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1. [bookmark: _Toc211342259]List of abbreviations

APORG 		African Perioperative Research Group
ASOS			African Surgical Outcomes Study
CRF			Case record form
[bookmark: _Hlk203665756]DCP-3			Disease Control Priorities, Third Edition
EuSOS			European Surgical Outcomes Study		
HDI			Human Development Index
ISOS			International Surgical Outcomes Study
[bookmark: _Hlk203665798]LIC			Low-income country 
MIC			Middle-income country 
NHS			National Health System
SSSA			Safe Surgery South Africa



2. [bookmark: _Toc211342260]Summary

	Short title
	ASOS-CAP 

	Methodology
	[bookmark: _Hlk203134772]A mixed-methods international, prospective, observational study.

	Research sites
	Hospitals undertaking surgery in participating African countries.

	Objectives
	[bookmark: _Hlk203134499]To determine the factors associated with mortality following surgery in children, mothers and adults in Africa.

	Number of patients
	[bookmark: _Hlk25853167]Approximately 18 hospitals in each of 43 African countries with a recruitment period of two weeks for adult patients and up to eight weeks for paediatric patients per site (approximately 250 000 patients)

	Inclusion criteria
	Patients: All consecutive surgical patients admitted to participating centres undergoing elective and non-elective surgery.

Clinician leaders: doctors, of any level, involved in perioperative care, including anaesthesia, surgery, or obstetric and gynaecology. 

	Statistical analysis
	[bookmark: _Hlk502067594]The primary outcome measure is in-hospital mortality censored at 30 days. Qualitative analysis will identify themes associated with mortality, and potential areas for separate analysis and possible
recommendations. 

	Recruitment start date
	Month 2026

	Recruitment end date
	Month 2027

	Trial duration 
	Until hospital discharge, censored at 30 days





3. [bookmark: _Toc211342261]Introduction

[bookmark: _Hlk501005790]Surgery accounts for approximately a third of population health management and treatment,1 but in Africa the risk is so disproportionately high that it is not safe.2-5 In Africa death following surgery is twice the global average, with mothers 50 times more likely to die and children 10 times more likely to die following surgery compared to high-income countries.2-5 We estimate that every year, more than 600,000 patients die after surgery in Africa. Improving the safety of surgery in Africa is a necessity for universal health coverage.

It is widely agreed that a nearly 10-fold increase in surgical procedures is required to provide sufficient access to surgical treatments for the 1.2 billion people across Africa.6 As health systems work to increase the volume of surgical activity, we anticipate an equivalent increase in complications and deaths after surgery. 

Although we have demonstrated areas independently associated with mortality following surgery in Africa,2-5 we have also demonstrated that simple interventions are ineffective in addressing the complications leading to death following surgery.4
 
The research conducted by the African Perioperative Research Group (APORG) has documented broad independent associations with mortality. For example we understand ‘how’ patients are dying, e.g. failure to rescue in adults,2 and maternal haemorrhage in mothers undergoing caesarean section.3 However, simple interventions have been unable to decrease mortality.4

To improve surgical outcomes in Africa, we need to understand ‘why’ patients are dying from failure to rescue and maternal haemorrhage, and other identified associations with mortality. Research conducted by APORG suggest that there are potentially multiple contributing factors to these poor outcomes. Surgical pathways are complex, often coupled with numerous redundancies.7 Surgical environments are often not considered safe for surgery.5 Indeed surgical facilities may be contributing up to 40% of the population attributable risk for mortality in paediatric surgical patients (ASOS-Paeds Investigators, unpublished data). While recommended interventions to improve perioperative outcomes exist, often in Africa, they are either not available, or not feasible.8 9 Standards for the provision of surgical care, and the training to provide this care is likely a contributing factor for the high mortality.10 Furthermore, human factors including leadership styles and teamwork have been identified to potentially contribute to poor outcomes.11 

To understand the ‘why’ patients are dying, and to improve surgical outcomes in Africa, we need a far more granular understanding of the factors and pathway to mortality. We need a trusted methodology to ensure that we can understand the complexity of the perioperative environment that is contributing to deaths in Africa. There are two well established methodologies: the confidential enquiries in maternal deaths, and the National Audit Projects conducted in the United Kingdom National Health System (NHS).

The objective of this study is to determine the factors associated with mortality following surgery in children, mothers and adults in Africa, and the estimate of the rate of perioperative mortality in Africa. 
4. [bookmark: _Toc211342262]Study objectives

[bookmark: _Toc211342263]4.1 Objective 1
What is the preparedness of the African surgical environment for surgery and managing surgical complications?
[bookmark: _Toc211342264]4.2 Outcome 1
a. The institutional preparedness for paediatric, maternal and adult surgery in Africa
b. The individual preparedness of clinicians of different levels of training to provide safe paediatric, maternal and adult surgery in Africa

[bookmark: _Toc211342265]4.3 Objective 2
Who does what surgical procedures, where are they performed, and when are they conducted in Africa?
[bookmark: _Toc211342266]4.4 Outcome 2
Mapping of the surgical landscape in Africa
a.	What surgical procedures are performed.
b.	Who performs the surgical procedures.
c.	Where are the surgical procedures performed, and
d.	When the surgical procedures are performed.

[bookmark: _Toc211342267]4.5 Objective 3
How many patients die perioperatively, and when, where and how do these patients die perioperatively?
[bookmark: _Toc211342268]4.6 Outcome 3
An estimate of how many patients die perioperatively – that is either intra- or postoperative deaths, up to 30 days within the hospital – with a description of when, where and how children, mothers and adults die in the perioperative period in Africa. We will not collect data on preoperative deaths. 

