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Abstract

IMPORTANCE Task sharing of surgical duties with medical doctors (MDs) without formal surgical
training and associate clinicians (ACs; health care workers corresponding to an educational level
between that of a nurse and an MD) is practiced to provide surgical services to people in
low-resource settings. The safety and effectiveness of this has not been fully evaluated through a
randomized clinical trial.

OBJECTIVE To determine whether task sharing with MDs and ACs is safe and effective in mesh
hernia repair in Sierra Leone.

DESIGN, SETTING, AND PARTICIPANTS This single-blind, noninferiority randomized clinical trial
included adult, healthy men with primary inguinal hernia randomized to receiving surgical treatment
from an MD or an AC. In Sierra Leone, ACs practicing surgery have received 2 years of surgical training
and completed a 1-year internship. The study was conducted between October 2017 and February
2019. Patients were followed up at 2 weeks and 1 year after operations. Observers were blinded to
the study arm of the patients. The study was carried out in a first-level hospital in rural Sierra Leone.
Data were analyzed from March to June 2019.

INTERVENTIONS All patients received an open mesh inguinal hernia repair under local anesthesia.
The control group underwent operations performed by MDs, and the intervention group underwent
operations performed by ACs.

MAIN OUTCOMES AND MEASURES The primary end point was hernia recurrence at 1 year.
Outcomes were assessed by blinded observers at 2 weeks and 1 year after operations.

RESULTS A total of 230 patients were recruited (mean [SD] age, 43.0 [13.5] years), and all but 1
patient underwent inguinal hernia repair between October 23, 2017, and February 2, 2018,
performed by 5 MDs and 6 ACs. A total of 114 patients were operated on by MDs, and 115 patients
were operated on by ACs. There were no crossovers between the study arms. The follow-up rate was
100% at 2 weeks and 94.1% at 1 year. At 1 year, hernia recurrence occurred in 7 patients (6.9%)
operated on by MDs and 1 patient (0.9%) operated on by ACs (absolute difference, −6.0 [95% CI,
−11.2 to 0.7] percentage points; P < .001).

CONCLUSIONS AND RELEVANCE These findings demonstrate that task sharing of elective mesh
inguinal hernia repair with ACs was safe and effective. The task sharing debate should progress to
focus on optimizing surgical training programs for nonsurgeons and building capacity for elective
surgical care in low- and middle-income countries.
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Introduction

Surgical conditions account for a large burden of disease, but 5 billion people do not have access to
timely, high-quality surgical services at an affordable cost.1 Capacity to meet the immense need for
surgical care remains very limited. The human resource crisis includes a pronounced scarcity of
specialist surgeons in sub-Saharan Africa.1 In 2015, the 68th World Health Assembly2 passed a
resolution on emergency and essential surgical and anesthesia care as an important part of universal
health coverage. Task sharing was expressed as a part of the solution to the human resource shortage
in surgery.2 Task sharing is the pragmatic sharing of clinical tasks among specialist and nonspecialist
medical doctors (MDs) and midlevel health care workers, commonly called associate clinicians (ACs),
who have an educational level between that of a nurse and an MD.3,4 The safety and effectiveness
of surgical task sharing with ACs has been previously demonstrated in obstetric surgery.5-8 Surgery
performed by MDs is often considered standard care, but very little research on task sharing with
MDs exists.9 The level of evidence to support task sharing in general surgery is very limited.

This study was conducted in Sierra Leone, a small, low-income country in West Africa with a
population of 7.4 million people in 2016.10 It ranks 184 of 189 countries on the Human Development
Index.11 There is less than 1 surgeon per 100 000 population, and surgical treatment is mostly
performed by MDs or ACs in large parts of the country.12 MDs receive basic surgical training during
their 2-year internship after medical school; thereafter, they perform hernia repairs, cesarean
sections, and other surgical procedures independently. ACs participate in a 3-year surgical training
program organized since 2011 by CapaCare, a Norwegian nongovernmental organization, in
collaboration with the Sierra Leone Ministry of Health and Sanitation and the United Nations
Population Fund. This training program is also available for MDs, but very few MDs have enrolled.13

