica Ortega Barreiro, Jacqueline
Osuna Rubio, Luis R Pacheco Vallejo, Victor H Pérez Bocanegra, Jose V Pérez
Navarro, Francisco J Plascencia Posada, Maria A Quirarte Hernandez, Luis R

Ramirez Gonzalez, Emilio A Reyes Elizalde, Evelia V Romo Ascencio, Cornelio Ruelas
Bravo, Carlos B Ruiz Velasco, José A Sanchez Martinez, Guillermo Sanchez
Villasefior, José | Sandoval Pulido, Alejandro G Serrano Garcia, Luis O Suérez
Carreon, Juan J Tijerina Avila, Jesus 0 Vega Gastelum, Melissa L Vicencio Ramirez,
Maria F Zarate Casas, Carlos J Zuloaga Fernandez del Valle Hospital Civil de
Guadalajara: Jesus Antonion Aguilar Mata, Miguel Antonio Calderon Vanegas, Rocio
Guadalupe Cano Arias, Carlos Colunga Tinajero, Fernanda Diaz Samano, Fernando
Duque Zepeda, Brenda Vanessa Enriquez Barajas, Gerardo Gallardo Banuelos,
Marijose De Cristo Gonzalez Calvillo, Francisco Ibanez Ortiz, Maryzela Lazo
Ramirez, Gerardo Lopez Arroyo, Laura Olivia Montano Angeles, David Giovanny |
Morales Iriarte, Angelo Fernando Mortola Lomeli, Jose Esteban Orozco Navarro,
Jaime Orozco Perez, Damaris Orozco Ramirez, Laura Gabriela Pena Baolboa, Jesus
Pizarro Lozano, Guillermo Yanowsky Reyes* Hospital De Especialidades Del Nino Y
La Mujer: Monica N Castillo*, Ana Camille G Dominguez, Dorihela H Mellado, Jesus
Flavio M Morales, Luz del Carmen M Namur, Jose Alberto A Pesquera Hospital
Espanol Veracruz (Hub): Laura Martinez Perez Maldonado, Antonio Ramos De la
Medina Hospital General Dr. Manuel Gea Gonzalez: Katya Bozada-Gutierrez, Ana
Florencia Casado-Zarate, Roberto Delano-Alonso, Jose Herrera-Esquivel, Mucio
Moreno-Portillo, Mario Trejo-Avila* Hospital Regional de Alta Especialidad del Bajio:
Roland Kevin Cethorth Fonseca, Edgard Efren Lozada Hernandez*, Bruno Crocco
Quiros, Jairo Arturo Rodriguez Ramirez UMAE Hospital de Pediatria CMNO: Gabriela
Ambriz-Gonzalez*, Mitzi R Becerra Moscoso, Ishtar Cabrera-Lozano, Ana B
Calderon-Alvarado, Francisco J Leon-Frutos, Erick E Villanueva-Martinez Nigeria
Ahmadu Bello University Teaching Hospital: Aisha Abdullahi, Maimuna Abubakar,
Mohammed S Aliyu, Mudi Awaisu, Fadimatu Bakari, Abigail Olajumoke Balogun,
Mohammed Bashir, Ahmad Bello, Muhammad Daniyan, Kehinde Michael Duromola,
Stephen G Gana, Mukoro Duke George, Justina Gimba, Isaac Gundu, Lambert Onahi
Iji, Aminat O Jimoh, Afolabi K Koledade, Ahmad T Lawal, Bilkisu K Lawal, Aisha
Mustapha, Stanley Emeka Nwabuoku, Oluseyi O Ogunsua, Ifeanyi Fidelis Okafor,
Ethos Ike Okorie, Nasir Oyelowo, Ibrahim A Saidu, Tunde T Sholadoye, Ibrahim
Sufyan, Musliu Adetola Tolani*, Aliyu Muhammad Tukur, Ahmad Shehu Umar,
Aminatu M Umar, Hajara Umaru-Sule, Mohammed Usman, Anisah Yahya, Alfa
Yakubu, Salisu Abeku Yusuf Aminu Kano Teaching Hospital: Abdulhafiz A
Abdulkarim, Lawal Barau Abdullahi, Muzzammil Abdullahi, Khadija A Ado, Nura U
