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ABSTRACT
Introduction Surgical site infection (SSI) is one of the 
most common healthcare- associated infections (HAIs). 
However, there is a lack of data available about SSI in 
children worldwide, especially from low- income and 
middle- income countries. This study aimed to estimate the 
incidence of SSI in children and associations between SSI 
and morbidity across human development settings.
Methods A multicentre, international, prospective, 
validated cohort study of children aged under 16 years 
undergoing clean- contaminated, contaminated or dirty 
gastrointestinal surgery. Any hospital in the world providing 
paediatric surgery was eligible to contribute data between 
January and July 2016. The primary outcome was the 
incidence of SSI by 30 days. Relationships between 
explanatory variables and SSI were examined using 
multilevel logistic regression. Countries were stratified 
into high development, middle development and low 
development groups using the United Nations Human 
Development Index (HDI).
Results Of 1159 children across 181 hospitals in 51 
countries, 523 (45·1%) children were from high HDI, 397 
(34·2%) from middle HDI and 239 (20·6%) from low HDI 
countries. The 30- day SSI rate was 6.3% (33/523) in high 
HDI, 12·8% (51/397) in middle HDI and 24·7% (59/239) 
in low HDI countries. SSI was associated with higher 
incidence of 30- day mortality, intervention, organ- space 
infection and other HAIs, with the highest rates seen in low 
HDI countries. Median length of stay in patients who had 
an SSI was longer (7.0 days), compared with 3.0 days in 
patients who did not have an SSI. Use of laparoscopy was 
associated with significantly lower SSI rates, even after 
accounting for HDI.
Conclusion The odds of SSI in children is nearly four 
times greater in low HDI compared with high HDI countries. 
Policies to reduce SSI should be prioritised as part of the 
wider global agenda.

INTRODUCTION
Surgical site infection (SSI) is one of the most 
common healthcare- associated infections 
(HAIs) following gastrointestinal surgery. 
In children, SSI has important social and 
economic consequences, leading to time away 

from school and lost working days by parents 
to assist children, putting family units at risk 
of catastrophic healthcare expenditure.1 2 
Furthermore, the societal burdens of SSI in 
terms of healthcare costs and the require-
ments for antibiotic therapy have important 
consequences for affordability, antibiotic 
resistance and health system capacity.

Previous studies have predominately come 
from single hospitals, been heterogeneous 
in patient and procedure inclusion, and 
been inconsistent in the different diagnostic 
criteria for SSI.3–5 Furthermore, these studies 
are often limited in geographical scope, with 
one systematic review and meta- analysis of HAI 
identifying only three studies in paediatric 
patients in low- middle income countries.6 
In these settings, SSI incidence is markedly 
higher than in high income countries.7

Key questions

What is already known?
 ► There is a lack of data describing the incidence and 
risk factors for surgical site infection (SSI) in chil-
dren. This paucity of data is particularly prevalent 
in low- middle income populations (LMICs), who are 
likely to be affected most by SSI, yet no prospective, 
multicentric comparative data exist.

What are the new findings?
 ► Children undergoing gastrointestinal surgery in low- 
middle development countries are significantly more 
likely to have SSIs after surgery than their counter-
parts in high income settings. Use of laparoscopy 
was associated with lower odds of SSI.

What do the new findings imply?
 ► SSI is common in LMICs, occurring in up to a quarter 
of operations. Our data should be used as a founda-
tion to inform clinical trials and to build initiatives to 
reduce this. SSI is associated with poorer outcomes 
and longer lengths of stay, which can be devastating 
for a family and for children’s well- being.

http://gh.bmj.com/
http://crossmark.crossref.org/dialog/?doi=10.1136/bmjgh-2020-003429&domain=pdf&date_stamp=2020-11-03
http://dx.doi.org/10.1136/bmjpo-2020-000755).
http://dx.doi.org/10.1136/bmjpo-2020-000755).
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The primary aim of this study was to determine the 
worldwide SSI rate following gastrointestinal surgery in 
children while the secondary aim was to identify asso-
ciations between SSI and morbidity among children by 
country development, according to the United Nation’s 
Human Development Index (HDI).

METHODS
Patient public involvement
Patients and the public were involved in design and 
dissemination of this study, including representation 
from patients in low HDI countries. We included patients 
in the conception, design and steering of the overall 
GlobalSurg 2 Study and GlobalSurg collaborative.

Study design
This international, multicentre, prospective cohort study 
was performed according to a published protocol and was 
registered on  ClinicalTrials. gov (NCT02662231).8 Inves-
tigators were recruited via the international GlobalSurg 
collaborative research network, surgical associations, 
training colleges, social media and personal contacts. The 
structure of surgical collaborative research methodology 
has been described in detail previously.9 Briefly, small 
teams of local investigators collected data on prospec-
tively determined items, coordinated by regional and 
national lead investigators, across short time windows, 
with pooled analysis by a central steering committee. A 
parallel analysis which also included adults (>16 years) 
has already been published elsewhere.10

This study is reported according to the STrengthening 
the Reporting of OBservational studies in Epidemiology 
guidelines and the Statistical Analyses and Methods in 
the Published Literature.11 12

Any hospital in the world performing gastrointestinal 
surgery on children was eligible to participate in this 
study. Hospitals could be secondary or tertiary health-
care facilities. Our network includes both small commu-
nity hospitals and large tertiary referral hospitals. There 
was no minimum case- volume, or centre- specific require-
ments to take part. Participating clinicians registered 
online and had to successfully pass a mandatory online 
training module to standardise data collection. Inves-
tigators included consecutive patients over a 2- week 
period selected during the course of the study. Multiple 
non- overlapping 2- week study periods were encouraged. 
Children (<16 years) undergoing elective or emergency 
gastrointestinal resection were eligible for inclusion. 
Gastrointestinal resection was defined as complete tran-
section and removal of a segment of the gastrointestinal 
tract at any point from oesophagus to rectum, including 
appendix and gall bladder as well as reversal or forma-
tion of a stoma.

Data were collected on patient- level risk factors, which 
included preoperative variables (age, gender, admission 
to procedure time, American Society of Anesthesiologists 
(ASA) grade, urgency of operation, presence of malaria 

or HIV), disease variables (pathology) and operative vari-
ables (urgency, procedure start time, operative approach, 
WHO surgical safety checklist use, antibiotic prophy-
laxis and intraoperative contamination). Intraoperative 
contamination was measured by the operating surgeon 
and defined as follows; clean- contaminated (an incision 
through the respiratory, alimentary or genitourinary 
tract under controlled conditions with no direct contam-
ination encountered), contaminated (an operation 
where there is major break in sterile technique or gross 
spillage from the gastrointestinal tract, or an incision 
where acute non- purulent inflammation is encountered 
or where procedures involve traumatic wounds that have 
been open for between 12 hours and 24 hours) and dirty 
(an incision undertaken where viscera are perforated, 
where acute inflammation or necrosis is encountered, or 
where there is delayed operation on traumatic wounds) 
procedures.

Within each team, quality assurance was guaranteed 
by at least one consultant or attending- level surgeon. 
Data were recorded prospectively and stored on a secure, 
internet- based, user- encrypted platform (REDCap).13

Primary outcome
The primary outcome measure was the 30- day post-
operative SSI rate according to the Centre for Disease 
Control and Prevention criteria for SSI.14 SSI rates were 
measured at 30 days following surgery either in person 
or by computer record/chart review. When 30- day 
follow- up was not possible, SSI was measured at the point 
of discharge. Surgical teams were encouraged to assess 
patients at 30 days (either in- person or via telephone). 
Secondary outcome measures included the 30- day post-
operative mortality rate, reintervention rate, rate of 
wound organ- space inefction, rate of other HAIs and 
length of stay. Data were also collected on antimicrobial 
therapy and microbiology culture from patients with 
SSI. Antibiotic resistance was defined as resistance in the 
species which was cultured to the antibiotic administered 
for prophylaxis.

