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Abstract 

Background: Surgical site infection (SSI) is the most common complication of abdominal 

surgery, and commonly occurs after hospital discharge. When patients in low- and middle-

income countries (LMICs) undergo surgery, they are three times more likely to have a SSI 

than patients in high-income countries. Returning to hospital for routine face-to-face follow-up 

is the accepted gold standard for diagnosing a SSI but can be challenging in many 

environments, and resource intensive for healthcare teams.  

 

Aims: The overall aim of this thesis was to develop a high-quality pathway for remote 

surgical wound assessment using telemedicine that can be delivered flexibly across diverse 

healthcare settings. First, I aimed to evaluate the feasibility and accuracy of telemedicine in 

the detection of SSI in existing data. Second, I aimed to explore the cross-cultural 

equivalence of a Wound Healing Questionnaire (WHQ) across several LMICs and make 

recommendations for its adaptation for use in global surgery research and practice. Third, I 

aimed to test the feasibility and accuracy of the adapted WHQ in diagnosis of SSI. 
 

Methods: The primary outcome of interest in this thesis was SSI reported up to 30-days after 

surgery using the US Centres for Disease Control criteria. First, I compared the rates of SSI 

using telemedicine to those with in-person review in two data sources: (A) an international 

cohort study of adult patients discharged from hospital before 30-days after abdominal 

surgery; (B) a systematic review with meta-analysis of rates of SSI detection conducted in 

accordance with PRIMSA guidelines (PROSPERO:192596). Second, to recommend 

adaptations to the WHQ outcome measure for global implementation, I conducted a mixed-

methods study across seven LMICs. Qualitative data were obtained from interviews and 

focus groups with local researchers with deductive coding aligned to cognitive theory. 

Quantitative data were collected in a prospective cohort study and Rasch analysis was used 

to explore measurement properties of the WHQ. I triangulated these data to make 

recommendations for cross-cultural and cross-language adaptation. Third, I conducted a 



 

validation cohort study within a randomised trial (FALCON, NCT03700749) where 

consecutive patients undergoing abdominal surgery for a range of indications underwent 

telephone assessment with the WHQ (index test) up to 72-hours before their face-to-face 

assessment (reference test). I worked with Community Engagement and Involvement (CEI) 

partners to optimise the measurement pathway. 
 

Results: The SSI rate reported using telemedicine in the cohort data was lower than with in-

person follow-up (11.1% versus 13.4%, p<0.001), which persisted after risk adjustment in a 

mixed-effects model (adjusted odds ratio: 0.73, 95% confidence interval 0.63-0.84, p<0.001). 

This was consistent on meta-analysis of all existing data (odds ratio: 0.67, 0.47-0.94, I2=0.45, 

p=0.12). Included studies were at a high risk of bias. This indicated the need for a novel, 

high-quality wound assessment tool. During WHQ adaptation, qualitative data were obtained 

from 10 structured interviews and 6 focus groups with 47 investigators and quantitative data 

from 537 patients. Triangulation provided evidence for modification of 9 items, and revision of 

the response structure. In the validation study, patients were included from three upper-

middle (396 patients, 13 hospitals), three lower-middle (746 patients, 19 hospitals), and one 

low-income country (54 patients, 4 hospitals). Successful telephone contact was achieved in 

90.3% (1088/1196) of patients. The WHQ discriminated patients with and without SSI 

(AUROC 0.869, 95% CI 0.824-0.914). An adapted WHQ cut-off point score of >4 

demonstrated sensitivity of 0.701 (0.610-0.792), specificity of 0.911 (0.878-0.9430), positive 

predictive value of 0.723 (0.633-0.814) and negative predictive value of 0.901 (0.867-0.935). 

 

Discussion: Current methods for remote detection of SSI are inadequate, missing 1 in 3 

patients with infection. This thesis describes the adaptation and validation of the WHQ, 

demonstrating that a telephone pathway for wound assessment is feasible and moderately 

accurate. The adapted WHQ is now ready for global implementation in research and routine 

postoperative surveillance, using the co-designed toolkit to optimise local measurement 

processes. 
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1. Introduction 
1.1 The global importance of surgery and anaesthesia systems 

1.1.1 Surgery in holistic healthcare systems 

Surgery is an essential component of holistic health systems and underpins the treatment of 

30% of the global burden of disease [2-5]. Despite this, it has traditionally been viewed as an 

expensive luxury and neglected from national health policy in resource constrained settings 

[6-8]. The 2015 Lancet Commission on Global Surgery shone a light on surgery and 

anaesthesia as neglected components of global health systems, with severe implications on 

population health, wealth, social cohesion, stability, and communities [2, 7, 9]. Although more 

than half of the global population lives in low- and middle-income countries (LMICs), less 

than 20% of the world’s surgeons and anaesthetists provide care in these environments [10].  

 

1.1.2 Global Surgery and the Sustainable Development Goals 

Patients that require surgery are often of a working age, and poor access to surgical care 

can lead to prolonged time away from work, temporary or permanent disability or even death 

with consequential financial ruin for families and communities [9, 11-15]. This has a 

significant macroeconomic impact on developing economies, and a compelling business 

case for investment in surgery and anaesthesia has been proposed and ratified by the World 

Health Organisation [16, 17].  The United Nations Sustainable Development Goal 3 (Good 

Health) cannot be achieved without improving equity in access to timely, affordable, safe, 

and high-quality surgery for underserved communities [6, 18]. The three most common 

operations performed worldwide are abdominal surgery (laparotomy), fixation of a long bone 

fracture, and caesarean-section. Together these are commonly known as the Bellwether 

procedures [3, 19, 20]. This thesis focuses on abdominal surgery as a prominent example of 

a globally important, high-volume procedure performed for a wide variety of non-infectious 

and infectious diseases across most hospitals in all countries around the world [21]. 
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1.2 Global variation in the safety of surgery 

1.2.1 The growing impact of global variation in surgical safety 

Complications of abdominal surgery are common and range in their therapeutic 

consequence from small deviations in pharmacological management, to reoperation, 

admission to critical care and death [22-26]. Risk of complications and death after surgery 

varies dependent on patient, disease, operation, perioperative care, and health system level 

factors [22-24]. Even accounting for all these factors, the risk of postoperative complications 

is two- to three-times higher after surgery in the lowest versus highest resource settings [22-

24]. There is a global requirement to increase surgical volume to manage the growing burden 

of surgically treatable disease [7, 27-29]. This has become even more pressing following the 

SARS-CoV-2 pandemic, with millions of operations cancelled worldwide [20, 30, 31]. If 

surgical capacity increases without increasing the safety of surgery, the global burden of 

postoperative complications risks rising in parallel, and disproportionately affecting some of 

the world’s most vulnerable populations [12, 32]. The implications of this are profound and 

represent a global healthcare crisis which urgently requires innovation, evidence, and 

investment in parallel.  

 

1.2.2 Multifactorial reasons for variation in outcomes  

The reasons for variability in surgical outcomes are multifactorial. First, lowest resource 

healthcare systems do not have capacity to rescue some patients with severe surgical 

complications, including lack of access to cross-sectional imaging, interventional radiology, 

24h emergency theatres, critical care beds and organ support services [22, 33]. Second, 

there is variability in access to healthcare technologies to support safer perioperative and 

surgical care (for example, capacity to provide minimally invasive surgery) [34]. Third, there 

is an insufficient number of expert surgery, anaesthesia, and obstetric providers to manage 
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the volume of patients requiring surgery and perioperative care [10, 27]. Fourth, pathways for 

preoperative optimisation are often underdeveloped and underfunded for planned surgical 

patients, leading to suboptimal patient physiology at the time of the surgical insult [24, 35]. 

For emergency surgery, patients often face delayed access to care with increased 

physiological severity and more advanced disease stage at the time of surgery. Fifth, 

pathways for subspecialised surgical care in LMICs, whilst being urgently developed by 

national and regional organisations, remain under-resourced and access to specialised care 

is scarce [10, 27, 36-39]. Together this equates to higher risk patients, operated in more 

fragile surgical systems, that are less able to rescue patients when they have surgical 

complications.  

 

1.2.3 What is needed 

Access to safe surgery is an issue of high global importance [7]. If surgery were to be 

considered a cause of death, it would be the third leading cause worldwide, with greater 

impact than tuberculosis, malaria, and Human Immunodeficiency Virus (HIV) combined [32]. 

Co-prioritised research programmes are urgently needed to identify effective, contextually 

relevant, and frugal interventions to reduce the global burden of surgical complications [40-

42]. This thesis aims to strengthen the quality and efficiency of these research systems. 

 

1.2.4 NIHR Global Health Research Unit on Global Surgery 

To support research that seeks to address these global health priorities, the United Kingdom 

Government allocated Official Development Assistance (ODA) funding to the National 

Institute for Health Research (NIHR). The NIHR Global Health Research Unit on Global 

Surgery is a partnership between the Universities of Birmingham and Edinburgh and was 

successful in securing funding in 2017 and 2022 (£15-million total). The NIHR Unit primarily 

aims to enhance international multidisciplinary partnership of surgeons, anaesthetists, and 



 4 

research methodologists across seven LMICs, building capacity and research leadership for 

the future. The Unit network delivers a range of research programmes including randomised 

controlled trials [43-45], prospective cohort studies [22-24, 46-49], guidelines [33, 50, 51], 

and implementation studies. The Unit network provided the research platform and 

collaborator network for this thesis. 

 

1.3 The global impact of surgical site infection 

1.3.1 Pathoaetiology and incidence 

An important example of a postoperative complication after abdominal surgery is surgical site 

(wound) infection (SSI). It is defined as an infection of the soft tissue around a surgical 

incision and can be superficial (affecting the skin and subcutaneous tissue), deep (also 

affecting the fascia and skeletal muscle layers) or organ space (intraabdominal) [52]. The 

causative pathogens depend on the type of surgery and organ system. Common organisms 

isolated from infected abdominal wound swabs include Staphylococcus aureus, coagulase-

negative staphylococci, Enterococcus spp. and Escherichia coli [53]. It is the most common 

complication of surgery worldwide affecting between 1 in 20 patients after clean surgery and 

1 in 2 patients where there is significant pus or faecal contamination of the abdomen [23].  

 

1.3.2 The impact of SSI on patients 

For patients that have SSI the consequences can range from (i) targeted antimicrobial 

therapy, sometimes with wound opening and delayed healing, to (ii) major reoperation, (iii) 

abdominal dehiscence (complete breakdown of the abdominal wound) and, (iv) long critical 

care admissions [23, 43, 54, 55]. This morbid condition impairs recovery from surgery and 

can have severe effects on wellbeing and quality of life for our patients [56-63]. 
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1.3.3 The impact of SSI on global healthcare systems and economies 

Approximately 9,800,000 surgical wound infections occur around the world each year, with a 

huge cost to patients, families, societies, and health systems [60, 64, 65]. Costs of treatment 

of SSI vary significantly from country to country but are extremely costly, particularly those 

for more severe manifestations [66]. With many patients in LMICs at high risk of financial 

catastrophe after their index surgery, the consequences of this ‘second hit’ where Universal 

Health Coverage is not available is often life altering [9, 65, 67, 68]. 

 

1.3.4 Risk factors for SSI 

Common reported patient level risk factors for surgical wound infection include older age, 

smoking, comorbidities such as diabetes, obesity, vascular disease, autoimmune and 

malignant disease, and concurrent immunosuppression [23, 25, 69-78]. Larger operations, 

through bigger incisions typically also have greater risk [43, 56]. However, the most important 

consideration in risk stratification for SSI is the degree of intraabdominal contamination 

during surgery (Table 1.1)  [23]. The greater degree of abdominal contamination, the higher 

the SSI risk the patient faces. This has been previously defined by Mangram et al, 1999 [52]. 

For this reason, in this thesis, intraabdominal contamination (clean-contaminated versus 

contaminated/dirty) will be explored as key strata throughout. 
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Table 1.1. Wound contamination classification [79] 

Classification Description 

Clean 

An uninfected operative wound in which no inflammation is 
encountered and the respiratory, alimentary, genital, or 
uninfected urinary tract is not entered. In addition, clean wounds 
are primarily closed and, if necessary, drained with closed 
drainage. Operative incisional wounds that follow nonpenetrating 
(blunt) trauma should be included in this category if they meet 
the criteria. 

Clean-
Contaminated 

An operative wound in which the respiratory, alimentary, genital, 
or urinary tracts are entered under controlled conditions and 
without unusual contamination. Specifically, operations involving 
the biliary tract, appendix, vagina, and oropharynx are included 
in this category, provided no evidence of infection or major break 
in technique is encountered. 

Contaminated 

Open, fresh, accidental wounds. In addition, operations with 
major breaks in sterile technique (e.g., open cardiac massage) 
or gross spillage from the gastrointestinal tract, and incisions in 
which acute, non-purulent inflammation is encountered are 
included in this category. 

Dirty 

Old traumatic wounds with retained devitalized tissue and those 
that involve existing clinical infection or perforated viscera. This 
definition suggests that the organisms causing postoperative 
infection were present in the operative field before the operation. 
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1.3.5 Global variation in rates of SSI 

When examining global variation in SSI rates, researchers collect data on these key 

parameters which are believed to be both causally and biologically linked to SSI to allow for 

risk adjustment of estimates. In global outcomes studies from the GlobalSurg collaborative 

the adjusted odds of SSI was observed to be 1.6x higher (1·60, 95% credible interval 1·05–

2·37) in low versus high income environments (Figure 1.1). SSI therefore disproportionately 

affects patients in low resource settings in health systems that have fewer resources to 

support patients and their recovery. Reflecting this, SSI was identified as the highest priority 

research area in multiple global co-prioritisation exercises [40], and is the target of several 

ongoing global randomised controlled trials (RCTs) [43-45] and quality improvement efforts 

[80].  
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Figure 1.1. Probability of SSI by human development index (HDI) country rank. 

Reproduced from GlobalSurg Collaborative, The Lancet Infectious Diseases (2018) [23]. 

 

The Human Development Index (HDI) was developed by the United Nations and is a composite of life expectancy, education (mean years of 
schooling completed and expected years of schooling upon entering the education system), and per capita income. It is used to rate and rank 
countries based on their development and group them into four tiers (high, upper-middle, lower-middle, low). A higher HDI rank indicates a higher 
population lifespan, education level, and income. The shared area represents the 95% credible interval derived from Bayesian mixed-effects 
modelling. 
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1.4 The role of research in global surgery 

1.4.1 The importance of research in global surgery 

High quality research has a fundamental role in strengthening global surgery and 

anaesthesia systems. This includes pragmatic randomised controlled trials, prospective 

cohort studies, health service delivery research, mixed-methods, and implementation science 

projects. Evidence can inform health policy, intervention selection, investment cases, system 

reform, training models and behaviour change. Randomised controlled trials have a special 

place in this practice change, as they control for selection and confounding bias and so allow 

for causal interpretation. This encourages adoption into practice by clinicians for real-world 

patient benefit. 

