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Introduction

Technological advancement is important to improve healthcare
quality and safety, especially in surgery®. For patients with an
inguinal hernia, mesh and minimally invasive surgery are the
two main technologies that have improved healthcare quality
and safety”®. The use of mesh is proven to reduce recurrence®”.
This avoids the need for further repairs, which are technically
more challenging and have a higher risk for patients®. The use
of minimally invasive surgery has proven advantages in
bilateral hernias and in female patients®® and is recommended
in unilateral repair where appropriate expertise is available®?.

Access to these technologies and the expertise required are not
widely or equitably distributed at a global level. Asitis the case for
other technologies, countries in the Global South have more
limited access’. At the same time, in this part of the globe, there
is a higher prevalence and a higher burden of disease associated
with inguinal hernias’. Several barriers to implementation in
the Global South have been identified previously, including
costs, distribution, and training8'9. To overcome these, studies
reporting the use of mesh based on mosquito net mesh and
evaluating training programmes have been conducted*®*!. With
these efforts and with global investment in new technologies
and the expansion of existing technologies, it was expected that
there would be an increase in their use in low-middle-income
countries. Data assessing this variability have not been collected
in a standardized way and are usually reported from single-
country or single-region studies>*?. Therefore, identification of
areas where improvement is most needed will be key to better
inform policymakers.

The overarching aim of this study was to evaluate access to
technologies that are relevant to the treatment of inguinal
hernia patients to identify the areas where improvement is
needed. Therefore, the primary aim of this study was to
evaluate the use of mesh and predictors of mesh use in elective
inguinal hernia repairs and the secondary aims of this study
were to evaluate the use of minimally invasive surgery and
predictors of minimally invasive surgery use and to evaluate the

safety associated with the use of mesh and the use of minimally
invasive surgery.

Methods

Study design

This was a pre-planned analysis of an international, multicentre,
prospective cohort study of patients undergoing inguinal hernia
surgery. Routine and anonymized data were collected and
no changes in patient care were made. The study protocol
is publicly available (globalsurgeryunit.org/clinical-trials-
holding-page/hippo) and was registered in ClinicalTrials.gov
(NCT05748886). Approvals were obtained by local principal
investigators in each hospital taking part, according to local
and national regulations. This study is reported in line with
STROBE guidelines®?.

Inclusion and exclusion criteria

Any hospital performing inguinal hernia repair was eligible to
take part. Each participating hospital identified consecutive
patients undergoing primary inguinal hernia repair as the
main procedure during a 4-week inclusion window between
30 January and 21 May 2023. Adult patients, defined as older
than 16 years, undergoing elective primary inguinal repair were
included. Patients operated on via midline incision or converted
to midline incision were excluded, considering the complexity
inherent to this approach.

Outcome definitions

The use of mesh in open surgery was defined as the primary
outcome and was compared across the different income groups,
as defined by the World Bank. The use of minimally invasive
surgery and complications at 30 days were secondary outcomes.
Minimally invasive surgery included both laparoendoscopic and
robotic approaches and was defined as per intention-to-treat,
therefore converted surgeries to open were included in this
group. Postoperative complications were defined according to
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the Clavien-Dindo classification and these data were collected at
30 days after surgery'*. To comprehensively evaluate postoperative
complications, surgical-site infection rates and reoperation rates
(mapped to surgical approach and use of mesh) were also
collected at 30 days after surgery.

Data management

Data were collected and stored online using a secure server
running the Research Electronic Data Capture (REDCap) web
application®. The service was managed by the Global Surgery
REDCap system hosted at the University of Birmingham,
Birmingham, UK. Its security was governed by the policies of the
University of Birmingham. Each collaborator involved in data
collection was identified and registered by the hospital lead and
received personal login details. This allowed secure data entry
and storage in REDCap.

Data validation

The data collection methodology was validated previously, in
terms of case ascertainment and data accuracy’®'. The
hospital lead had access to the data entered by their team. They
were responsible for data accuracy and data completeness
collected and uploaded from their site. The data were checked
centrally and when there were missing data or invalid data, the
hospital lead was contacted to complete and correct the data
entered. After this, participating hospitals with data
completeness less than 95% were excluded.