Statistical analysis
As described in the protocol, countries were stratified 
into tertiles of development using the United Nations 
HDI. This metric is calculated from a composite of 
country- level statistics including life expectancy, income 
and education (http:// hdr. undp. org/ en/ statistics). Vari-
ation across HDI tertiles were described first using simple 
summary statistics, including the number of patients and 
proportions. Continuous variables with normal distribu-
tions were summarised using the mean and SD, otherwise 
the median and IQR was used. Differences were tested 
using Pearson’s χ2 test for categorical variables or the 
Kruskall- Wallis test for continuous variables. Multilevel 
logistic regression models were used to adjust for patient- 
level (fixed effects) and centre- level (random effects) 
variations to identify factors which were independently 
associated with the study outcomes. Effects estimates 

http://hdr.undp.org/en/statistics
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from these models are presented as ORs alongside the 
corresponding 95% CIs. Clinically plausible and relevant 
variables were entered into the models, and interactions 
explored. Model selection was guided through minimisa-
tion of the Akaike information criterion (AIC). Statistical 
significance was taken at the level of p≤0·05, as specified 
a priori. All analysis was performed in R V. 3.4.4 (R Foun-
dation for Statistical Computing, Vienna, Austria) using 
the tidyverse, lme4 and finalfit packages. As part of this 
project, an interactive data set explorer is available online 
at http:// ssi. globalsurg. org/.

RESULTS
Overall 1159 children across 181 hospitals were included 
from 51 countries during the study period. Of these, 523 
(45·1%) children were from high HDI countries, 397 
(34·2%) from middle HDI countries and 239 (20·6%) 
from low HDI countries. The overall study inclusion 
flow chart for the GlobalSurg 2 Study and this paedi-
atric subset is shown in figure 1. There were minimal 
missing data. Validation of the overall GlobalSurg 2 data 
set from a sample of 1476 patients found a 93% correct 
case ascertainment rate. Data accuracy was high, with 
Cohen’s κ >0·90 and Pearson’s correlation coefficient 

0·99, when data entered at primary entry and validation 
were compared.

In low HDI settings, patients were younger, with the 
rate of neonatal surgery fivefold and threefold higher 
than in high HDI and middle HDI settings, respectively 
(table 1). Patients in low HDI settings had a prepon-
derance towards being male, with higher ASA grades 
and were more likely to undergo elective surgery than 
patients in high HDI settings. Use of laparoscopic 
surgery was significantly higher in the high HDI group, 
with surgery more likely to be performed closer to the 
time of admission. The WHO surgical safety checklist 
was used in 86·0% (450/523) of patients in high HDI, 
43·8% (174/397) of patients in middle HDI and 45·2% 
(81/239) of patients in low HDI settings. The rate of 
antibiotic prophylaxis was significantly lower in high 
HDI settings, despite a higher proportion of dirty 
procedures performed. Contaminated surgery was most 
commonly performed in low HDI countries and clean- 
contaminated procedures in middle HDI countries. 
Acute appendicitis was the most common indication 
for surgery across all HDI groups, comprising 70·8% 
(820/1159) of all cases (online supplemental table S1 
and S2).

Figure 1 Participant inclusion flow chart. HDI, Human Development Index; SSI, surgical site infection.

http://ssi.globalsurg.org/
https://dx.doi.org/10.1136/bmjgh-2020-003429
https://dx.doi.org/10.1136/bmjgh-2020-003429
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Table 1 Patient characteristics by HDI

High HDI (n=523)
Middle HDI 
(n=397) Low HDI (n=239) P value

Age

  Adolescent (12 years to <16 years) 207 (39.6) 157 (39.5) 72 (30.1) <0.001

  Child (2 years to <12 years) 274 (52.4) 172 (43.3) 93 (38.9)

  Infant (1 month to <2 years) 28 (5.4) 46 (11.6) 38 (15.9)

  Neonate (<1 month) 14 (2.7) 22 (5.5) 36 (15.1)

Gender

  Male 307 (58.7) 212 (53.4) 151 (63.2) 0.002

  Female 210 (40.2) 166 (41.8) 84 (35.1)

  Missing 6 (1.1) 19 (4.8) 4 (1.7)

ASA grade

  1 429 (82.0) 314 (79.1) 128 (53.6) <0.001

  2 66 (12.6) 41 (10.3) 73 (30.5)

  3+ 19 (3.6) 13 (3.3) 34 (14.2)

  Missing 9 (1.7) 29 (7.3) 4 (1.7)

Urgency

  Elective 59 (11.3) 79 (19.9) 65 (27.2) <0.001

  Emergency 463 (88.5) 318 (80.1) 174 (72.8)

  Missing 1 (0.2) 0 (0.0) 0 (0.0)

Operative approach

  Open 235 (44.9) 330 (83.1) 231 (96.7) <0.001

  Laparoscopic 288 (55.1) 67 (16.9) 8 (3.3)

Procedure start time

  08:00–18:00 331 (63.3) 222 (55.9) 155 (64.9) 0.002

  18:00–22:00 106 (20.3) 73 (18.4) 49 (20.5)

  22:00–08:00 86 (16.4) 102 (25.7) 35 (14.6)

Admission to procedure time (hours)

  <6 140 (26.8) 189 (47.6) 43 (18.0) <0.001

  6–11 94 (18.0) 49 (12.3) 33 (13.8)

  12–23 157 (30.0) 60 (15.1) 45 (18.8)

  24–47 76 (14.5) 30 (7.6) 48 (20.1)

  48+ 37 (7.1) 39 (9.8) 57 (23.8)

  Missing 19 (3.6) 30 (7.6) 13 (5.4)

WHO checklist use

  No, not available 43 (8.2) 146 (36.8) 44 (18.4) <0.001

  No, but available 20 (3.8) 74 (18.6) 81 (33.9)

  Yes 450 (86.0) 174 (43.8) 108 (45.2)

  Missing 10 (1.9) 3 (0.8) 6 (2.5)

Antibiotics: preoperative or prophylactic

  No 80 (15.3) 59 (14.9) 7 (2.9) <0.001

  Yes 438 (83.7) 333 (83.9) 230 (96.2)

  Missing 5 (1.0) 5 (1.3) 2 (0.8)

Pathology

  Appendicitis 438 (83.7) 281 (70.8) 101 (42.3) <0.001

  Congenital 36 (6.9) 43 (10.8) 79 (33.1)

Continued
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The 30- day SSI rate overall was 12·3% (143/1159). Rates 
varied by HDI, with an infection rate of 6·3% (33/523), 
12·8% (51/397) and 24·7% (59/239) in high HDI, middle 
HDI and low HDI countries, respectively (tables 2 and 3). 
In high HDI settings, SSI was diagnosed at similar rates 
in- hospital and after discharge (before discharge 2.9% 
(15/523), after discharge 3.4% (18/523)). In middle 
HDI and low HDI countries, SSI was diagnosed in- hos-
pital more frequently (middle HDI before discharge 6.8% 
(27/397), middle HDI after discharge 6.0% (24/397), 
low HDI before discharge 18.4% (44/239), low HDI after 
discharge 6.3% (15/239)).