 

1.4.2 Problems with research in global surgery 

Inequity in authorship and leadership and imbalance in power continue to be problematic in 

research in the area known as ‘global surgery’ [81-85]. Global research, however defined, 

must be co-designed and co-led with partners and patients from the health systems and 

communities that it hopes to represent [85, 86]. Partnerships between global North and 

South actors can be delivered ethically where the balance of benefits is equal, learning 

occurs bilaterally, and agreements are made on an equal footing, as equal partners [82]. 

‘Parachute’ research models are hugely damaging in global health partnerships and serve to 

increase inequity rather than to improve it [87]. Multinational research efforts must therefore 

strive to balance power between partners, work collaboratively and share leadership at every 

level, and seek routes to dissemination that are locally sourced and locally relevant. Few 

international practice guidelines to date have included data from LMICs, largely because of a 

lack of trials conducted in these settings [42]. Building research capacity and infrastructure 

for LMIC-led research will grow equity in global health and more rapidly build towards a 

healthier future for the global population, with benefits for all [2]. The research in this thesis 
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has been designed, delivered, and interpreted as a deep and equal collaboration with 

partners from several countries around the world. All outputs from primary data will be 

published under a single corporate authorship structure, crediting all collaborating authors 

and with a joint corresponding author model between LMIC and HIC partners [24, 88, 89]. 

 

1.5 The problem with detection of surgical site infection 

1.5.1. Challenges of measurement of SSI  

Surgical site infection is not an easy complication to measure. There remains no single 

microbiological, biochemical, imaging, or invasive test for SSI diagnosis [52]. As such several 

diagnostic criteria for SSI have evolved including from the US Centres for Disease Control 

(CDC), ASEPSIS criteria and a definition from Public Health England [52, 90, 91]. The 

accepted ‘gold standard’ reference test for diagnosis is in-person evaluation according to the 

US CDC criteria [52]. These are summarised in Box 1.1 below. For the purposes of this 

thesis, I have combined the definitions of superficial and deep SSI after primary closure of 

the abdominal surgical wound into a single concept, where deep SSI is a more severe 

manifestation of the same postoperative complication. Deep organ space SSI is not included 

within this definition, and has a differential biological rationale (e.g., anastomotic leak, fistula, 

residual fluid collection). Adoption of these criteria in high-quality research studies brings 

reproducibility to SSI assessment, but several parts of the criteria remain subjective. For 

example, the criterion “diagnosis of an SSI by a clinician or on imaging” includes diagnosis at 

any time after surgery by any clinician; this individual may not have been trained in the CDC 

criteria, or have applied them incorrectly. The subjective nature of the symptoms of SSI are 

also a common source of variation. This leads to non-random intra- and inter-observer 

variability in the diagnosis of SSI, even where this ‘gold standard’ assessment is adopted [56, 

92].  
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Box 1.1. Centres for Disease Control definition of surgical site infection 
 
 

 

The ‘gold standard’ reference diagnostic test for surgical site infection (SSI) during the 

30-days after surgery is in-person review according to US Centres for Disease 

Control Criteria [93]. The following definition was used to identify deep incisional or 

superficial incisional SSIs:  

• The infection must occur within 30-days of the index operation 

AND 

• The infection must involve the skin, subcutaneous, muscular, or fascial layers of 

the incision 

AND 

The patient must have at least one of the following: 

• Purulent drainage from the wound 

• Organisms are detected from a wound swab 

• Wound opened spontaneously or by a clinician  

AND  

At the surgical wound, the patient has at least one of: 

• pain or tenderness 

• localised swelling 

• redness 

• heat 

• systemic fever (>38°C) 

• diagnosis of SSI by a clinician or on imaging 
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1.5.2 Importance of variation in SSI measurement  

In clinical practice, variation in detection of SSI could lead to direct harm through 

overtreatment of borderline cases (e.g., with antibiotics) with higher rates of side effects and 

antimicrobial resistance, which is another global health crisis [94, 95]. It could also lead to 

undertreatment and delayed diagnosis of SSI, leading potentially to sepsis and more severe 

consequences of wound infection. In RCTs, differential misclassification of SSI between 

arms can lead to measurement bias, and incorrect effect estimates [96]. This leads to indirect 

harm for patients that may miss out on the benefit of novel therapies (a false negative), or 

inappropriately receive a harmful or ineffective treatment (a false positive). 

 

1.5.3 The size of the problem 

The risk of misdiagnosis (predominantly under-detection) of SSI is magnified significantly 

where the CDC criteria are not used. In population surveillance programmes which use 

routine electronic health records or ad hoc clinical reporting, reported rates of SSI after major 

abdominal surgery are as low as 2% to 5% which is likely to be a 5 to 6-fold underestimation 

of the true SSI rate [58, 60, 64, 97, 98]. In population level cohort studies of abdominal 

surgery, rates of 12% to 15% are reported, roughly half that of equivalent populations in 

randomised trials [25, 56, 69, 99, 100]. Even in high quality randomised controlled trials 

where SSI is included as a secondary outcome measure, the adjusted SSI rate is 50% of that 

which would be expected in a trial with SSI as a primary outcome [92]. Put simply, in the 

diagnosis of SSI, the harder you look, the more you see. ‘Missed diagnoses’ are likely to be 

early or milder SSI events, however, they may also include patients with very severe 

symptoms that are admitted to a different hospital for care (so their outcome is challenging to 

record) or for patients who have poor access to care, so may in fact be at highest risk. Better 

methods for the diagnosis of this globally important surgical complication are urgently 

needed. 
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1.6 The importance of post-discharge wound surveillance 

1.6.1 Timing of presentation of SSI 

SSI can occur any time after abdominal surgery, but typically has a bimodal peak with high 

incidence at 5-7 days postoperatively and a second peak around 10-14 days postoperatively 

[101, 102]. The biological rationale for this is unknown, but it is likely to be related to the 

balance between immunosuppression related to the acute surgical insult, colonisation of the 

surgical wound before primary healing is achieved, and manifestation of superficial SSI as a 

late herald of deep SSI in patients with suggestive signs and symptoms or deep collection on 

imaging [23, 102, 103]. A new diagnosis of SSI over 30-days after surgery in the absence of 

an intraabdominal complication or enterocutaneous fistula is extremely rare, and this is 

typically adopted for the time of cessation of follow-up in RCTs of SSI prevention strategies 

[43, 56, 104].  

 

1.6.2 Variation in length of hospital stay across settings 

Time to discharge after surgery varies from patient to patient and hospital to hospital [22-24]. 

In high resource settings this has generally followed a trend of decreasing length of hospital 

stay, even after major surgery, in the wake of Enhanced Recovery After Surgery (ERAS) 

programmes [105-107]. Where reliable and resilient pathways for readmission to hospital 

exist, these programmes theorise that early discharge will encourage drinking, eating, 

mobilising, and sleeping in the home environment, and reduce rates of nosocomial infection, 

with a strong and evolving evidence base to date [108-112]. Length of stay in lower resource 

settings may vary from this for a number of reasons; patients may have travelled a very long 

distance to access tertiary care, may not have access to specialised care in the community 

or easy pathways for readmission in the event of deterioration, may not be able to afford 

continuing ward based care, may face significant pressures for early return to work or care 



 14 

duties, or where capacity for ERAS programmes are insufficient [22, 113, 114]. Together this 

means that around two thirds of SSI occurs after discharge but with significant variation 

between hospitals (from 13.5% to 91% in a 2016 systematic review)[101]. This highlights the 

importance of post-discharge surveillance of SSI for delivery of high-quality research and 

clinical care. This was recognised as a key quality criteria in a Lancet Infectious Disease 

meta-analysis which adapted the Cochrane Risk of Bias 2 tool for application to SSI trials 

[56].  

 

1.7 Inadequacy of in-hospital SSI as a surrogate for 30-day post-discharge SSI 

Despite variability in in-hospital SSI detection due to heterogeneity in practice across 

settings, we might consider whether in-hospital SSI measurement could be used as an early 

surrogate for 30-day SSI assessment. To act as an appropriate surrogate, in-hospital SSI 

measurement would have to meet four Prentice criteria [115, 116]: 

1. Treatment must have a significant effect upon the surrogate endpoint (in-hospital SSI) 

2. Treatment must have a significant effect upon the true endpoint (30-day SSI) 

3. The surrogate endpoint (in-hospital SSI) must have a significant effect upon the true 

endpoint (30-day SSI) 

4. The full effect of treatment upon the true endpoint (30-day SSI) must be mediated by 

the surrogate (in-hospital) 

This was updated by Marc Buyse in 2000 to provide a statistical approach to assessment of 

surrogacy in binary-binary endpoints [115].  

 

To explore the validity of in-hospital SSI assessment as a surrogate for 30-day SSI using 

these methods, we can explore the data from the FALCON trial published in The Lancet in 

2021 [43]. This was a pragmatic 2×2 factorial RCT evaluating skin preparation and fascial 

sutures in 5788 patients from seven LMICs. Patients underwent both in-hospital and 30-day 
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SSI assessment. In this study 5.4% (311/5788) of participants died before 30-days and 

(310/5778) 0.7% (43/5788) of patients remained in-hospital at 30-days after surgery, with a 

very high SSI rate (62.8%, 27/43) in this high-risk group. Of those who were discharged and 

alive at 30-days after surgery (N=5470) the median day of discharge was 5 days (IQR: 3 to 8 

days). The SSI rate at hospital discharge was 12.3% (639/5186, 284 missing) and 21.7% 

(1137/5248, 222 missing) at 30-days. Overall, 43.4% (497/1134) of SSI occurred after 

discharge. 

 

I used an information-theoretic approach to estimate trial- and individual-level surrogacy 

based on full fixed-effect models. I used subgroups by country as a proxy for data from 

different trials upon meta-analysis [117] (R Project for Statistical Computing v4.2.1, package: 

surrogate). Within-trial correlation (the extent to which the surrogate (in-hospital SSI) 

estimates the magnitude and variability of the effect estimate between trial arms in 

comparison to the true endpoint (30-day SSI)) can be explored using slope of the linear 

regression between the trial-level effects of treatment upon both endpoints (R2
trial). A 

surrogate would be ‘trial valid’ if the R2
trial was close to 1 (e.g., >0.8 [115]). In this example, 

one might expect within-trial correlation to be a low if there was a difference in discharge 

practices between patient groups with different baseline risks of SSI. 

 

Within-patient association (the extent to which occurrence of the surrogate (in-hospital SSI) 

is predictive of the true endpoint (30-day SSI)) can be explored with the individual-level 

association between both endpoints (R2
individual). Again, the surrogate would be ‘individual 

valid’ if the R2
trial was close to 1. Both criteria must be met for a surrogate to be valid overall. 

In this example, one might expect within-patient correlation to be low if a high proportion of 

SSI was detected after discharge. 
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The R2
trial and R2

individual for in-hospital SSI assessment in the FALCON trial are summarised 

in Figure 1. The R2
trial was 0.69 (95 CI: 0.20 to 0.95) for skin prep arms, the R2

trial was 0.44 

(95 CI: 0.03 to 0.85) for the fascial suture arms and R2
individual was 0.38 (95% CI: 0.36 to 

0.40). None of the three R2 were >0.8 and I was unable to accept surrogate validity. The wide 

variation in trial-level surrogacy from country to country may have reflected differences in 

discharge practices between countries.  

 

Together this analysis suggest that in-hospital SSI assessment is not a valid surrogate for 

30-day SSI in multinational RCTs. Robust post-discharge surveillance pathways are 

required. This has been recognised as a key quality measure in an adapted Cochrane Risk 

of Bias-2 (ROB-2) tool for SSI research [56].   
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Figure 1.2 Trial and individual level surrogacy effects in the FALCON trial data 
 

 

 

 
 
Each estimate plotted for the R2 coefficient represents the slope of the linear regression plotted between the surrogate and true endpoint for a 
different country participating in the FALCON trial. The top two graphs represent the trial level surrogacy estimates defined as the extent to which 
the surrogate (in-hospital SSI) estimates the magnitude and variability of the effect estimate between trial arms in comparison to the true endpoint 
(30-day SSI). The surrogate is valid where the plotted estimates sit along the diagonal line. Visualising the graphs, trial level surrogacy appears 
superior for skin prep than sutures. The bottom graph represents individual level surrogacy defined as the extent to which occurrence of the 
surrogate (in-hospital SSI) is predictive of the true endpoint (30-day SSI). The surrogate is valid where the estimates are closer to 1.0 (i.e., farther 
to the right). Overall, there was poor individual level validity of in-hospital SSI as a surrogate with some variability between countries. This might be 
due to differences for example in discharge practices between countries; where hospitals keep patients in-hospital for a longer time, their SSI is 
more likely to manifest in-hospital, thus the surrogate endpoint (in-hospital SSI) is more likely to be same as the true endpoint (30-day SSI). 

 
  

Skin prep 

Sutures 
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1.8 Remote detection of post-discharge SSI in low resource settings 

1.8.1 Challenges with in-person assessment after discharge in LMICs 

Post-discharge surveillance for SSI according to the accepted gold standard would require a 

patient to travel back to hospital for an in-person evaluation (e.g., at 30-days postoperatively 

for a research assessment) [52, 104, 118]. In research studies that means an extra in-

hospital assessment for each participant recruited. This is problematic for several reasons in 

LMICs. First, patients often travel long distances to a tertiary centre for surgery before 

returning to their home location [113]. Second, patients commonly face the risk of 

catastrophic expenditure because of their index surgery and a return journey to hospital risks 

further expenditure and time away from work or care [9, 67, 68]. Third, there is a substantial 

opportunity cost for trained surgeons or allied clinicians to perform routine wound 

assessment for every patient without appropriate triage. This is particularly important 

considering the scarcity of trained surgeons, obstetricians, and anaesthetist providers in 

many LMICs [10, 27]. Where 70% of patients will not have an SSI at 30-days after surgery, 

this additional visit for reassurance only is wasteful and inefficient [23]. 

 

1.8.2 Loss to follow-up and attrition bias 

1.8.2.1 What is attrition bias? 

Loss to follow-up occurs in a randomised trial where a patient does not maintain their trial 

involvement up to the point of the end of scheduled follow-up. This can occur where the 

patient formally withdraws consent, or simply because of non-attendance or non-contact for a 

follow-up assessment in the context of surgical studies. Loss to follow-up is a major source of 

bias in randomised trials. It causes “attrition bias” when patients are differentially lost to 

follow-up between arms (effectively a problem of missing data not at random or ‘MNAR’). 

This could mean more patients lost to follow-up in one randomised arm than another, or 

different characteristics of patients lost to follow-up in one arm (i.e., a systematic error). This 
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occurs as loss to follow-up in trials is rarely random and the patients with missing outcome 

data are often different to those with complete outcome data. In one example of follow-up of 

a group of infants born preterm there was an 8-fold higher rate of excess disability in a small 

group of babies (47/795) who were more difficult to trace due to social mobility. If only 

patients who were easy to track were included in the study, the overall primary outcome rate 

would have halved [119]. In the example of SSI, patients with severe SSI may have too much 

pain or disability to reattend an in-person assessment or be admitted to another hospital 

without knowledge of the research team. Equally, patients with no SSI that recovered quickly 

may have returned to work and may be unable to attend follow-up due to limitations imposed 

by their employer. Both risk differential misclassification in a clinical effectiveness evaluation 

in SSI prevention. 