Groin hernia affects more than 200 million people worldwide and groin hernia repair is the most
commonly performed general surgical procedure in sub-Saharan Africa.14-18 Therefore, it is a suitable
condition for the evaluation of safety and effectiveness of task sharing in general surgery. A recent
prospective cohort study from Ghana19 reported that task sharing of inguinal hernia repair with mesh
among surgeons and MDs was safe and effective. The outcomes of ACs performing inguinal hernia
repair have been assessed in Sierra Leone13 and Tanzania,20 but owing to the retrospective study
design and short-term follow-up, the results were not conclusive. The objective of this randomized
clinical trial was to compare outcomes after elective mesh inguinal repair in men performed by ACs vs
MDs. MDs were chosen as the comparison group, because MDs represent standard care in
Sierra Leone.

Methods

Study Design
This is a single blind, parallel, noninferiority randomized clinical trial comparing outcomes after
primary inguinal hernia repair with mesh in adult men in Sierra Leone performed by ACs vs MDs.
Ethical approval was granted by the Sierra Leone Ethics and Scientific Review Committee.
Participants provided written or thumb-printed informed consent prior to inclusion in the study. The
study adhered to the Consolidated Standards of Reporting Trials (CONSORT) reporting guideline, and
no alterations were made to the study design during the study period (Trial Protocol in Supplement 1).
It was hypothesized that the ACs would be noninferior to the MDs in terms of hernia recurrence at 1 year.
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The study was carried out at Kamakwie Wesleyan Hospital, located in the Northern Province of
Sierra Leone. This first-level (district) hospital has 110 beds and provides basic services in pediatrics,
gynecology and obstetrics, internal medicine, and surgery for an entirely rural catchment population
of approximately 200 000 people.

Participants
Men aged 18 years or older with primary reducible inguinal hernia who had American Society of
Anesthesiologists (ASA) scores of 1 or 2 (of 6) were eligible to participate, provided they were able to
give informed consent. The exclusion criteria were obvious substance abuse and known or suspected
coagulopathy. Recruitment was conducted through radio announcements and with assistance from
local leadership.

The surgical procedures were provided to participants at no cost. Participants received a
transport refund of US $6.50 per visit to the hospital.

Randomization and Masking
The randomization sequence was generated online by one of us (J.L.) using blocks of 4, 6, and 8.21

The study number and randomization arm were written on identical pieces of papers and sealed in
opaque envelopes. At the beginning of each operation day, the operating list was determined.
Allocation to the control (MD) or intervention (AC) arm was performed by a study coordinator who
opened the envelopes when the next patient on the list was taken to the operating room. The study
coordinator did not participate in the operations or the generation of the operating list.

Patient follow-up, including assessment of the study end points, was performed by 3 blinded
MDs who did not participate in the operations (T.A., H.A., and J.L.). One of these observers was a
surgeon (T.A.), and he reviewed all patients.

Procedures
Anterior mesh inguinal hernia repair is associated with an almost 50% decreased risk of recurrence
compared with tissue techniques.22 In this study, anterior mesh inguinal hernia repair was performed
under local anesthesia according to the procedure described by Lichtenstein et al.23,24 The local
anesthesia was a mix of 20 mL of lidocaine (10 mg/mL) with 20 mL of bupivacaine (5 mg/mL).
Conversion to general anesthesia was possible if needed. A light-weight commercial polypropylene
mesh was used for all patients. The patients received 1 dose of 1.5 g oral flucloxacillin 1 to 4 hours prior
to the operation. All patients were observed for at least 2 hours postoperatively and were assessed
by an MD before going home. Patients with concerns, complications, or late operations were
discharged the next day. All patients received postoperative analgesia: 50 mg of diclofenac 2 times
daily and 1g of paracetamol 4 times daily for 5 days.