SSI was significantly more common in contaminated 
surgery compared with clean- contaminated surgery 
across all HDI settings (11·6% vs 3·5% in high, 25·9% 
vs 9·2% in middle and 39·0% vs 17·2% in low), (online 
supplemental table S3). Similarly, rates of organ- space 
infection and HAIs were higher in low HDI settings 
(table 4). The 30- day mortality and reintervention rates 
were also significantly higher in patients from low HDI 
countries when compared with those in middle HDI 

and high HDI groups. In univariable analyses, low HDI 
was associated with an increased odds of SSI (onine 
supplemental table S4). Patient- level factors which were 
also associated with SSI included non- use of the WHO 
checklist, the degree of intraoperative contamination 
and the use of open surgery. When adjusted for clinically 
plausible explanatory variables, low HDI, intraoperative 
contamination and open surgery remained significantly 
associated with higher odds of SSI (figure 2, online 
supplemental table S4).When HDI was treated as contin-
uous, SSI was correlated with lower country development 
(figure 3, rank 1 being most developed).

Organisms and antibiotic resistance
In the 12·3% (143/1159) of patients who developed 
an SSI, 94·4% (135/143) had access to microbiological 
testing and of these 36·3% (49/135) had organisms 
cultured from their wound. The most common organ-
isms were coliforms, present in 46·9% of culture- positive 
patients (23/49, online supplemental table S5) followed 
by Staphylococcus aureus species present in 22·4% of 

High HDI (n=523)
Middle HDI 
(n=397) Low HDI (n=239) P value

  Colitis 5 (1.0) 1 (0.3) 2 (0.8)

  Other 44 (8.4) 72 (18.1) 57 (23.8)

Intraoperative contamination

  Clean- contaminated 347 (66.3) 314 (79.1) 157 (65.7) <0.001

  Contaminated 63 (12.0) 45 (11.3) 51 (21.3)

  Dirty 109 (20.8) 36 (9.1) 31 (13.0)

  Missing 4 (0.8) 2 (0.5) 0 (0.0)

Data are presented as n (%). Statistical tests are χ2.
ASA, American Society of Anesthesiologists; HDI, Human Development Index.

Table 1 Continued

Table 2 SSI by age and HDI

HDI tertile Age group No SSI (n=1016) SSI present (n=143)

High Adolescent (12 years to <16 years 199 (96.1) 8 (3.9)

Child (2 years to <12 years) 254 (92.7) 20 (7.3)

Infant (1 month to <2 years) 26 (92.9) 2 (7.1)

Neonate (<1 month) 11 (78.6) 3 (21.4)

Middle Adolescent (12 years to <16 years) 139 (88.5) 18 (11.5)

Child (2 years to <12 years) 145 (84.3) 27 (15.7)

Infant (1 month to <2 years) 42 (91.3) 4 (8.7)

Neonate (<1 month) 20 (90.9) 2 (9.1)

Low Adolescent (12 years to <16 years) 64 (88.9) 8 (11.1)

Child (2 years to <12 years) 64 (68.8) 29 (31.2)

Infant (1 month to <2 years) 27 (71.1) 11 (28.9)

Neonate (<1 month) 25 (69.4) 11 (30.6)

Data are presented as n (%)
HDI, Human Development Index; SSI, Surgical Site Infection.

https://dx.doi.org/10.1136/bmjgh-2020-003429
https://dx.doi.org/10.1136/bmjgh-2020-003429
https://dx.doi.org/10.1136/bmjgh-2020-003429
https://dx.doi.org/10.1136/bmjgh-2020-003429
https://dx.doi.org/10.1136/bmjgh-2020-003429
https://dx.doi.org/10.1136/bmjgh-2020-003429
https://dx.doi.org/10.1136/bmjgh-2020-003429
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culture- positive patients (11/49, online supplemental 
table S4). Of those with sensitivity testing performed 
(35/49), 28·6% (10/35) patients were found to have 
organisms resistant to antibiotic prophylaxis.

DISCUSSION
This patient- level, prospective, validated global study 
found that children in low HDI and middle HDI coun-
tries were significantly more likely to suffer from SSI 
than their counterparts in high HDI countries. In chil-
dren who did suffer an SSI, there was an association with 
further complications, including reintervention, and a 
longer length of stay. Furthermore, we found that chil-
dren in low- middle income countries had a far higher 
in- hospital rate of SSI, when compared with children in 
middle- development and high- development settings.

The main finding of higher incidence and poorer 
outcomes associated with SSIs in children in low HDI 
settings likely reflects a complex interplay of potential 
factors, including weaker preventative measures such 
as sanitation and vaccination, nutritional issues, short-
comings in knowledge and application of basic infec-
tion control, understaffing and overcrowding in medical 
facilities, absence of local and national guidelines and 
policies, and the wider lack of structural and financial 
enablers to improve access to high- quality, affordable 
healthcare.15 16 These inequalities are likely to contribute 
towards healthcare environments which predispose 

patients to HAIs, including SSI, which are known contrib-
utors to mortality. The contributory inequalities at the 
point of care have already been well documented in low- 
middle income countries, including a lack of timely access 
leading to delays in presentation and more advanced 
disease, and a lack of capacity in surgery and perioper-
ative care compounding the risks of delayed presenta-
tion. Lack of postoperative care, including appropriate 
intensive care facilities, may also contribute to poorer 
outcomes. Shortages in the staff and facilities to perform 
routine microbiological testing may result in ineffectual 
prophylactic antibiotic usage.17 We found use of laparos-
copy was associated with lower SSI rates, an effect which 
persisted when HDI was accounted for. Barriers to uptake 
of surgical technologies (including training, treatment 
costs and lack of supportive infrastructure for technolo-
gies including servicing, equipment support staff, distri-
bution and repair capability), such as laparoscopy, are 
likely to greatly affect LMICs and increase the observed 
rate of SSI in children.

The prospective, multicentric design of this research is 
a major strength, drawing from a large and diverse inter-
national patient population. Many global health studies 

Table 3 Outcomes by SSI

No SSI 
(n=1016)

SSI present 
(n=143) P value

30- day mortality

  Alive 971 (95.6) 132 (92.3) 0.006

  Dead 20 (2.0) 9 (6.3)

  Missing 25 (2.5) 2 (1.4)

30- day reintervention

  No 990 (97.4) 107 (74.8) <0.001

  Yes 17 (1.7) 33 (23.1)

  Missing 9 (0.9) 3 (2.1)

30- day organ- space infection

  No 992 (97.6) 113 (79.0) <0.001

  Yes 17 (1.7) 26 (18.2)

  Missing 7 (0.7) 4 (2.8)

Other healthcare- associated infection (HAI)

  No 984 (96.9) 121 (84.6) <0.001

  Yes 24 (2.4) 18 (12.6)

  Missing 8 (0.8) 4 (2.8)

Length of stay (by SSI)

  Median days (IQR) 3.0 (5.0) 7.0 (8.0) <0.001*

Data are presented as n (%). Statistical tests are χ2, besides where 
the Kruskall- Wallis test was used as denoted by *.
SSI, surgical site infection.