 

1.8.2.2 The impact of attrition bias 

Where attrition bias occurs, it can have a significant impact on the overall treatment effect in 

a randomised trial. In a systematic review of high-impact medical journals between 2005-

2007, as many as 1 in 5 to 1 in 3 trials would have had a change in overall direction of effect 

(e.g., from a significant to non-significant estimate) in a ‘worse-case scenario’ when missing 

data were re-coded as either all negative or all positive events [120]. Attrition bias therefore 

can lead to patient harm, either when future patients miss out on an effective treatment that 

seemed ineffective in the trial population (i.e., a type II error), or when they are 

inappropriately exposed to an ineffective treatment (and its potential side effects, i.e., type I 

error). Where loss to follow-up is >5% this can lead to concerns with internal validity, and 

when >20% this can lead to serious risk of bias [121]. Trial retention has therefore been 

prioritised as a key research area in methodology research and was the focus of a James 

Lind Alliance priority setting partnership (PRIORITY-II) [122]. When patients are required to 

make a journey back to hospital after surgery this creates several potential logistical, 
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financial, physical, and psychological barriers to completion of outcome assessment. It is 

possible that by removing some of these barriers, remote data capture (e.g., using 

telephone, video, application, or text-message based follow-up) could reduce loss to follow-

up in future research and subsequent risk of bias. Remote detection of SSI using 

telemedicine methods (i.e., digital solutions for remote patient communication, assessment 

and/or management) will be another key consideration in this thesis and explored in data and 

discussion. 

 

1.8.2 Potential solutions for remote wound assessment 

To date, no contextually-relevant, high-quality pathway for remote SSI detection exists for 

use in global randomised trials and clinical practice [123]. Several potential options for 

remote assessment exist, including questionnaire, telephone call, text message, photograph, 

video, virtual reality, online and app-based assessment and triage tools [124-132]. Broadly 

these can be considered to be components of ‘telemedicine’ as they all use some form of 

digital technology for remote outcome assessment. The evidence base for the safety and 

feasibility of these telemedicine methods remains immature, and no tools have been 

developed or tested in LMICs where perioperative pathways, cultural and contextual barriers 

and patient-provider interactions vary considerably [35, 129, 133, 134].  

 

1.8.3 Opportunities for telemedicine in low-resource care pathways  

Significant global opportunities now exist for remote methods for post-discharge surveillance. 

The World Bank estimates that over 80% of the global population now has access to a 

mobile phone, and this proportion is growing rapidly [129]. This level of connectivity facilitates 

accessible adoption of both established and novel digital technologies in remote assessment 

pathways. If valid tools can be identified and tested, they could be administered by non-

expert doctors (or even non-clinicians) without compromising on the quality of assessment. 
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This minimises risk of research bias or harm to patients through false reassurance or 

overtreatment, whilst reducing the huge financial and opportunity costs of routine in-person 

follow-up after surgery [135, 136]. 

 

1.8.4 Potential applications of telemedicine in SSI detection 

There are two principal ways in which telemedicine tools could be applied to SSI detection. 

First, they could be used in direct diagnosis of an SSI. This allows the patient to seek care 

through established local pathways and provides a definitive binary assessment of the SSI 

status for the purposes of research studies. Second, they could be used to triage patients 

based on their likelihood of SSI to seek in-person review for diagnosis (high or moderate 

likelihood), re-review at a future time (low likelihood), or provide reassurance (very low 

likelihood). This still brings efficiency to the SSI assessment pathway versus routine review 

of all patients in-person postoperatively but requires additional systems to be in-place for in-

person review of a proportion of at-risk patients. In this thesis, I will consider both 

applications in detail, as either could be preferred in specific settings. I will discuss the 

relevant strengths and weakness of each throughout and provide data to support 

implementation of telemedicine tools using either method. 

 

1.9. Relevance of telemedicine in post-pandemic recovery 

1.9.1 Risks of in-person follow-up for surgical patients during COVID-19 

In the early SARS-CoV-2 pandemic period, patients undergoing surgery were identified as 

being at high risk of severe COVID-19 related postoperative pulmonary complications and 

death. In large international datasets, 1 in 2 patients with SARS-CoV-2 within 30-days of 

surgery suffered a pulmonary complication and as a many as in 1 in 4 of these died [48, 49]. 

Pulmonary complications were responsible for 2 in every 3 deaths in surgical patients in 

2021 [137]. No difference in risk was observed between patients that became infected 
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preoperatively and any time postoperatively up to 30-days after surgery, and risk was high 

even after minor operations [49]. It was hypothesised that this additional risk in comparison 

to the general population was due to the ‘double-hit’ of the stress of surgery and invasive 

mechanical ventilation in addition to SARS-CoV-2 infection [138, 139]. Healthcare systems 

developed several strategies to protect patients from infection including COVID-19 free 

surgical pathways, routine preoperative testing, and vaccination [140, 141]. Outpatient 

attendance to clinic for in-person follow-up therefore, for many, became an unnecessary 

additional risk with health providers initiating telemedicine methods without the evidence 

base to support their implementation. 

 

1.9.2 Changes in patterns over time 

Whilst the phenotype of perioperative SARS-CoV-2 is likely to have decreased in severity 

over time, related to improvements in critical care, widespread vaccination, and emergence 

of the Omicron variant, surgical patients remain at increased risk [46, 142]. Many hospitals 

have invested time and energy in behavioural change for clinicians to provide telemedicine 

services and for patients to accept and understand the limitations of telemedicine 

consultations [143, 144]. It is therefore very unlikely that the rapid adoption of telemedicine in 

the surgical setting will be reversed. Providing high-quality models for implementation of 

telemedicine is now an urgent priority for the global surgical community. Pathways must be 

developed that are applicable to all hospitals and patients worldwide to counter the growing 

inequalities in health and welfare that have been compounded by the pandemic [145-148].  

 

1.9.3 Emerging examples of telemedicine in postoperative care  

Several examples of postoperative use of telemedicine have gained traction over the past 2-

years. However, heavy investment in software and infrastructure has not been matched by 
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investment in high-quality research to evaluate its use. A few prominent good-quality 

examples exist:  

• PVC-RAM-1 trial: 8 hospitals in Canada, demonstrated increased identification and 

correction of prescribing errors and reduced pain in patients undergoing non-elective 

surgery randomised to a tablet computer for daily wound photographs and remote 

monitoring versus standard care [149] 

• TWIST trial: a single hospital in Scotland, demonstrated earlier SSI detection and 

fewer readmissions in adult emergency surgery patients randomised to a 

smartphone-delivered wound assessment versus standard care [131] 

• STOMPA trial: demonstrated a reduced readmission rate and burden of travel in new 

ostomates randomised to receive regular teleconsultations with a stoma nurse in 

comparison to standard care [150] 

• JAMA Surgery, 2021: two hospitals in USA, demonstrated a reduction in time taken 

for follow-up overall with a virtual visit versus in-person visit after minimally invasive 

appendicectomy or cholecystectomy, with no reduction in provider contact time for 

patients [124] 

No high-quality diagnostic accuracy studies have evaluated telemedicine in postoperative 

care in LMICs. 

 

1.9.4 Telemedicine as a core component of resilient surgical systems 

A final example of how telemedicine can support COVID-19 pandemic recovery is in building 

resilient surgical systems. Resilient surgical systems are able to continue surgery and 

anaesthesia provision during periods of high external stress, such as pandemics, natural 

disasters, war and other social and political disruption [11, 47, 151, 152]. Reducing resource 

usage and building more flexibility into perioperative care teams will allow agile working 

across multidisciplinary team members, reduce demands on physical space and clinical staff, 
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and significantly reduce administrative burden in outpatient services [136, 153, 154]. Remote 

pathways for postoperative surveillance were prioritised as one of 23 key Surgical 

Preparedness Indicators (SPIs) in a recent global consensus and international hospital 

assessment, highlighting its importance in preparedness for external shocks [47, 155].  

 

1.10 Introduction summary  

SSI is a problem of huge global importance. Robust pathways to detect SSI require 

postoperative surveillance up to 30-days after surgery, which currently requires patients to 

travel back to the hospital after surgery. This is particularly inefficient in low resource 

environments where time, space, staff, and resources are scarce. As the global community 

becomes increasing connected by mobile devices, there is a huge opportunity to leverage 

this to build high-quality, efficient postoperative surveillance pathways. This has been 

particularly notable during COVID-19, where hospitals around the world have adopted 

telemedicine despite an immature evidence base. This thesis aims to explore this area in 

depth, in the context of SSI, and develop a novel pathway for implementation around the 

world, including in LMICs. This will both strengthen future research studies and build 

resilience into surgical systems. 
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2. Aims and objectives 
 

The overall aim of this thesis was to develop a high-quality pathway for remote surgical 

wound assessment using telemedicine that can be delivered flexibly across diverse 

healthcare settings. To achieve this, I had three aims, each with related objectives. 

 

Aim 1. First, I aimed to evaluate the feasibility and accuracy of existing telemedicine 

methods in the detection of post-discharge SSI after abdominal surgery using published 

data.  

 

Objectives 

• To explore whether wound assessment using telemedicine was feasible across 

different country and income settings in data from an international cohort study 

• To compare the rates of SSI reported using telemedicine and in-person follow-up in 

risk adjusted patient-level data 

• To explore the rates of telemedicine adoption for wound assessment in the published 

literature  

• To compare the rates of SSI detected using telemedicine and in-person follow-up in 

published data using meta-analysis 

 

Aim 2. Second, I aimed to explore the cross-cultural equivalence of a Wound Healing 

Questionnaire (WHQ, developed and validated in the UK) across several LMICs and make 

recommendations for its adaptation for use in global surgery research and practice. 

 

Objectives 

• To explore cross-cultural equivalence, acceptability, and content validity of the WHQ 

across several LMICs using qualitative methods  
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• To assess the translatability of the WHQ for use across relevant languages in the 

FALCON trial delivery network 

• To perform cross-language translation of the WHQ according to best practice 

recommendations 

• To assess the scaling and psychometric properties of the WHQ in quantitative data 

using Rasch analysis   

• To triangulate these data to make recommendations for the adaptation of the WHQ 

for use in global surgical research and practice 

 

Aim 3. Finally, I aimed to test the feasibility and accuracy of the adapted WHQ in remote 

diagnosis of post-discharge SSI. 

 

Objectives 

• To evaluate the feasibility of a telephone WHQ pathway for remote assessment of the 

surgical wound across seven LMICs 

• To assess the accuracy of the telephone WHQ in diagnosis of SSI in adult patients 

undergoing major abdominal surgery 

• To explore the diagnostic accuracy of the WHQ across key patient subgroups 

• To work with patients and community members to co-produce an optimised pathway 

for telephone outcome measurement, and make recommendations for future 

researchers 
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Figure 2.1. Relationship between FALCON trial and TALON-1 and TALON-2 studies 
within a trial 
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3. Current use of telemedicine for post-discharge assessment 
of the surgical wound: an international cohort study, and 
systematic review with meta-analysis 
 

3.1 Abstract  

Background 

Surgical site infection is the most common complication of surgery worldwide, and frequently 

occurs after hospital discharge. Evidence to support implementation of telemedicine during 

postoperative recovery will be an essential component of pandemic recovery.  This chapter 

aimed to determine whether remote wound reviews using telemedicine can be safely 

upscaled, and if standardised assessment tools are needed.  

 

Methods 

The primary outcome of this study was surgical site infection reported up to 30-days after 

surgery. I compared rates of SSI reported on remote assessment using telemedicine 

(telephone and/or video assessment) versus those with in-person review. The first part of this 

study analysed primary data from an international cohort study of adult patients undergoing 

abdominal surgery who were discharged from hospital before 30-days after surgery. The 

second part combined this data with the results of a systematic review to perform a meta-

analysis of SSI detection rates using telemedicine and in-person using all available data. 

This was reported in accordance with PRIMSA recommendations (PROSPERO:192596). 

 

Results 

The cohort study included 15,358 patients from 66 countries (8069 high, 4448 middle, 1744 

low income). Of these, 6907 (45.0%) were followed up using telemedicine. The SSI rate 

reported using telemedicine was slightly lower than with in-person follow-up (11.1% versus 

13.4%, p<0.001), which persisted after risk adjustment in a mixed-effects model (adjusted 
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odds ratio: 0.73, 95% confidence interval 0.63-0.84, p<0.001). This association was 

consistent across sensitivity and subgroup analyses, including a propensity-score matched 

model. In the systematic review, nine eligible non-randomised studies were identified. A 

pooled mean of 64% of patients underwent telemedicine follow-up. Upon meta-analysis, the 

SSI rate reported was lower with telemedicine (odds ratio: 0.67, 0.47-0.94) than in-person 

(reference) follow-up (I2=0.45, p=0.12), although there a high risk of bias in the included 

studies. 

 

Conclusions 

Use of telemedicine to assess the surgical wound post-discharge is feasible, but risks 

underreporting of SSI. Standardised tools for remote assessment of SSI must be evaluated 

and adopted as telemedicine is upscaled globally. 
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3.2. Introduction 

3.2.1 Background  

3.2.1.1 Telemedicine to detect surgical wound complications 

Surgical site infection (SSI) is the most common complication of surgery, with a high burden 

of morbidity, detriment to quality of life and economic consequences for both patients and 

providers [57, 61, 66, 93]. It has global impact with variation in risk across settings [23]. SSI 

often presents after patients have left hospital after surgery [102]. The current accepted 

standard in surgical site infection assessment requires an in-person review by an 

appropriately trained clinician, according to US Centre for Disease Control Criteria (CDC) 

[156]. In accordance with this framework, patients must travel back to hospital as an 

outpatient, or for a clinician to visit them in the community. Whilst telemedicine is an 

attractive target for assessment of the surgical wound, the evidence for its adoption remains 

limited. Quality of wound assessment is proportionate to the reported rate of SSI [92, 104]. 

Even in randomised trials, where SSI is a secondary rather than primary outcome the 

reported rate of SSI is twice as low [92]. Unstandardised telemedicine assessment therefore 

risks delay to timely intervention and introduction of research bias [22, 157]. 

 

3.2.1.2 The emergence of telemedicine during SARS-CoV-2  

Telemedicine has now become a core component of health service delivery. During COVID-

19 outbreaks, patients have been encouraged not to return to hospital for in-person 

assessment after surgery due to fear of SARS-CoV-2 transmission [48, 51, 139, 158]. Use of 

telemedicine in surgical follow-up has rapidly increased, but without opportunity for detailed 

evaluation [144, 159, 160]. If telemedicine assessment is not standardised it risks 

underreporting or misidentification of complications, and harm for patients. Better 

understanding the capacity to deliver telemedicine in the surgical setting and the accuracy of 

remote assessment for common complications will be fundamental to the pandemic recovery 
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effort [161, 162]. This may be particularly important in low-resource settings where, even pre-

pandemic, patients had to travel longer distances to hospital and risk catastrophic 

expenditure as a result of a surgical episode [68].  