Participants in the control group were operated on by MDs, while participants in the
intervention group were operated on by ACs. The MDs had all completed medical school and 2 years
of internship, which included rotations in general surgery and obstetrics and gynecology at first-
level hospitals. The ACs had participated in the CapaCare surgical training program.15 Candidates with
a diploma in community health (a 3-year training program) and with an additional minimum of 2 years
of work experience as community health officers are eligible to apply for the CapaCare program. The
duration of the program is 3 years, including 1 year of internship. All MDs and ACs were routinely
performing hernia repair using tissue techniques as part of their current jobs. They had not been
trained to perform mesh repair prior to their participation in the study. eTable 1 in Supplement 2
provides further information about the ACs and MDs.

Before patients were included in the study, the MDs and the ACs participated in an inguinal
hernia mesh repair training program designed for a similar study in Ghana.19 The training consisted of
a 1-day theoretical module and a hands-on module of supervised surgeries that lasted 1 to 3 days,
depending on the need of each trainee to reach proficiency. The surgical practitioners’ skills were
assessed by senior consultant surgeons from Sweden, Norway, Lithuania, and Ghana using the Groin
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Hernia Operative Performance Rating System by the American College of Surgeons,25 which grades
the competence of the surgical practitioner in all these steps of a hernia repair on a scale of 1 to 5, with
high score indicating better performance. To qualify to operate on patients in this study, the trainees
needed to achieve a 4 or higher in the overall performance score.

Data were collected on 4 separate occasions. Preoperative data included patient characteristics,
self-assessed health score (range, 0-10, with higher scores indicating better health), and symptoms
from the hernia. Pain was assessed using the Inguinal Pain Questionnaire (IPQ), which assesses the
worst pain during the past week. This 7-degree scale has been validated for the assessment of pain
after groin hernia repair.26 The 7 levels range from 1 (ie, no pain) to 7 (ie, severe pain that requires
immediate medical attention). Physical examination was carried out to verify the diagnosis and to
determine the ASA score. Perioperative data collection occurred during and immediately after the
operation and included information regarding the surgical procedure. Postoperative data collection
occurred at 2 weeks and 1 year after the operation and included an interview and physical
examination focusing on the study outcome measures.

Outcomes
The primary outcome of the study was hernia recurrence within 1 year after the operation.
Recurrence was defined as a palpable mass with cough impulse on the same side as the repair.
Secondary outcomes recorded 2 weeks after the surgery included postoperative complications (ie,
hematoma, more pain than expected, infection, seroma, impaired wound healing, and urinary
retention). Secondary outcomes recorded at 1 year included chronic pain according to the IPQ,
patient satisfaction, and self-assessed health scale.

Statistical Analysis
The sample size of this noninferiority trial was determined using assumptions of 80% power, a
significance level of 5%, and a noninferiority limit of 5 percentage points. The estimated recurrence
rate in both groups was 2%. In a previous study examining mesh inguinal hernia repair carried out by
the study team,27 the recurrence rate was less than 1%. In that 2016 study,27 the operations were
performed by senior specialist surgeons; therefore, a higher recurrence rate was expected in this
study. A noninferiority margin of 5% was deemed adequate, as a difference greater than this could
have implications for policy and training. Based on these assumptions, the sample size was 97
participants in each group. Correcting for an expected loss to follow-up of 15%, the final sample size
was 228 participants in total.

Continuous variables are presented as mean and SD, while binary variables are presented as
numbers and percentages. For comparison between the 2 study arms, a χ2 test or Fisher exact test
was used for binary outcomes and a 2-sample t tests was used for continuous variables. The 95% CIs
of absolute difference between groups were calculated according to Jeffreys.28 Calculations were
performed using Excel 2013 (Microsoft), SPSS statistical software version 24 (IBM) and Stata version
15.1 (StataCorp). All patients who underwent operations were included in the statistical analysis. Data
were analyzed from March to June 2019.