Table 4 Outcomes by HDI

High HDI
(n=523)

Middle HDI
(n=397)

Low HDI
(n=239) P value

SSI

  No 490 (93.7) 346 (87.2) 180 (75.3) <0.001

  Yes 33 (6.3) 51 (12.8) 59 (24.7)

30- day mortality

  Alive 504 (96.4) 379 (95.5) 220 (92.1) <0.001

  Dead 1 (0.2) 13 (3.3) 15 (6.3)

  Missing 18 (3.4) 5 (1.3) 4 (1.7)

30- day reintervention

  No 503 (96.2) 379 (95.5) 215 (90.0) 0.001

  Yes 18 (3.4) 11 (2.8) 21 (8.8)

  Missing 2 (0.4) 7 (1.8) 3 (1.3)

30- day organ- space inefction

  No 502 (96.0) 382 (96.2) 221 (92.5) 0.027

  Yes 16 (3.1) 10 (2.5) 17 (7.1)

  Missing 5 (1.0) 5 (1.3) 1 (0.4)

Healthcare- associated infection (HAI)

  No 508 (97.1) 381 (96.0) 216 (90.4) <0.001

  Yes 12 (2.3) 10 (2.5) 20 (8.4)

  Missing 3 (0.6) 6 (1.5) 3 (1.3)

Length of stay (by HDI)

  Median 
days 
(IQR)

3.0 (4.0) 3.0 (5.0) 6.0 (6.0) <0.001*

Data are presented as n (%). Statistical tests are χ2, besides where 
the Kruskall- Wallis test was used as denoted by *.
HDI, Human Development Index; SSI, surgical site infection.

https://dx.doi.org/10.1136/bmjgh-2020-003429
https://dx.doi.org/10.1136/bmjgh-2020-003429
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which compare international practice rely on estimates 
derived from historical data or statistical modelling. Our 
patient- level approach gives us the ability to look more 
closely at where SSI is occurring, in which patients, and 
to identify individuals at the highest risk with far greater 
power than modelling studies. To explore the effect of 
HDI on SSI, we constructed risk- adjusted multilevel 
models which adjusted for patient- level and centre- level 
effects. In contrast, previous patient- level studies have 
suffered from low numbers of patients and use hetero-
geneous diagnostic criteria for SSI. This may explain why 
we found higher rates of SSI than previous studies. None-
theless, there are several limitations inherent to our study 
design, including the inability to follow- up every patient 
30 days after surgery. Taking a pragmatic approach given 
the dispersed global nature of this study, our methodology 
did not standardise microbiological specimen collection, 

laboratory assessment, techniques or definitions. We also 
did not collect centre- level data on the microbiological 
testing facilities available at each centre. This instead 
relied on local protocols, including for determining anti-
microbial resistance, potentially introducing variation. 
Although we undertook data validation, there is still the 
potential for missed cases or inaccurate data. However, 
the large number of patients, a prospective protocol 
combined with compulsory investigator training, and the 
use of local coordinators will have helped minimise any 
potential bias. A further limitation may be that surgery 
in children is a highly centralised specialty. In our study, 
we may have not been able to fully capture the casemix 
of surgeons in rural settings owing to the requirement 
for internet to contribute to this study. In high- income 
countries, smaller centres tend to perform only appen-
dicectomy on children and more complicated surgical 
cases are referred to a tertiary unit, which may limit the 
generalisability of our findings.

There is good evidence to support surgical technolo-
gies that reduce SSI in abdominal surgery. We identified 
a significantly lower use of laparoscopic surgery in low- 
income and middle- income countries. While this might 
point to a lack of training, or familiarity with minimal 
access procedures combined with higher treatment 
costs, laparoscopic surgery remains one such technology 
known to reduce SSI.18 The most common procedure 
across all settings was appendicectomy, which can be 
readily performed using the laparoscopic approach. Our 
data support that the laparoscopic approach is associ-
ated with significantly lower rates of SSI, independent of 
HDI setting. Given the higher rates of SSI in low- income 
settings, the absolute benefit of laparoscopy is likely to 
be even greater than the effect observed in high- income 
countries. Our previous analysis of both children and 
adults undergoing surgery suggested a number needed 

Figure 2 Multilevel, multivariable models for 30- day surgical site infection (SSI) in patients undergoing non- appendicitis 
surgery (A) or surgery for appendicitis (B). ASA, American Society of Anesthesiologists.

Figure 3 Relationship between HDI rank and probability 
of SSI (with rank 1 being most highly developed). adjusted 
for patient- level risk factors including age, sex, use of who 
checklist, antibiotic prophylaxis, intraoperative contamination 
and use of laparoscopy. HDI, Human Development Index; 
SSI, surgical site infection.
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to treat, with laparoscopic rather than open surgery, of 6 
to prevent one SSI in low HDI countries managing perfo-
rated appendicitis.19 Therefore, if a low- cost and durable 
system could be developed to enable greater adoption 
of laparoscopic surgery for appendicectomy in low HDI 
settings, this could provide a straightforward means of 
rapidly reducing SSI through deployment of surgical 
technologies.20

However, propagation of technologies to lower- 
resource settings will not fully address the under-
lying, disease- specific and casemix- related reasons for 
higher SSI rates. In this study, there was a significantly 
higher proportion of infants and neonates in the low 
HDI and middle HDI countries, with a significantly 
higher proportion of neonates undergoing abdom-
inal surgery in low HDI countries. This may reflect 
the unequal burden of disease in these settings, with 
a much larger volume of congenital malformations, 
trauma and other injuries, and infectious causes in 
low HDI settings, contrasting with high HDI settings, 
where a wider range of procedures are performed. 
These are complex procedures, where contamination is 
frequently encountered, which is reflected in our data. 
These problems are unlikely to go away soon, as there 
is a large unmet need and burden of paediatric disease 
that requires surgery. An estimated 94% of congenital 
anomalies occur in low HDI countries, where, due to 
sociocultural, economic and structural factors, access 
to high- quality paediatric surgery may be limited.21 22 
The global burden of childhood trauma and injury, 
including road traffic collisions, falls, burns, drowning 
and poisoning, disproportionately affects low- middle 
income countries (LMICs), and progress addressing 
this has been slow.23 The distribution and incidence of 
numerous surgically relevant infectious diseases also 
disproportionately affects LMICs.24 Therefore ensuring 
paediatric surgery in these settings is safe and equi-
table, and must be made a global health priority.

Given that children make up approximately 50% of 
the population in LMICs, ensuring access to safe surgery 
with good outcomes is vital. However, data describing 
outcomes following paediatric surgery are lacking in 
many countries, representing a major research gap and 
an obstacle to delivering safe surgery with good clinical 
outcomes. Our data show that paediatric SSI rate in low 
development and middle development countries is dispro-
portionately higher than in high development settings. 
As a result, the expected expansion of surgical services 
in LMICs could have unintended consequences if this 
disparity in outcomes is not simultaneously addressed.25 
At the population level, preventing SSI after surgery is 
also an important component in the global fight against 
antimicrobial resistance. Several of the WHO recom-
mendations for SSI prevention rely on non- antibiotic 
mechanisms (eg, preoperative bathing and surgical site 
sterilisation). Ensuring effective implementation of these 
may provide a useful way of reducing reliance on antibi-
otics and consequences such as antimicrobial resistance, 

however, research on interventions to curb the occur-
rence of SSI in lower- resource settings is currently 
extremely limited.26 27 Future research should aim to 
quantify the affects of SSI on long- term outcomes in 
children, particularly the consequences for children in 
LMICs. Understanding the impact of SSI in these settings 
on families, educational attainment and developmental 
outcomes is important to assessing the true burden that 
these infections have. Furthermore, clinical trials should 
be undertaken to identify implementable methods of 
reducing SSI in children across the world, which capture 
these longer- term outcomes.

