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Abstract

Background The Global Initiative for Children’s Surgery (GICS) group produced the Optimal Resources for
Children’s Surgery (OReCS) document in 2019, listing standards of children’s surgical care by level of healthcare
facilities within low resource settings. We have previously created and piloted an audit tool based on the OReCS
criteria in a high-income setting. In this study, we aimed to validate its use in identifying gaps in children’s surgery
provision worldwide.

Methods Our OReCS audit tool was implemented in 10 hospitals providing children’s surgery across eight countries.
Collaborators were recruited via the Oxford Paediatrics Linking Our Research with Electives (OXPLORE) inter-
national network of medical students and trainees. The audit tool measured a hospital’s current capacity for children’s
surgery. Data were analysed firstly to express the percentage of ‘essential’ criteria met for each specialty. Secondly,
the ‘OxPLORE method’ was used to allocate each hospital specialty a level based on procedures performed and
resources available. A User Evaluation Tool (UET) was developed to obtain feedback on the ease of use of the tool.
Results The percentage of essential criteria met within each category varied widely between hospitals. The level
given to hospitals for subspecialties based on OReCS criteria often did not reflect their self-defined level. The UET
indicated the audit tool was practicable across multiple settings.

Conclusions We recommend the use of the OReCS criteria to identify areas for local hospital improvement and
inform national children’s surgical plans. We have made informed suggestions to increase usability of the OReCS
audit tool.
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Introduction

An estimated 1.7 billion children and adolescents across
the world lack access to surgical care [1]. This burden is
predominantly carried by low- and middle-income coun-
tries (LMICs), with the 2015 Lancet Commission on Glo-
bal Surgery highlighting a significant deficit in children’s
surgical provision compared to demand in these countries
[2]. The Global Initiative for Children’s Surgery (GICS), a
consortium of healthcare professionals caring for children
with surgical needs founded in 2016 [3], used LMIC-led
working groups to develop guidelines aimed at addressing
the inequity in children’s surgical provision [4]. These
guidelines, mapped out in the Optimal Resources for
Children’s Surgery (OReCS) document, provide a list of
procedures that the health system ’should be capable of
performing safely’, and standards for optimal resources,
divided into ’training & staffing’, ’physical resources’ and
’quality and safety’ (Online Resource 1) [5].

Existing capacity assessment tools for children’s surgery
have largely been developed by groups based in high-in-
come countries (HICs) and are not attuned to the specific
needs of LMIC surgical providers. PediPIPES, developed
by Surgeons OverSeas Assessment of Surgical Need
(SOSAS), is an exception to this, yet lacks the breadth of
enquiry into personnel availability and procedures being
performed that the OReCS document incorporates [6].
There is a need for a tool which is designed for LMIC
children’s surgical providers and able to objectively mea-
sure key aspects of surgical capacity and performance in
these settings [7].

We have previously piloted our OReCS audit tool in a
HIC, with results used by one level 2 hospital to guide
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commissioning [8]. Here, we aim to investigate the effec-
tiveness of the OReCS audit tool in assessing children’s
surgical provision across all resource settings. Addition-
ally, we sought user feedback to explore practicality of tool
use within participating healthcare centres.

Methods

Oxford Paediatrics Linking Our Research with Electives
(OxPLORE) is an international research network that
encourages collaboration between medical students and
trainee doctors on elective placements to contribute to
projects investigating relevant children’s surgery issues [9].
It is coordinated by a team of medical students from dif-
ferent healthcare settings and supervised by a paediatric
surgery trainee (KF) and consultant paediatric surgeon
(KL).

Recruitment of collaborators (medical students or trai-
nee doctors from the UK or LMICs) for this study was
initiated through the OXxPLORE network in April 2019,
with data collection finishing in October 2020. Collabora-
tors were required to identify a consultant paediatric sur-
geon supervisor at their centre and meet ethical approval or
audit registration criteria according to local protocols.
Visiting students were required to partner with a local
medical student or junior doctor.