[bookmark: _Toc211342269]4.7 Objective 4
What factors are potentially modifiable to improve patient outcomes in Africa? 
[bookmark: _Toc211342270]4.8 Outcome 4
What factors have contributed to the surgical deaths, and which factors are potentially modifiable. The primary outcomes for the quantitative component are (i) description of available resources and (ii) description of level of training. The primary outcome for the qualitative component is a thematic analysis identifying key barriers and facilitators to safe surgical care.
[bookmark: _Toc211342271]4.9 Objective 5
What policy changes would improve surgical outcomes in African countries?
[bookmark: _Toc211342272]4.10 Outcome 5
What policy changes would address modifiable factors associated with surgical mortality in Africa.
5. [bookmark: _Toc211342273]Methodology 

[bookmark: _Toc211342274]5.1 Study design
ASOS-CAP is a mixed-methods international, prospective, observational study.

[bookmark: _Toc211342275]5.2 Inclusion criteria
· [bookmark: _Hlk502066982]Patients
· [bookmark: _Hlk496731974]All consecutive patients admitted to participating centres undergoing elective and non-elective surgery.
· Participating surgical centres
· For each country, sites will be randomly selected from a sampling frame stratified by hospital level.
We plan to randomly select 800 hospitals to participate from ideally 43 African countries. The follow up is in-hospital. This study will be registered on ClinicalTrials.gov.

[bookmark: _Toc211342276]5.3 Exclusion criteria
· Patients who decline to participate.

[bookmark: _Toc211342277]5.4 Study flow diagram

6. [bookmark: _Toc211342278]Study procedures

[bookmark: _Toc211342279]6.1 Recruitment and screening
This is a pragmatic study. It is an African, mixed-methods international, prospective, observational study. Participating surgical sites will be randomised to participate from a national sample for each country. We expect all consecutive patients admitted to participating centres undergoing elective and non-elective surgery to be included in the study. ‘Broadcasting’ through appropriate hospital notices and signage will inform the patients and the public that the hospital is participating in the study.  

[bookmark: _Toc211342280]6.2 Informed consent and trial participation
The requirement for informed patient consent is expected to vary according to regulations of the participating nations. The national leaders will ensure ethics approval is obtained from their respective countries and centres prior to participation.
 
We will apply to all ethics committees for a waiver of consent for participating trial sites for the following reasons. This precedent has been accepted by nearly all participating sites in prospective, observational studies across Africa conducted by APORG.2 4 5 12 An acceptance of a waiver of consent is based on the following principles. Firstly, more than 50% of surgery in Africa is urgent or emergent, and urgent or emergent surgery is a strong independent predictor of postoperative mortality in Africa (and internationally).2 5 Attempts to obtain traditional consent in the preoperative period in predominantly urgent and emergent surgery, which may include patients with a decreased level of consciousness may lead to non-consecutive patient enrolment. Furthermore, this is likely to lead to a biased sample, with artificially low estimates of adverse outcomes in African surgical patients, and potentially missing ‘themes’ associated with mortality, resulting in findings which are not generalisable to the majority of African surgical patients, or even misleading findings. Secondly, for these reasons, a waiver of consent is increasingly common around the world in both interventional and observational research involving time-sensitive procedures, such as surgery, as we have seen in previous APORG studies. 2 4 5 12 Thirdly, generating biased and poorly generalisable data would not address the research question, and thus would dishonour the contributions of the other included patients, and would be wasteful research, in a resource-limited environment. Fourthly, we believe that the study is low risk. Indeed confidential enquiries of maternal mortality and the National Audit Projects of the NHS, on which this study is modelled, have waived informed consent. Fifthly, as an observational study, there is no intervention and the patients’ perioperative path is not altered by inclusion on this study. Finally, we would use ‘broadcasting’ at participating sites to ensure patients and family members were aware that the surgical site was a participating surgical site, through appropriate signage (appendix 1).

Informed consent will be obtained from all clinical staff prior to them completing the baseline survey (appendix 2). Similarly, informed consent will be obtained from all clinical staff participating in the case registry panel discussions (appendix 3).

6.3. [bookmark: _Toc211342281]Hospital randomisation for inclusion
[bookmark: _Hlk6216091]To minimise bias of recruited participating sites, the participating sites will be randomly selected from a sampling frame stratified by hospital level i.e. level 1 (district hospital), level 2 (regional hospital), or level 3 (tertiary, quaternary, or specialised hospital).13

To develop the sampling frame for each country, the following strategy will be used. We will first approach the National Ministry of Health in each country, and ask for collaborative participation in the study, and a list of surgical sites according to the Disease Control Priorities, Third Edition (DCP-3) definitions.13 This will be the sampling frame for the country. Should we be unable get National Ministry support, then the sampling frame will be from our own existing network of hospitals in APORG which exceeds 600 hospitals in Africa.

Participating sites will be randomly selected from the sampling frame, stratified according to hospital DCP-3 level.13 Should a site refuse to participate, then a further sample will be randomly selected from the stratum. Should there be only one potential participating site in the stratum, then there will be no representation from that stratum in the country.