CONCLUSIONS
Worldwide, SSI represents a significant burden of post-
operative morbidity in children who receive surgery. 
Focused initiatives and research, aiming to reduce SSIs 
in children should be a key priority for global surgery 
agendas.
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Basant Kumar, Ankur Bhatnagar, Vijaid Upadhyaya, (Sanjay Gandhi Post Graduate 
Institute Of Medical Sciences); Sunil Kumar (Excelcare Hospital); Uday Muddebihal, 
Wasim Dar, Janardhan Kc (Manipal Hospitals); Philip Alexander, Neerav Aruldas, 
(Lady Willingdon Hospital);Indonesia: Fidelis Jacklyn Adella, Anthonius Santoso 
Rulie, Ferdy Iskandar, Jonny Setiawan (Atma Jaya Hospital); Cicilia Viany Evajelista, 
Hani Natalie, Arlindawati (Dr. Oen Surakarta Hospital); Rudy Gunawan, Herlin 
Karismaningtyas, Lusipadmasulistianingsih Mata, Ferryfitriyaayu Andika, Afifatun 
Hasanah, T Ariani Widiastini, Nurlailaayu Purwaningsih, Annisa Dewi Fitriana Mukin, 
Dinafaizatur Rahmah, Hazmidwinanda Nurqistan, Hasbimaulana Arsyad, Novia 
Adhitama (Rsd Dr Soebandi); Wifantosaditya Jeo, Nathania Sutandi, Audrey 
Clarissa, Phebe Anggita Gultom, Matthew Billy, Andreass Haloho, Radhian 
Amandito, Nadya Johanna, Felix Lee (Rsupn Cipto Mangunkusumo);Ireland: Radin 
Mohd Nurrahman Radin Dorani, Martha Glynn, Mohammad Alherz, Wennweoi Goh, 
Haaris A. Shiwani, Lorraine Sproule, Kevin C. Conlon (Tallaght Hospital, Trinity 
College Dublin)Israel: Miklosh Bala, Asaf Kedar (Hadassah Hebrew University 
Medical Center);Italy: Luca Turati, Federica Bianco, Francesca Steccanella, (Treviglio 
Hospital); Gaetano Gallo, Mario Trompetto, Giuseppe Clerico (Department of 
Colorectal Surgery, S. Rita Clinic, Vercelli); Matteo Papandrea, Giuseppe Sammarco, 