Aliyu, Lofty-John Chukwuemeka Anyanwu*, Sulaiman M Daneji, Mahmoud Kawu
Magashi, Mohammad A Mohammad, Abubakar Bala Muhammad, Saminu S
Muhammad, Bello Abodunde Muideen, Calistus U Nwachukwu, Suleiman B Sallau,
Abdulrahman A Sheshe, Abdulmajeed Soladoye, Idris Usman Takai, Garzali | Umar,
Abubakar Yahaya Barau Dikko Teaching Hospital: Lubabatu Abdulrasheed, Joel A
Adze, Lydia R Airede, Bashiru Aminu, Stephen B Bature, Firdaws Bello-Tukur, Damai
Chinyio, Sharon A N Duniya, Moses C Galadima, Babatunde K Hamza, Samaila
Joshua, Stephen A Kache*, Williams Y Kagomi, Ifeanyi A Kene, Jamila Lawal, Jerry
G Makama, Caleb Mohammed, Amina A Mohammed-Durosinlorun, Deborah
Nuwam, Danjuma Sale, Abdulrasheed Sani, Salome Tabara, Mathew C Taingson,
Emmanuel Usam, Josiah Yakubu Federal Medical Centre, Owo: Folasade Adegoke,
Oluwasuyi Ige, Tunde A Odunafolabi, Chukwuma E Okereke*, Oluwafemi O Oladele,
Oluwaseun H Olaleye, Oyetunde O Olubayo Federal Teaching Hospital, Ido-EKiti:
Olukayode P Abiola, Henry O Abiyere, Idowu O Adebara, Gbadebo T C Adeleye,
Adebayo A Adeniyi, Olumide E Adewara, Olabisi T Adeyemo, Ademola A Adeyeye,
Abimbola L Ariyibi, Babatunde S Awoyinka, Olumide M Ayankunle, Olakunle F
Babalola, Adewumi Bakare, Tajudeen | B Bakare, Oluseyi O Banjo, Peter A
Egharevba, Oluwafemi S Fatudimu, John A Obateru, Oluremi J Odesanya, Owolabi
D Ojo, Abiodun | Okunlola*, Cecilia K Okunlola, Adewale T Olajide, Tesleem O
Orewole, Adedayo | Salawu Lagos State University Teaching Hospital: Moruf A
Abdulsalam, Aderinsola T Adelaja, Olalekan T Ajai, Olukemi Akande, Noble Anyanwu,
Kazeem M Atobatele, Oludayo Oluwaseyi Bakare, Grace Eke, Omolara M Faboya,
Zainab 0 Imam, Francisca C Nwaenyi, Ayokunle A Ogunyemi, Mobolaji A Oludara,
Olufunmilade A Omisanjo, Chinonso U Onyeka, Olabode A Oshodi, Yusuf A Oshodi,
Yemisi Oyewole, Omotade S Salami, Omolara M Williams* Lagos University
Teaching Hospital: Esther Abunimye, Adesoji 0 Ademuyiwa*, Adebunmi Adeoluwa,
Adedotun Adesiyakan, Victoria Ibukunoluwa Adeyeye, Moses Vincent Agbulu,
Opeyemi Rebecca Akinajo, David O Akinboyewa, Felix M Alakaloko, lyabo O Alasi,
Michael Amao, Christiana Ashley-0suzoka, Oluwole A Atoyebi, Olanrewaju S
Balogun, Christopher O Bode, Maryam Oluwatobi Busari, Nnamdi Jonathan Duru,
Glory Bassey Edet, Olumide A Elebute, Francis Chinonso Ezenwankwo, Adedeji L
Fatuga, Christianah Gbenga-Oke, George C Ihediwa, Emmanuel Sylvester Inyang,
Adesola | Jimoh, Jubril Oladayo Kuku, Oluwaseun A Ladipo-Ajayi, Abdulrazzaq O
Lawal, Ayomide Makanjuola, Christian Chigoze Makwe, Chinelo Victoria Mgbemena,
Samuel U Nwokocha, Moses Adebisi Ogunjimi, Ephraim Okwudiri Ohazurike, Rufus
W Ojewola, Moyosoluwa Eunice Badedale, Chike J Okeke, Adeyemi A Okunowo,
Abraham T Oladimeji, Thomas 0O Olajide, Olabisi Olanrewaju, Olawunmi Olayioye,