The OReCS audit tool was developed (Online Resource
2) and amended according to user feedback following the
HIC pilot study [8]. Electronic questions were based on the
OReCS document and the WHO Tool for Situational
Analysis to Assess Emergency and Essential Surgical Care
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[5, 10], covering classification of participating centres,
access to basic resources and equipment, infrastructure,
children’s population served, physician and non-physician
workforce and children’s surgical procedures performed
according to speciality. The OReCS document defines
standards for these categories at each level of facility:
health centre (HC), first (1st) level, second (2nd) level,
third (3rd) level and National Children’s Hospital (NCH).
These criteria were translated into dichotomous survey
questions allowing stepwise assessment of surgical provi-
sion at each level.

Participants were advised to contact children’s surgery
departments, consult hospital managerial staff and search
through hospital notes or websites to find answers to the
audit questions. The data collected reflected the centre’s
current capacity to perform selected procedures and current
availability of resources including personnel.

Data were analysed centrally (KR, AK). Any missing
data were clarified with collaborators and their supervisors.
Data analysis utilised two methods. The ‘essential criteria
method” marks the percentage of essential criteria met by
each healthcare centre. Essential criteria are defined as the
‘minimal acceptable level of children’s surgical care’
expected at even the most resource-limited settings in the
OReCS document and include standards expected at health
centre and first level hospitals [5]. For each category, the
number of HC and 1st level criteria met by a centre was
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divided by the total number of HC and 1st level criteria in
that category. This fraction was converted to a percentage.

The ‘OxPLORE method’ gives healthcare centres a
score based on the proportion of OReCS criteria concern-
ing human resources or childhood surgical procedures
(classified by subspecialty or surgical condition) met. For
each category, the number of HC criteria met by a centre
was divided by the total number of HC criteria. This was
then repeated individually for 1st, 2nd, 3rd and NCH level
criteria for the same category. The sum of the fractions was
calculated and rounded to the nearest integer. This integer
corresponded with an overall Disease Control Priorities 3
(DCP3) level, with 1 equating to HC level and 5 equating
to NCH level (Online Resource 3).

An electronic user evaluation tool (UET) was sent to
each collaborator after completion of data collection (On-
line Resource 4). Data were gathered on ease of use of the
OReCS-based audit tool, methods and barriers concerning
data collection and interpretation of questions.

Results

Ten centres providing children’s surgery participated in the
study (Fig. 1). Two centres were in HICs, and the
remaining eight in LMICs. Public, private and mission
hospitals were included. Three centres served a paediatric
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Fig. 1 Map showing the geographical location of the 10 collaborating centres; the economic status for each country is per World Bank definition.

Figure generated using MapChart and Microsoft Publisher
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Table 1 Hospital characteristics including the presence or absence of paediatric and neonatal intensive care units
Country World Bank Income Classification Type of healthcare Size of paediatric population PICU NICU
Classification facility served
Burundi LIC Hospital ~ Secondary Mission Regional N N
1
Hospital ~ Secondary Private Regional N N
2
Hospital ~ Secondary Mission Regional N N
3
Rwanda LIC Tertiary Public Nationwide Y N
Kenya LMIC Secondary Public Regional N N
Sri Lanka  LMIC Tertiary Public Nationwide Y Y
South UMIC Tertiary Public Regional Y Y
Africa
Argentina  UMIC Tertiary Private Regional Y Y
Seychelles HIC Tertiary Public Nationwide N Y
Australia HIC Tertiary Public Regional Y Y

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

paediatric intensive care unit; NICU, neonatal intensive care units

population nationwide, and the remaining seven treated
regionally (Table 1).

‘Essential criteria method’

No hospital met all essential criteria in every domain
(Table 2). Seven out of the ten centres did not meet 100%
essential criteria for HR non-physicians. The absent job
types varied between centres. Three centres did not have
trained birth attendants, and all three Burundi hospitals did
not have physical and occupational therapists. Six centres
did not meet all essential criteria for HR physicians, with
clinical officers and non-physician surgical providers most
commonly missing. The absence of one or both was
independent of the size of centre or income level of its
country of origin.

