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ABSTRACT

Background: Enhanced Recovery After Surgery (ERAS) is an evidence-based perioperative
care pathway designed to reduce surgical stress, complications, and hospital stay. However,
implementation in pediatric surgery remains limited in low- and middle-income countries,
including Sudan.

Objective: To assess factors affecting ERAS implementation in pediatric surgical practice in
Sudan, focusing on knowledge, perceptions, barriers, and facilitators.

Methods: A convergent mixed-methods cross-sectional study was conducted among
pediatric surgery stakeholders in Sudan. Quantitative data were collected through structured
questionnaires and analyzed using descriptive and inferential statistics. Qualitative data
from focus group discussions and key informant interviews underwent thematic analysis,
with findings integrated through triangulation.

Results: Among 72 participants, 48.6% demonstrated good ERAS knowledge, 37.5%
moderate knowledge, and 13.9% poor knowledge, while 66.7% reported positive perceptions.
Major barriers included absent ERAS protocols and national guidelines, limited pediatric-
specific knowledge, inadequate monitoring, poor multidisciplinary coordination, and
financial constraints. Qualitative findings highlighted willingness to adopt ERAS despite
institutional, workforce, infrastructure, training, and policy limitations.

Conclusion: Despite positive perceptions and moderate knowledge, pediatric ERAS
implementation in Sudan faces significant institutional and systemic barriers. National
guidelines, multidisciplinary collaboration, workforce training, and institutional support are
essential for sustainable implementation.

Keywords: Enhanced Recovery After Surgery (ERAS); Pediatric Surgery;, Implementation;

Knowledge; Barriers; Sudan.
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INTRODUCTION

Enhanced Recovery After Surgery (ERAS) is a multimodal, evidence-based perioperative care pathway designed to
attenuate surgical stress, reduce complications, shorten hospital stay, and optimize resource use(1). While ERAS is
well established in many high-income settings, implementation in pediatric surgery and in low- and middle-income
countries (LMICs), including African contexts, remains limited and heterogeneous. Although the safety and efficacy
of implementing ERAS protocols have been reported recently, a broad consensus and a guideline for a common
pediatric ERAS protocol is not yet available (1,2). Studies conducted internationally from pediatric and adult services
consistently show that gaps in knowledge, suboptimal perceptions of ERAS benefits, and system-level constraints are
major barriers to implementation (2,3).

While evidence supporting ERAS effectiveness is substantial, there is a paucity of high-quality literature evaluating
implementation of ERAS in pediatric populations. Previous studies have been conducted in high-income countries,
limiting generalizability to resource-constrained settings. Furthermore, pediatric ERAS research remains less
developed than adult ERAS research despite increasing recognition of its potential benefits. In addition, African
evidence remains sparse and geographically concentrated in a small number of countries (6). this study comprises the
first mixed-methods study assessing pediatric ERAS implementation readiness in Sudan to provide a measurement
and contextual understanding of implementation factors for context-appropriate ERAS adaptation, guideline
development, and training for pediatric surgery in Sudan (5).

Aim and Objectives
Aim
This study aimed to study the factors affecting the implementation of pediatric Enhanced Recovery after Surgery
(ERAS) protocols in Sudan, 2026.
Objectives
e To assess the level of knowledge of ERAS principles and key protocol components among pediatric surgery
practitioners in Sudan.
e To study the perception of pediatric surgery stakeholders regarding the benefits, risks, and applicability of
ERAS in the Sudanese pediatric surgical context.
e To identify the perceived individual, institutional, and system-level barriers and enablers to implementing
ERAS protocols in pediatric surgery service in Sudan.

METHODOLOGY

Study Design and Setting

A mixed-method study (cross-sectional quantitative and qualitative) was conducted in seven currently functioning
pediatric surgery centers in Sudan including public (Khartoum, Omdurman, Kassala, Karima, Atabara, Gedarif,
Shendi, Dongola) and private facilities. The study was conducted from February to September 2026.