6.4. [bookmark: _Toc211342282]Study stages
The study will follow five stages.
[bookmark: _Toc211342283]Baseline survey
The baseline survey is an assessment of preparedness for safe surgery. The survey will be administered electronically via the secure REDCap platform. Participation will be voluntary, and informed consent will be obtained prior to completion of the survey. To ensure anonymity, no identifying information will be collected, and responses will be stored securely online, with access provided to only the research team. The survey will be designed to minimize bias and will include context-appropriate items that reflect institutional and individual preparedness for safe surgical care. It has two quantitative components:
1. Institution preparedness 
This baseline survey will assess departmental organisation concerning patients at risk of perioperative death, their management and of perioperative death. Survey questions focused on staff mix, case mix, procedures for summoning emergency help, access to emergency guidelines, resuscitation equipment, including defibrillator availability and governance.
2. Individual preparedness 
There will be baseline surveys of surgery and anaesthesia providers and operating theatre and surgical ward nurses. The online survey will examine knowledge, training and personal experiences of peri-operative mortality. 
A survey link will be sent to local co-ordinators, who will forward the survey locally to the surgery and anaesthesia providers and operating theatre and surgical ward nurses. They will inform their local co-ordinators when they have completed their survey to enable calculation of a response rate. 
Both surveys will be developed by an African Continental Steering Panel, with multiple iterations leading to final versions. The surveys will be distributed before the launch date of the case registry component of the study. The surveys will be undertaken using REDCap.14  Quantitative analysis will be performed using Statistical Package for the Social Sciences (SPSS) version 24 (SPSS, Chicago, USA) and R statistical software package version 3.4 (R Foundation for Statistical Computing, Austria).

[bookmark: _Toc211342284]Activity survey
A quantitative activity survey will determine the surgical caseload at all participating sites over one week. Using paper-based CRFs, which will be transcribed to an online REDCap registry, local investigators will collect data on all surgical cases, including cases requiring general anaesthesia, regional anaesthesia/analgesia, sedation, local anaesthesia or monitored anaesthesia care (i.e. care by anaesthetist without administration of anaesthetic drugs) will be captured. Any patient returning to theatre for a second procedure will be entered as a separate case. The caseload for the week, will then be scaled for a year. The activity survey will be a prospective, observational study to collect denominator data about surgical activity, patient characteristics and deaths during and after surgery. 

The survey enables the incidence of deaths occurring during the case reporting phase of the project to be compared against the caseload. The survey will also determine who does what, when and where. 
The case record form (CRF) will collect individual case data pertinent to understanding peri-operative death. Data fields included: patient characteristics; comorbidities; anaesthetic technique; monitoring; and complications during and after surgery, informed by data from previous APORG studies.2-5 The CRF will be tested by the African Continental Steering Panel before final approval. 

To be reported, the steering panel defined peri-operative death as any death that occurred from the time of induction of anaesthesia (or surgery if no anaesthesia), until discharge or 30 days if still in-hospital. Dying patients taken home ‘in order to die at home’ before 30 days will be considered a peri-operative death.

[bookmark: _Toc211342285]Case registry of deaths
The case registry will start on the same day as the ‘activity survey’ and will run for a two-to-eight-week period depending on the site (see sections 7.1 and 7.2).

The qualitative methods will use a deductive thematic analysis, using a structured panel review of likely processes contributing a perioperative death, and a panel discussion of the certainty around the described processes. The panel meetings will not be recorded, nor will they be transcribed. This is the well-established practice developed in the United Kingdom National Health Service National Audit Projects. Case reporting will be confidential, and all patient, hospital, and clinician details will be anonymised at the source by the reporting clinician or the local co-ordinator. When a local co-ordinator or other anaesthetist needs to report a case, they will contact the study administrator. The reporter will confirm that there has been a perioperative death as defined above and that the case occurred during the data collection period. 

After confirmation that the case met inclusion criteria, the reporter will be issued a unique identifier and password to a secure encrypted case submission website. Before accessing the secure webpage, the reporter will be required to change their password. The African Continental Steering Panel will design the structured case report form to capture the breadth and depth of data needed for each case whilst minimising the risk of patient, clinician or hospital identification.  There will be a separate structured case report from for paediatric, adult and obstetric surgical deaths. These case reports will have both quantitative and qualitative fields to understand factors contributing to perioperative death.

No patient, clinician or hospital or country data will be admissible on the form. Only the Human Development Index (HDI) classification of the country will be submitted on the form (low-income country (LIC) or middle-income country (MIC)). The local co-ordinator who entered the case will not be identifiable. Once the case is completed and finalised (‘locked’), the submitted form will be automatically transferred to the clinical lead to enable analysis.

[bookmark: _Toc211342286]Structured panel review
The steering committee will identify clinician leaders who will be doctors and nurses, of any level, involved in perioperative care, including anaesthesia, surgery, or obstetric and gynaecology from each country. These clinician leaders will form the ASOS-CAP review panel. The ASOS-CAP review panel will meet monthly to review and classify a representative sample of submitted cases using the methodology established in the National Audit Projects.15 Each case will be reviewed by a group of three to five clinical, with several groups performing reviews concurrently. The reviews will have structured outputs to capture key information about each case. 

The review output form will ensure review groups assess anaesthetic care, surgical care and ward care management during their perioperative care, including during patient deterioration, resuscitation and post-resuscitation care, death and case debrief. The review output form will also capture data on contributory and causal factors to the event as determined by the reporter and the review panel. 

After the case review in small groups is complete, the review groups will present cases and analyses to the whole review panel (which is expected to be about 12–15 members) at the end of each session to moderate the findings and note points of interest. Key lessons and keywords from each case will be recorded. Case reviewers will not be permitted to discuss case details or review outputs outside the review meetings. If a review panel member has any knowledge of a case from direct involvement or indirect means (e.g. local morbidity and mortality meetings), they will not be permitted to highlight this or bring that knowledge to the process as either of these actions would risk de-anonymising the case record.