Seven centres did not meet all essential criteria for
congenital anomalies. There was a deficit both in screening
for anomalies, such as neural tube defects, and manage-
ment of anomalies found. Six centres did not provide
medical treatment with prostaglandin for patent ductus
arteriosus (PDA) dependent disease.

There were also seven centres which didn’t meet 100%
of essential criteria for ‘other treatments’. Five of these (all
but those in Burundi) fall below 100% due to not per-
forming male circumcision using Plastibell.

‘OxPLORE method’

Analysis by the ‘OXxPLORE method’ also highlighted HR
non-physicians and physicians, congenital anomalies and

‘other treatments’ as areas where some centres are not
performing procedures concurrent with the level of hospital
based on the OReCS document (Table 3). It also indicated
that many centres are exceeding performance expectations
in anaesthesia, general surgery and management of burns.
A description of pertinent findings for each centre is in
Online Resource 5.

User evaluation tool (UET)

We received completed feedback from six medical stu-
dents, two junior doctors and two consultants. None of
those responding to the survey had previously heard of the
ORECS audit tool, although three of the students or juniors
reported their senior supervisors had. The time taken to get
the ethical approval required before starting showed vari-
ation (Fig. 2a), acting as a major barrier to collecting data
for 60% (6/10) of individuals (Fig. 2b). There was a
dichotomy in time required for data collection, with the
process taking between one day and one week for some
individuals, and over a month for others. Many data col-
lectors utilised multiple methods, with discussion with
hospital staff the most frequently cited (Fig. 2c).

Most data collectors found lack of equipment the most
common reason for procedures not being performed
(Fig. 2d). The survey also gave insight into some of the
limitations of the audit tool, showing variation in how the
questions regarding procedures were interpreted (Fig. 2e).
Certain terms were deemed difficult to interpret whilst
some procedures, such as treatment of leprosy, were
inappropriate to certain centres. Furthermore, the criteria
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Table 2 Percentage of essential criteria met for each category and hospital

Country Burundi Rwanda Kenya Sri South Argentina  Seychelles Australia
Lanka Africa
Hospital 1 Hospital 2 Hospital 3
Self-defined level =~ Secondary Secondary Secondary Tertiary Secondary Tertiary Tertiary Tertiary Tertiary Tertiary
Infrastructure 100% 67% 100% 100% 100% 100% 100% 100% 100% 100%
HR Non- 80% 60% 90% 70% 100% 90% 100% 100% 90% 90%
physicians
HR Physicians 50% 50% 100% 50% 100% 100% 100% 0% 50% 75%
Anaesthesia 100% 50% 100% 100% 100% 100% 100% 100% 100% 100%
Cardiac surgery 50% 0% 50% 100% 0% 100% 75% 100% 75% 100%
Critical care 100% 38% 100% 100% 100% 100% 100% 100% 86% 100%
General surgery 100% 63% 100% 100% 63% 100% 100% 100% 100% 100%
Neurosurgery 67% 0% 100% 100% 33% 33% 100% 100% 67% 100%
Ophthalmology 80% 20% 100% 100% 100% 100% 100% 100% 100% 100%
Maxillofacial 100% 100% 100% 100% 100% 100% 100% 100% 100% 100%
surgery
Orthopaedic 100% 75% 75% 100% 100% 100% 100% 100% 100% 100%
surgery
Otolaryngology 100% 0% 100% 100% 86% 100% 100% 100% 100% 100%
Plastic surgery 100% 60% 100% 100% 100% 100% 100% 100% 100% 100%
Urology 86% 43% 100% 100% 86% 100% 100% 100% 100% 100%
Trauma—resus 33% 33% 100% 100% 67% 100% 100% 100% 100% 100%
Trauma—injuries  75% 75% 100% 100% 75% 100% 100% 100% 100% 100%
Trauma- fractures  100% 100% 100% 100% 100% 100% 100% 100% 100% 100%
Trauma—burns 100% 100% 100% 100% 100% 100% 100% 100% 100% 100%
Congenital 20% 20% 80% 70% 50% 100% 90% 100% 30% 100%
anomalies
Infections 78% 56% 100% 100% 100% 100% 100% 100% 100% 100%
Tumours 67% 0% 100% 100% 33% 100% 100% 100% 100% 100%
Other treatments 80% 40% 100% 80% 80% 100% 100% 80% 80% 80%

within some categories were too prescriptive, for example,
the requirement for circumcision using Plastibell within
‘other treatments’ disadvantages centres who perform cir-
cumcision using other techniques. Job titles such as non-
physician surgical provider (an essential role for a 1st level
hospital) are not universal, leading to hospitals being
marked down despite potentially employing staff with a
similar role.