Study Population

Pediatric surgery stakeholders working in Sudan at the time of data collection were included in the study. This
included pediatric surgery consultants, fellows, specialists, nurses, anesthesiologists, anesthetists, and hospital
administrators.

Eligibility Criteria

Pediatric surgery consultants, fellows, specialists, nurses, anesthesiologists, anesthetists, and hospital administrators
with clinical relevance. The study excluded pediatric practitioners who are not directly involved in perioperative care,
medical students or trainees without clinical responsibilities, and administrative staff without clinical roles.
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Sampling and Sample Size

In the absence of prior pediatric surgery-specific data from Sudan; the sample size was initially calculated using the
single population proportion formula, assuming a 50% proportion of adequate ERAS knowledge, using a 95%
confidence level (Z = 1.96), and a margin of error of 7%. The minimum calculated sample size was 196 participants.
However, a total of 76 responses were received during the study period. Following data cleaning and quality
assessment, four responses were excluded because of incomplete questionnaires and substantial missing data that
could compromise the validity of the analysis. Consequently, the final study sample comprised 72 participants. The
lower-than-target sample size was primarily attributable to the limited number of pediatric surgery stakeholders in
Sudan, workforce disruption related to the national healthcare context and the ongoing conflict, and challenges in
participant recruitment during the study period. Although the achieved sample size reduced the statistical power of
subgroup analyses and limited the generalizability of some findings, it nevertheless provided valuable exploratory
data and represents one of the first mixed-methods assessments of pediatric ERAS implementation readiness in
Sudan.

Data Collection Tools

A Structured online questionnaire (Google Form) with four sections, informed by previous ERAS surveys and
contextualized to Sudan. The qualitative component included 2 Focus Group Discussions (FGDs) and 2 in-depth
interviews (IDIs) with key informants.

Validity and Reliability of the Study Instruments:

To guarantee clarity and consistency, the quantitative questionnaire was developed following a comprehensive
review of the literature on Enhanced Recovery After Surgery (ERAS), it's then modified to align with the study
objectives and the constructs identified within the Consolidated Framework for Implementation Research (CFIR). A
pilot study was conducted among approximately 10% of the target population selected from a pediatric surgical unit
that was not included in the main study. The reliability of the questionnaire was assessed using Cronbach's alpha
coefficient to evaluate the internal consistency of the knowledge, perception, barrier, and facilitator scales. A value of
0.70 or greater was considered indicative of acceptable reliability. For the qualitative component, trustworthiness was
enhanced through the use of standardized interview guides, triangulation of data sources, member checking, and
maintenance of a comprehensive audit trail.

Data Collection procedure:

The online questionnaire was distributed through the social media platforms of the professional associations. In
addition, the questionnaires were filled on-site directly from the target population. The qualitative component
included 2 Focus Group Discussions (FGDs) with 6-8 participants for each one, and 2 in-depth interviews (IDIs) with
key informants. All were led by the principal investigator until data saturation was reached.

Data Processing and Statistical analysis:

The quantitative data were cleaned and entered an Excel sheet, then analysed using SPSS version 25 with both
descriptive and inferential statistics. Means, Medians and standard deviations described continuous variables that
were normally distributed. Categorical bivariable comparisons utilized Pearson’s chi-square test. The final results
were constructed into composite scores with categorization of knowledge and perception being either good or poor
using predefined cut-offs. Analytical statistics; Chi-square and Welch’'s ANOVA tests were used to explore
associations between categorical variables. The significance level was set at p<0.05. Audio recordings from FGDs and
IDIs were obtained, anonymized, and analyzed using thematic analysis. Developed a codebook, with discrepancies
resolved through discussion. Themes were mapped to the socio-ecological model (individual, institutional, system
levels). eventually, a mixed-methods integration (Triangulation) was done using a convergent parallel design and a
joint display matrix.