It is recognised that some case themes may be repetitive and reviewing all reported cases in full is likely to be unnecessary and inefficient. Once the review process is established, a complimentary rapid review process will be used to enable learning from all cases to be incorporated into the final report. Rapid review cases will be assessed by two panel members independently. Where the case requires subspecialty expertise, one reviewer will be from the relevant stakeholder group. The review outcome will focus on the quality of care and learning points. If either panel member records that the case should be reviewed by the full panel or there is a notable disagreement between panel members in their assessment, the case will be submitted for full panel review. The aim will be to review a minimum of 150 cases in full, including those of particular note. This figure exceeds the number of reviews judged necessary to reach theme saturation, by all core panel members of the recent 7th National Audit Project, on which this methodology is based (Personally communication, TM Cook).

Although the data will initially be qualitative, once ‘theme saturation’ is reached, quantitative fields will be developed for identified ‘themes.’ The results will therefore be a combination of quantitative and qualitative data to describe factors contributing to perioperative mortality. 

For the case registry, all data will be uploaded via a secure web-based tool using SSL encryption to Safe Surgery South Africa (SSSA), the data administrator for the study. The SSSA team will control access to the tool, with security and confidentiality maintained through a registration process and the use of usernames and passwords. No identifiable patient, clinician or hospital information will leave any site; only anonymised data will be received and analysed.

[bookmark: _Toc211342287]Policy recommendation panel
The methodology and process for determining policy and system changes that are needed to address the identified modifiable factors will be achieved through a structured process of evidence synthesis, consensus-building, and prioritisation led by the review committee. The review committee will include the study’s steering committee as well as representatives from the National Ministries of Health who agreed to participate in the study.

Analytical approach:
1. Input evidence: Summaries of modifiable factors and root causes from death reviews will form the analytic base.
2. Deliberative analysis: The committee comprising policymakers, managers, and clinicians, will review these findings to identify systemic, policy-relevant gaps (e.g. governance, financing, workforce, data use).
3. Consensus process: Through moderated discussions, the committee will formulate evidence-based, actionable policy recommendations aligned with national strategies and feasible within existing systems.
4. Prioritization and validation: Recommended actions will be appraised against SMART criteria (Specific, Measurable, Appropriate, Relevant, Time-bound)16 and categorised by level of implementation (facility, district, national).
5. Documentation and follow-up: Each recommendation will include the responsible authority, implementation pathway, and monitoring indicators, ensuring accountability and traceability within the broader quality improvement cycle.
This structured approach transforms review data into policy-relevant insights and implementable reforms, closing the loop between case review and systemic change. It follows a similar process applied to South Africa's approach to Maternal and Perinatal Death Surveillance and Response - also known as confidential enquiry for maternal deaths and perinatal death reviews.17-19

[bookmark: _Toc211342288]Patient participation
The clinician lead at each site will identify appropriate patient representatives for their site. Patient representatives will be involved in developing the survey tool to ensure that important psychosocial aspects influencing safe surgical care are not overlooked. 

6.5. [bookmark: _Toc211342289]Data collection and collation
[bookmark: _Toc211342290]Dataset
This is a pragmatic study in a resource-limited environment. As a result, a realistic data set will be fundamental to the success of the study, in the baseline survey, activity survey and case registry. We are confident that the proposed data sets will achieve this objective as the previous APORG studies have shown data completeness exceeding 95% in early studies, and now exceeding 99% in the most recent study. 2-5 12 We believe that these key data points will encourage centres to participate as there will not be an excessive burden of data collection. 

The baseline survey, activity survey and case registry data sets will be developed by the African Continental Steering Panel, which will be constituted of National and Hospital Leaders from previous APORG studies, who understand the context of the both the clinical environment, resources, and the associations with perioperative death in Africa.  We are therefore confident that we will be able to deliver pragmatic datasets, with limited redundancy, and a relevant focus for identifying potentially modifiable themes for patient deterioration and death in Africa.
7. [bookmark: _Toc211342291][bookmark: _Hlk180916]Statistical considerations

7.1. [bookmark: _Toc211342292]Sample size calculation
The sample size was determined by i) the number of cases in a case registry needed to reach ‘theme saturation’, and ii) the need to be able to provide ‘theme saturation’ at each DCP-3 hospital level in LIC and MICs. 
Unpublished data from adult surgery in Africa (from ASOS-1 and ASOS-2)2 4 and paediatric surgery in Africa (ASOS-Paeds)5 suggests potential different outcomes at DCP-3 facility levels between LIC and MICs in Africa (Table 1). Significantly more adult patients died at level 1 facilities in LIC, and more paediatric patients died at level 3 facilities in LIC, compared to MIC.
Table 1. Mortality reported in adult2 4 and paediatric5 surgical patients by hospital level and country income level 
	Adult mortality
	Low-income countries
	Middle-income countries

	DCP-3 level
	Mean %
	2.5%
	97.5%
	Mean %
	2.5%
	97.5%

	1
	1.6%*
	0.9%
	2.4%
	0.6%*
	0.4%
	0.9%

	2
	1.1%
	0.8%
	1.4%
	1.0%
	0.8%
	1.2%

	3
	2.4%
	1.9%
	2.8%
	1.9%
	1.7%
	2.1%

	Paediatric mortality
	

	DCP-3 level
	

	1
	2.0%
	0%
	4.3%
	2.4%
	1.1%
	3.7%

	2
	1.8%
	0.2%
	3.3%
	1.5%
	0.6%
	2.5%

	3
	4.1%*
	3.1%
	5.2%
	1.9%*
	1.5%
	2.2%


DCP-3 Disease Control Priorities, Third Edition; *p<0.05
Hence, the sample size is determined by the number of cases needed to demonstrate ‘theme saturation’ at each DCP-3 level of hospital in LIC and MIC in Africa, for both adult and paediatric surgical patients. ‘Theme saturation’ required approximately 75 reviewed cases in the National Audit Projects (TM. Cook, personal communication), and therefore the study needs approximately 75 reviewed cases in both LIC and MIC per DCP-3 hospital category. If ‘theme saturation’ is deemed to have occurred at a combined total of 75 reviewed cases from both LIC and MIC hospitals at a DCP-3 hospital level, then further full review will not continue to 75 reviewed cases in both LIC and MIC hospitals for that DCP-3 level. 