Oluwaseun O Oluseye, Stephen Olutola, Kenneth Onyekachi, Adeola Ayoola

NIHR Global Health Research Unit on Global Surgery, et al. BMJ Glob Health 2024;9:€015599. doi:10.1136/bmjgh-2024-015599 11



BMJ Global Health 8

Orowale, Emili Osariemen, Adedapo Olumide Osinowo, Benedetto Osunwusi,
Emmanuel Owie, Christianah Bidemi Oyegbola, Justina O Seyi-Olajide, Adaiah P
Soibi-Harry, Manuella Talla Timo, Aloy Okechukwu Ugwu, Emmanuel Ojo Williams
Nnamdi Azikiwe University Teaching Hospital: Innocent O Duruewuru, Ochonma A
Egwuonwu, Okechukwu Hyginus Ekwunife*, James J Emeka, Victor Ifeanyichukwu
Modekwe, Chimdiebele Daisy Nwosu, Sylvester O Obiechina, Ahuizechukwu E
Obiesie, Celestine | Okafor, Theophilus O Okonoboh, Chukwuemeka Okoro, Odili A
Okoye, Onyekachi A Onu, Chukwudubem C Onyejiaka, Chisom Faith Uche, Joseph
0 Ugboajah, Jideofor Okechukwu Ugwu, Kenneth Ugwuanyi, Chuka Ugwunne
Obafemi Awolowo University Teaching Hospitals Complex, lle-Ife: Akeem A Adeleke,
Akinfolarin C Adepiti, Adewale A Aderounmu, Abdulhafiz 0 Adesunkanmi, Adewale O
Adisa*, Samuel C Ajekwu, Olusegun K Ajenifuja, Olusegun | Alatise, Tajudeen A
Badmus, Tajudeen O Mohammed, Olalekan Olasehinde, Abdulkadir A Salako,
Oludayo A Sowande, Ademola O Talabi, Funmilola O Wuraola 0.L.A. Catholic
Hospital, Oluyoro, Ibadan: Paul Aderemi Adegoke, Abidemi Akinloye, Ayodeji
Akinniyi, Joseph Ejimogu, Ideyonbe Samuel Eseile, Olakayode Olaolu Ogundoyin*,
Amos Okedare, Dare Isaac Olulana, Omolara Omotola, Francis Sanwo Uniosun
Teaching Hospital: Collins C Adumah, Adewale 0 Ajagbe, Olugbenga P Akintunde,
Opeyemi Q Asafa, Kehinde Awodele, Amogu K Eziyi, Adeniyi O Fasanu, Olufemi O
Ojewuyi*, Abiodun R Ojewuyi, Abisola E Oyedele, Oluwaseun A Taiwo University of
Abuja Teaching Hospital: Habiba | Abdullahi, Nathaniel D Adewole, Teddy E Agida,
Eunice E Ailunia, Oseremen Aisuodionoe-Shadrach, Godwin O Akaba, Janet Alfred,
Terkaa Atim, Kehinde G Bawa, John Y Chinda, Esther B Daluk, Sefiu B Eniola,
Augusta 0 Ezenwa, Stephen E Garba, Ndubuisi Mbajiekwe, Philip M Mshelbwala,
Ngozi O Ndukwe, Idoko P Ogolekwu, Alexander A Ohemu, Samson Olori*, Olabisi O
Osagie, Samuel A Sani, Salisu Suleiman, Helen Sunday, Nancy O Tabuanu, Aminu M
Umar University of Benin Teaching Hospital: Peter | Agbonrofo*, Alexander |
Arekhandia, Morrison E Edena, Raymond A Eghonghon, Joel E Enaholo, Genesis Ida,
Stanley N Ideh, Oseihie | Iribhogbe, Omorodion O Irowa, Maradona E Isikhuemen,
Oluwatomi R Odutola, Kester 0 Okoduwa, Scott 0 Omorogbe, David Oruade,
Osasumwen T Osagie, Osarenkhoe Osemwegie University College Hospital, Ibadan:
Rukiyat A Abdus-Salam, Sikiru Adekola Adebayo, Oluwasanmi A Ajagbe, Akinlabi E
Ajao, Gboyega Ajibola, Omobolaji O Ayandipo, Kelvin | Egbuchulem, Hyginus O
Ekwuazi, Peter Elemile, Adegbolahan Fakoya, Oluwasegun C Idowu, David O Irabor,