Ethics Approval and consent to participate:
Ethical approval was obtained from TORG-IRB (reference number TORG-IRB/2026/032801) and the Sudan Federal
Ministry of Health National Research Ethics Committee (RA017082026). Furthermore, a written informed consent was
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obtained from each participant. Qualitative transcripts have had all identifiers been coded. The confidentiality of the
information provided was ensured, as all details were kept strictly confidential and were used only by the researchers.
In addition, each participant could withdraw and there were no financial temptations for those participating in the
research. Finally, the study did not involve any significant risks to the participants. All data collected were secured
and available only to the researchers.

RESULTS

Participants Demographic Characteristics

The final analysis comprised 72 participants, most of them were women (61.1%), fell within the age range of 30 to 34
years (38.9%), and were serving as pediatric surgery fellows (36.1%). Regarding their previous exposure to ERAS,
41.7% had received informal exposure, 31.9% had no prior exposure, and only 23.6% had undergone formal training.
Detailed characteristics are shown in table 1.

Table 1: Demographic Characteristics (n = 72)

Characteristic Category n %
Age (years) 25-29 21 29.2
30-34 28 38.9
35-39 17 23.6
40-44 3 4.2
>45 3 4.2
Gender Female 44 61.1
Male 28 38.9
Profession Pediatrics Surgery Fellow 26 36.1
Specialist 17 23.6
Anaesthesia 16 22.2
Consultant 3 42
Medical Officer 3 4.2
Nursing 3 42
Admin 1 14
Other 1 1.4
Pediatrics Surgery Resident | 1 1.4
Surgeon 1 14
Experience <5 years 52 72.2
5-10 years 17 23.6
>10 years 3 4.2
Institution Public instructional 58 80.6
Public non-instructional 8 11.1
Private 4 5.6
Mixed 1 14
Tertiary government 1 1.4
Country Sudan 69 95.8
Outside Sudan 3 4.2
Monthly case volume <50 cases 22 30.6
<25 cases 20 27.8
<100 cases 18 25.0
>100 cases 12 16.7
Prior ERAS experience Informal exposure 30 41.7
No exposure 23 31.9
CC-BY 4.0 Licensed 80| Page
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Formal training 17 23.6
Other 2 2.8
Documented ERAS protocol No 49 68.1
Uncertain 14 19.4
Yes 9 12.5
Primary Findings:
Knowledge of ERAS

The mean scores varied between 3.32 and 4.32 when using the five-point scale. The greatest level of agreement was
found for the statements concerning a reduced length of hospital stay (mean 4.32) and early mobilization (mean 4.22).
The mean of the total knowledge score was 58.2 (standard deviation 12.0) as shown in table 2.

Table 2: Knowledge Categories

Knowledge Category n %

Good (260) 35 48.6
Moderate (45-59) 27 37.5
Poor (<45) 10 13.9

Using a predetermined cutoff point (Good (280%), Moderate (60-79%), or Poor (<60%))., 48.6 per cent of the
participants showed good knowledge, 37.5 per cent had moderate knowledge and 13.9 per cent had poor knowledge
as illustrated in Figure 1.

30 4+

20 -

counts

10 ~

Good Moderate Poor

Know_Cat

Figure 1. Distribution of ERAS knowledge categories among pediatric surgery practitioners in Sudan (n = 72).

Perceptions towards Enhanced Recovery After Surgery

Perception scores consisted of four subdomains; benefits, feasibility, safety, and willingness. The highest level of
agreement was found regarding the statement that ERAS improves outcomes in pediatric surgery (mean 4.38), The
lowest level of agreement was recorded for the practicality of ERAS in the Sudanese context (mean 3.15).

The mean of the composite perception score was 55.0 (standard deviation 11.1) and the scores ranged from 24 to 70.
The composite perception score showed that two thirds of the participants (66.7 per cent) had a positive perception,
20.8 per cent were neutral and 12.5 per cent had a negative perception. These categories are illustrated in Figure 2.