 

3.2.1.3 Challenges to assessment of wound infection across settings 

Hospitals in LMICs treat a high burden of surgical disease [14] and have high number of 

eligible patients for recruitment to pragmatic clinical trials. However, in-person assessment is 

labour and time intensive, and requires patients to take additional time-off work and incur 

costs of travel. This poses particular difficulty in LMICs where patients may live further from a 

specialist hospital and may already be at risk of financial catastrophe as a result of their 

index procedure [9, 29].  Remote methods for assessing SSI are therefore particularly 

important in low resource settings. Over 80% of the global population has access to a mobile 

telephone, opening an opportunity for remote and digital wound assessment pathways [129, 

163]. Non-standardised telephone follow-up may risk reducing the validity of outcome 

assessment. Quality assured methods for remote wound evaluation are urgently required, 

both to deliver high quality research and for surveillance after hospital discharge. 

 

3.2.2 Aims 

The objectives of this cohort study, and systematic review with meta-analysis were to: 

1. Explore whether wound assessment using telemedicine was feasible across different 

country and income settings 

2. Compare the rates of SSI reported using telemedicine and in-person follow-up in risk 

adjusted data 

 
  



 32 

3.3 Methods 

3.3.1 Cohort study 

This was a pre-planned, secondary analysis of a prospective, international, multi-centre 

cohort study conducted across the GlobalSurg Collaborative network (GlobalSurg-2) [164]. 

Detailed methodology for the study has been previously published [23]. The primary study 

aimed to describe the rates of SSI around the world and variability across United Nations 

Human Development Index (HDI) groups. Each contributing institution sought and obtained 

ethical and institutional approval according to local regulations. The cohort study was pre-

registered on ClinicalTrials.gov (NCT02662231). I was a steering and writing group member 

for the study and co-founder of the GlobalSurg collaborative, so had direct access the 

cleaned source data. All data were fully anonymised, with individual patients given a unique 

study identifier. 

 

3.3.1.1 Inclusion and exclusion criteria 

Any centre performing elective and/or emergency abdominal surgery was invited to 

participate. Local investigators used consecutive sampling to include all patients undergoing 

elective (planned) or emergency (unplanned) gastrointestinal resection within discrete 2-

week periods. Both open and minimally invasive approaches were eligible. Both adults and 

children (of any age) were eligible for inclusion. Patients were excluded where the primary 

identification for surgery was vascular, gynaecological, obstetric, urological, or for 

transplantation. 

 

3.3.1.2 Data variables and data collection 

Data were collected using a secure, password-encrypted, web-hosted Research Electronic 

Data Capture (REDCap) system. Participating centres were grouped into tertiles according to 

the United Nation’s Human Development Index (HDI). A full description of the data variables 
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collected is available in the primary report of this study [23]. Data variables were chosen 

pragmatically to be objective, easily standardised and internationally relevant to minimise 

missing data and maximise data quality.  Independent data validation was performed for 

case ascertainment and data accuracy. 

 

3.3.1.3 Classification of follow-up method 

Investigators were asked to actively monitor patients up to 30-day after surgery, and 

performed an assessment for SSI at 30-days after surgery by one of three methods: (1) 

Telemedicine review (telephone and/or video assessment), which was not standardised in 

the study, but was performed according to local practice and informed by CDC criteria; (2) In-

person clinical review, either during an outpatient clinic appointment or a community visit in 

accordance with CDC criteria; (3) Inpatient only, with in-hospital assessment and review of 

patient notes and electronic records up to 30-days after surgery (i.e., no contact made after 

discharge). Patients that remained an inpatient at 30-days postoperatively were excluded 

from analysis (including those that were readmitted and were in hospital at 30-days after 

surgery). Patients that were readmitted and discharged before 30-days after surgery had an 

independent 30-day assessment of their SSI status. 

 

3.3.1.4 Outcome measures 

The primary outcome measure was surgical site infection reported up to 30-days after 

surgery defined according to the US Centre for Disease Control criteria [93]. I included both 

superficial and deep infections but excluded organ space infection, which has a different 

biological mechanism (e.g., anastomotic leak, gross contamination). Training in the CDC 

criteria for SSI diagnosis was provided to all investigators using an online training module. 

The secondary outcome measure was 30-day postoperative mortality rate (POMR) with day 

0 as the day of surgery. 



 34 

 

3.3.1.5 Statistical analysis 

Differences in characteristics and the reported rates of SSI between telemedicine, in-person 

and inpatient only follow-up were tested with the Pearson χ2 test for categorical variables 

and with the Kruskal-Wallis test for continuous variables. There is likely to be variation in the 

methods of adoption of telemedicine across different resource settings. Global variation was 

explored by stratifying comparisons between high-HDI, middle-HDI and low-HDI countries to 

explore whether patterns were consistent across health systems.  

 

Multilevel logistic regression models were constructed to explore associations between the 

method of follow-up and the SSI rate reported. Characteristics and outcomes of patients with 

no post-discharge assessment (inpatient only) were described for transparency, but were 

excluded from multivariable modelling. Adjustment for case mix was performed using patient, 

disease, and operation-specific factors, informed by a causal model constructed to inform 

covariable selection and presented using a Directed Acyclic Graph (DAG). Country was 

incorporated as random effects with a constrained gradient. Discrimination of the model was 

determined using the C-statistic (area under the receiver operating curve characteristic). 

Model coefficients were presented as adjusted odds ratios (OR) with 95% confidence 

intervals (CI).  

 

To account for death after surgery as a competing risk, patients who died before 30-day 

follow-up were excluded in a sensitivity analysis of the primary analysis. A second sensitivity 

analysis was conducted including only patients with a postoperative length of stay of 14 days 

or less to explore associations in group who were unlikely to have experienced significant 

complications of surgery. A third sensitivity analysis included elective cancer surgery only, to 

explore associations in a more heterogenous, high-risk group.  
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The final sensitivity analysis was performed in propensity score matched (PSM) groups to 

address a risk of selection bias and counterfactuals [165, 166]. Propensity score matching 

(PSM) involved building a binary logistic regression model to explore predictors of 30-day 

SSI using a four-step approach.  

 

• First, propensity scores were developed by including HDI tertile, age, sex, ASA 

grade, urgency, and approach in a binary logistic regression model.  

 

• Second, this logistic regression model was then used to calculate propensity scores 

using the MatchIt package. The calculated weights represent the estimated 

probability of 30-day SSI based on each participant's matched characteristics. 

Participants with in-person review were matched to participants with telemedicine 

review using coarse exact matching (packages: cem, randomForests). This is a form 

of matching (without replacement) where covariates are coarsened into bins, and the 

coarsened covariates are used to created subclasses based on combinations of the 

coarsened covariate levels. It is deemed to be most appropriate: (1) where there are 

many covariates so exact matching may not be possible; (2) when evaluating 

extreme counterfactuals [165].  

 

• Third, bias-corrected accelerated (BCa) bootstrap 95% confidence intervals were 

derived for model coefficients (package: boot).  

 

• Finally, to ensure that the matching was effective, we checked the balance of 

covariates between the patients with in-person and telemedicine review in the 

matched data. 
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Subgroup analyses were performed for the primary analysis across high versus middle or 

low HDI countries to explore the effect of country resourcing on the association between 

method of follow-up and SSI detection rate.  

 

Finally, to explore risk of reverse causation (i.e., patients with serious postoperative 

complications seeking in-person review) I looked for associations between follow-up method 

and 30-day POMR. All analyses were done using the R Foundation Statistical Program 

version 4.1.1 (packages: finalfit, tidyverse, boot, MatchIt, cem, randomForests).  

 
3.3.2 Systematic review and meta-analysis  

A systematic database search was performed according to a pre-published protocol 

(PROSPERO:192596) and followed Preferred Reporting Items for Systematic Reviews and 

Meta-analysis (PRISMA) guidance. Studies reporting surgical site infection rates reported 

using telemedicine and in-person assessment after non-cardiac surgery were included. Data 

extracted from published studies was combined with cohort data and a meta-analysis 

performed with all available data. 

 

3.3.2.1 Database search and report characteristics 

A search strategy was constructed using Medline, EMBASE and PubMed to identify two key 

concepts within published literature: (1) surgical site infection and (2) telemedicine. The full 

search strategy for the review is presented in Box 3.1.  

 

All included studies assessed a proportion of patients both by telemedicine and in-person 

follow-up. Observational studies (retrospective or prospective) or prospective randomised 

trials in non-cardiac surgery (including caesarean section) were included where they reported 

surgical site infection rates in adult patients (greater than 16 years). Both planned elective 
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and unplanned emergency surgery were eligible. Studies were only included if they reported 

SSI rates up to a maximum 90-days after surgery, and assessed a proportion of patients 

using both telemedicine and in-person follow-up within the study. No limitations were 

imposed to the questionnaire schedule used or methodology for in-person follow-up.  

 

Studies reporting either within-subject SSI rates (i.e., same patient received both telephone 

and in-person follow-up) or between-subject SSI rates (i.e. different patients received either 

telephone or in-person follow-up) at the same time point were both eligible. Studies were 

excluded where SSI rates were reported at different time points (e.g., in-hospital versus 30-

days, where SSI rates could not be disaggregated between remote and in-person follow-up, 

between abdominal surgery and other surgery types, or from other postoperative 

complications. Studies were also excluded which reported ongoing follow-up of patients that 

had already suffered a surgical site infection. To provide contemporaneous estimates, 

studies published before 2010 (i.e., in the 10-years before study initiation) were excluded. 

 

3.3.2.2 Outcome measures 

The primary outcome measure was the rate of surgical site infection reported up to 30-days 

after surgery in the study. In the meta-analysis, this was defined pragmatically according to 

any classification system adopted (US CDC, ASEPSIS or Public Health England), or 

diagnosis by a clinician. The secondary outcome measure was the proportion of patients 

undergoing telemedicine versus in-person follow-up.  

 

3.3.2.3 Data extraction and analysis 

Abstracts were screened by two independent reviewers using Rayyan QCRI and full texts 

were retrieved for all studies that potentially met the inclusion criteria [167]. Any 

disagreement on eligibility of abstracts and/or full papers was resolved through consensus 
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discussion with a third reviewer. Data on the proportion of patients with an SSI reported by 

telemedicine and by in-person follow-up, and the proportion of patients that underwent 

telemedicine follow-up were extracted from eligible study and combined with data from the 

cohort study in Part 1. Data extraction was performed according to a pre-specified framework 

using Google Sheets® (Google LLC, Mountain View, USA) to support collaborative working. 

Data were cross-checked for accuracy by two independent researchers.  

 

Data analysis was performed using R Foundation Statistical Program version 3.1 (packages: 

meta, metabin). Outcome measures were quantitatively summarised where data were 

available. Firstly, meta-analysis performed to estimate the pooled mean proportions of 

patients followed-up using telemedicine. Secondly, meta-analysis was performed to compare 

the reported SSI rates with telemedicine and in-person follow-up. Heterogeneity among study 

estimates was quantified using the I2 and an associated test for heterogeneity. As 

heterogeneity was likely to be high, the DerSimonian and Laird random effects (RE) method 

was used to pool estimates, with inverse-variance weights. A subgroup analysis was 

performed of data from high versus low and middle-income countries. (packages: metaprop, 

meta). 

 

3.3.2.4 Risk of bias assessment 

Risk of bias was assessed for non-randomised studies using the ROBINS-I tool. As this was 

not a clinical effectiveness study, a GRADE level of evidence assessment was not deemed 

to be required. 
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Box 3.1. Full search terms included in systematic review 
 
Concept 1: Surgical site infection 
"Surgical site infect*" or "Surgical site complicat*" or "Surgical wound infect*" or "Surgical 

wound complicat*"or SSI or SSIs or SWI or SWIs or "post-operative infect*" or 

"postoperative infect*" or "post-op wound infect*" or "postop wound infect*" or "post-op 

infection" or "postop infection" or "post-operative wound infect*" or "postoperative wound 

infect*" or "Surgical wound dehiscence" OR "postoperative complication*" 

 

Concept 2: Telemedicine 
"phone" or "telephone" or "smartphone" or "cellphone" or "telemedicine" or "teleconsult" or 

"phone consult" or "tele* consult*" or "tele-nursing" or "mobile consult" or "remote 

consultation" or "phone interview" or "telephone interview*"or "phone call" or "tele* call" or 

"telehealth" or "tele-health" or "ehealth" or "e-health" or "mhealth" or "m-health" or "mobile 

health" or "telecommunication*" or "hotline" or "helpline" or "videoconference" or "mobile 

technolog*" or "telephone triage" or "e-referral" or "text messag*" or "text" or "sms" or "txt" 

or "interviews as topic" 
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3.4 Results 

3.4.1 Cohort study 

3.4.1.1 Methods of post-discharge follow-up 

Overall, 15358 of 16015 patients (95.9%) were discharged before 30-days postoperatively 

and were included in this analysis. Of these patients, 6907 underwent telemedicine review 

(45.0%), 6171 in-person review (40.2%), and 2280 inpatient only assessment (14.8%).  

 

3.4.1.2 Use of telemedicine 

Telemedicine was used across 51 of 66 contributing countries spanning high (n=23), middle 

(n=16) and low-HDI (n=12) settings. In high-HDI settings 36.7% (3113/8492) of included 

patients were followed-up using telemedicine. The telemedicine follow-up rates were higher 

in both middle-HDI (61.4%, 3075/5006), and low-HDI settings (38.7%, 719/1860). 

Telemedicine was used for patients of both sexes (41.8%, of male patients, and 47.1% of 

female patients) and all age ranges, including both the youngest (2 to 20 years; 46.6%, 

1003/2151) and oldest age groups (80 to 100 years; 31.8%, 154/485). Telemedicine was 

used to follow-up patients with a range of ASA grades, underlying pathologies and 

presenting for both elective and emergency care (Table 3.1). 
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Figure 3.1. Surgical site infection rates by method of follow-up across high-, middle- 
and low-income settings. 
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3.4.1.3 Characteristics of patients by follow-up group 

There were significant differences in the baseline risk characteristics of the groups that 

underwent telemedicine, in-person, and inpatient only follow-up. Notably, patients that 

underwent surgery for malignancy were less likely to have telephone review than in-person 

clinical review (34.6% versus 55.6%, p<0.001). Patients undergoing emergency surgery were 

more likely to have telephone review than clinical review (43.8% versus 38.3%, p<0.001). 

Patients from high income countries (p<0.001), with gallstone disease or appendicitis as their 

indication for surgery (p<0.001), or that underwent emergency surgery (p<0.001) were most 

likely to have inpatient only assessment. 