Results

A total of 230 patients were included and randomized to the control or the intervention group. One
patient who had been enrolled in the study ultimately declined surgical treatment and was excluded
from the analysis; therefore, a total of 114 patients underwent operations by MDs and 115 patients
underwent operations by ACs. The mean (SD) age of the patients was 43.0 (13.5) years. The baseline
characteristics of the patients were not significantly different between study groups (Table 1).
Operations were performed during three 2-week periods between October 23, 2017, and February
2, 2018.
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Data for primary and secondary end points were analyzed per protocol, as there was no
crossover between study groups. One patient received ketamine anesthesia in addition to local
anesthesia owing to inadequate pain control. After 2 weeks (mean [range], 14.8 [12-27] days), all 229
patients who had undergone surgical treatment were followed up. After 1 year (mean [range], 426.7
[377-492] days), 210 of 224 patients (93.8%) underwent follow-up interviews and physical
examinations. At 1 year, 5 patients (2.2%) had died and 13 patients (5.8%) were lost to follow-up
(Table 2; Figure).

After 1 year, 7 recurrences (6.9%) had been detected in the MD-treated group and 1 recurrence
(0.9%) was identified in the AC-treated group (P = .02). The absolute difference between the MD
and the AC groups was −6.0 (95% CI, −11.2% to −0.7%) percentage points (P < .001), thus
demonstrating noninferiority of treatment by ACs compared with treatment by MDs (Table 3). Of 7
recurrences in the MD group, 1 was an early recurrence, which was treated with a second operation 5
days after the initial operation.

A total of 3 patients (2.9%) in the MD-treated group and 2 patients (1.8%) in the AC-treated
group died before the 1 year follow-up (Table 2). No patients died within 30 days of the operation.
Details regarding the deaths were retrieved through interviews with hospital staff, family, or friends,
and none were deemed likely due to the surgical operation (eTable 2 in Supplement 2).

The distribution of postoperative complications at 2 weeks was similar in the 2 groups. No
statistically nor clinically significant differences were detected. The most common complication was
hematoma or seroma on the side of the operation, occurring in 37 patients (16.2%). Overall, 10
patients (4.4%) developed infections requiring antibiotic treatment, 3 patients (1.3%) required a
reoperation owing to early recurrence (1 patient), postoperative bleeding (1 patient), or drainage of
infection (1 patient). After 1 year, all patients reported fewer symptoms from the groin than before
the operation, and 208 patients (99.0%) were satisfied with the result of the operation (Table 4).

Discussion

In this randomized clinical trial, ACs in Sierra Leone were noninferior to MDs in terms of recurrence
after mesh inguinal hernia repair 1 year postoperatively. No clinically nor statistically significant

Table 1. Baseline Characteristics of Study Participants Stratified by Treating Practitioner

Characteristic

Participants, No. (%)

Associate clinician (n = 115) Medical doctor (n = 114)

Age, mean (SD), y 43.7 (14.6) 42.3 (12.4)

BMI, mean (SD) 21.8 (4.8) 21.2 (2.3)a

ASA classification score 1b 52 (45.2) 51 (44.7)

Smoking status

Current 47 (40.9) 54 (47.4)

Previous 21 (18.3) 15 (13.2)

Scrotal hernia 54 (48.6) 58 (51.8)

Size of scrotal hernia, mean (SD), cmc 14.4 (5.1) 14.1 (6.0)

IPQ score, mean (SD)d 2.9 (1.5) 3.1 (1.6)

Self-Assessed Health Score, mean (SD)e 76.8 (15.4)a 79.5 (13.7)a

Abbreviations: ASA, American Society of
Anesthesiologists; BMI, body mass index (calculated as
weight in kilograms divided by height in meters
squared); IPQ, Inguinal Pain Questionnaire.
a Includes data for 113 participants, as information was

missing for 1 participant.
b Range, 1 to 6, with lower score indicating fewer

comorbidities and better health.
c Measured from the pubic tubercle to the most distal

part of the hernia.
d Range, 1 to 7, with higher score indicating more

severe pain.
e Range, 0 to 100, with higher score indicating

better health.