Specific questions (such as ‘number of children at this
facility requiring surgery’) did not give a clear time frame
and were difficult to quantify. Data collectors also reported
uncertainty over whether congenital screening questions
related to newborn exams or prenatal ultrasounds. Despite
these difficulties, the OReCS audit tool was deemed easy to
use, with all respondents scoring ease of use as at least six
out of ten, and 60% (6/10) scoring it nine or ten (with ten
indicating most ease). 80% (8/10) respondents believed
doctors in the hospital they were auditing were keen to

@ Springer

promote research, although 30% (3/10) experienced some
problems in finding a consultant supervisor. A series of
recommendations for future use of the OReCS tool based
on issues identified from the UET have been suggested
(Fig. 3).

Discussion
Key findings

Our results show the OReCS tool can be used in multiple
settings to evaluate children’s surgical provision. It effec-
tively highlighted where centres were not meeting 100%
essential criteria, with the ‘OXxPLORE method’ of analysis
revealing specialities where a hospital is under- or over-
performing compared to expected. Further analysis of the
score breakdown showed where more complex speciality
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Fig.2 Graphical representation of the results of the user evaluation tool showing a time taken to obtain ethical approval; b prevalence of
different barriers to data collection; ¢ data collection methods; d reasons for procedures not being performed; e how the data collectors
interpreted the questions proposed in the OReCS audit proforma concerning whether surgical procedures are performed. Figure generated using

(b) Major barriers to data collection

Time pressure

Need for multiple sources

Collecting quantitative data

Ethical approval

0% 10% 20% 30% 40% 50% 60% 70%

(e) Interpretation of questions
90% 100%

20%

Actually perform these procedures

[ Capacity to perform these procedures

procedures were being performed, despite procedures
deemed simpler not occurring.

The UET suggested users found the tool straightforward,
although implementation of certain changes (such as
refining questions so they are country, region, and chil-
dren’s surgical provider-relevant) could improve usability.
Clear descriptions of roles required at each level would
also allow the tool to highlight areas requiring greater
personnel training and recruitment more accurately.

@ Springer

Strengths

This multi-centre analysis of children’s surgical provision
used an objective audit tool, which could be translated to
facilitate use in other countries. The healthcare centres
audited were diverse, with representation from each of the
World Bank economic status categories. Data were gath-
ered contemporaneously, reflecting the capacity for chil-
dren’s surgery of a centre at that time.

Data analysis was performed individually for each
centre using two methods. The ‘essential criteria method’
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Procedural workflow Issues encountered

1. Ethical approval |

(- Language barriers \

Lack of clarity and

flexibility— procedures
What is meant by screening?
How do we account for male cir-
cumgision not using Plastibell?

Lack of clarity and flexi-
bility— human resources

What is a non-physician surgical

surgeon meeting demand? Are
they performing all children's sur-
gery?

Lack of clarity—provision

Does a centre's score reflect per-
forming the procedure or just hav-
ing capacity to?

Inconsistences in data
collected
Differing responses to whether
PDA performed when asked in
\ cardiac and congenital anomaly J
sections, seen for 2 centres.