 

3.4.1.4 Reporting of surgical site infection 

In this study, 11.2% (1721/15358) of patients had an SSI reported, and 5.5% (843/15358) 

had an unknown SSI status. The rate of SSI reported was slightly lower with telemedicine 

(11.1%, 766/6907) and lower with inpatient only follow-up (5.7%, 129/2280) than with in-

person follow-up (13.4%, 826/6171, p<0.001). Of patients that had SSI reported, 44.5% 

(766/1721) of diagnoses were made using telemedicine, 48.0% (826/1721) in-person and 

7.5% (129/1721) with inpatient only assessment.  

 

Figure 3.1 shows the unadjusted SSI rates by method of follow-up, stratified by HDI tertile. 

‘Unknown’ SSI status was higher in groups undergoing inpatient only assessment than 

telephone review or in-person clinical review groups; this difference was largest across 

middle- and low-HDI settings (p<0.001). Small differences were observed in reported SSI 

rates (unadjusted) following telemedicine and in-person review across high- (7.3% 

(222/3043) versus 11.4% (432/3793)), middle- (13.3% (396/2971) versus 12.9% (169/1305)) 

and low-HDI (20.7% (148/716) versus 22.8% (225/989)) countries. Unadjusted SSI rates with 
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telephone follow-up and in-person clinical follow-up were comparable across strata of intra-

abdominal contamination (Figure 3.2).  

 

Inpatient only assessment had a lower recorded rate of SSI in high-income settings (5.1% 

(69/1355)), but a higher rate of SSI reported in middle- (15.3% (42/274)), and low-income 

settings (26.1% (18/69)) respectively. 

 

3.4.1.5 Postoperative mortality rates 

The overall 30-day postoperative mortality rate was 2.4% (352/14871, missing: 487). This 

was lower in high (1.9%, 157/8368) than in middle (2.3%, 105/4570) and low (4.7%, 90/1933) 

income countries, and lower after clean contaminated (1.4%, 161/11572) than after 

contaminated (4.3%, 79/1841) or dirty (8.4%, 109/1300) surgery. 
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Figure 3.2. Surgical site infection by method of follow-up in patients with different 
levels of intraabdominal contamination. 
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3.4.1.5 Multivariable models for reporting of surgical site infection  

A Directed Acyclic Graph displaying a proposed casual model between method of follow-up 

and SSI test positive (‘observed SSI’) is displayed in Figure 3.3. Upon univariable analysis, 

the odds of reporting an SSI following telemedicine assessment (OR 0.81, 0.73-0.90, 

p<0.001) was lower than in-person (reference). After multivariable adjustment telemedicine 

assessment was associated with lower odds of reporting SSI than in-person review (OR 

0.73, 0.64-0.84, p<0.001). Figure 3.4 below displays a forest plot of the model. A lower odds 

ratio conveys a lower adjusted odds of reporting a surgical site infection (i.e., assumed to be 

under-detection of the true SSI rate). The full model summary is also presented in Table 3.1. 
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Figure 3.3. Proposed casual model 
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Figure 3.4. Forest plot of factors associated with reporting of post-discharge surgical site infection after abdominal surgery.  
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Table 3.1. Mixed effects model demonstrating the association between reported 
surgical site infection rates and method of follow-up.  
 

Factor Level No SSI SSI OR (univariable) OR (multilevel) 

Follow-up 
In-person review 5232 (86.4) 824 (13.6) - - 

Telemedicine review 5958 (88.6) 763 (11.4) 0.81 (0.73-0.90, p<0.001) 0.73 (0.64-0.84, p<0.001) 

HDI tertile 

High 6159 (90.4) 653 (9.6) - - 

Middle 3702 (86.8) 562 (13.2) 1.43 (1.27-1.61, p<0.001) 1.10 (0.79-1.52, p=0.579) 

Low 1329 (78.1) 372 (21.9) 2.64 (2.29-3.04, p<0.001) 1.64 (1.15-2.34, p=0.006) 

Age group 

<20 1550 (87.3) 226 (12.7) - - 

20-39 3501 (88.1) 471 (11.9) 0.92 (0.78-1.09, p=0.352) 1.15 (0.94-1.39, p=0.169) 

40-59 3153 (87.8) 439 (12.2) 0.95 (0.81-1.14, p=0.598) 1.18 (0.95-1.46, p=0.144) 

60-79 2393 (87.0) 356 (13.0) 1.02 (0.85-1.22, p=0.825) 1.12 (0.88-1.44, p=0.362) 

80-100 343 (85.1) 60 (14.9) 1.20 (0.88-1.62, p=0.246) 1.15 (0.79-1.67, p=0.469) 

Gender 
Male 4922 (86.3) 779 (13.7) - - 

Female 5615 (88.7) 716 (11.3) 0.81 (0.72-0.90, p<0.001) 1.09 (0.96-1.23, p=0.196) 

ASA 

I 5005 (89.3) 602 (10.7) - - 

II 4158 (88.0) 569 (12.0) 1.14 (1.01-1.28, p=0.038) 1.53 (1.31-1.79, p<0.001) 

III 1499 (83.6) 293 (16.4) 1.63 (1.40-1.89, p<0.001) 1.86 (1.51-2.28, p<0.001) 

IV 185 (78.1) 52 (21.9) 2.34 (1.68-3.19, p<0.001) 1.89 (1.30-2.76, p=0.001) 

V 47 (64.4) 26 (35.6) 4.60 (2.79-7.42, p<0.001) 2.45 (1.37-4.37, p=0.002) 

Unknown 296 (87.1) 44 (12.9) 1.24 (0.88-1.70, p=0.205) 0.99 (0.69-1.43, p=0.961) 

Smoker 

Never Smoked 7358 (88.0) 1006 (12.0) - - 

Current smoker 1657 (86.7) 255 (13.3) 1.13 (0.97-1.30, p=0.116) 1.07 (0.90-1.28, p=0.416) 

Ex-smoker 1164 (85.0) 205 (15.0) 1.29 (1.09-1.51, p=0.002) 1.33 (1.09-1.62, p=0.004) 

Unknown 1011 (89.3) 121 (10.7) 0.88 (0.71-1.06, p=0.191) 0.97 (0.77-1.22, p=0.796) 

Pathology 

Malignancy 1643 (85.8) 272 (14.2) - - 

Other abdominal 2700 (84.7) 488 (15.3) 1.09 (0.93-1.28, p=0.284) 0.96 (0.79-1.17, p=0.677) 

Infection 148 (61.7) 92 (38.3) 3.75 (2.80-5.01, p<0.001) 2.20 (1.55-3.13, p<0.001) 

Appendicitis 3052 (87.7) 429 (12.3) 0.85 (0.72-1.00, p=0.050) 0.96 (0.75-1.23, p=0.761) 

Gallstone disease 3475 (92.6) 277 (7.4) 0.48 (0.40-0.57, p<0.001) 0.84 (0.67-1.04, p=0.115) 

Congenital 170 (86.3) 27 (13.7) 0.96 (0.61-1.44, p=0.849) 1.38 (0.69-2.74, p=0.358) 

Urgency 

Elective 5620 (89.9) 634 (10.1) - - 

Semi-elective 564 (88.3) 75 (11.7) 1.18 (0.91-1.51, p=0.205) 1.09 (0.82-1.46, p=0.555) 

Emergency 5006 (85.1) 878 (14.9) 1.55 (1.39-1.73, p<0.001) 1.05 (0.89-1.23, p=0.591) 

Approach 
Open 5255 (81.7) 1176 (18.3) - - 

Minimally invasive 5935 (93.5) 411 (6.5) 0.31 (0.27-0.35, p<0.001) 0.43 (0.37-0.51, p<0.001) 

Contamination 

Clean-contaminated 9107 (90.6) 944 (9.4) - - 

Contaminated 1178 (75.9) 374 (24.1) 3.06 (2.68-3.50, p<0.001) 2.48 (2.13-2.89, p<0.001) 

Dirty 788 (74.8) 265 (25.2) 3.24 (2.78-3.78, p<0.001) 2.38 (1.97-2.87, p<0.001) 

WHO Checklist 

No 3258 (84.9) 579 (15.1) - - 

Yes 7783 (88.7) 994 (11.3) 0.72 (0.64-0.80, p<0.001) 0.88 (0.75-1.03, p=0.116) 

Unknown 148 (91.4) 14 (8.6) 0.53 (0.29-0.89, p=0.026) 0.82 (0.46-1.48, p=0.514) 
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3.4.1.6 Sensitivity analyses 

This association was consistent across several sensitivity analyses. Firstly, in patients that 

were alive at 30-days after surgery only (Table 3.2). This was performed to address 

competing risk of death. Secondly, in a sensitivity analysis in patients that had a 

postoperative length of stay of 14 days or less (Table 3.3). This was performed to identify a 

lower risk group, and address a potential risk of selection bias between those that were 

undergoing in-person and telemedicine follow-up. Thirdly, in a sensitivity analysis in patients 

undergoing elective cancer surgery only (Table 3.4). This was chosen to select a 

heterogeneous, higher risk group and explore whether the association remained robust. 
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Table 3.2. Sensitivity analysis for the primary model of the association between 
reported surgical site infection rates and method of follow-up in patients that were 
alive at 30-days after surgery.  
 

Factor Level No SSI SSI OR (univariable) OR (multilevel) 

Follow-up 
In-person review 5176 (86.6) 799 (13.4) - - 

Telemedicine review 5903 (88.8) 748 (11.2) 0.82 (0.74-0.91, p<0.001) 0.74 (0.64-0.85, p<0.001) 

HDI tertile 

High 6112 (90.6) 635 (9.4) - - 

Middle 3655 (87.0) 547 (13.0) 1.44 (1.28-1.63, p<0.001) 1.08 (0.77-1.50, p=0.664) 

Low 1312 (78.2) 365 (21.8) 2.68 (2.32-3.08, p<0.001) 1.65 (1.15-2.37, p=0.006) 

Age group 

Feb-20 1545 (87.3) 225 (12.7) - - 

21-40 3488 (88.3) 464 (11.7) 0.91 (0.77-1.08, p=0.297) 1.14 (0.94-1.39, p=0.179) 

41-60 3130 (87.9) 432 (12.1) 0.95 (0.80-1.13, p=0.541) 1.19 (0.96-1.49, p=0.111) 

61-80 2349 (87.4) 338 (12.6) 0.99 (0.83-1.18, p=0.896) 1.14 (0.89-1.46, p=0.303) 

81-100 333 (86.0) 54 (14.0) 1.11 (0.80-1.52, p=0.510) 1.13 (0.77-1.66, p=0.538) 

Gender 
Male 4861 (86.6) 753 (13.4) - - 

Female 5571 (88.8) 705 (11.2) 0.82 (0.73-0.91, p<0.001) 1.10 (0.97-1.25, p=0.150) 

ASA 

I  4980 (89.3) 598 (10.7) - - 

II  4145 (88.1) 560 (11.9) 1.13 (1.00-1.27, p=0.059) 1.52 (1.30-1.77, p<0.001) 

III  1469 (84.2) 276 (15.8) 1.56 (1.34-1.82, p<0.001) 1.80 (1.46-2.22, p<0.001) 

IV  164 (78.5) 45 (21.5) 2.29 (1.61-3.18, p<0.001) 1.88 (1.27-2.80, p=0.002) 

V 27 (52.9) 24 (47.1) 7.40 (4.22-12.92, p<0.001) 3.81 (1.97-7.40, p<0.001) 

Unknown 294 (87.2) 43 (12.8) 1.22 (0.86-1.68, p=0.243) 0.97 (0.67-1.41, p=0.886) 

Smoker 

Never Smoked 7279 (88.0) 988 (12.0) - - 

Current smoker 1647 (86.7) 252 (13.3) 1.13 (0.97-1.31, p=0.113) 1.08 (0.91-1.29, p=0.389) 

Ex-smoker 1151 (85.6) 194 (14.4) 1.24 (1.05-1.46, p=0.011) 1.32 (1.08-1.61, p=0.007) 

Unknown 1002 (89.9) 113 (10.1) 0.83 (0.67-1.02, p=0.077) 0.96 (0.76-1.21, p=0.718) 

Pathology 

Malignancy 1608 (86.0) 261 (14.0) - - 

Other abdominal 2642 (84.9) 470 (15.1) 1.10 (0.93-1.29, p=0.272) 0.95 (0.78-1.16, p=0.627) 

Infection 145 (62.5) 87 (37.5) 3.70 (2.74-4.96, p<0.001) 2.10 (1.46-3.02, p<0.001) 

Appendicitis 3050 (87.7) 429 (12.3) 0.87 (0.74-1.02, p=0.089) 0.95 (0.74-1.22, p=0.692) 

Gallstone disease 3469 (92.7) 272 (7.3) 0.48 (0.40-0.58, p<0.001) 0.82 (0.65-1.03, p=0.088) 

Congenital 163 (86.2) 26 (13.8) 0.98 (0.62-1.49, p=0.937) 1.38 (0.70-2.76, p=0.355) 

Urgency 

Elective 5589 (89.9) 625 (10.1) - - 

Semi-elective 557 (88.6) 72 (11.4) 1.16 (0.89-1.49, p=0.273) 1.09 (0.81-1.46, p=0.568) 

Emergency 4933 (85.3) 850 (14.7) 1.54 (1.38-1.72, p<0.001) 1.05 (0.89-1.24, p=0.573) 

Approach 
Open 5160 (81.9) 1142 (18.1) - - 

Minimally invasive 5919 (93.6) 405 (6.4) 0.31 (0.27-0.35, p<0.001) 0.43 (0.37-0.51, p<0.001) 

Contamination 

Clean-contaminated 9042 (90.7) 929 (9.3) - - 

Contaminated 1157 (76.3) 360 (23.7) 3.03 (2.64-3.47, p<0.001) 2.49 (2.13-2.90, p<0.001) 

Dirty 763 (75.0) 254 (25.0) 3.24 (2.77-3.79, p<0.001) 2.38 (1.96-2.89, p<0.001) 

WHO Checklist 

No 3218 (85.1) 563 (14.9) - - 

Yes 7712 (88.8) 970 (11.2) 0.72 (0.64-0.80, p<0.001) 0.90 (0.77-1.06, p=0.192) 

Unknown 148 (91.4) 14 (8.6) 0.54 (0.30-0.91, p=0.030) 0.83 (0.46-1.50, p=0.534) 
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Table 3.3. Sensitivity analysis for the primary model of the association between 
reported surgical site infection rates and method of follow-up in patients that had a 
postoperative length of stay of 14 days or less. 
 