Sample size

There was no formal sample size calculation for the analysis
proposed and all eligible patients were included. To ensure
global generalizability of the results and to justify the resources
put into the study, a minimum number of 300 centres
contributing patient-level data from 70 countries was estimated,
based on previous cohort studies (that is GlobalSurg and
COVIDSurg studies)*®'’. Assuming an average of 30 patients per
centre, a minimum sample size of 10 000 patients was predicted.
Assuming that the prevalence of mesh use ranges between 70%
and 95%, sample size considerations for building a prediction
model showed that approximately 2500 subjects would be
required to build a model with 7 predictor variables, a
prevalence of 95%, and a C-statistic of 0.7 (see Table S1 for full
details)'®. Sample sizes were estimated using the pmsampsize
command in Stata, version 18.0 (StataCorp).

Statistical analysis

Data were mapped to country income groups, defined according
to the World Bank (low-income countries, lower-middle-income
countries, upper-middle income countries, and high-income
countries), as their importance in relation to healthcare access,
safety, and quality has been widely recognized®.

Continuous non-normally distributed hospital-, patient-,
and intraoperative-related variables are presented as median
(interquartile range (i.q.r.)) values, whereas categorical variables
are presented as frequencies and percentages. The use of mesh
and minimally invasive surgery are presented as frequencies
and rates across income groups. Postoperative complications,
surgical-site infection, and reoperation are presented as
frequencies and rates across surgical approach and mesh use
groups.

Multilevel logistic regression models were used to test factors
that could be associated with higher mesh use in open surgery
and the use of minimally invasive surgery. Plausible hospital

and clinical factors agreed by the Study Management Group
were considered and hospital was included as a random effect.
For the above analyses, appropriate model fit diagnostics were
checked to confirm that validity and model assumptions were
maintained for the data. Categories were collapsed when
category event rates were too low to be efficiently included in
the model, as was the case for income groups. All statistical
analyses were performed using R (R Foundation for Statistical
Computing, Vienna, Austria; version 4.0.2). P<0.050 was
considered statistically significant.

Results
Included patients

Data were collected from 18058 patients across 640 centres
located in 83 countries. For this study, 14 768 adults undergoing
elective primary inguinal hernia repair in 612 centres located in
81 countries were included, as shown in Fig. 1 and Fig. S1. Most
of them were operated on in high-income countries (60.4%, 8916
of 14 768).

Included patients had a median age of 60 (i.q.r. 47.0-70.0) years
(Table 1), with an absolute median difference of 10 years between
patients operated on in high- and low-income countries. Most
patients were male (91.7%, 13539 of 14768). Regarding
their perioperative risk, most were ASA grade I-II (85.9%, 12691
of 14768) and without co-morbidities, which was observed
across all income groups. The majority of patients presented
with symptomatic hernias (86.2%, 12729 of 14768) that were
unilateral and with an extension limited to the inguinal region
(79.4%, 11733 of 14768). Intraoperatively, greater than 90.0% of
the operations were classified as clean (14419 of 14 768). Hernia
defect size was variable in all income groups, with defects of 1.5-
3 cm being the most reported (40.8%, 6031 of 14 768). Hospitals
where these patients were operated on were mostly tertiary-level
centres (62.4%, 9126 of 14768) and their funding was mainly
provided by the public sector (86.6%, 12 152 of 14 768) (Table S2).

Surgical variation and intraoperative outcomes

In all income groups, patients were more commonly operated on
by a senior surgeon (71.0%, 10487 of 14 768) (Table 2). Most had
previous experience of greater than 200 inguinal hernia repairs
(53.1%, 7833 of 14768). There was heterogeneity in the surgical
technique chosen to repair inguinal hernia, as shown in Fig. 2.
The Lichtenstein technique was used for greater than half of
patients in all groups (61.7%, 9117 of 14 768). Of the techniques
using a minimally invasive approach, transabdominal
preperitoneal repair was twice as commonly used as totally
extraperitoneal repair (7.8%, 1155 of 14768). The use of both
decreased from high- to low-income countries. The use of soft
tissue repair was more commonly used in low-income countries
(28.0%, 178 of 635). More details regarding surgical technique
variation are available in Table S3.