Rosario Sacco (Department of Medical and Surgical Sciences, Policlinico 
Universitario Mater Domini Campus Salvatore Venuta, Catanzaro); Angelo 
Benevento, Francesco Pata, Luisa Giavarini (Sant'Antonio Abate Hospital, Gallarate); 
Mariano Cesare Giglio, Luigi Bucci, Gianluca Pagano, Viviana Sollazzo, Roberto 
Peltrini, Gaetano Luglio (Federico II University Of Naples); Arianna Birindelli, 
Salomone Di Saverio, Gregorio Tugnoli (Maggiore Hospital); Miguel Angel Paludi, 
Pietro Mingrone, Domenica Pata (Nicola Giannettasio Hospital, Rossano); Francesco 
Selvaggi, Lucio Selvaggi, Gianluca Pellino, Natale Di Martino (Universitá della 
Campania “Luigi Vanvitelli”, Naples); Gianluca Curletti, Paolo Aonzo, Raffaele 
Galleano (Ospedale Santa Corona, Pietra Ligure (SV)); Stefano Berti, Elisa Francone, 
Silvia Boni, (S. Andrea Hospital, Poll- Asl 5, La Spezia), Laura Lorenzon, Annalisa Lo 
Conte, Genoveffa Balducci (Sant’Andrea Hospital, Sapienza University of Rome); 
Gianmaria Confalonieri, Giovanni Pesenti (Azienda Ospedaliera Alessandro 
Manzoni); Laura Gavagna, Giorgio Vasquez, Simone Targa, Savino Occhionorelli, 
Dario Andreotti (Azienda Ospedaliero- Universitaria Di Ferrara); Giacomo Pata (A.O. 
Spedali Civili Di Brescia); Fabrizio Aquilino, Nicola Chetta, Arcangelo Picciariello 
(Azienda Ospedaliero Universitaria Consorziale Policlinico Di Bari); Mohamed 
Abdelkhalek, Andrea Belli, Silvia De Franciscis (Istituto Nazionale Tumori 
Fondazione, Pascale- I.R.C.C.S.); Annamaria Bigaran, Alessandro Favero, Stefano 
M.M Basso (Azienda Per L'assistenza Sanitaria N. 5 Friuli Occidentale); Paola 
Salusso, Martina Perino, Sylvie Mochet, Diego Sasia, Francesco Riente, Marco 
Migliore (Azienda Sanitaria Ospedaliera San Luigi Gonzaga); David Merlini, Silvia 
Basilicò, Carlo Corbellini (Ospedale Di Rho - ASST Rhodense); Veronica Lazzari, Yuri 
Macchitella, Luigi Bonavina (IRCCS Policlinico San Donato); Daniele Angelieri, Diego 
Coletta, Federica Falaschi, Marco Catani, Claudia Reali, Mariastella Malavenda, 
Celeste Del Basso, Sergio Ribaldi, Massimo Coletti, Andrea Natili, Norma Depalma, 
Immacolata Iannone, Angelo Antoniozzi, Davide Rossi (Policlinico Umberto I 
Emergency Surgery Department); Daniele Gui, Gerardo Perrotta, Matteo Ripa, 
Francesco Ruben Giardino, Maurizio Foco, (Fondazione Policlinico Universitario 
Agostino Gemelli); Erika Vicario, Federico Coccolini, Luca Ansaloni, Gabriela Elisa 
Nita (AO Papa Giovanni XXIII); Nicoletta Leone, Andrea Bondurri, Anna Maffioli 
(Ospedale Sacco); Andrea Simioni, Davide De Boni, Sandro Pasquali (IOV - Istituto 
Oncologico Veneto); Elena Goldin, Elena Vendramin, Eleonora Ciccioli (Azienda 
Ospedaliera di Padova); Umberto Tedeschi, Luca Bortolasi, Paola Violi, Tommaso 
Campagnaro, Simone Conci, Giovanni Lazzari, Calogero Iacono, Alfredo Guglielmi, 
Serena Manfreda (Azienda Ospedaliera Universitaria Integrata di Verona); Anna 
Rinaldi, Maria Novella Ringressi, Beatrice Brunoni (Azienda Ospedaliera 
Universitaria Careggi); Giuseppe Salamone, Mirko Mangiapane, Paolino De Marco, 
Antonella La Brocca, Roberta Tutino, Vania Silvestri, Leo Licari, Tommaso Fontana, 
Nicolò Falco Gianfranco Cocorullo, (Policlinico Paolo Giaccone di Palermo); Mostafa 
Shalaby, Pierpaolo Sileri, Claudio Arcudi (Policlinico Tor Vergata Hospital, Rome)
Jordan: Isam Bsisu, Khaled Aljboor, Lana Abusalem, Aseel Alnusairat, Ahmad 
Qaissieh, Emad Al- Dakka, Ali Ababneh, Oday Halhouli (Jordan University 
Hospital);Kenya: Taha Yusufali, Hussein Mohammed (Kenyatta National Hospital); 
Justus Lando, Robert Parker, Wairimu Ndegwa (Tenwek Hospital);Lithuania: Mantas 
Jokubauskas, Jolanta Gribauskaite, Donatas Venskutonis (Lithuanian University Of 
Health Sciences); Justas Kuliavas, Audrius Dulskas, Narimantas E. Samalavicius 
(Klaipeda University Hospital, National Cancer Institute); Kristijonas Jasaitis, Audrius 
Parseliunas, Viktorija Nevieraite, Margarita Montrimaite, Evelina Slapelyte, Edvinas 
Dainius, Romualdas Riauka, Zilvinas Dambrauskas Andrejus Subocius, Linas 
Venclauskas, Antanas Gulbinas, Saulius Bradulskis, Simona Kasputyte, Deimante 
Mikuckyte, Mindaugas Kiudelis, Justas Zilinskas, Tomas Jankus, Steponas 
Petrikenas (Lithuanian University of Health Sciences); Matas Pazusis, Zigmantas 
Urniezius, Mantas Vilcinskas (Republican Hospital of Kaunas); Vincas Jonas 
Banaitis, Vytautas Gaizauskas, Edvard Grisin, Povilas Mazrimas, Rokas Rackauskas, 
Mantas Drungilas, Karolis Lagunavicius, Vytautas Lipnickas, Dovile Majauskyte, 
Valdemaras Jotautas, Tomas Abaliksta, Laimonas Uscinas, Gintaras Simutis, 
Adomas Ladukas, Donatas Danys, Erikas Laugzemys, Saulius Mikalauskas, Tomas 
Poskus, Elena Zdanyte Sruogiene, (Vilnius University Hospital); Petras Visinskas, 
Reda Zilinskiene, Deividas Dragatas (Hospital Of Jonava); Andrius Burmistrovas, 
Zygimantas Tverskis (Taurage Hospital); Arturas Vaicius, Ruta Mazelyte, Antanas 
Zadoroznas (Viesoji Istaiga Rokiskio Rajono Ligonine); Nerijus Kaselis, Greta 
Ziubrytė, (Republican Hospital Of Klaipeda);Madagascar: Finaritra Casimir Fleur 
Prudence Rahantasoa, Luc Herve Samison, Fanjandrainy Rasoaherinomenjanahary, 
Todisoa Emmanuella Christina Tolotra (Joseph Ravoahangy Andrianavalona 
Hospital);Malawi: Cornelius Mukuzunga, Vanessa Msosa, Chimwemwe Kwatiwani, 
Nelson Msiska (Kamuzu Central Hospital);Malaysia: Feng Yih Chai, Siti Mohd Desa 
Asilah, Khuzaimah Zahid Syibrah (Hospital Keningau); Pui Xin Chin, Afizah Salleh, 
Nur Zulaika Riswan (Kajang Hospital); April Camilla Roslani, Hoong- Yin Chong, Nora 
Abdul Aziz, Keat- Seong Poh, Chu- Ann Chai, Sandip Kumar (University Malaya 
Medical Centre); Mustafa Mohammed Taher, Nik Ritza Kosai, Dayang Nita Abdul 
Aziz, Reynu Rajan (Universiti Kebangsaan Malaysia Medical Centre UKMMC); 