Factor Level No SSI SSI OR (univariable) OR (multilevel) 

Follow-up 
In-person review 4972 (89.3) 597 (10.7) - - 

Telemedicine review 5795 (89.6) 675 (10.4) 0.97 (0.86-1.09, p=0.609) 0.82 (0.70-0.96, p=0.011) 

HDI tertile 

High 5883 (92.2) 500 (7.8) - - 

Middle 3622 (88.1) 488 (11.9) 1.59 (1.39-1.81, p<0.001) 1.12 (0.78-1.60, p=0.535) 

Low 1262 (81.6) 284 (18.4) 2.65 (2.26-3.10, p<0.001) 1.59 (1.07-2.35, p=0.022) 

Age group 

<20 1526 (88.9) 191 (11.1) - - 

20-39 3455 (89.3) 415 (10.7) 0.96 (0.80-1.15, p=0.657) 1.21 (0.99-1.49, p=0.066) 

40-59 3036 (89.6) 351 (10.4) 0.92 (0.77-1.11, p=0.405) 1.22 (0.97-1.54, p=0.093) 

60-79 2237 (89.6) 261 (10.4) 0.93 (0.77-1.14, p=0.486) 1.18 (0.90-1.54, p=0.230) 

80-100 300 (91.5) 28 (8.5) 0.75 (0.48-1.11, p=0.166) 0.91 (0.56-1.46, p=0.689) 

Gender 
Male 4693 (88.6) 603 (11.4) - - 

Female 5452 (90.0) 603 (10.0) 0.86 (0.76-0.97, p=0.014) 1.12 (0.98-1.29, p=0.098) 

ASA 

I 4924 (90.2) 533 (9.8) - - 

II 3997 (90.0) 445 (10.0) 1.03 (0.90-1.17, p=0.678) 1.52 (1.29-1.80, p<0.001) 

III 1377 (87.2) 202 (12.8) 1.36 (1.14-1.61, p=0.001) 1.82 (1.45-2.29, p<0.001) 

IV 147 (81.7) 33 (18.3) 2.07 (1.39-3.02, p<0.001) 2.00 (1.28-3.15, p=0.003) 

V 38 (66.7) 19 (33.3) 4.62 (2.59-7.97, p<0.001) 3.07 (1.59-5.92, p=0.001) 

Unknown 284 (87.9) 39 (12.1) 1.27 (0.88-1.77, p=0.178) 0.99 (0.68-1.45, p=0.963) 

Smoker 

Never Smoked 7108 (89.4) 844 (10.6) - - 

Current smoker 1596 (88.4) 210 (11.6) 1.11 (0.94-1.30, p=0.210) 1.09 (0.91-1.32, p=0.355) 

Ex-smoker 1092 (88.9) 137 (11.1) 1.06 (0.87-1.28, p=0.573) 1.20 (0.96-1.50, p=0.118) 

Unknown 971 (92.3) 81 (7.7) 0.70 (0.55-0.89, p=0.004) 0.87 (0.67-1.15, p=0.330) 

Pathology 

Malignancy 1478 (88.8) 186 (11.2) - - 

Other abdominal 2525 (88.1) 341 (11.9) 1.07 (0.89-1.30, p=0.466) 0.92 (0.73-1.16, p=0.471) 

Infection 134 (68.4) 62 (31.6) 3.68 (2.61-5.14, p<0.001) 2.11 (1.41-3.15, p<0.001) 

Appendicitis 3031 (88.3) 402 (11.7) 1.05 (0.88-1.27, p=0.577) 1.09 (0.83-1.44, p=0.546) 

Gallstone disease 3441 (93.1) 257 (6.9) 0.59 (0.49-0.72, p<0.001) 0.89 (0.70-1.15, p=0.379) 

Congenital 157 (87.2) 23 (12.8) 1.16 (0.72-1.82, p=0.520) 1.61 (0.77-3.37, p=0.205) 

Urgency 

Elective 5426 (91.4) 508 (8.6) - - 

Semi-elective 533 (89.7) 61 (10.3) 1.22 (0.92-1.61, p=0.160) 1.23 (0.91-1.68, p=0.181) 

Emergency 4808 (87.2) 703 (12.8) 1.56 (1.38-1.76, p<0.001) 1.07 (0.89-1.28, p=0.482) 

Approach 
Open 4939 (84.6) 897 (15.4) - - 

Minimally invasive 5828 (94.0) 375 (6.0) 0.35 (0.31-0.40, p<0.001) 0.48 (0.40-0.57, p<0.001) 

Contamination 

Clean-contaminated 8825 (91.6) 811 (8.4) - - 

Contaminated 1110 (80.1) 276 (19.9) 2.71 (2.33-3.14, p<0.001) 2.32 (1.95-2.74, p<0.001) 

Dirty 719 (79.7) 183 (20.3) 2.77 (2.31-3.30, p<0.001) 2.21 (1.79-2.74, p<0.001) 

WHO Checklist 

No 3162 (86.9) 478 (13.1) - - 

Yes 7463 (90.5) 784 (9.5) 0.69 (0.62-0.78, p<0.001) 0.88 (0.74-1.05, p=0.147) 

Unknown 141 (93.4) 10 (6.6) 0.47 (0.23-0.85, p=0.022) 0.77 (0.39-1.51, p=0.441) 
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Table 3.4. Sensitivity analysis for the primary model of the association between 
reported surgical site infection rates and method of follow-up in elective cancer 
surgery patients.  
 
 

Factor Level No SSI SSI OR (univariable) OR (multilevel) 

Follow-up 
In-person review 2354 (88.9) 293 (11.1) - - 

Telemedicine review 2728 (90.9) 273 (9.1) 0.80 (0.68-0.96, p=0.014) 0.75 (0.60-0.94, p=0.012) 

HDI tertile 

High 3073 (91.4) 288 (8.6) - - 

Middle 1602 (89.4) 190 (10.6) 1.27 (1.04-1.53, p=0.017) 0.92 (0.61-1.40, p=0.696) 

Low 407 (82.2) 88 (17.8) 2.31 (1.77-2.98, p<0.001) 1.99 (1.25-3.18, p=0.004) 

Age group 

<20 0 (0.0) 0 (0.0) - - 

20-39 1501 (91.0) 149 (9.0) - - 

40-59 1859 (89.9) 209 (10.1) 1.13 (0.91-1.41, p=0.269) 0.97 (0.75-1.24, p=0.787) 

60-79 1554 (89.4) 184 (10.6) 1.19 (0.95-1.50, p=0.129) 0.86 (0.64-1.15, p=0.308) 

80-100 168 (87.5) 24 (12.5) 1.44 (0.89-2.24, p=0.121) 0.95 (0.56-1.62, p=0.853) 

Gender 
Male 1832 (88.3) 243 (11.7) - - 

Female 2888 (91.0) 284 (9.0) 0.74 (0.62-0.89, p=0.001) 0.93 (0.76-1.15, p=0.508) 

ASA 

I 1689 (91.5) 157 (8.5) - - 

II 2455 (90.3) 265 (9.7) 1.16 (0.95-1.43, p=0.157) 1.42 (1.11-1.83, p=0.006) 

III 869 (87.2) 127 (12.8) 1.57 (1.23-2.01, p<0.001) 1.84 (1.33-2.53, p<0.001) 

IV 69 (80.2) 17 (19.8) 2.65 (1.48-4.52, p=0.001) 2.11 (1.12-3.96, p=0.021) 

V 0 (0.0) 0 (0.0) - - 

Smoker 

Never Smoked 3220 (90.5) 339 (9.5) - - 

Current smoker 721 (89.5) 85 (10.5) 1.12 (0.87-1.43, p=0.377) 1.10 (0.82-1.46, p=0.525) 

Ex-smoker 718 (87.6) 102 (12.4) 1.35 (1.06-1.70, p=0.013) 1.26 (0.96-1.67, p=0.097) 

Unknown 423 (91.4) 40 (8.6) 0.90 (0.63-1.25, p=0.540) 1.00 (0.68-1.47, p=0.981) 

Approach 
Open 1699 (83.6) 334 (16.4) - - 

Minimally invasive 3383 (93.6) 232 (6.4) 0.35 (0.29-0.42, p<0.001) 0.42 (0.34-0.52, p<0.001) 

Contamination 

Clean-contaminated 4663 (91.3) 443 (8.7) - - 

Contaminated 299 (75.5) 97 (24.5) 3.41 (2.65-4.37, p<0.001) 2.55 (1.93-3.38, p<0.001) 

Dirty 48 (66.7) 24 (33.3) 5.26 (3.14-8.58, p<0.001) 3.81 (2.22-6.54, p<0.001) 

WHO Checklist 

No 1475 (87.8) 205 (12.2) - - 

Yes 3607 (90.9) 361 (9.1) 0.72 (0.60-0.86, p<0.001) 0.76 (0.59-0.97, p=0.027) 

Unknown 0 (0.0) 0 (0.0) - - 
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3.4.1.7 Propensity score matched analysis  

After propensity score matching using coarsened exact matching there remained some 

significant different in risk profiles between the group that underwent in-person and 

telemedicine review, although there was better balance that in the original sample (Table 

3.5). In the propensity score matched model there remained a significant association 

between telemedicine review and a reduced odds of reporting of SSI (OR 0.87, 0.78-0.98, 

0.019; Table 3.6).  
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Table 3.5. Balance of propensity score matched groups.  
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 

 
 

  

  Matched groups  
  In-person review Telemedicine review P-value 

SSI 
No 4669 (86.5) 5323 (88.7) 

0.001 
Yes 727 (13.5) 680 (11.3) 

HDI tertile 

High 3459 (64.1) 2760 (46.0) 

<0.001 Middle 1137 (21.1) 2604 (43.4) 

Low 800 (14.8) 639 (10.6) 

Age 

2-20 714 (13.2) 905 (15.1) 

<0.001 

21-40 1571 (29.1) 2078 (34.6) 

41-60 1545 (28.6) 1750 (29.2) 

61-80 1349 (25.0) 1149 (19.1) 

81-100 217 (4.0) 121 (2.0) 

Gender 
Male 2730 (50.6) 2589 (43.1) 

<0.001 
Female 2666 (49.4) 3414 (56.9) 

ASA 

I 2104 (39.0) 2957 (49.3) 

<0.001 

II 2213 (41.0) 2128 (35.4) 

III 889 (16.5) 668 (11.1) 

IV 90 (1.7) 65 (1.1) 

V 14 (0.3) 15 (0.2) 

Unknown 86 (1.6) 170 (2.8) 

Urgency 

Elective 2635 (48.8) 2969 (49.5) 

0.135 Semi-elective 243 (4.5) 226 (3.8) 

Emergency 2518 (46.7) 2808 (46.8) 

Operative approach 
Open 2743 (50.8) 2862 (47.7) 

0.001 
Minimally invasive 2653 (49.2) 3141 (52.3) 
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Table 3.6. Sensitivity analysis for the primary model in propensity score matched 
groups using coarsened exact matching.  

 
 

 
 
 
 
 
 

  

    95% confidence intervals  

  Odds ratio Lower Upper P-value 

Follow-up method 
In-person review - - - - 

Telemedicine review 0.871 0.776 0.977 0.019 

HDI tertile 

High - - - - 

Middle 1.469 1.272 1.696 0.000 

Low 2.104 1.750 2.531 0.000 

Age 

2-20 - - - - 

21-40 1.082 0.904 1.296 0.391 

41-60 1.203 0.988 1.466 0.066 

61-80 1.085 0.860 1.368 0.492 

81-100 1.051 0.667 1.657 0.831 

Gender 
Male - - - - 

Female 1.004 0.891 1.132 0.945 

ASA 

I - - - - 

II 1.454 1.257 1.682 0.000 

III 1.801 1.457 2.225 0.000 

IV 1.929 1.194 3.118 0.007 

V 4.241 1.967 9.146 0.000 

Unknown 1.066 0.746 1.524 0.725 

Urgency 

Elective - - - - 

Semi-elective 1.133 0.827 1.553 0.435 

Emergency 1.236 1.079 1.414 0.002 

Operative approach 
Open - - - - 

Minimally invasive 0.372 0.323 0.428 0.000 
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3.4.1.8 Subgroup analyses 

The association between telemedicine review and a reduced odds of reporting SSI than in-

person review was consistent across both high (OR 0.65, 0.54-0.79, p<0.001) and low-

middle (OR 0.76, 0.62-0.94, p=0.013) income countries (Figure 3.5). 
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Figure 3.5. Subgroup analysis for primary model demonstrating the association between reported surgical site infection rates and 
method of follow-up across (A) high HDI versus (B) middle or low HDI countries 
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3.4.1.9 Multivariable model for postoperative mortality 

There was no association between the method of follow-up and the 30-day POMR (OR 0.87, 

0.55-1.37, p=0.54; Figure 3.6). This suggested that in-person follow-up was not reserved 

solely for those at very high risk of surgical complications and death (i.e., low signal of 

significant selection bias). 
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Figure 3.6. The association between method of follow-up and 30-day postoperative mortality rate (POMR).  
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3.4.2 Systematic review and combined meta-analysis 

3.4.2.1 Search results 

From 1299 de-duplicated search results, 25 full papers reported an SSI rate reported using 

telemedicine. 28.0% had no comparator group (7/25), and 36.0% (9/25) compared 

telemedicine to assessment at a different time point (e.g., in-hospital versus 30-day 

telemedicine assessment). Nine eligible studies were therefore included [168-175]. Summary 

data from the cohort study in Part 1 was combined with these nine studies for qualitative 

synthesis. A PRIMSA flowchart for the review is displayed in Figure 3.7. 

 

3.4.2.2 Study characteristics 

Of the included studies, 66.7% (6/9) were published within the last five years (2015-2020) 

[168, 172-174, 176, 177]. Eight were prospective cohort studies, with one retrospective study 

[177]. Most reported data from high-income countries (55.6%, 5/9) [170, 171, 174, 175, 177]; 

1 was from an upper-middle income country [173] and 3 from lower-middle income countries 

[168, 172, 178]. No data from low-income countries or multi-country studies were reported. 

Of included articles, 44.4% (4/9) reported outcome assessment in patients undergoing 

general surgery [172, 173, 175, 178], 22.2% (2/9) in trauma and orthopaedics [170, 171], 

11.1% (1/9) in obstetric surgery [177], and 22.2% (2/9) in all non-cardiac surgery [168, 174]. 

There was a moderate or severe risk of bias in all included studies (Figure 3.8). 
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Figure 3.7. PRISMA flowchart of studies included in meta-analysis. 
 

 
 

  

From:  Moher D, Liberati A, Tetzlaff J, Altman DG, The PRISMA Group (2009). Preferred Reporting Items for Systematic Reviews and Meta-
Analyses: The PRISMA Statement. PLoS Med 6(7): e1000097. doi:10.1371/journal.pmed1000097 

 
For more information, visit www.prisma-statement.org. 
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Table 3.7. Study and patient characteristics included in meta-analysis 
 
 

 
  

Author(s) Year Paper 
type Study type Country Language World bank quartile Specialty Urgency of surgery 

Abu-Sheasha et al. 2020 Full Paper Prospective cohort Egypt English Lower-Middle Income All Not stated 

Bediako-Bowan et al. 2020 Full Paper Prospective cohort Ghana English Lower-Middle Income General surgery Elective and Emergency 

Burlingame et al. 2015 Abstract Retrospective cohort USA English High-Income Obstetrics Elective and Emergency 

Golub et al  2016 Full Paper Prospective cohort Russia Russian Upper-Middle Income General surgery Not stated 

McIntyre et al. 2009 Full Paper Randomised trial USA English High-Income Trauma Emergency 

Pathak et al. 2015 Full Paper Prospective cohort India English Lower-Middle Income General surgery Elective and emergency 

Petrosillo et al. 2008 Full Paper Prospective cohort Italy English High-Income General surgery & 
gynaecology Elective and Emergency 

Pham et al 2016 Full Paper Retrospective cohort USA English High Income Non-cardiac Not stated 

Reilly et al. 2005 Full Paper Prospective cohort UK English High-Income Orthopaedics Elective and emergency 
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Table 3.8. Follow-up methods included in meta-analysis. PHE=Public Health England questionnaire for 
surveillance of SSI post discharge. CDC= US Centres for Disease Control. 
 