Overall, 94.8% of the patients had mesh placed to repair the
inguinal hernia (13995 of 14 768) (Table 2). When the approach
was open, mesh was used in 93.2% of the repairs (13995 of
14768) (Fig. 3). There was a reduction in mesh use from
high-income countries (98.9%) to low-income countries (72.1%).
In the group of patients where mesh was used, the most
frequent type of mesh was permanent synthetic (90.2%, 12620
of 13995) and the most common suture used to fix the mesh
was non-absorbable (52.5%, 7343 of 13 995).

Less than a quarter of patients underwent minimally
invasive surgery (24.8%, 3661 of 14768) (Fig. 3).
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18058 patients from 640 centres, 83 countries
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Patients excluded n = 3290
Undergoing emergency surgery n = 1287

Children n = 1980
Missing data for age n = 6

Missing data for urgency of surgery n = 17
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612 centres, 81 countries |
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8916 (60.4%)

patients from

297 centres in
HIC

2575 (17.4%)

patients from

134 centres in
UMIC

2642 (17.9%)

patients from

137 centres in
LMIC

635 (4.3%)
patients from
44 centres in

LIC

Fig. 1 Flow chart of included patients

HIC, high-income country; UMIC, upper-middle-income country; LMIC, lower-middle-income country; LIC, low-income country.

Table 1 Preoperative and intraoperative characteristics of adults undergoing elective inguinal hernia repair

HIC (n = 8916)

UMIC (n = 2575)

LMIC (n = 2642)

LIC (n = 635)

Total (n=14768)

Age (years)
Median (interquartile range)
Sex
Male
Female
Missing, n
ASA grade
-1
-V
Not recorded
Missing, n
Co-morbidities
None
One
Two
Three or more
Missing, n
Symptoms
Asymptomatic
Symptomatic
Missing, n
Hernia size
Limited to inguinal region
Limited to scrotum
Extend to mid-thigh or beyond
Missing, n
Hernia site
Bilateral
Unilateral
Missing, n
Hernia defect size (cm)
<1.5
1.5-3
>3
Not known
Missing, n
Contamination
Clean
Clean-contaminated
Contaminated
Dirty
Missing, n

63.0 (52.0-73.0)

8094 (90.8) 2356 (91.5)
821(9.2) 219 (8.5)
1 0
7211 (80.9) 2337 (90.8)
1645 (18.4) 234 (9.1)
60 (0.7) 4(0.2)

0 0
6613 (74.2) 1961 (76.2)
1713 (19.2) 491 (19.1)
456 (5.1) 93 (3.6)
130 (1.5) 26 (1.0)
4 3
1106 (12.4) 293 (11.4)
7810 (87.6) 2282 (88.6)
0 0
7576 (85.0) 1977 (76.8)
1263 (14.2) 569 (22.1)
77 (0.9) 29 (1.1)
0 0
1362 (15.3) 347 (13.5)
7554 (84.7) 2228 (86.5)
0 0
1866 (20.9) 456 (17.7)
3654 (41.0) 1018 (39.5)
1804 (20.2) 820 (31.8)
1590 (17.8) 281 (10.9)
2 0
8858 (99.3) 2383 (92.5)
53 (0.6) 190
4(0.0) 2 (0.1)
1(0.0) 0(0.0)
0 0

57.0 (45.0-67.0)

52.0 (37.0-63.0)

53.0 (36.0-63.5)

2500 (94.6) 589 (92.8)
142 (5.4) 46 (7.2)
0 0
2536 (96.0) 607 (95.6)
105 (4.0) 21 (3.3)
1(0.0) 7 (1.1)
0 0
2195 (83.1) 526 (82.8)
367 (13.9) 100 (15.7)
72(2.7) 9 (1.4)

5(0.2)

3 0
580 (22.0) 60 (9.4)
2062 (78.0) 575 (90.6)

0 0
1698 (64.3) 482 (75.9)
903 (34.2) 147 (23.1)

41 (1.6) 6(0.9)

0 0
386 (14.6) 59 (9.3)
2256 (85.4) 576 (90.7)

0 0
425 (16.1) 138 (21.7)
1063 (40.2) 296 (46.6)
920 (34.8) 175 (27.6)

234 (8.9) (4 1)

0
2546 (96.4) 632 (99.5)