Lack of regional data or
/~  understanding of referral
networks
Some sites are poorly prepared for
certain specialties due to nearby
_< specialist centres- no way to record

3. Data analysis and

interpretation
pr this in the audit tool and reflect ap-

propriate referrals in the data set

Crude scoring systems

Often SIOW 10 ODIAIN  —mm

provider?
p Lack of numerical detail-
human resources
2. Data collection | Is the presence of a paediatric

\ Difficult to convey large amounts of
data within numerical scoring system

4. Feedback and

evaluation

using Microsoft Publisher

Fig. 3 Flowchart showing issues encountered at each stage of the audit process as indicated by the UET, discussion with data collectors and in
data analysis, alongside examples of such issues (red and italicised) and recommendations for future usage of the audit tool. Figure generated

Recommendation

. Create standardised pathway for obtaining ethical approval

Improve usability of audit tool:

. Provide translated versions of proforma with input from local
stakeholders

. Providing descriptive criteria alongside medical terms and
job titles

. Giving options for procedures with similar outcomes and jobs
with similar roles, adapted for region and healthcare system

Improve data collection protocol:

. Standardised data collection protocol involving discussion
with medical director and specialty leads

. Involve senior hospital team to encourage responsivity of
staff to audit

. Data collection/ verification by >1 individual at each site
Additional considerations for understanding surgical workforce:
. Quantitative assessment of number of paediatric surgeons

. Assessment of division of labour between child and adult
surgery performed by ‘non-paediatric’ surgeons operating on
children

. Assessment of data from each centre individually

. Regional mapping of surgical provision using the audit tool at
multiple sites

o Assessment of each hospital within local context

. Look at surgical burden (including number of admissions and
number of procedures) concurrently to determine if this is
being met

. Update audit tool with real-time feedback from data collec-
tors and regional leads

was an indicator of where basic hospital procedures were
lacking. This provides an overview of overall hospital
performance and could be particularly useful for planning
development on a regional or national level. The
‘OxPLORE method’ allowed more in-depth analysis, such
as might be necessary for planning resource allocation

within a hospital. For example, showing where more basic
procedures are not occurring within an otherwise well-de-
veloped subspecialty could represent resource-efficient
ways to increase capacity for children’s surgery.

Through the UET, we obtained subjective feedback on
tool use in different settings. This has led to
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recommendations (Fig. 3) which consider feasibility of
performing this audit in LMICs, where the need for such
data is greatest, with a focus on increasing ease of use
alongside reliability of results.

A final strength of the study is that it has facilitated the
growth of the OxPLORE collaborative international net-
work. This network has the potential to form the basis of
‘regional research hubs’—an additional aim set out by the
OReCS document [5].

Limitations

The main limitation of our study is the absence of quan-
titative data for reporting surgical capacity. Without this,
we are unable to comment on whether the population’s
needs are being met. A complete understanding of this
issue would also involve knowledge of a region’s burden of
disease, and thus for the OReCS tool to be fully useful,
population-level and epidemiological research is first
required. This in turn requires a certain level of resource,
training and time, which may not be available in all
settings.

Our data rely on individual reporting and so may have
introduced reporter bias. This could result in under- or
over-reporting of resources and may differ between insti-
tutions. We do not anticipate this to influence the reliability
of our results for two reasons. Firstly, our primary aim was
to implement the OReCS audit tool in multiple settings and
report on its usability. Secondly, we did not aim to conduct
a comparison between the children’s surgery providers.

Implications and recommendations

This is the first translation and implementation of the
OReCS document; a tool unique in delivering detailed
criteria focussed on the specific surgical needs of children
in LMICs. We have suggested several recommendations to
mitigate issues identified at each stage of the implemen-
tation process (Fig. 3). A widespread rollout of the audit
tool would benefit from regional leads who are responsible
for local recruitment of institutions and data collectors.
These individuals, working as part of regional research
hubs, could adapt the standardised pathway for obtaining
ethical approval and the language used in the OReCS audit
tool to suit the local setting. Furthermore, use of the
OReCS tool in serial audit cycles (with regular use of a
user evaluation tool to allow adjustments in response to
local feedback) could allow evaluation and refinement of
policy changes and interventions.

We suggest the OReCS audit tool should be updated to
include quantitative assessment of surgical burden and
current provision, enabling the results to be used to guide
allocation of resources and training, and to inform policy.

@ Springer

At a national level, these data could inform children’s
surgical planning alongside national surgical, obstetric and
anaesthesia plans.