  
Follow-up modality Diagnostic 

criteria 
Follow-

up 
Frequency of 
assessment Time points 

Telephone PHE  30 days One-off 30d 

Telephone PHE  30 days Sequential (intervals) 3d, 15d, 30d 

Telephone Not stated 30 days One-off 30d 

Telephone Not stated 30 days One-off 30d 

Telephone CDC 28 days One-off 28d 

Telephone Not stated 30 days One-off 30d 

Telephone CDC 30 days One-off 30d 

Telephone Not stated 30 day One-off 30d 

Telephone CDC (modified) 30 days Sequential (intervals) 10d, 20d, 30d 
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Figure 3.8. Summary of risk of bias assessment (ROBINS-I) for included studies 
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3.4.2.3 Use of telemedicine  

The proportion of patients with follow-up using telemedicine ranged from 45% to 96%. Study 

sizes ranged from 141 to 11225 patients. The pooled proportion of patients with telemedicine 

follow up on meta-analysis was 64% (95% C.I. 55% to 73%). There was very high 

heterogeneity (I2=100%, p<0.001). 

 

3.4.2.4 Delivery of telemedicine 

Four included studies did not state a standardised schedule for outcome assessment. 22.2% 

(2/9) used the Public Health England Post-discharge Surveillance Questionnaire [168, 

172]and 33.3% (3/9) used questions based on CDC criteria [170, 171, 175]. 77.8% (7/9) 

were used as a one-off assessment at 30 postoperative days [168, 170, 173-175, 177, 178], 

with two using serial postoperative assessments [171, 172]. 

 

3.4.2.5 Comparison of telemedicine to in-person follow-up 

Four studies involved a comparator of telemedicine to in-person follow-up method [168, 170, 

171, 178] and were included in meta-analysis of SSI rates reported, combined with the 

cohort study data (5 studies in total). Two studies had paired within-subject measurements at 

the same time point [168, 171], and two had measurements at the same time point but in 

different patient groups [170, 178]. Only two (50%) compared telemedicine to an in-person 

assessment according to US Centre for Disease Control criteria (Table 3). In the random 

effects meta-analysis, the rate of SSI reported using telemedicine was significantly lower in 

the telemedicine group than the in-person group (0.67, 95% C.I. 0.47 to 0.94; Figure 3.9). 

The odds ratio describes a comparison of the odds of patients having an SSI reported with 

telemedicine versus in-person follow-up (i.e., a reduced odds ratio conveys a lower rate of 

SSI reported with one method in comparison to the other, and vice versa). There was some 
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evidence of between-study heterogeneity, but this did not have a significant effect on the 

random effects meta-analysis (I2=0.45, 0.00-0.78, p=0.12; Tau=0.27, 0.00-0.93). There was 

no significant evidence of funnel plot asymmetry (p=0.326; Figure 3.10). 
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Figure 3.9. Forest plot of rates of SSI reported by telemedicine and in-person follow-up on meta-analysis.  
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Figure 3.10. Funnel plot of estimates included in meta-analysis of SSI rates reported with telemedicine and in-person follow-up
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3.4.2.6 Comparison of telemedicine to other follow-up methods 

Five studies compared telemedicine to a follow-up method that did not require in-person 

review (e.g., Electronic Health Records or postal questionnaire) [172-175, 177]. These are 

excluded in the meta-analysis of SSI rates. Four of five studies had a higher rate of reporting 

of SSI in the telemedicine group than the electronic health records or postal questionnaire 

group. One study had a much lower SSI rate reported by telemedicine than electronic health 

records (1.1% versus 11.2%) , but the two methods were applied in clearly different patient 

populations (responders to a postal questionnaire versus non-responders) [172]. 
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3.5 Discussion 

 
3.5.1 Summary of key findings 

This cohort study and meta-analysis identified that use of telemedicine for wound 

assessment post-discharge is feasible across settings. The adjusted rate of SSI reported 

using telemedicine in patients that underwent post-discharge assessment was lower than 

with in-person follow-up in the international cohort study, raising concerns of underreporting 

of SSI. This was robust to several sensitivity analyses, a propensity score-matched model 

and across HDI settings. This analysis of real-world, global data suggests that telemedicine 

methods used in the pre-pandemic setting may risk patient safety or introduce bias to 

research studies. This was corroborated in the combined meta-analysis. The studies 

included were of low quality, and rarely used standardised tools. High-quality frameworks for 

remote assessment of SSI must be evaluated and adopted as telemedicine is upscaled 

globally. 

 

3.5.2 Findings in context 

3.5.2.1 Relevance to SARS-CoV-2 pandemic recovery  

Telemedicine for follow-up of surgical patients holds significant promise during the SARS-

CoV-2 pandemic recovery effort. The high connectivity of global telecommunication networks 

opens opportunities for telemedicine in both well-resourced and resource constrained 

settings [129]. Efficient methods for surgical follow-up may be most relevant in LMICs where 

patients may already travel long distances or take time out of work to return to hospital after 

discharge, and health systems face severe resource limitations [7, 9, 14, 113, 179].  During 

future SARS-CoV-2 outbreaks, use of telemedicine may reduce the risk of exposure in 

hospital outpatient settings [48]. During the post-pandemic recovery, it may help alleviate the 

growing backlog of outpatient appointments and investigations that health systems face 

around the world [180-182]. However, as the use of these methods increases, it is important 
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that the quality of assessment does not decrease. Delayed or missed identification of 

postoperative complications can lead to failure to rescue and death, more severe sequalae, 

and increased costs [22, 183]; these events, whilst rare, have the potential to undermine the 

benefits of telemedicine, particularly for higher-risk patients and operations [124].  

 

3.5.2.2 Comparison of current tools 

Two different standardised tools for identification of SSI using telemedicine (Centre for 

Disease Control Criteria and Public Health England Post-Discharge Questionnaire) were 

identified in the systematic review, but neither have been formally adapted or validated for 

use in telemedicine. A universal outcome reporter ‘Bluebelle’ Wound Healing Questionnaire 

has demonstrated promise as tool for remote detection of SSI, demonstrating excellent 

discrimination and reliability [184, 185]; however, this has only undergone evaluation in a 

single language in one country, and cultural and linguistic adaptation and validation to 

support international application [186]. No included studies used videography to help identify 

SSI; this may prove a useful adjunct to future development in this area.  

 

3.5.2.3 Relevance to other postoperative complications 

SSI has been identified as a key priority to improve the health of patients undergoing surgery 

worldwide, particularly in low resource settings [40, 50]. Lessons from use of telemedicine for 

wound assessment may be generalisable to other common complications of surgery, but 

bespoke tools may be required for each to ensure accurate identification of different events. 

Quality-assured digital methods for remote assessment will also have high value for use in 

pragmatic international trials, where delivery can be made more efficient, and more benefit 

for more patients can be realised at a lower time and resource cost [187, 188]. 
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3.5.3 Limitations 

This study has several limitations.  

 

3.5.3.1 Design limitations 

I inferred that the ‘gold standard’ in-person assessment represents the true SSI rate. I am 

unable to assert from my data whether SSI is over-reported using in-person follow-up or 

under-reported using telemedicine where a difference is observed. Second, I assume that 

the differences in reported SSI rates are unrelated to differences in patient characteristics 

after risk-adjustment. Whilst I used multi-level models to adjust for several confounders, 

there is a risk of residual selection bias.  

 

3.5.3.2 Interpretation limitations 

First, the quality of studies included in meta-analysis was low. I excluded studies that 

reported SSI when telemedicine was used for a clearly different patient populations (e.g., 

different subgroups of patients, responders versus non-responders, different geographical 

areas), with no comparator group, or a comparator group at a different time point (e.g., in-

hospital versus 30-day remote assessment). However, remaining studies demonstrated 

some ‘selection’ of patients for telemedicine follow-up, no studies were randomised, and all 

were at moderate or severe risk of bias. Second, I do not have paired within-patient 

measures of SSI in-hospital and post-discharge at 30-days, and I am therefore unable to fully 

account for changes in patient selection to a particular follow-up modality as a result of 

inpatient infection. This may have exaggerated the difference between telephone and in-

person follow-up, however my analysis of postoperative mortality did not indicate a serious 

risk of reverse causation. Third, as the patients with ‘inpatient only’ follow-up had no post-

discharge wound assessment they were effectively ‘lost to follow-up’ for the purposes of the 

primary 30-day analysis. As I do not know the intended follow-up method (i.e., whether 
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telemedicine or in-person follow-up was planned, but only inpatient data were collected) I am 

unable to fully explore the impact of attrition bias on the primary comparison. Fourth, there is 

a further risk of reverse causation in linking patients with inpatient only assessment and a 

lower observed SSI rate (i.e., those without features of SSI postoperatively may be less likely 

to re-interact with clinical services). As such, this group were excluded from multivariable 

analyses, and I recommend caution in interpretation. Fifth, there was very high between 

study heterogeneity in the pooled estimate of proportions of patients receiving telemedicine 

follow-up; this was expected a priori due to differences in local pathways, resourcing, and 

preferences. Whilst this limits the interpretation and precision of the central estimate value, 

we did adopt mixed-effects meta-analysis, and present this analysis as an exploratory 

estimate of the opportunity to expand telemedicine services rather than informing, for 

example, health technology assessment which could be more problematic [189]. 

 

3.5.3.3 Scope limitations 

I was unable to differentiate here between different methods of remote wound assessment 

(i.e., telephone versus video), although from ongoing work across this network it is likely that 

a majority of assessment would have been telephone-based [186]. Eight, the cohort study 

used a pragmatic, observational methodology so did not standardise the training or delivery 

of telemedicine methods. This should therefore be interpreted as the real-world effectiveness 

of telemedicine, rather than the potential efficacy of telemedicine in an optimised system 

[190]. Finally, I have only included one, common postoperative complication in my synthesis. 

These data set the scene for a broad research agenda to identify and validate tools for 

remote digital assessment across diverse patient groups and operation types. The rapid 

upscaling of telemedicine during the SARS-CoV-2 pandemic highlights this as an urgent 

research priority for the global surgical community. 
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3.6 Conclusions 

This chapter has demonstrated that current methods for remote assessment of the healing 

surgical wound miss between 1 in 3 and 1 in 5 patients with infection. This can lead to direct 

and indirect harm to patients. Direct harm may be caused through missed diagnosis, delay to 

seeking care and increased rates of sepsis and serious complications of SSI. Indirect harm 

may be even greater, for example by introducing measurement bias in randomised clinical 

trials that leads to systematic error, and a misleading evidence base for clinical guidelines 

and service commissioning.  

 

Patients in low- and middle-income countries were at greater risk of SSI, and the use of 

telemedicine was widespread across these settings. Remote follow-up methods may be 

particularly important in resource poor environments, reducing burden on outpatient services, 

and reducing costs, travel, and time out of work for patients. High quality tools for remote 

wound assessment using telemedicine methods that are relevant across cultures, contexts, 

and languages in LMICs are urgently needed to strengthen postoperative care pathways. 

One potential solution is the Bluebelle Wound Healing questionnaire. 

 

The Bluebelle Wound Healing Questionnaire (WHQ) has been developed and validated in 

the UK (English language) to assess post-discharge infections following abdominal surgery 

(HTA: 12/200/04) and is attractive for use in randomised trials [184]. The WHQ was designed 

to be completed either by healthcare professionals, or self-reported by patients [185], and as 

such has been described as a ‘universal-reporter’ outcome measure (UROM) [191]. In a UK 

validation study, the WHQ demonstrated good reliability and excellent discrimination [184, 

192, 193]. The WHQ was completed both in-person and over the telephone by a healthcare 

professional trained in wound assessment (e.g., nurse, junior doctor), demonstrating 

feasibility of telephone delivery. However, no external validation has been performed in 
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LMICs where health literacy, language and cultural contexts, and digital infrastructure differ 

substantially. If the WHQ can be administered remotely (e.g., over the telephone) with 

satisfactory diagnostic accuracy this would reduce resource usage, making surgical research 

more effective and more sustainable. Other digital adjuncts to surgical site evaluation such 

as video assessment may further enhance accuracy [128]. 

 

3.6.1 Link to next chapter 

In the next Chapter, I will describe the adaptation of the WHQ for use in global surgery 

research and practice. I will adopt a mixed method approach by triangulating qualitative data 

from structured interviews and focus groups and performing Rasch analysis on data from a 

prospective cohort study implementing the WHQ across several LMICs. 
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4. Adaptation of the Wound Healing Questionnaire universal-
reporter outcome measure for use in global surgery trials 
(TALON-1 study): A mixed-methods study and Rasch analysis 
 

4.1 Abstract  

Introduction 

The Bluebelle Wound Healing Questionnaire is a universal reporter outcome measure 

developed in the UK for remote detection of surgical site infection (SSI) after abdominal 

surgery. This study aimed to explore cross-cultural equivalence, acceptability, and content 

validity of the WHQ for use across low- and middle-income countries (LMICs) and make 

recommendations for its adaptation. 

 

Methods 

This was a mixed-methods study within a trial (SWAT) embedded in an international 

randomised trial, conducted according to best practice guidelines, and co-produced with 

community and patient partners (TALON-1). First, structured interviews and focus groups 

were used to gather data regarding cross-cultural, cross-contextual equivalence of the 

individual items and scale and conduct a translatability assessment. Second, translation was 

completed in accordance with Mapi recommendations into five languages. Next, data from a 

prospective cohort SWAT were interpreted using Rasch analysis to explore scaling and 

measurement properties of the WHQ. Finally, qualitative and quantitative data were 

triangulated using a modified, exploratory, instrumental design model. 

 

Results 

In the qualitative phase, 10 structured interviews and 6 focus groups were performed with a 

total of 47 investigators across six countries. Themes related to comprehension, response 

mapping, retrieval and judgment were identified with rich cross-cultural insights. In the 
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quantitative phase, an exploratory Rasch model was fitted to data from 537 patients (369 

excluding extremes) across 5 class intervals. Due to the number of extreme (floor) values the 

overall level of power was low.  The single WHQ scale satisfied tests of unidimensionality 

indicating validity of the ordinal total WHQ score. There was significant overall model misfit, 

misfit of five items (5, 9, 14, 15, 16) and local dependency in 11 item pairs. The person 

separation index (PSI) was estimated as 0.48 suggesting weak discrimination between 

classes, whereas Cronbach’s alpha was high at 0.81. Triangulation of qualitative data with 

the Rasch analysis supported recommendations for cross-cultural adaptation of the WHQ of 

items 1 (Redness), 3 (Clear fluid), 7 (Deep wound opening), 10 (Pain), 11 (Fever), 15 

(Antibiotics), 16 (Debridement), 18 (Drainage), 19 (Reoperation). Changes to three item 

response categories (1 = Not at all, 2 = A little, 3 = A lot) were adopted for symptom items 1 

to 10 and two categories (0 = No, 1 = Yes) for item 11 (Fever).  