7.2. [bookmark: _Toc211342293]Recruitment period
Based on the proportion of hospitals participating per DCP-3 category and LIC-MIC distribution, patient recruitment and reported mortality of ASOS-1, ASOS-22 4 and ASOS-Paeds,5 we are able to calculate the expected cases (mortality) within a 2 week period in adult and paediatric surgical patients at each DCP-3 hospital level in both LIC and MICs (Table 2).
Table 2. Reported mortality, and expected cases based on hospitals expected per hospital category in low and middle-income countries, and the number of recruitment weeks needed for ‘theme saturation’
	
	Mortality
(%)
	Expected cases (n)
	Hospitals needed
(n)
	Mortality reported (%)
	Expected cases
(n)
	Recruitment period

	
	
	In 2 week period
	Total
	LIC
	MIC
	LIC
	MIC
	LIC
	MIC
	Total
	Total weeks required

	ASOS 1 and 2

	DCP-1
	0,9%
	43
	531
	173
	358
	1,6%
	0,6%
	121
	99
	220
	2

	DCP-2
	1,0%
	101
	191
	62
	129
	1,1%
	1,0%
	69
	131
	200
	2

	DCP-3
	2,0%
	127
	80
	26
	54
	2,4%
	1,9%
	78
	127
	206
	2

	ASOS-Paeds

	DCP-1
	2,3%
	16
	531
	173
	358
	2,0%
	2,4%
	65
	130
	195
	2

	DCP-2
	1,6%
	18
	191
	62
	129
	1,8%
	1,5%
	19
	36
	55
	8

	DCP-3
	2,4%
	38
	80
	26
	54
	4,1%
	1,9%
	36
	40
	76
	6


DCP-3 Disease Control Priorities, Third Edition, LIC Low-income country, MIC Middle-income country
Based on hospital recruitment of approximately 530, 190 and 80 DCP-1, 2, and 3 level hospitals with the expected distribution between LIC and MICs will result in ‘theme saturation’ within a two-week recruitment period for adult surgery, and DCP-1 level hospital paediatric surgery. DCP-2 and 3 level hospitals will need a recruitment period of 8 and 6 weeks respectively. Based on previous study participation in APORG studies, we expect to recruit 43 countries (14 LIC and 29 MICs) to achieve the hospital recruitment needed for the study.
The ‘activity survey’ will run concurrently with the first week of the ‘case registry of deaths.’ Following the first week of recruitment, the case registry will continue for either 2, 6 or 8 weeks as per the recruitment schedule in Table 2.
[bookmark: OLE_LINK2][bookmark: OLE_LINK3]
7.3. [bookmark: _Toc211342294]Statistical analysis
All institutional level data will be anonymised. Categorical variables will be described as proportions and will be compared using chi-square tests replaced by exact tests for sparse data as appropriate. Continuous variables will be described as mean and standard deviation if normally distributed or median and inter-quartile range if not normally distributed. Comparisons of continuous variables between groups will be performed using t-tests, one-way ANOVA or equivalent non-parametric tests as appropriate. 

The primary outcome will be in hospital mortality. Overall differences in in-hospital mortality will be compared between the LIC and MIC country clusters at each DCP-3 level. All analyses will account for clusters through the use of weighted analyses, with weighting based on facility size and country. We will describe facility non-response but will not incorporate non-response into weighted analyses. A list of baseline risk factors will be included in the analysis. We will use generalised mixed models to estimate the effect of the baseline risk factors on mortality in adult and paediatric surgical populations accounting for clustering on facility and country.  We will calculate the odds ratios and their associated 95% confidence intervals.  We will infer statistical significance if the computed 2-sided p-value is < 0.05; no adjustments in statistical significance thresholds used in hypothesis testing will be made for multiple comparisons.  A single final analysis is planned at the end of the study and there will be no interim analyses of study outcomes. 

7.4. [bookmark: _Toc211342295]Subgroup analyses
An a priori decision has been taken to conduct the following subgroup analyses; i) between middle- and low-income countries, ii) at each DCP-3 hospital level.

7.5. [bookmark: _Toc211342296]Secondary studies
The use of the ASOS-CAP data for secondary studies will be encouraged.

7.6. [bookmark: _Toc211342297]Case registry
During the conduct of ASOS-CAP we will perform a case registry study to gain insight into the main themes associated with mortality. The case registry aims to determine: 
1. Health system, 
2. Institutional,
3. Personnel and,
4. Patient factors contributing to mortality.

The measurement tool used for the case registry will be an anonymised case report. At the start of the case report form respondents will be informed about its content and intent. Respondents will be given the opportunity to opt out, or to give consent prior to continuing to the questions. 


8. [bookmark: _Toc211342298]Research ethics

[bookmark: _Toc211342299]8.1 Ethical principles

[bookmark: _Hlk502671425]The PI will ensure that this study is conducted in accordance with the Principles of the Declaration of Helsinki as amended in Tokyo (1975), Venice (1983), Hong Kong (1989), South Africa (1996), Edinburgh (2000), Washington DC (2002), Tokyo (2004), Seoul (2008), Fortaleza (2013) and Helsinki (2024) and adopted by the World Medical Association in October 2024 as described at the following internet site: https://www.wma.net/policies-post/wma-declaration-of-helsinki-ethical-principles-for-medical-research-involving-human-subjects/.  In South Africa, the study will be conducted according to the Department of Health guidelines: ‘South African Good Clinical Practice Guidelines (3rd Edition 2020).’