Conclusion

Worldwide, millions of children lack essential surgical
care. Objective assessment of the performance of hospitals
in their local context is fundamental to addressing this
unmet need. Through the established OXPLORE research
network, we have created and tested a tool which bench-
marks the provision of children’s surgery based on inter-
national consensus. The OReCS audit tool successfully
identified gaps in children’s surgery provision across
multiple settings. Furthermore, our research has enabled us
to make recommendations to increase usability of the tool,
increasing its utility in guiding resource allocation
worldwide.

Funding Krupa Ravi received a £446.10 grant from Oxford
University fund HJR 00580: Children’s Research Fund (Hugh
Greenwood Family) to fund the SurveyMonkey subscription.

Declarations

Conflict of interest The authors declare that there is no conflict of
interest.Ethical approval.Ethical requirements were met in each
country involved.

Ethical approval Ethical requirements were met in each country
involved.

Open Access This article is licensed under a Creative Commons
Attribution 4.0 International License, which permits use, sharing,
adaptation, distribution and reproduction in any medium or format, as
long as you give appropriate credit to the original author(s) and the
source, provide a link to the Creative Commons licence, and indicate
if changes were made. The images or other third party material in this
article are included in the article’s Creative Commons licence, unless
indicated otherwise in a credit line to the material. If material is not
included in the article’s Creative Commons licence and your intended
use is not permitted by statutory regulation or exceeds the permitted
use, you will need to obtain permission directly from the copyright
holder. To view a copy of this licence, visit http://creativecommons.
org/licenses/by/4.0/.

References

1. Mullapudi B, Grabski D, Ameh E et al (2019) Estimates of
number of children and adolescents without access to surgical
care. Bull World Health Organ 97:254-258

2. Meara JG, Leather AJ, Hagander L et al (2015) Global Surgery
2030: evidence and solutions for achieving health, welfare, and
economic development. Lancet 386:569-624


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

World J Surg (2022) 46:476-485

485

. Goodman L, St-Louis E, Yousef Y et al (2017) The global ini-
tiative for children’s surgery: optimal resources for improving
care. Eur J Pediatr Surg 28(01):051-059

. Global Initiative for Children’s Surgery (2019) Global initiative
for children’s surgery: a model of global collaboration to advance
the surgical care of children. World J Surg 43:1416-1425

. Global Initiative for Children’s Surgery (2019) Optimal resources
for children’s surgical care: executive summary. World J Surg
43:978-980

. Okoye MT, Ameh EA, Kushner AL et al (2015) A pilot survey of
pediatric surgical capacity in West Africa. World J Surg
39:669-676

. Yousef Y, St-Louis E, Baird R et al (2019) A systematic review
of capacity assessment tools in pediatric surgery: global assess-
ment in pediatric surgery (GAPS) phase I. J Pediatr Surg
54:831-837

8.

10.

Ford K, Killen A, Ravi K, et al (2021) The Optimal Resources for
Children’s Surgery (OReCS) Document: A Proof-Of-Concept
Pilot study, BAPS Congress

. Mansfield R, Gardner L, Ndukwe G et al (2018) Harnessing

medical student power in global surgery research. Pediatr Surg
Int 34(6):697-698

Colle F. World Health Organization Tool for Situational Analysis
to Assess Emergency and Essential Surgical Care [Internet].
2012. Available from: https://www.who.int/surgery/publications/
WHO_EESC_SituationAnalysisTool.pdf

Publisher’s Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

@ Springer


https://www.who.int/surgery/publications/WHO_EESC_SituationAnalysisTool.pdf
https://www.who.int/surgery/publications/WHO_EESC_SituationAnalysisTool.pdf

	An OxPLORE Initiative Evaluating Children’s Surgery Resources Worldwide: A Cross-sectional Implementation of the OReCS Document
	Abstract
	Background
	Methods
	Results
	Conclusions

	Introduction
	Methods

	Results
	‘Essential criteria method’
	‘OxPLORE method’
	User evaluation tool (UET)

	Discussion
	Key findings
	Strengths
	Limitations
	Implications and recommendations

	Conclusion
	Open Access
	References