Table 2. Recurrence and Death Among Study Participants at 1 Year Stratified by Treating Practitioner

Outcome

Participants, No./Total No. (%)
Absolute difference,
percentage points (95% CI) P valueAssociate clinician Medical doctor

Recurrence 1/109 (0.9) 7/102 (6.9)a −6.0 (−11.2 to −0.7) <.001b

Death 2/111 (1.8) 3/105 (2.9) −1.0 (−5.1 to 3.0) .68

a Including one early recurrence.
b Test of absolute difference in relation to the

noninferiority limit of 5 percentage points.
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differences between patients operated on by MDs vs ACs were detected in terms of postoperative
complications, chronic pain, patient satisfaction, and self-assessed health.

The recurrence rate among patients treated by ACs was similar to that of patients treated by
MDs and specialist surgeons in Ghana (1.8%),19 and senior consultant surgeons in Uganda (0.7%).27

Figure. Patient Recruitment Flowchart

918 Patients assessed for eligibility

109 Followed up after 1 year 102 Followed up after 1 year

115 Followed up after 2 weeks 114 Followed up after 2 weeks

115 Underwent operation 114 Underwent operation

115 Allocated to associate clinician group 115 Allocated to medical doctor group

688 Excluded
531 Did not meet inclusion criteria
28 Did not come for surgery

129 Underwent operation during training period

1 Withdrew from study

9 Lost to follow-up
3 Died

4 Lost to follow-up
2 Died

115 Analyzed 114 Analyzed

230 Randomized

All deaths occurred later than 30 days postoperatively.

Table 3. Postoperative Complications at 2 Weeks Stratified by Treating Practitioner

Complication

No. (%)

Absolute difference,
percentage points (95% CI) P value

Associate
clinician,
(n = 115)

Medical
doctor
(n = 114)

Any 34 (29.6) 34 (29.8) −0.2 (−12.1 to 11.6) .97

Pain more than expected 6 (5.2) 5 (4.4) 0.8 (−4.7 to 6.4) .77

Impaired wound healing 8 (7.9) 9 (7.9) −0.9 (−7.7 to 5.9) .34

Wound infection requiring antibiotics 6 (5.2) 4 (3.5) 1.7 (−3.6 to 7.0) .75

Hematoma/seroma 17 (14.8) 20 (17.5) −2.8 (−12.3 to 6.8) .57

Reoperation 2 (1.7) 1 (0.9) 0.9 (−2.1 to 3.8) >.99

Table 4. Secondary End Points at 1 Year Stratified by Treating Practitioner

End point

Participants, No. (%)

Absolute difference,
percentage points (95% CI) P value

Associate
clinician,
(n = 109)

Medical
doctor,
(n = 102)

Fewer groin symptoms compared to
before the surgery

109 (100) 102 (100) 0 >.90

Satisfied with the result 108 (99.1) 100 (99.0)a 0.1 (−2.6 to 2.7) >.99

IPQ score, mean (SD)b 1.2 (0.5) 1.3 (0.9) −0.1 (−0.3 to 0.1) .24

1 94 (86.2) 87 (85.3) 0.9 (−8.5 to 10.4)

.692-3 14 (12.8) 12 (11.8) 1.1 (−7.8 to 9.9)

≥4 1 (0.9) 3 (2.9) −2.0 (−5.8 to 1.7)

Self-assessed health statusc 88.2 (12.4)d 88.9 (13.1) −0.7 (−4.2 to 2.8) .69

Difference vs baseline 10.5 (18.1)e 9.4 (18.7)a 1.1 (−4.0 to 6.1) .68

Abbreviation: IPQ, Inguinal Pain Questionnaire (score:
1 = no pain to 7 = severe pain in need for immediate
medical attention).
a Information missing for 1 patient.
b Range, 1 to 7, with higher score indicating more

severe pain.
c Range, 0 to 100, with higher score indicating

better health.
d Information missing for 2 patients.
e Information missing for 4 patients.
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It also compares favorably with outcomes in very high–resource settings (recurrence rate,
0%-4.9%).29 The recurrence rate in the group operated on by MDs was surprisingly high, and the
reasons for this remain unclear. In a study set in Ghana,19 MDs (recurrence rate, 0.9%) were found to
be noninferior to specialist surgeons (recurrence rate, 2.8%). We theorize that the most likely reason
is that the surgical training during medical school and internship in Sierra Leone are inadequate
preparation for independent practice. Although MDs represent standard care in many countries, little
is known about the surgical training that they receive and outcomes after the surgical procedures
that they perform.9 A future study could investigate surgical training, supervision, and outcomes
after surgery performed by MDs in a variety of low-resource countries. Setting-appropriate strategies
to deliver state-of-the-art surgical training for all surgical practitioners could be developed based on
the findings from such a study.