93 3(0.5)

2 (0.1) 0(0.0)
1 (0.0) 0(0.0)
0 0

60.0 (47.0-70.0)

13539 (91.7)
1228 (8.3)
1

12691 (85.9)
2005 (13.6)
72 (0.5)

0

~

11295 (76.5)

2039 (13.8)
12729 (86.2)
0

11733 (79.4)
2882 (19.5)
153 (1.0)

0
2154 (14.6)
12614 (85.4)

19.5

(19.5)
(40.8)

3719 (25.2)
(14.4)
2

Values are n (%) unless otherwise indicated. HIC, high-income country; UMIC, upper-middle-income country; LMIC, lower-middle-income country; LIC, low-income

country.
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Table 2 Surgical variation and outcomes across income groups

HIC (n = 8916) UMIC (n = 2575) LMIC (n = 2642) LIC (n = 635) Total (n = 14 768)
Primary operator
Senior surgeon 6568 (73.7) 1868 (72.5) 1653 (62.6) 398 (62.7) 10487 (71.0)
Trainee surgeon 2338 (26.2) 665 (25.8) 951 (36.0) 232 (36.5) 4186 (28.3)
Non-surgeon 10 (0.2) 42 (1.6) 38 (1.4) 5(0.8) 95 (0.6)
Missing, n 0 0 0 0 0
Previous experience (number
of repaired hernias)
0-50 1472 (16.5) 523 (20.3) 534 (20.2) 223 (35.1) 2752 (18.7)
51-200 2400 (27.0) 591 (23.0) 1004 (38.0) 172 (27.1) 4167 (28.2)
>200 5030 (56.5) 1461 (56.7) 1102 (41.7) 240 (37.8) 7833 (53.1)
Missing, n 14 0 2 0 16
Surgical approach
Open 6303 (70.7) 1865 (72.4) 2311 (87.5) 628 (98.9) 11107 (75.2)
Laparoendoscopic 2397 (26.9) 699 (27.1) 316 (12.0) 6(0.9) 3418 (23.1)
Robotic 144 (1.6) 4(0.2) 4(0.2) 0(0.0) 152 (1.0)
Converted 72 (0.8) 7(0.3) 11 (0.4) 1(0.2) 91 (0.6)
Missing, n 0 0 0 0 0
Use of mesh
Yes 8842 (99.2) 2465 (95.7) 2231 (84.4) 457 (72.0) 13995 (94.8)
No 74 (0.8) 110 (4.3) 411 (15.6) 178 (28.0) 773 (5.2)
Missing, n 0 0 0 0 0
Type of mesh used*
Permanent synthetic 7964 (90.1) 2184 (38.6) 2055 (92.2) 417 (91.2) 12620 (90.2)
Absorbable synthetic 608 (6.9) 193 (7.8) 155 (7.0) 39 (8.5) 995 (7.1)
Biological 7 (0.1) 9(0.4) 1(0.0) 1(0.2) 18 (0.1)
Composite 261 (3.0) 79 (3.2) 18 (0.8) 0(0.0) 358 (2.6)
Missing, n 2 0 2 0 4
Suture used to fix the mesh”
Absorbable 2112 (23.9) 542 (22.0) 373 (16.7) 49 (10.7) 3076 (22.0)
Non-absorbable 3870 (43.8) 1449 (58.8) 1617 (72.5) 407 (89.1) 7343 (52.5)
Glue 641 (7.3) 6(0.2) 3(0.1) 0(0.0) 650 (4.6)
Tackers 872 (9.9) 305 (12.4) 186 (8.3) 0(0.0) 1363 (9.7)
Not fixed 1345 (15.2) 163 (6.6) 50 (2.2) 1(0.2) 1559 (11.1)
Missing, n 2 0 2 0 4

Values are n (%) unless otherwise indicated. *Only evaluated in patients undergoing inguinal hernia repair with mesh (n=13 995). HIC, high-income country; UMIC,
upper-middle-income country; LMIC, lower-middle-income country; LIC, low-income country.