Figure 2: Distribution of ERAS perception categories among pediatric surgery practitioners in Sudan (n = 72).
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Perceived Barriers towards Implementation of Enhanced Recovery After Surgery

The three most highly ranked barriers were the lack of documented ERAS protocols (mean 4.01), limited knowledge
of the ERAS evidence specific to children (mean 3.81), and the absence of national guidelines (mean 3.79). The three
lowest ranked barriers were parental resistance to early discharge (mean 2.54), cultural norms regarding the length of
hospital stay (mean 2.92), and resistance to change among surgeons (mean 3.19). The institutional level barriers
generally obtained higher scores than those at the individual and patient or family level.

TABLE 3: Barriers to ERAS Protocol Implementation Ranked by Mean Score Among Pediatric Surgery

Stakeholders in Sudan, 2026 (n =72)

Rank Item Level Mean + SD
1 B5. Absence of documented ERAS protocols Institutional 4.01+1.13
2 B2. Limited knowledge of pediatric-specific | Individual 3.81+£1.11
evidence
3 B15. Absence of national guidelines System 3.79+1.29
4 B10. Lack of audit and monitoring systems Institutional 3.78 +1.45
5 B6. Insufficient multidisciplinary coordination Institutional 3.71+1.27
6 B14. Financial limitations System 3.69+1.39
7 B1. Insufficient ERAS training Individual 3.63+1.22
8 B8. Inadequate nursing staff Institutional 3.60 +1.46
9 B11. Scarce hospital resources System 3.60+1.25
10 B9. Excessive workload and time limitations Institutional 3.56 +1.40
11 B13. Inadequate infrastructure System 3.50+1.38
12 B4. Apprehension about early feeding/discharge | Individual 3.39+1.03
13 B12. Absence of institutional leadership support | System 3.33+1.42
14 B7. Limited support from anesthesia Institutional 3.25+£1.38
15 B18. Ineffective follow-up systems Patient/Family 3.25+1.38
16 B3. Resistance to change among surgeons Individual 3.19+1.16
17 B17. Cultural norms about hospital duration Patient/Family 292+1.23
18 B16. Resistance from parents to early discharge | Patient/Family 2.54+1.26

Association Between Knowledge of ERAS and Profession

Of the pediatric surgery fellows, 38.5% possessed good knowledge. Of the specialists, 64.7% had good knowledge.
Among the anaesthesia personnel, 50.0% had good knowledge but 31.3% had poor knowledge. The chi-square test
revealed that there was no statistically significant association between profession and knowledge category (chi-square

16.6, df 18, p 0.548). As shown in table 4.
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Table 4. Distribution of ERAS Knowledge Categories by Professional Group Among Pediatric Surgery
Stakeholders in Sudan, 2026 (n = 72)

Profession Poor n (%) Moderate n (%) Good n (%) Total n (%)
Pediatrics ~ Surgery | 4 (15.4) 12 (46.2) 10 (38.5) 26 (100)
Fellows

Specialists 1(5.9) 5(29.4) 11 (64.7) 17 (100)
Anaesthesia 5(31.3) 3(18.8) 8 (50.0) 16 (100)
Consultant 0 (0.0) 2 (66.7) 1(33.3) 3 (100)
Medical Officer 0 (0.0) 1(33.3) 2 (66.7) 3 (100)
Nursing 0 (0.0) 2 (66.7) 1(33.3) 3 (100)
Admin 0 (0.0) 1 (100) 0 (0.0) 1 (100)
Other 0 (0.0) 0 (0.0) 1 (100) 1 (100)
Pediatrics ~ Surgery | 0 (0.0) 1 (100) 0 (0.0) 1 (100)
Resident

Surgeon 0 (0.0 0 (0.0) 1 (100) 1 (100)
Total 10 (13.9) 27 (37.5) 35 (48.6) 72 (100)

Association Between Knowledge of ERAS and Years of Experience

Welch's ANOVA revealed that there was no statistically significant difference among the experience groups (F =0.126,
dfl =2, df2 =5.00, p = 0.884). The group with less than five years' experience obtained the highest mean score (58.7 +
10.9), then came the group with five to ten years (58.1 + 12.3), and lastly the group with more than ten years (50.3 +
28.0).