Surgical site infection remains an important safety concern.30 In this study, an overall infection
rate of 4.4% was observed. In high-income countries, postoperative infection rates vary substantially
(0%-15%).31 In previous research on mesh inguinal hernia repair in adult men, the reported infection
rate was 3.4% in Uganda27 and 8.0% in Ghana.19 No deep infections occurred, and removal of the
mesh was never required in our study or in the Ugandan27 and Ghanian19 studies. Therefore, it can be
concluded that the use of mesh in elective inguinal hernia repair in men is safe in these 3
low-resource settings with pronounced hygienical challenges. As mesh repair is associated with a
nearly halved risk of recurrence compared with tissue techniques, it should be routinely used also in
low-resource settings.22

This study provides further evidence that local anesthesia and outpatient surgery for inguinal
hernia is safe and well accepted in low-resource countries, such as Ghana,19 Uganda,27 and Sierra
Leone. Local anesthesia in inguinal hernia repair is associated with significantly fewer postoperative
complications than spinal and general anesthesia.32 It also has potential to spare the scarce
anesthesia resources for other important tasks. Outpatient surgery for elective inguinal hernia repair
as a routine could improve the effectiveness of service delivery and reduce costs for the patients,
health care institutions, and societies.33

Elective surgery for groin hernia is associated with reduced risk of adverse outcomes compared
with emergency surgery.34 Elective surgical services should be expanded to meet the vast unmet
need for surgical treatment in sub-Saharan Africa. Further development and increase scale of the
training program used for this study could spearhead a movement toward a system that caters for
elective surgical care, not just emergencies. Research assessing the training program and trainer
assessment using the Operative Performance Rating System scores is planned for this reason.

The unmet need for surgical procedures has been estimated at more than 143 million
procedures year.1 Task sharing is part of the solution to meet this need.2 While MDs performing
surgical procedures is considered standard care in many countries, task sharing with ACs remains a
controversial topic.35 This study demonstrates the safety of task sharing with ACs in the delivery of
an important surgical procedures, and this information is an important contribution to the task
sharing discussion. The task sharing debate should progress to focus on how surgical training,
supervision, and monitoring can be developed to ensure that all surgical practitioners can deliver
high quality surgical services.

Strengths and Limitations
The main strengths of this trial are the study design and the implementation of the study. Every
aspect of the implementation of the study was strictly monitored by the lead researchers. The
follow-up rates were very high, reducing the risk of selection bias. Therefore, the internal validity is
high. The study hospital was typical for first-level hospitals in sub-Saharan Africa. Inguinal hernia
repair is a common general surgical procedure worldwide. Inguinal hernia repair with mesh is a
standard procedure that can be carried out in all health care systems given availability of mesh and
skilled surgical practitioners. The study findings are therefore generalizable, with high external
validity.
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This study also has some limitations. The strict monitoring of each aspect of implementation of
this study is not routine for surgical practice in general. The outcomes of task sharing in routine care
remains to be evaluated. In day-to-day surgical practice, patient selection is different from the
selection process in this study. Emergency hernia repair and repair of recurrent hernia and hernia in
women and children are all part of routine surgical care. Future research should investigate the safety
and effectiveness of task sharing in these instances. Recurrence after hernia repair can occur after 1
year. We have planned a 3-year follow-up to take place during 2021.

Conclusions

This randomized clinical trial found that surgical task-sharing with ACs in elective groin hernia repair
in men in Sierra Leone was safe and effective. Measures should be taken to ensure high-quality
training, monitoring, and evaluation for all surgical practitioners. Groin hernia repair with mesh under
local anesthesia was performed as outpatient surgery was safe and should be widely implemented
to benefit other patients in low-resource settings.
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