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Rokayah Julaihi, Durvesh Lacthman Jethwani, Muhammad Taqiyuddin Yahaya, Nik 
Azim Nik Abdullah, Susan Wndy Mathew, Kuet Jun Chung, Milaksh Kumar Nirumal, 
R. Goh Ern Tze, Syed Abdul Wahhab Eusoffee Wan Ali (Sarawak General Hospital); 
Yiing Yee Gan, Jesse Ron Swire Ting (Hospital Sibu); Samuel S. Y. Sii, Kean Leong 
Koay, Yi Koon Tan, Alvin Ee Zhiun Cheah, Chui Yee Wong, Tuan Nur'Azmah Tuan Mat, 
Crystal Yern Nee Chow, Prisca A.L. Har, Yishan Der (Hospital Sultanah Aminah); Yong 
Yong Tew, Fitjerald Henry, Xinwei Low (Selayang Hospital); Ya Theng Neo, Hian Ee 
Heng, Shu Ning Kong, Cheewei Gan, Yi Ting Mok, Yee Wen Tan, Kandasami Palayan, 
Mahadevan Devatata, Yih Jeng Cheong (Hospital Tuanku Jaafar); Kuhaendran 
Gunaseelan, Wan Nurul Ain Wan Mohd Nasir, Pigeneswaren Yoganathan, (Hospital 
Keningau); Eu Xian Lee, Jian Er Saw, Li Jing Yeang, Pei Ying Koh, Shyang Yee Lim, 
Shuang Yi Teo (Hospital Pulau Pinang / Penang Medical College);Malta: Nicole 
Grech, Daniela Magri, Kristina Cassar, Christine Mizzi, Malcolm Falzon, Nihaal 
Shaikh, Ruth Scicluna, Stefan Zammit, Elaine Borg, Sean Mizzi, Svetlana Doris 
Brincat, Thelma Tembo, Vu Thanh Hien Le, Tara Grima, Keith Sammut, Kurt 
Carabott, Alexia Farrugia, Ciskje Zarb, Andre Navarro, Thea Dimech, Georgettemarie 
Camilleri, Isaac Bertuello, Jeffrey Dalli, Karl Bonavia (Mater Dei Hospital);Mexico: 
Samantha Corro- Diaz, Marisol Manriquez- Reyes, Antonio Ramos- De la Medina 
(Hospital Espanol de Veracruz);Morocco: Amina Abdelhamid, Abdelmalek Hrora, 
Sarah Benammi, Houda Bachri, Meryem Abbouch, Khaoula Boukhal, Redouane 
Mammar Bennai, Abdelkader Belkouchi, Mohamed Sobhi Jabal, Chaymae 
Benyaiche (IBN Sina Hospital)Netherlands: Maarten Vermaas, Lucia Duinhouwer, 
(Ijsselland Hospital)Nicaragua: Javier Pastora, Greta Wood, Maria Soledad Merlo 
(Hospital Escuela Oscar Danilo Rosales Arguello);Nigeria: Akinlabi Ajao, Omobolaji 
Ayandipo, Taiwo Lawal, Abdussemiu Abdurrazzaaq, (University College Hospital, 
Ibadan); Olufemi Habeeb, Muslimat Alada, Abdulrasheed Nasir, James Adeniran, 
Olufemi Habeeb, Ademola Popoola, Ademola Adeyeye (University Of Ilorin Teaching 
Hospital,Ilorin); Ademola Adebanjo, Opeoluwa Adesanya, Adewale Adeniyi (Federal 
Medical Centre, Abeokuta,); Henry Mendel, Bashir Bello, Umar Muktar (Usmanu 
Danfodiyo University Teaching Hospital); Adedapo Osinowo, Thomas Olagboyega 
Olajide, Oyindamola Oshati, George Ihediwa, Babajide Adenekan, Victor Nwinee, 
Felix Alakaloko, Adesoji Ademuyiwa, Olumide Elebute, Abdulrazzaq Lawal, Chris 
Bode, Mojolaoluwa Olugbemi (Lagos University Teaching Hospital); Alaba Adesina, 
Olubukola Faturoti, Oluwatomi Odutola, Oluwaseyi Adebola, Clement Onuoha, 
Ogechukwu Taiwo (Babcock University Teaching Hospital); Omolara Williams, Fatai 
Balogun, Olalekan Ajai, Mobolaji Oludara, Iloba Njokanma, Roland Osuoji (Lagos 
State University Teaching Hospital); Stephen Kache, Jonathan Ajah, Jerry Makama 
(Barau Dikko Teaching Hospital, Kaduna State University, Kaduna); Ahmed Adamu, 
Suleiman Baba, Mohammad Aliyu, Shamsudeen Aliyu, Yahaya Ukwenya, Halima 
Aliyu, Tunde Sholadoye, Muhammad Daniyan, Oluseyi Ogunsua (Ahmadu Bello 
University Teaching Hospital Zaria); Lofty- John Anyanwu, Abdurrahaman Sheshe, 
Aminu Mohammad (Aminu Kano Teaching Hospital); Samson Dr Olori, Philip 
Mshelbwala, Babatunde Odeyemi, Garba Samson, Oyediran Kehinde Timothy, Sani 
Ali Samuel (University Of Abuja Teaching Hospital); Anthony Ajiboye, Ademola 
Adeyeye, Isaac Amole, Olajide Abiola, Akin Olaolorun (Bowen University Teaching 
Hospital);Norway: Kjetil Søreide, Torhild Veen, Arezo Kanani, Kristian Styles, Ragnar 
Herikstad, Johannes Wiik Larsen, Jon Arne Søreide (Stavanger University Hospital); 
Elisabeth Jensen, Mads Gran, Eirik Kjus Aahlin (University Hospital Of Northern 
Norway); Tina Gaarder, Peter Wiel Monrad- Hansen, Pål Aksel Næss (Oslo University 
Hospital); Giedrius Lauzikas, Joachim Wiborg, Silje Holte (Sykehuset Telemark HF); 
Knutmagne Augestad, Gurpreetsingh Banipal, Gurpreetsingh Banipal, Michela 
Monteleone, Thomastetens Moe, Johanneskurt Schultz (Akershus University 
Hospital);Palestine: Taher Al- taher, Ayah Hamdan, Ayman Salman, Rana Saadeh, 
Aseel Musleh, Dana Jaradat, Soha Abushamleh, Sakhaa Hanoun, Amjad Abu 
Qumbos, Aseel Hamarshi, Ayman And Taher (Al Makassed Islamic Charitable 
Society Hospital, Jerusalem); Israa Qawasmi, Khalid Qurie, Marwa Altarayra, 
Mohammad Ghannam, Alaa Shaheen, Azher Herebat (Alia Governmental Hospital); 
Aram Abdelhaq, Ahmad Shalabi, Maram Abu- toyour, Fatema Asi, Ala Shamasneh, 
Anwar Atiyeh, Mousa Mustafa, Rula Zaatreh, Majd Dabboor (Palestine medical 
Complex); Enas Alaloul, Heba Baraka, Jehad Meqbil, Alaa Al- buhaisi, Mohamedraed 
Elshami, Samah Afana, Sahar Jaber, Said Alyacoubi, Yousef Abuowda (Islamic 
University of Gaza Medical School, European Gaza Hospital & Shifa Hospital); 
Tasneem Idress, Eman Abuqwaider (Mizan hospital); Sara Al- saqqa, Alaa 
Bowabsak, Alaa Eljamassi, Doaa Hasanain, Hadeel Al- farram, Maram Salah, Aya 
Firwana, Marwa Hamdan, Israa Awad (Al- Shifa Hospital); Ahmad Ashour, Fayez 
Elian Al Barrawi (Bit Hanoun Hospital); Ahmed Al- khatib, Maha Al- faqawi, Mohamed 
Fares (Nasser Hospital); Amjad Elmashala, Mohammad Adawi, Ihdaa Adawi (Beit 
Jala Governmental Hospital); Reem Khreishi, Rose Khreishi (Martyr Thabet 
Govermental hospital, Tulkarem); Ahmad ashour, Ahed ghaben (Indonesian Hospital, 
Gaza)Pakistan: Najwa Nadeem, Muhammad Saqlain (Allied Hospital, Faisalabad); 
Jibran Abbasy, Abdul Rehman Alvi, Tanzeela Gala, Noman Shahzad (Aga Khan 
University); Kamran Faisal Bhopal, Zainab Iftikhar, Muhammad Talha Butt; Syed 