Table 5. ERAS Knowledge Scores by Years of Professional Experience Among Pediatric Surgery Stakeholders in
Sudan, 2026 (n =72)

Experience n Mean *SD
<5 years 52 58.7 +10.9

5-10 years 17 58.1 *12.3
>10 years 3 50.3 +28.0

NARRATIVE ANALYSIS OF QUALITATIVE FINDINGS

Two focus group interview with pediatric surgeons and fellows and two in-depth interviews were conducted to
examine topics of policy and readiness, implementation, barriers, enablers, and the sustainability of pediatric ERAS
in Sudan and results were categorized under three themes; a system that is willing but not prepared, the gap between
awareness and formal adoption, and the need for a structured, multidisciplinary approach to implementation.
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Theme One: Willingness Without Structure

Clinicians were willing to implement ERAS. However, there is no formal framework to enable them to do so. The
participants pointed out that there is a shortage of suitable facilities, such as neonatal intensive care units, specialized
hospitals for children and regular multidisciplinary coordination. The hospital manager agreed with this, stating that
some aspects of ERAS are already in place despite the lack of clear written guidelines which match that just 12.5% of
the people who took the survey stated that they had a documented ERAS protocol.

Theme Two: Workforce and Resource Constraints

The interviews pointed to serious shortcomings in terms of resources and staffing, consisting of a lack of pediatric
anaesthesia personnel, insufficient ventilator capacity, an inadequate number of nursing staff, and frequent power
cuts in the nursery. These results support the quantitative list of barriers, in which insufficient nursing staff and a lack
of hospital resources were among the top ten obstacles.

Theme Three: The Path Forward Through Training and Advocacy

All qualitative sessions provided specific recommendations regarding implementation and sustainability that
included: frequent workshops on pediatric ERAS, expansion of training to include general surgeons who carry out
operations on children, and that caregivers and families should be involved. The IDIs highlighted various factors that
facilitate success, such as staff who are cooperative and motivated, and proposed incentives like the awarding of
continuing professional development points and the organisation of structured workshops, to involve senior surgeons
and anaesthetists by means of grand rounds and academic meetings, to encourage research and authorship as a form
of incentive, to foster an ERAS culture in all academic activities, to get the Federal Ministry of Health involved, to
engage the community by means of health education, to set up an ERAS committee as a monitoring body, and to
reward departments that comply with the principles by giving them the opportunity for overseas training.

Integration of Quantitative and Qualitative Findings

Put together, the results of the quantitative survey indicate a moderate level of knowledge, and generally favourable
perception, and barriers which are most pronounced at the systemic and institutional levels. The qualitative data
explained the mechanisms that account for these patterns. While the quantitative data identified the state, the
qualitative data stressed the necessity to produce and spread a national paediatric ERAS guideline and set up official
multidisciplinary teams and audit systems at the hospital level. Moreover, the findings suggested a need to devote
resources to training, especially that of anaesthesia and nursing staff, and to incorporate ERAS into the paediatric
surgery curriculum. Finally, the need to involve policymakers and hospital leadership so that ERAS is no longer
viewed as an optional clinical preference but rather as a standard of care.

Figure 3. Integration of Quantitative and Qualitative Findings on Factors Affecting ERAS Protocol Implementation
in Pediatric Surgical Practice in Sudan, 2026
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DISCUSSION

The aim of this study was to look at the factors influencing the implementation of pediatric Enhanced Recovery After
Surgery protocols in Sudan, with a specific focus on the knowledge, attitudes, and perceived difficulties held by the
various members of a multidisciplinary team. The results show that the workforce is generally aware of ERAS and
mostly in favour of its principles but is hindered by structural and institutional restrictions which stop the protocols
from being formally adopted. This is in broad agreement with what is already known from the literature. In Pakistan,
Ahmad and colleagues found that 85% of clinicians were aware of ERAS but only 61% had put it into practice [7].