100
[ Lichtenstein
[C] Other mesh-based repairs
[ soft tissue repair
[ TAPP
75+ W TeEP

S

\é’ 50

&

HIC

Fig. 2 Variation in surgical technique across income groups

umMmiIC

LMIC

LIC

TAPP, transabdominal preperitoneal repair; TEP, totally extraperitoneal repair; HIC, high-income country; UMIC, upper-middle-income country; LMIC,
lower-middle-income country; LIC, low-income country.
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14768 adult patients from 612 centres, 81 countries

A4 A 4
75.2% open surgery rate 24.8% MIS rate*
n=11 107 n=3661
29.3% MIS 27.6% MIS 12.5% MIS 1.1% MIS
rate in HIC rate in UMIC rate in LMIC rate in LIC
n=2613 n=710 n=331 n=7
A4

93.2% mesh rate

n =10 347
98.9% mesh 94.4% mesh 82.3% mesh 72.1% mesh
rate in HIC rate in UMIC rate in LMIC rate in LIC
n=6232 n=1760 n =1902 n =453

Fig. 3 Use of technologies across income groups

*Of the patients undergoing minimally invasive surgery, 99.6% (3648 of 3661) had mesh repair. There were no missing data for surgical approach and mesh use. MIS,
minimally invasive surgery; HIC, high-income country; UMIC, upper-middle-income country; LMIC, lower-middle-income country; LIC, low-income country.

Adjusted OR

Factor No mesh  Mesh (95% c.i.) P
Income group '

HIC 71(1.1) 6232 (98.9) . Reference

LMIC 689 (14.3) 4115 (85.7) = : 0.02 (0.01, 0.06) <0.001
Hospital funding '

Pubic 672 (7.1) 8779 (92.9) 1 Reference

Public-Private 19 (3.7) 489 (96.3) . »  2.88(0.26, 31.67) 0.386

Private 66 (6.4) 967 (93.6) L 2.00 (0.52, 7.76) 0.316
Hospital type |

Primary 116 (11.9) 855 (88.1) ; Reference

Secondary 153 (4.9) 2985 (95.1) ' »  4.35(0.96, 19.73) 0.057

Tertiary 488 (7.1) 6415 (92.9) b » 419 (1.02, 17.29) 0.047
Hernia repa ir experience E

0-50 153 (6.4) 2247 (93.6) ' Reference

51-200 278 (8.8) 2886 (91.2) —- 0.79 (0.53, 1.17) 0.238

>201 329 (5.9) 5202 (94.1) —E—-— 1.20(0.79, 1.82) 0.404
Sex '

Male 690 (6.8) 9507 (93.2) , Reference

Female 70(7.7) 840(92.3) -=— : 0.53 (0.35, 0.81) 0.004
Symptoms |

Asymptomatic 116 (7.5) 1422 (92.5) E Reference

Symptomatic 644 (6.7) 8922 (93.3) - 1.43 (0.98, 2.08) 0.062
Hernia si ze :

Limited to inguinal region 494 (5.8) 7973 (94.2) E Reference

Limited to scrotum 251 (10.0) 2249 (90.0) [ 1.21 (0.90, 1.62) 0.215

Extend to mild-thigh or beyond 15 (10.7) 125 (89.3) | —n'—l | | | | 0.85 (0.34, 2.09) 0.722

0 2 4 6 8 10

<

Lower odds of mesh Higher odds of mesh

v

Fig. 4 Predictors of mesh use in open surgery

Only patients undergoing open surgery were included in the model (n=11107). HIC, high-income country; LMIC, low-middle income countries, includinng
upper-middle-, lower-middle-, and low-income countries.

Laparoendoscopic surgery accounted for most of the patients operated on by senior surgeons in laparoendoscopic
minimally invasive surgery across all income groups, as surgery (87.6%, 3074 of 3508) with a higher previous
shown in Table 2. In general, there was a higher proportion of experience, as shown in Table S4.
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MIS/ Adjusted OR

Factor Open  MIS converted (95% c.i.) P
Income group !