Research ethics and regulatory approvals will be sought before starting the study at each site, in accordance with national research legislation/guidelines for that country. This may require the translation of the trial protocol and ‘broadcasting’ documents. Other trial documents will be translated at the discretion of the national lead investigator. 

All members of the study steering committee will declare conflicts of interest before joining the study group. These will be listed on any publications arising from the trial.
We acknowledge the potential for psycho-emotional impact during the panel discussions. However, the risk is considered low, as all panel members will be qualified medical professionals for whom morbidity and mortality reviews are a routine part of clinical practice. These discussions will be conducted in a structure and professional manner, consistent with established norms in surgical care. 
However, should any participant express a need for psychological support, we will provide contact details for non-profit organisations and community healthcare centres offering professional counselling services (Appendix 4).

9. [bookmark: _Toc211342300]Data handling and record keeping

Data will be collected in individual centres on paper case record forms (CRFs). Paper CRFs will be stored within a locked office in each centre as they will include identifiable patient data in order to allow follow-up of clinical outcomes. Data will then be pseudo-anonymised by generation of a unique numeric code and transcribed by local investigators onto an internet based electronic CRF. Each patient will only be identified on the electronic CRF by their numeric code; thus, the co-ordinating study team cannot trace data back to an individual patient without contact with the local team.  A participant (patient) list will be used in each centre to match identifier codes in the database to individual patients in order to record clinical outcomes and supply any missing data points. Access to the data entry system will be protected by username and password delivered during the registration process for individual local investigators. All electronic data transfer between participating centres and the co-ordinating centre will be encrypted using a secure protocol. Data were anonymised during the transcription process using REDCap (Research Electronic Data Capture) tools hosted by Safe Surgery South Africa. REDCap is a secure, web-based application designed to support data capture for research studies.14

Where individual centres are unable to access the internet-based case record form, pseudo-anonymised (coded) facsimile (fax) data transfer will be available to a secure, dedicated fax machine in the co-ordinating office. Pseudo-anonymised (coded) data may also be sent by e-mail to the co-ordinating centre if necessary. 

Data transfer may also be submitted by the EQUAL app which is a secure transfer of a photo of a CRF, and anonymised extraction of data from the photographic image. The EQUAL app provides digital perioperative data without compromising patient privacy or data integrity. The following is a list of the most significant security measures of the EQUAL app: 1). One-Way Cloud Storage. Image and extracted medical data are stored on AWS, one of the most secure cloud platforms available, and data processing is “one-way”; data can be sent to the server for processing, but there is no mechanism for getting data out of the server. 2). Anonymisation of identifiers. Sign up assigns a random alphanumeric ID. 3). Ephemeral Image Storage. All uploaded chart images will be deleted immediately after they are digitised. No chart images are archived or backed up via AWS once text extraction is complete.

Each centre will complete a screening log reporting the number of eligible surgical patients who had surgery during the study at the centre.

Each centre will maintain a secure trial file including a protocol, local investigator delegation log, ethics approval documentation, and the patient list. 

Once the local co-ordinator confirms data entry is complete for their hospital they will receive a spreadsheet of raw (un-cleaned) data, allowing further checks for data completeness and accuracy.
10. [bookmark: _Toc211342301] Monitoring and auditing

The Sponsor will have oversight of the study conduct at each site. The study team will take day-to-day responsibility for ensuring compliance with the requirements of GCP in terms of quality control and quality assurance of the data collected. The ASOS-CAP Management Group will communicate closely with individual sites and the Sponsor’s representatives to ensure these processes are effective. 

10.1 [bookmark: _Toc211342302]Training of investigators
All investigators will complete training consistent with their national regulations for clinical research. A representative of the national coordinating centre for each country will conduct a site initiation at each site before patient recruitment commences, or conduct a remote electronic site initiation. The site initiation will include an induction to the study protocol and procedures, the standardised assessment of outcome measures, and the study database. When new investigators join the research team at a particular site during the course of the study, the responsibility for induction training will fall to the local principal investigator.
11. [bookmark: _Toc211342303]Study management and committees

[bookmark: _Toc211342304]11.1 Study management group
Day-to-day study management will be co-ordinated by the study management group consisting of the Chief Investigator and his/her support staff.

[bookmark: _Toc211342305]11.2 Study Steering Committee
The Study Steering Committee will oversee the study and will consist of:
· Chief Investigator
· APORG Board African Regional Representatives
· APORG Patient Representative
· Safe Surgery South Africa Director and Data Scientist
· Statistical Lead
· Global Health expert
· National Audit Project expert, and 
· Representatives of each participating nation

Meetings will be held at regular intervals determined by need but not less than once a year. The Steering Committee will take responsibility for:
· approving the final protocol;
· major decisions such as a need to change the protocol for any reason;
· monitoring and supervising the progress of the study;
· reviewing relevant information from other sources;
· informing and advising on all aspects of the study