Likewise, Shamsaldeen and colleagues stated that 58.1% had only a limited level of practice, with 38.8% not being
familiar with the ERAS guidelines [8]. Participants had positive perception. The barriers, on the other hand, were
mainly at the system and institutional levels, especially due to the lack of written protocols, the limited availability of
evidence that is specific to children, and the absence of national guidelines. This is in keeping with the findings of
Haid et al, who observed that paediatric ERAS concepts are still not widely incorporated into routine training and
that awareness of protocol elements tends to lag behind general familiarity with the ERAS label [2]. Which are also
aligning with those of Haseeb et al, who found that clinicians in similar resource settings are often familiar with the
general ERAS concepts but not with the specific protocol components [8]. The study revealed no statistically
significant link between knowledge category and profession or years of experience, the same pattern was noted by
Shinnick et al, who maintained that the implementation of pediatric ERAS is more limited by the availability of
pediatric-specific evidence and training than by the capacity of individual clinicians [94].

The perception of the participants regarding ERAS was generally positive, which match the results of Davis et al, who
found that clinicians always saw ERAS as being of benefit even if its implementation had been limited [10]. Also,
Wang et al. found that clinicians generally supported ERAS but were reluctant to put it into practice [11]. Our results
indicate that a similar situation exists in Sudan.
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The barrier analysis yielded that the top three barriers were the lack of documented ERAS protocols, limited
knowledge of the ERAS evidence specific to children, and the absence of national guidelines. Which agrees with Riad
et al. Findings that idenfied structural factors rather than by resistance from clinicians [18]. The findings correspond
with the views of Balfour et al, who claimed that nursing shortages and workload are among the most overlooked
obstacles to the implementation of ERAS [3]. The scores for barriers at the patient and family level were relatively low.
Similar conclusions were reached by Perez and Raval, stressing the importance of family-centred communication in
paediatric ERAS [13].

The qualitative data showed a few important enablers, namely; cooperative and motivated staff, the possibility of
offering incentives for continuing professional development, and regular workshops. That is in line with Smith et al
findings that ERAS implementation succeeds only when it is embedded in the institutional culture [14]. The study
endorsed the importance to start with the smallest number of resources and then check the experience as time goes
on. Ljungqvist et al. who have stated that ERAS should not be seen as a fixed protocol but rather as a flexible
framework which can be adapted to the local situation while keeping its essential features [15].

IMPLICATIONS

This study has several practical implications. Nationally, there is a clear requirement for a Sudanese paediatric ERAS
guideline and support individual hospitals to draw up written ERAS protocols, set up multidisciplinary teams, and
establish audit and feedback systems. On an individual basis, training programmes should be widened with special
attention being paid to anaesthesia and nursing staff who are frequently underrepresented in ERAS education.
Furthermore, resources should be allocated to educating caregivers via outpatients’ departments and through
community channels.

LIMITATIONS

The study limitations include the small sample size this reduces the statistical power of the inferential analyses; the
cross-sectional design that is unable to show any changes in knowledge, perception or implementation over time; self-
reported data that could be subjected to bias. Although thematic saturation had been achieved, a bigger qualitative
sample would have increased the depth of the findings. lastly, the ongoing conflict in Sudan and the resulting
instability of the healthcare infrastructure might have influenced the results.

CONCLUSION

Knowledge and attitudes are generally positive, but that implementation is hindered by structural and institutional
obstacles. The qualitative data give a clear plan of action that involves training, multidisciplinary cooperation,
policymaking, and carrying out implementation in a step-by-step manner making use of the resources at hand. These
results form the basis for the development of national guidelines, for reforming the curriculum, and for advocacy
activities intended at improving surgical outcomes for children in Sudan and in other low-resource settings.

RECOMMENDATIONS

Based on the findings of this study, several recommendations are proposed: For clinical practice, Hospitals should
establish multidisciplinary pediatric ERAS teams, develop and implement written pediatric ERAS protocols adapted
to local resources and practice settings with regular audit to evaluate compliance with ERAS components and identify
areas requiring improvement. In education, Structured ERAS training programs, workshops, and continuing
professional development activities should be conducted. Institutional leadership should prioritize ERAS
implementation. Further multi center studies with larger samples, qualitative research to explore parent and caregiver
perspectives.
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