HIC 6303 (70.7) 2613 (29.3) \ Reference

LMIC 1865 (72.4) 710 (27.6) L] E 0.11 (0.07, 0.18) <0.001
Hospital funding '

Public 9451 (77.8) 2701 (22.2) H Reference

Public-Private 508 (63.7) 289 (36.3) E 3.74 (1.41, 9.90) 0.008

Private 1033 (61.6) 643 (38.4) , »  9.20 (4.84, 17.51) <0.001
Hospital type 1

Primary 971 (73.9) 343 (26.1) E Reference

Secondary 3118 (74.5) 1067 (25.5) —t— 1.42(0.64, 3.17) 0.392

Tertiary 6903 (75.6) 2223 (24.4) A 3.05 (1.43, 6.53) 0.004
Hernia repair experience E

0-50 2400 (87.2) 352 (12.8) H Reference

51-200 3164 (75.9) 1003 (24.1) . — 3.04 (2.49, 3.72) <0.001

>201 5531 (70.6) 2302 (29.4) E —_—— 4.07 (3.33, 4.96) <0.001
Sex '

Male 10197 (75.3) 3342 (24.7) i Reference

Female 910 (74.1) 318 (25.9) -i- 1.05 (0.87, 1.27) 0.629
Symptoms '

Asymptomatic 1538 (75.5) 500 (24.5) | Reference

Symptomatic 9566 (75.2) 3161 (24.8) ial 0.86 (0.72, 1.03) 0.111
Hernia size '

Limited to inguinal region 8467 (72.2) 3266 (27.8) , Reference

Limited to scrotum 2500 (86.7) 382 (13.3) - E 0.39 (0.33, 0.46) <0.001

Extend to mild-thigh or beyond 140 (91.5) 13(8.5) - 0.18 (0.08, 0.38) <0.001
Hernia site .

Unilateral 10155 (80.5) 2459 (19.5) E Reference

Bilateral 952 (44.2) 1202 (55.8) . \ | | | —— | 7.87 (6.82, 9.09) <0.001

0 2 4 6 8 10

<

Lo‘wer odds of MIS  Higher odds of MIS

Fig. 5 Predictors of use of minimally invasive surgery

MIS, minimally invasive surgery; HIC, high-income country; LMIC, low-middle income countries, including upper-middle-, lower-middle-, and low-income

countries.

Table 3 Variation in complications, surgical-site infection, and reoperation at 30 days with regard to surgical approach and use of

mesh
Complications at 30 days Surgical-site infection at 30 days Reoperation at 30 days Total
Surgical approach*
Open surgery 1518 (13.7) 397 (3.6) 45 (0.4) 11107
Minimally invasive surgery 415 (11.3) 48 (1.3) 30 (0.8) 3661
Missing, n 0 0 0 0
Use of mesh
Yes 1828 (13.1) 408 (2.9) 67 (0.5) 13995
No 105 (13.6) 37 (4.8) 8 (1.0) 773
Missing, n 0 0 0 0

Values are n (%) unless otherwise indicated. *Surgical approach classified as intention-to-treat. Minimally invasive surgery includes laparoendoscopic, robotic, and

converted surgeries.

Predictors of access to technologies

Patients undergoing open surgery where mesh was not used were
younger (median age of 49.0 years versus 61.0 years), had fewer
co-morbidities, and had larger hernias, as shown in Table S5.
However, in the adjusted analysis, being operated on in a low-
middle-income country was associated with lower mesh use
(adjusted OR 0.02 (95% c.i. 0.01 to 0.06); P< 0.001) (Fig. 4). Being
female was the only other factor that was associated with lower
use of mesh in open surgery (adjusted OR 0.53 (95% c.i. 0.35 to
0.81); P=0.004). Of the other factors tested, none had a
significant association with use of mesh.

Patients undergoing hernia repair in low-middle-income
countries was associated with lower odds of minimally invasive
surgery use (adjusted OR 0.11 (95% c.i. 0.07 to 0.18); P <0.001)
(Fig. 5). Having an inguinal hernia limited to the scrotum or that

extended to the mid-thigh or beyond was associated with lower
odds of minimally invasive surgery. Of the hospital factors
tested, being operated on in a private hospital (adjusted OR 9.20
(95% c.i. 4.84 to 17.51); P<0.001) and in a tertiary-level hospital
(adjusted OR 3.05 (95% c.i. 1.43 to 6.53); P=0.004) were both
associated with higher odds of use of minimally invasive
surgery. Of the patient factors tested, having a bilateral hernia
repair was associated with higher use of minimally invasive
surgery (adjusted OR 7.87 (95% c.i. 6.82 to 9.09); P < 0.001).