12. [bookmark: _Toc211342306]Data management and ownership

On behalf of the Steering Committee, Safe Surgery South Africa (SSSA) will act as custodian of the data. In line with the principles of data preservation and sharing, the steering committee will, after publication of the overall dataset, consider all reasonable requests to conduct secondary analyses. The primary consideration for such decisions will be the quality and validity of any proposed analysis. Only summary data will be presented publicly, and all institutional and patient level data will be strictly anonymised. Individual patient activity survey data provided by participating hospitals remain the property of the respective institution. Once each local co-ordinator has confirmed the data provided from their hospital are both complete and accurate, they will be provided with a spreadsheet of the raw (un-cleaned) activity survey data for their hospital.
The complete ASOS-CAP activity survey dataset, anonymised with respect to participating patients and hospitals, will be made freely and publicly available two years following publication of the main scientific report. Prior to this, the steering committee is not under any obligation to release data to any collaborator or third party if they believe this is not in keeping with the wider aims of the ASOS-CAP project.
13. [bookmark: _Toc211342307]Publication plan and public communication of trial results

The Steering Committee will appoint a writing committee to draft the scientific report(s) of this investigation, which will be disseminated in a timely manner. The group will be known as ‘The ASOS-CAP Investigators’. It is anticipated that a number of secondary analyses will be performed. ASOS-CAP investigators will be given priority to lead such analyses and are encouraged to do so. Participation and authorship opportunities will be based on contribution to the primary study. The Steering Committee will consider the scientific validity and the possible effect on the anonymity of participating centres prior to granting any such requests. Where necessary, a prior written agreement will set out the terms of such collaborations. The steering committee must approve the final version of all manuscripts including ASOS-CAP data prior to submission. In the event of disagreement within the steering committee, the Chief Investigator will make a final ruling. Any analysis incorporating ASOS-CAP data from two or more study sites will be considered a secondary analysis and subject to these rules. The Steering Committee must approve the final version of all manuscripts prior to submission, whether they relate to part or all of the ASOS-CAP dataset.

[bookmark: _Hlk512501310]In order to inform the participating communities of the results, the ASOS-CAP results will also be broadcast using appropriate signage at the facilities that participated in the study.

Possible interventions to improve postoperative surgical mortality will be made by the policy recommendation panel. 
[bookmark: _Toc211342308]
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[bookmark: _Toc211342310]African Surgical Outcomes Study- Continental Audit Project (ASOS-CAP): Hospital ‘broadcasting’ signage 
[image: A blue and black logo

AI-generated content may be incorrect.]IMPORTANT PATIENT INFORMATION
A research study is being conducted at …………………..Hospital.
The research is being done by Dr ………………….. from the Department of ……………………………………………………………………………………….
Why is this research study being done?
To understand what factors are associated with surgical deaths, so that we can make surgery safer.

Why are we telling you about this study?
All adult and child surgical patients in this hospital are part of the study. It is a requirement that some details pertaining to your clinical care are entered into a study folder. Information from this folder will be used anonymously to understand how we can make surgery safer. 

Will this study affect my care while I am in hospital?
No. You will still receive the same care while you are in hospital.

Will my name or any personal details be recorded in this study?
No. Your name and personal details will not be recorded as part of this study. All information from the notes will be kept strictly confidential. If you do not want your data to be used in this study, you can opt out. This will not affect your care.

Are there any risks or benefits associated with this study?
No. There are no risks or direct benefits associated with this study. 

Who should I contact if I have any questions or concerns?
Please contact Dr ………………………….. on telephone……………………
If you have questions about your rights or welfare as a research participant, please contact the UCT Faculty of Health Sciences Human Research Ethics Committee on +27 (0)21 406 6338.  


[bookmark: _Toc211342311]Appendix 2
[bookmark: _Toc211342312]Participant information sheet and consent for the baseline survey

Introduction
This Participant Information Sheet explains the research study and what taking part will mean. Knowing what is involved will help you decide if you want to take part in the study.
Please read this information carefully. Ask questions about anything that you don’t understand or want to know more about. Participation in this research is voluntary and it is your choice to agree to be a part of the study or not. If you do not wish to take part, you do not have to. If you decide you want to take part in the research project, you will be asked to sign the consent section. By signing it you are telling us that you:
•   	Understand what you have read
•   	Consent (agree) to take part in the research project
•   	Consent to the research that is described
You will be given a copy of this Participant Information and Consent Form to keep.

Background and purpose of this study
You are invited to take part in this research project because you work at a hospital participating in the African Surgical Outcomes Study – Continental Audit Project. You are a critically important voice in understanding the current status of perioperative care at the hospital.
Surgery is an important part of healthcare worldwide; approximately 40% of illnesses, which can’t be spread from person to person, require surgery. Over the past 10 years, there has been an increase in research into how to make surgery safe, affordable, and effective.
Research is a very important part of surgery and the healthcare system, and it includes a varied group of people. These people include patients, policymakers (all people involved in making decisions on how healthcare is provided to patients), allied services (such as laboratories, pharmacy, biotechnology), and healthcare workers and administrators like you.
The ultimate goal of our research is to determine the factors associated with death following surgery in children, mothers and adults across Africa. This research is designed to directly benefit the patients of your hospital and wider community.
What would taking part involve?
You will answer a survey about your and your hospital’s preparedness for safe surgery. The survey will include questions on knowledge, training and personal experiences of perioperative mortality, as well as questions on staff mix, case mix, procedures for summoning emergency help, access to emergency guidelines, resuscitation equipment, including defibrillator availability and governance.
Your responses will completely confidential and will not be linked to your name. We will not collect any identifying data.
Who is organizing and funding the research?
This research study has been conceived by the University of Cape Town’s Department of Anaesthesia and Perioperative Medicine. 
Will I get paid to take part in this study?
There is no reimbursement for this study.
Consent
It is up to you whether you decide to join the study. If you agree to take part, we will ask you to sign a consent form. You are free to leave the study at any time, without giving a reason. Whether or not you take part in the study, if you wish to complain, or have any concerns about any aspect of the way you have been treated during this study, you should ask to speak to your local lead researchers who will do their best to answer your questions (contact details are at the bottom of this form).
The UCT’s Faculty of Health Sciences Human Research Ethics Committee can be contacted on 021 406 6338 in case you have any ethical concerns or questions about your rights or welfare as a participant in this research study.
Contact details
For any further information you may require, please contact Prof Bruce Biccard (021 404 5001).