Taiwo A Lawal*, Olatunji O Lawal, Olakayode O Ogundoyin, Oluwabukade Ojediran,
Naomi Olagunju, Akinsola T Sanusi, Augustine O Takure University of llorin Teaching
Hospital: Lukman Olajide Abdur-Rahman*, Mary Oluwadamilola Adebisi, Nurudeen
Abiola Adeleke, Rafiat Tinuola Afolabi, Isiaka Ishola Aremu, Jibril Oyekunle Bello,
Robiat Bello, Abdulwahab Lawal, Saheed Abolade Lawal, Adeolu Ojajuni, Sabur
Oyewale, Hadijat Olaide Raji, Olayinka Sayomi, Asimiyu Shittu University of Port
Harcourt Teaching Hospital: Victor Abhulimen, Patrick O Igwe, Ikechukwu Enyinnaya
Iweha, Raphael E John, Nnyonno Okoi, Philemon E Okoro*, Vaduneme Kingsley
Oriji, Ibiene T Oweredaba Rwanda Bushenge Provincial Hospital: Japhet Mizero,
Immaculee Mutimamwiza, Francoise Nirere, Irenee Niyongombwa* Butaro Hospital:
Jean Paul Majyabere* Byumba Hospital: Anastase Byaruhanga, Rongin
Dukuzimana, Jean Aimable Habiyakare*, Marie Gloriose Nabada, Marcel Uwizeye
Kabgayi Hospital: Mathias Ruhosha* Kibagabaga District Hospital: joselyne
Igiraneza, Faustine Ingabire, Aloys Karekezi, Jean pierre Masengesho, Christophe
Mpirimbanyi*, Lydia Mukamazera, Clemence Mukangabo, Jean Paul Niyomuremyi,
Gabriel Ntwari, Celestin Seneza, Divine Umuhoza Kibogora Hospital: Sosthene
Habumuremyi, Alphonsine Imanishimwe, Salathiel Kanyarukiko, Francine
Mukaneza, Deborah Mukantibaziyaremye, Aphrodis Munyaneza, Gibert Ndegamiye,
Pierrine Nyirangeri, Ronald Tubasiime*, Jean Claude Uwimana Kibungo Referral
Hospital: Moses Dusabe, Emelyne Izabiriza, Hope Lydia Maniraguha, Christophe
Mpirimbanyi*, Josiane Mutuyimana, Olivier Mwenedata, Elisee Rwagahirima, Job
Zirikana Kibuye Referral Hospital: Isaie Sibomana* King Faisal Hospital: Desire
Rubanguka*, Josine Umuhoza, Roda Uwayezu, Leoncie Uzikwambara Ruhengeri
Referral Hospital: Aime Dieudonne Hirwa*, Elysee Kabanda, Salomee Mbonimpaye,
Christine Mukakomite, Piolette Muroruhirwe Rwamagana Provincial Hospital:
Herbert Butana*, Moise Dusabeyezu, Athanasie Mukasine, Jean N Utumatwishima
Rwanda University Teaching Hospital of Kigali (Hub): Mediatrice Batangana,
Georges Bucyibaruta, Sosthene Habumuremyi, Jean de Dieu Haragirimana,
Alphonsine Imanishimwe, Allen J C Ingabire, Violette Mukanyange, Emmanuel
Munyaneza, Emmanuel Mutabazi*, Espoir Mwungura, Isaie Ncogoza, Faustin
Ntirenganya*, Jeannette Nyirahabimana, Dancilla Nyirasebura, Christian Jean
Urimubabo University Hospital of Butare: Anaclet Dusabimana, Sam Kanyesigye,
Robert Munyaneza*, Jean Yves Shyirakera South Africa Chris Hani Baragwaneth
(Hub): Maria Fourtounas, Mary Augusta Adams, Chikwendu Jeffrey Ede, Gabriella
Hyman, Mpho Nosipho Mathe, Rachel Moore*, Ncamsile Anthea Nhlabathi,
Hlengiwe Samkelisiwe Nxumalo, Nnosa Sentholang, Mmule Evelyn Sethoana, Paul
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