Postoperative complications

The postoperative complication rate was 13.7% and most of the
postoperative complications were minor, i.e. Clavien-Dindo grade
I-II (93.5%, 1808 of 1933) (Table S6). Patients undergoing
minimally invasive surgery had a postoperative complication rate
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of 11.3% (415 of 3661) (Table 3). Patients where mesh was used had a
postoperative complication rate of 13.1% (1828 of 13 995). Overall,
at 30 days, the surgical-site infection rate was 3.0% (445 of 14 768)
and the reoperation rate was 0.5% (75 of 14 768).

Discussion

The prinicipal finding of this study is the lack of access to mesh
observed in low- and middle-income countries. This was shown
in open repair, as well as in all hernia repairs included,
regardless of the approach. With regard to open surgery, having
the hernia repair in low—-middle-income countries was the most
important factor found to be associated with lower use of mesh.
Lower use of mesh not only has a direct impact on patients, who
will have a higher risk of hernia recurrence?, but also
demonstrates that access to mesh technology is limited.

This study also shows low use of minimally invasive surgery
across all income groups. Overall, less than a quarter of patients
were operated on using minimally invasive surgery and, when
used, laparoendoscopic-based techniques were preferred. This
was even lower in low-middle-income countries. However,
having the repair in a private or tertiary-level hospital and
having a bilateral hernia were all associated with higher use of
minimally invasive surgery.

The data from this study are relevant for developing plans to
expand the use of mesh and minimally invasive surgery.

There is a global need to increase access to and training
programmes for mesh inguinal hernia repair in low-
middle-income countries®®. Mesh is a simple device that has
been recommended by international guidelines for the
treatment of inguinal hernias® and is recognized as standard
practice by several hernia societies globally’®?. Using mesh
reduces recurrence rates, avoids further operations, and has
been shown to be cost-effective*?. Therefore, upscaling mesh
use in inguinal hernia patients should be a first priority in
providing access to more advanced technologies®. Supply
chains, training surgical teams, and reducing costs of mesh for
patients are all factors that have been identified previously as
barriers to access to mesh technology and that could be targeted®.

Expansion of minimally invasive surgery in well-resourced
settings will require expansion of dedicated training
programmes and a focus on patients who will benefit most. In
settings where expertise is available, minimally invasive surgery
is the recommended approach for inguinal hernia repair,
according to international guidelines®. However, the low use of
minimally invasive surgery in this study, even in high-income
countries, leads to concerns regarding inherent training
challenges and slower learning curves®*?*. There is also the
potential lack of agreement in the wider general surgical
community regarding the clinical benefit outside of selected
groups of patients, such as patients with bilateral hernias,
patients with recurrent hernias, and female patients®®.

There are limitations associated with this study.
Representation by low-middle-income countries in this setting
was low. Countries with better access to technologies might not
have been captured. Also, in the high-income group, there was a
lack of representation by centres from countries that are
reported to have higher rates of minimally invasive surgery (for
example Sweden and Denmark)?’ and this might have resulted
in a low estimation of minimally invasive surgery use amongst
this group. Complication data were only collected at 30 days
after surgery, which limits the evaluation of recurrence, which
is an important longer-term outcome of hernia repair. However,

there is already good evidence showing higher recurrence rates
when mesh is not placed, even in low-income settings>*".

Future research is still needed. Full understanding of the
payment mechanisms available in different countries will help
to identify economic barriers to access to mesh technology.
National evaluation of payment options and avoidance of
out-of-pocket expenses might improve access to mesh and
other technologies, by protecting patients from catastrophic
expenditure.

This study provides relevant information to policymakers on
potential targets to improve access to simple technologies, such
as mesh. To achieve medium- to long-term improvement, it will
be essential to train surgical teams on site. Partnerships
between high-income countries and low-middle-income
countries could be useful to co-develop a recognized global
training package. Involving hernia societies and national
surgical colleges based in low-middle-income countries could
expand the training programme, while monitoring its quality
and safety. Expanding mesh use could be a first step, before
expanding the use of more advanced technologies, for which
training is more demanding, supply chains are more complex,
and the costs are higher.
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