I consent to participate in the baseline survey for the African Surgical Outcomes Study – Continental Audit Project. 
· You will now be taken to the survey

I do not consent to participate in the baseline survey. 
· You will not be taken to the survey.


[bookmark: _Toc211342313]Appendix 3
[bookmark: _Toc211342314]Participant information sheet and consent for the structured panel review 
[bookmark: _9dq6b9lj8493]
Introduction
This Participant Information Sheet explains the research study and what taking part will mean. Knowing what is involved will help you decide if you want to take part in the study.
Please read this information carefully. Ask questions about anything that you don’t understand or want to know more about. Participation in this research is voluntary and it is your choice to agree to be a part of the study or not. If you do not wish to take part, you do not have to. If you decide you want to take part in the research project, you will be asked to sign the consent section. By signing it you are telling us that you:
•   	Understand what you have read
•   	Consent (agree) to take part in the research project
•   	Consent to the research that is described
You will be given a copy of this Participant Information and Consent Form to keep.
Background and purpose of this study
You are invited to take part in this research project because you work at a hospital participating in the African Surgical Outcomes Study – Continental Audit Project. You are a critically important voice in understanding the current status of perioperative care at the hospital.
Surgery is an important part of healthcare worldwide; approximately 40% of illnesses, which can’t be spread from person to person, require surgery. Over the past 10 years, there has been an increase in research into how to make surgery safe, affordable, and effective.
Research is a very important part of surgery and the healthcare system, and it includes a varied group of people. These people include patients, policymakers (all people involved in making decisions on how healthcare is provided to patients), allied services (such as laboratories, pharmacy, biotechnology), and healthcare workers and administrators like you.
The ultimate goal of our research is to determine the factors associated with death following surgery in children, mothers and adults across Africa. This research is designed to directly benefit the patients of your hospital and wider community.
What would taking part involve?
You will participate in monthly structured panel discussions about surgical cases where patients died. The review discussion will be aimed at reviewing the anaesthetic care, surgical care and ward care management during their perioperative care, including during patient deterioration, resuscitation and post-resuscitation care, death and case debrief. The review output form will also capture data on contributory and causal factors to the event as determined by the reporter and the review panel. 
After the case review in small groups is complete, the review groups will present cases and analyses to the whole review panel (which is expected to be about 12–15 members) at the end of each session to moderate the findings and note points of interest. Key lessons and keywords from each case will be recorded. Case reviewers will not be permitted to discuss case details or review outputs outside the review meetings. If a review panel member has any knowledge of a case from direct involvement or indirect means (e.g. local morbidity and mortality meetings), they will not be permitted to highlight this or bring that knowledge to the process as either of these actions would risk de-anonymising the case record.

  
Your responses will completely confidential and will not be linked to your name. We will not collect any identifying data.
Who is organizing and funding the research?
This research study has been conceived by the University of Cape Town’s Department of Anaesthesia and Perioperative Medicine. 
Will I get paid to take part in this study?
There is no reimbursement for this study.
Consent
It is up to you whether you decide to join the study. If you agree to take part, we will ask you to sign a consent form. You are free to leave the study at any time, without giving a reason. Whether or not you take part in the study, if you wish to complain, or have any concerns about any aspect of the way you have been treated during this study, you should ask to speak to your local lead researchers who will do their best to answer your questions (contact details are at the bottom of this form).
The UCT’s Faculty of Health Sciences Human Research Ethics Committee can be contacted on 021 406 6338 in case you have any ethical concerns or questions about your rights or welfare as a participant in this research study.
Contact details
For any further information you may require, please contact Prof Bruce Biccard (021 404 5001).


I,________________ (name and surname), consent to participate in the structured panel reviews for the African Surgical Outcomes Study – Continental Audit Project. 


_____________________									_____________________
Signature 											Date



[bookmark: _Toc211342315]Appendix 4

[bookmark: _Toc211342316]Non-Profit Organisations and Community Health Centres for Psychosocial Support 
 
 
	Name 
	Type 
	Contact Number 
	Services Provided 

	Manenberg Community Health Centre 
	CHC 
	021 691 6409 
	Primary health care, mental health services, referrals to psychologists and social workers 

	FAMSA Cape Town 
	Non-Profit 
	021 447 7951 
	Counselling, trauma debriefing, and family support 

	The Trauma Centre for Survivors of Violence & Torture Trust 
	Non-Profit 
	021 465 7373 
	Trauma counselling, violence intervention 

	Mental Health Information Centre of SA  
	Non-Profit 
	021 938 9229 
 
	Information, referral support, and education services 

	LifeLine Western Cape 
	Non-Profit Helpline 
	021 461 1113 
	Crisis counselling, emotional support 

	South African Depression and Anxiety Group (SADAG) 
	NPO Helpline 
	0800 456 789  
	Counselling, mental health education, and referral 


 


Case registry of deaths
Perioperative deaths over a 2 to 8 week period dependent on sampling (observational study)


Activity survey
Surgical caseload at all sites over one week period (observational study)


Baseline survey
Preparedness of the institution and individual (survey)


Structured panel review
Review and classify a representative sample of submitted cases (quantitative and qualitative analysis)


Policy recommendation panel
Review findings and recommend policies for safe surgery
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