Asaat Ul Razi, Asdaq Ahmed, Ali Khan Niazi (Bahawal Victoria Hospital); Ibrahim 
Raza, Fatima Baluch, Ahmed Raza, Ahmad Bani- Sadar, Ahmad Uzair Qureshi, 
Muhammad Adil, Awais Raza, (King Edward Medical University, Mayo Hospital, 
Lahore); Mahnoor Javaid, Muhammad Waqar, Maryamali Khan (CMH Lahore 
Medical And Dental College); Mohammadmohsin Arshad, Mohammadasim Amjad 
(Nishtar Medical College And Hospital);Paraguay: Gustavo Miguel Machain Vega, 
Jorge Torres Cardozo, Marcelo OHiggins Roche, Gustavo Rodolfo Pertersen Servin, 
Helmut Alfredo Segovia Lohse, Larissa Ines Paez lopez, Ramon Augusto Melo 
Cardozo (Hospital de Clínicas, II Catedra de Clinica Quirurgica, Universidad Nacional 
de Asuncion)Peru: Fernando Espinoza, Angel David Perez Rojas, Diana Sanchez, 
Camila Sanchez Samaniego, Shalon Guevara Torres, Alexander Canta Calua, Cesar 
Razuri, Nadia Ortiz, Xianelle Rodriguez, Nahilia Carrasco, Fridiz Saravia, Hector 
Shibao Miyasato, Maria Valcarcel- Saldana, Ysabel Esthefany Alejos Bermudez, Juan 
Carpio, Walter Ruizpanez, Pedroangel Toribioorbegozo, (Hospital Nacional Arzopispo 
Loayza); Carolina Guzman Duenas, Kevin Turpo Espinoza, Ana Maria Sandoval 
Barrantes, Jorge Chungui, Sebastian Shu, Lorena Fuentes- Rivera, Carmen 
Fernandez, Diego Romani, Barbara, Joselyn Ye (Hospital National Cayetano 
Heredia); Ricardo Velasquez, Jannin Salcedo (Clínica De Especialidades Médicas); 
Ana Lucia Contreras- Vergara, Angelica Genoveva Vergara Mejia, Maria Soledad 
Gonzales Montejo (Hospital Nacional Guillermo Almenara Irigoyen); 
Mariliadelcarmen Escalantesalas, Willy Alccaticona, Marvin Vargas, Georgechristian 
Manriquesila, Robinson Mas, Arazzelly del Pilar Paucar (Hospital Regional De 
Ayacucho); Armando Jose Roman Velasquez, Alina Robledo- Rabanal, Ludwing 
Alexander Zeta Solis, (Hospital III José Cayetano Heredia); Kenny Turpo Espinoza 
(Hospital Nacional Maria Auxiliadora); José Luis Hamasaki Hamaguchi, Erick 
Samuel Florez Farfan, Linda Alvi Madrid Barrientos, Juan Jaime Herrera Matta 
(Hospital De Policia);Philippines: John Jemuel V. Mora, Menold Archee P. Redota, 
Manuel Francisco Roxas, Maria Jesusa B. Mano, (The Medical City); Marie Dione 
Parreno- Sacdalan, Marie Carmela Lapitan, Christel Leanne Almanon (Department 
Of Surgery, Philippine General Hospital, University Of The Philippines 
Manila);Poland: Maciej Waledziak, Rafał Roszkowski, Michał Janik (Department Of 
General, Oncological, Metabolic And Thoracic Surgery, Military Institute Of 
Medicine, Warsaw); Anna Lasek, Piotr Major, Dorota Radkowiak, Mateusz 
Rubinkiewicz (2nd Department Of Surgery, Jagiellonian University Medical 
College);Portugal: Cristina Fernandes, Jose Costa- Maia, Renato Melo (Centro 
Hospitalar De Sao Joao);Romania: Liviu Muntean, Aurel Sandu Mironescu, Lucian 
Corneliu Vida (Spitalul Clinic De Copii Brasov); Amar Kourdouli, Mariuca Popa (Spital 
Judetean De Urgenta Din Craiova); Hogea Mircea (Spitalul Clinic Judetean Brasov); 
Mihaela Vartic, Bogdan Diaconescu, Matei Razvan Bratu, Ionut Negoi, Mircea 
Beuran, Cezar Ciubotaru (Emergency Hospital of Bucharest);Rwanda: J.C Allen 
Ingabire, Mutabazi Alphonse, Norbert Uzabumwana (University Teaching Hospital Of 
Kigali); Dieudonne Duhoranenayo (Kibungo Hospital);San Marino: Elio Jovine, Nicola 
Zanini, Giovanni Landolfo (San Marino State Hospital);Saudi Arabia: Murad Aljiffry, 
Faisal Idris, Mohammed Saleh A. Alghamdi, Ashraf Maghrabi, Abdulmalik Altaf, Eyad 
Khalifah, Ahmad Gudal, Adel Albiety, Aroub Alkaaki, Reham Alshareef, Ahmad Khoja, 
Abrar Nawawi, Mohammed Najjar, Sondos Turkustani, Sarah Sahel (Department of 
Surgery, Faculty of Medicine, King Abdulaziz University Hospital and Oncology 
Center, Jeddah) Ahmed Alzahrani, Ahmed Alghamdi, Wedyan Alhazmi, (King Fahad 
Hospital, Jeddah) Ghiath Al Saied, Mohammed Alamoudi, Muhammed Masood Riaz 
(King Fahad Medical City, Riyadh); Mazen Hassanain, Basmah Alhassan, Abdullah 
Altamimi, Reem Alyahya, Norah Alsubaie, Fatema Albastawis, Afnan Altamimi, 
Thamer Nouh, Roaa Khan, (King Khaled University Hospital);Serbia: Milan 
Radojkovic, Ljiljana Jeremic, Milica Nestorovic (Clinic For General Surgery, Clinical 
Center Nis);Singapore: Jia Hao Law, Keith Say Kwang Tan, Ryan Choon Kiat Tan, 
Joel Kin Tan, Lau Wen Liang Joel, Bettina Lieske, Xue Wei Chan, Faith Qi Hui Leong, 
Choon Seng Chong, Sharon Koh, Kai Yin Lee, Kuok Chung Lee (National University 
Hospital)South Africa: Kent Pluke, Britta Dedekind, Puyearashid Nashidengo, Mark 
Ian Hampton (Victoria Hospital Wynberg); Johanna Joosten, Sanju Sobnach, Liana 
Roodt, Anthony Sander, James Pape, Richard Spence (Groote Schuur); Niveshni 
Maistry (Charlotte Maxeke Johannesburg Academic Hospital); Phumudzo Ndwambi, 
Kamau Kinandu, Myint Tun (Leratong Hospital); Frederick Du Toit, Quinn Ellison, 
Sule Burger, DC Grobler, Lawrence Bongani Khulu (Tembisa Tertiary Provincial 
Hospital); Rachel Moore, Vicky Jennings, Astrid Leusink (Chris Hani Baragwanath 
Academic Hospital); Nazmie Kariem, Juan Gouws, Kathryn Chu, Heather Bougard, 
Fazlin Noor, Angela Dell (New Somerset Hospital); Sarah Rayne, Stephanie Van 
Straten, (Helen Joseph Hospital, University Of Witwatersrand); Arvin Khamajeet, 
Serge Kapenda Tshisola, Kalangu Kabongo (Stanger Hospital); Victor Kong 
(Edendale Hospital); Yoshan Moodley, Frank Anderson, Thandinkosi Madiba (Inkosi 
Albert Luthuli Central Hospital); Flip du Plooy (Mediclinic Potchefstroom); Leila 
Hartford, Gareth Chilton, Parveen Karjiker (Mitchell's Plain District Hospital); 
Matlouernest Mabitsela, Sibongileruth Ndlovu (Dr George Mukhari Academic 
Hospital); Maria Badicel, Robert Jaich (Milpark Hospital)Spain: Jaime Ruiz- Tovar 
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(University Hospital Rey Juan Carlos); Luis Garcia- Florez, Jorge L. Otero- Diez, 
Virginia Ramosperez, Nuria Aguadosuarez (Hospital Universitario San Agustín); 
Javier Minguez Garcia, Sara Corral Moreno, Maria Vicenta Collado, Virginia Jimenez 
Carneros, Javier Garcia Septiem (Hospital Universitario de Getafe); Mariana 
Gonzalez, Antonio Picardo, Enrique Esteban, Esther Ferrero, Irene Ortega, (Infanta 
Sofía University Hospital); Eloy Espin- Basany, Ruth Blanco- Colino, Valeria Andriola 
(Hospital Valle De Hebron); Lorena i, Elisa Contreras, Carmen Garcíabernardo, Janet 
Pagnozzi, Sandra Sanz, Alberto Miyardeleon, Asnel Dorismé, Joseluis Rodicio, Aida 
Suarez, Jessica Stuva, Tamara Diazvico (Central University Hospital Of Asturias); 
Laura Fernandez- Vega, Carla Soldevila- Verdeguer, Fatima Sena- Ruiz, Natalia Pujol- 
Cano, Paula Diaz- Jover, José Maria Garcia- Perez, Juan Jose Segura- Sampedro, 
Cristina Pineño- Flores, David Ambrona- Zafra, Andrea Craus- Miguel, Patricia 
Jimenez- Morillas, Angela Mazzella (Hospital Universitario Son Espases);Sri Lanka: 
A.B Jayathilake, S.P.B Thalgaspitiya, L.S.Wijayarathna, P.M.S.N.Wimalge (University 
Surgical Unit, Teaching Hospital Anuradhapura);St. Kitts And Nevis: Hakeem Ayomi 
Sanni, Aliyu Ndajiwo, Ogheneochuko Okenabirhie (Joseph N France Hospital)Sudan: 
Anmar Homeida, Abobaker Younis, Omer Abdelbagi Omer, Mustafa Abdulaziz, Ali 
Mussad, Ali M. Gilani (University of Gezira);Sweden: Yucel Cengiz, Ida Björklund, 
Sandra Ahlqvist, Sandra Ahlqvist, (Sundsvall Hospital); Anders Thorell, Fredrik 
Wogensen (Ersta Hospital); Arestis Sokratous, Michaela Breistrand (Mora Hospital); 
Hildur Thorarinsdottir (Helsingborgs Lasarett); Johanna Sigurdadottir, Maziar 
Nikberg, Abbas Chabok (Västmanlands Hospital Västerås); Maria Hjertberg 
(Department Of Surgery And Department Of Clinical And Experimental Medicine, 
Linköping University, Norrköping, Sweden); Peter Elbe, Deborah Saraste, Wiktor 
Rutkowski, Louise Forlin (Karolinska Universitetssjukhuset, Solna); Karoliina Niska, 
Malin Sund (Umea University Hospital)Switzerland: Dennis Oswald, Georgios Peros, 
Rafael Bluelle, Katharina Reinisch, Daniel Frey, Adrian Palma (Gzo Spital Wetzikon); 
Dimitriaristotle Raptis, Lucius Zumbühl, Markus Zuber (Kantonsspital Olten); Roger 
Schmid, Gabriela Werder (Buergerspital Solothurn); Antonio Nocito, Alexandra 
Gerosa, Silke Mahanty (Kantonsspital Baden); Lukas Werner Widmer, Julia Müller, 
Alissa Gübeli (Hospital Davos); Grzegorz Zuk (Gzo Spital Wetzikon);Turkey: Osman 
Bilgin Gulcicek, Yuksel Altinel, Talar Vartanoglu, (Bagcilar Research And Training 
Hospital); Emin Kose, Servet Rustu Karahan, Mehmet Can Aydin (Okmeydanı 
Training And Research Hospital); Nuri Alper Sahbaz, Ilkay Halicioglu, Halil Alis 
(Bakirkoy Dr. Sadi Konuk Training And Research Hospital); Ipek Sapci, Can 
Adıyaman, Ahmet Murat Pektaş, Turgut Bora Cengiz, Ilkan Tansoker, Vedatcan Işler, 
Muazzez Cevik, Deniz Mutlu, Volkan Ozben, Berk Baris Ozmen, Sefa Bayram, Sinem 
Yolcu, Berna Buse Kobal, Ömer Faruk Toto, Haluk Cem Çakaloğlu (Acibadem 
University School of Medicine, Atakent Hospital); Kagan Karabulut, Vahit Mutlu, 
Bahar Busra Ozkan (Ondokuz Mayis University Medical Faculty); Saban Celik, Anil 
Semiz, Selim Bodur, Enisburak Gül, Busra Murutoglu, Reyyan Yildirim, Bahadir Emre 
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