 

Conclusion 

This study made recommendations for the cross-cultural adaptation of the WHQ for use in 

global surgical research and practice, using co-produced mixed methods data from three 

continents. Translations are now available for implementation into remote wound 

assessment pathways. 
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4.2 Introduction 

4.2.1 Importance of surgical site infection research 

Surgical site infection (SSI) is the most common complication of abdominal surgery, and has 

a cross-societal, global impact on patients and their families [23, 25, 55, 66, 194]. Delayed 

return to work, readmission or reoperation leads to substantial effects on quality of life during 

recovery, and has spill-over effects on mental, economic, and social wellbeing for our 

patients [2]. This is particularly relevant in low-resource settings, where patients are more 

likely to suffer catastrophic expenditure around the time of surgery [68]. Consequently, 

research in SSI prevention has been prioritised by patients, researchers, and clinicians in 

low- and middle-income countries (LMICs) [40]. 

 

4.2.2 Importance of post-discharge wound surveillance 

Timely identification of SSI is essential in maintaining patient safety after hospital discharge. 

Missed SSI diagnoses or misclassification of SSI can directly and indirectly impact patient 

safety [195]; directly, through delayed intervention for patients with an active infection, or  

indirectly, by introducing bias to randomised studies that feed into best practice guidelines 

[23, 56]. Post-discharge surveillance is therefore considered to be a key quality marker in 

SSI research and is an important component of postoperative care pathways [56]. Chapter 3 

demonstrated that current methods for remote SSI detection are not fit for purpose. 

 

4.2.3 Candidate tools for wound surveillance   

The Bluebelle Wound Healing Questionnaire (WHQ) was developed and validated in the UK 

in English Language to support post-discharge surveillance for SSI following abdominal 

surgery [184, 192]. However, this instrument has not yet been adapted for cross-cultural and 

cross-language implementation in low- and middle-income countries (LMICs). High-quality, 

contextually relevant tools for remote wound evaluation are urgently needed. Firstly, to build 



 80 

resilient and sustainable surgical systems and support safe upscaling of capacity during 

pandemic recovery [11, 47]. Secondly, to reduce loss to follow-up and risk of attrition bias in 

randomised trials by developing contextually relevant pathways for remote assessment [195]. 

 

4.2.4 Objectives 

This mixed-methods study (TALON-1) aimed first to explore cross-cultural and cross-

language equivalence, acceptability, and content validity of the WHQ across several LMICs. 

Then, to assess the scaling and psychometric properties of the WHQ when used across 

different patient populations and subgroups using Rasch analysis. Finally, to consolidate 

recommendations for the adaptation of the WHQ for use in global surgical research by 

triangulating qualitative and quantitative data. 
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4.3 Methods 

4.3.1 Overview 

TALON-1 was a mixed-methods study embedded in an international randomised trial, 

conducted according to best practice guidelines, and co-produced with community and 

patient partners [86, 196, 197]. The study used qualitative and quantitative data to explore 

the extent to which the WHQ measured SSI as a concept, and the parameters of the latent 

trait (i.e., an underlying outcome of interest) in the target (i.e., the low resource context) and 

source (i.e., United Kingdom, a high resource Universal Healthcare System) cultures. It then 

aimed to assess how accurately items could transfer meaning across languages [198]. 

Adaptation of the standard methodology was required to progress the qualitative phase 

during the SARS-CoV-2 pandemic. First, expert review of the WHQ was conducted using 

structured interviews and focus groups with surgeons and site researchers involved in wound 

evaluation. These were used to gather rich data regarding cross-cultural, cross-contextual 

equivalence of the individual items and scale and conduct a baseline translatability 

assessment. Second, data from a prospective cohort study were interpreted using Rasch 

unidimensional measurement modelling approach to explore scaling and measurement 

properties of the questionnaire, including cross-cultural differential item functioning. Next, 

qualitative and quantitative data were triangulated using a modified, exploratory, instrumental 

design model to recommend adaptations for use of the WHQ in global surgery research and 

practice [199]. Finally, translation was completed in accordance with Mapi recommendations 

into five languages. An overview of the study methodology is shown in Figure 4.1 and 

detailed in Table 4.1. 
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Figure 4.1. Study design overview 
 
 

 
 
TALON-1 adopted a modified exploratory instrument design methodology. The qualitative phase was conducted first to explore cross-cultural and cross-contextual equivalence in interview and focus groups. This 
phase also included a baseline translatability assessment. Data were reviewed at a harmonisation meeting. The WHQ was then translated according to Mapi recommendations. The quantitative phase followed next 
with a prospective cohort study and Rasch analysis. The qualitative and quantitative data were then triangulated to make final recommendations for WHQ adaptation, agreed at a final harmonisation meeting. 
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Table 4.1. Summary of Wound Healing Questionnaire adaptation methodology  
 

Methodology Yes No Details 

Concept definition 
(protocol)  Y  

Protocol agreed between international Study Management Group, developers, 
community, and patient partners. Pre-registered and published in Trials [186] and in 
SWAT store registry (ID126) 

Qualitative: Cross-cultural and cross-contextual adaptation (in Source language, English) 

Consultant identified Y  
An in-country consultant was identified in each target country who was fluent in both 
the source and target language(s). This was typically the national Principal 
Investigator (i.e., a surgeon involved directly in wound assessment) for the study, or 
else a clinical nominee. 

Structured interviews 
(expert review) Y  

Structured interviews were designed to review the instrument validity, items, and 
scaling. The topic guide was directed item-by-item, learning from cognitive theory. In 
each country, 2 to 3 interviews were conducted with site investigators directly 
involved in wound assessment. 

Focus groups 
(reconciliation and 
translatability assessment) 

Y  

A focus group was held with each country to review coding and analysis from the 
expert review phase (‘member checking’). This included several investigators fluent 
in both the source and target language. An item-by-item translatability assessment 
was made in parallel. Any further iterative modifications were made before moving 
into the harmonisation meeting. 

Community and patient 
partner review  Y  

Patient advisory group meeting with representation from 4 of the target countries 
(Nigeria, South Africa, India, Ghana) was convened to review the recommendations 
for adaptation of the instrument item-by-item, and to co-design the cohort study 
including co-production of the telephone follow-up pathway and supporting 
documentation. 

Harmonisation meeting  Y  
Virtual meeting on Zoom platform with national principal investigators to ‘sign-off’ 
final adaptation of the adapted English language WHQ to move into cross-language 
translation. 

Cross-language translation (performed for each Target language) 

Dual forward translations  Y  Performed by translators fluent in both the source and target language, and native 
to the target country. 

Forward translation 
reconciliation Y  Comparison of translations with any discrepancies resolved with discussion 

between translators and in-country consultant. 

Back translation x1 Y  Performed by translator fluent in both the source and target language, and native to 
the target country. 

Back translation 
reconciliation Y  Comparison of back-translated source language questionnaire with original. 

Discussion within in-country consultant to review and resolve any consistencies. 

Developer’s review Y  Developers collaborated as members of the Study Management Group and co-
authors on this manuscript. 

Cognitive interviewing 
(replaced with data review)  N 

Cognitive interviewing with patients was not possible during SARS-CoV-2. 
Qualitative data from the expert review and transability assessment was used 
instead to inform translation, led by the consultant. 

Clinician review and 
proofreading Y  Clinicians involved in wound care embedded in the adaptation and translation 

process. Two native speaking clinicians provided the final review and proofreading 

Pilot testing Y  
Target language delivery tested during follow-up with 5 to 10 patients to test 
comprehension, phrasing, and delivery. A monitoring call was held with the 
investigators to review feedback before progression to the quantitative study. 

Harmonisation meeting  Y  Virtual meeting on Zoom platform with national principal investigators to act as a 
final quality check and share review lessons learnt during translation. 

Published Y  Final version published in Appendix E and F 

Quantitative: Cohort study of adapted and translated WHQ (Source and target languages) 

Cohort study Y  
Study within a trial within the FALCON RCT to test feasibility, acceptability, and 
measurement properties of the Wound Healing Questionnaire. Minimum sample 
size target of 100 patients per country. 

Rasch analysis of cohort 
study data Y  Rasch unidimensional measurement modelling in data used to evaluate scaling, 

measurement properties and differential item functioning across key subgroups. 

Reconciliation and reporting 

Triangulation  Y  Triangulation of qualitative and quantitative data to inform final recommendations for 
WHQ adaptation. 

Community and patient 
partner review  Y  

Presented findings of cohort study to patient advisory group to co-interpret patterns 
in data and share insight on final recommendations for WHQ adaptation. Co-
produced a lay abstract summary of the research findings for dissemination to the 
public.  

Final harmonisation meeting  Y  Virtual meeting on Zoom platform with national principal investigators  

Validation report Y  
A full prospective validation study for the adapted global Wound Healing 
Questionnaire in the target languages in seven low- and middle-income countries is 
reported elsewhere. 

Adapted from Oxford University Innovation outcomes centre checklist, and Mapi process for cross-cultural and cross-language adaptation  
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4.3.2 Ethics and ethical approvals 

This study within a trial was first approved within the FALCON trial protocols by a University of 

Birmingham Research Ethics Committee (ERN_18-0230_A and ERN_19-0719). Additional 

approvals were then obtained from national, regional and/or hospital-level ethics committees 

for selected centres in all participating countries, in accordance with local protocols. In the 

qualitative phase, an Information Sheet for was provided to all participants. Verbal consent 

was taken and recorded. In the quantitative phase, written (or fingerprint) informed consent to 

participate was obtained from all participants.  

 

4.3.3 Data management  

Participant data were pseudonymised for storage securely within a password protected NVivo 

V12 data management system. Quantitative data were stored in a secure REDCap server, 

hosted at the University of Birmingham, UK, and held in line with General Data Protection 

Regulation (GDPR) principles [200]. 

 

4.3.4 Host trial 

FALCON was a stratified, pragmatic, multi-centre, 2x2 factorial trial testing two measures 

(skin preparation and antimicrobial sutures) to reduce superficial or deep skin infection 

following abdominal surgery in seven low- and middle-income countries (NCT03700749) 

[194]. FALCON provided a platform for this study to both identify eligible site investigators for 

interviews and focus groups, and co-recruitment of patients to the embedded prospective 

cohort study. 
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4.3.5 Study instrument 

2.3.5.1 UK development and validation 

The WHQ was developed with the aim of detecting post-discharge surgical site infection 

following abdominal surgery in a large feasibility study in a pilot RCT (Bluebelle) in the UK 

[118, 184, 193]. Development included three phases: (1) analysis of existing tool and semi-

structured interviews; (2) item development; (3) pre-testing for acceptability and 

understanding. The WHQ includes 19 items (18 items and 1 sub-item) related to the 

construct of surgical wound healing (i.e., SSI), with 11 items (10 items and 1 conditional sub-

item) related to ‘symptoms’ of SSI and 8 items related to interaction with the treatment 

‘pathway’ for SSI. It was designed so that it could either be administered by a healthcare 

professional, or self-reported by patients [185] (i.e., ‘universal-reporter’ outcome measure 

(UROM) [191]). In an English language validation study of 792 patients, the WHQ 

demonstrated an acceptable scale structure, acceptable inter-rater reliability (Kappa for items 

ranged between 0⋅40 and 0⋅74) and excellent discrimination (area under receiver operating 

curve characteristic (AUROC) 0⋅91, 95% confidence interval (CI) 0⋅83 to 0⋅98) of patients 

with and without SSI [184, 192, 193].  

 

4.3.5.2 Global applicability 

No adaptation, translation, or validation of the WHQ has been performed for patients in the 

Global South where health literacy, language and cultural contexts, and digital infrastructure 

differ substantially. Two principal developers of the WHQ were collaborating members of the 

Study Management Group (RM, JB). 

 

4.3.6 Reporting and registration 

This study was reported with reference to recommendations from the Global Health Network 

for qualitative research in LMICs, consolidated criteria for reporting qualitative research 
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(COREQ) framework [196, 201], PCORI recommendations [197] for best practices in mixed-

methods adaptation of outcome measures (see Appendix A for PCORI checklist). Primary 

data from FALCON was published in The Lancet in 2021 [43]. The protocol for TALON-1 was 

pre-registered on the MRC Hubs for Trial Methodology Research database [202] (Queen’s 

University Belfast) (SWAT ID:126) and published in Trials [186].  

 

4.3.7 Qualitative phase 

4.3.7.1 Cross-cultural and cross-contextual adaptation 

Due to the number of target languages for the questionnaire in the host trial, cross-cultural 

adaptation was initially performed in English language. A study protocol was developed and 

approved by the cross-disciplinary SMG.  Whilst cognitive interviews with patients remains 

the optimal methodology for cross-cultural and cross-language adaptation of an outcome 

measure [133, 203], modification was required to progress the study during the SARS-CoV-2 

pandemic. Travel was prohibited, and face-to-face outpatient appointments were typically 

avoided due to concerns related to SARS-CoV-2 transmission [49, 204]. Cross-cultural and 

cross-contextual adaptation was therefore performed through expert review and structured 

interviews with site researchers. Structured interviews were conducted with two to three 

research staff in each country, according to a template from the Social Research Association 

based on Willis, 2005 [205].  

 

4.3.7.2 Interview participant sampling  

Purposive sampling is a non-probabilistic sampling method to produce a sample of 

individuals that are data-rich and are logically assumed to be representative of a target 

population [206, 207]. It was selected for sampling in this thesis to balance the potential 

diversity of the study population with pragmatism in international research delivery.  

Participants were purposively sampled from sites participating in the FALCON trial (research 
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nurses, or doctors directly involved in postoperative wound assessment) with view to 

including a mix of sex, country, patient population served (urban or rural) and experience in 

face-to-face and telephone follow-up assessments.  

 

4.3.7.3 Interview structure and topic guides 

Semi-structured interviews were conducted to explore universality of the construct of SSI, 

cross-cultural relevance of concepts and construct validity of the questionnaire [198]. The 

topic guide was structured around four pre-defined categories (Appendix B): item 

comprehension (patients’ understanding of the idea and item), response mapping (relating a 

patients’ internally generated answer to response categories provided), retrieval (patients’ 

ability to remember and recall their response) and judgement (patients’ overall ability to 

respond it the item and how they came to this answer) [205].  

 

4.3.7.4 Interview data analysis 

Interview notes and a reflexive diary were also maintained as an additional data source. 

Coding was performed using thematic content analysis with a generic pragmatic qualitative 

approach informed by cognitive theory. First, unrefined data (transcripts and interview notes) 

from each interview was reviewed during familiarisation. Second, structured WHQ item-by-

item summaries were generated for each interview during a charting phase. Thirdly, themes 

across the four structured categories were coded and explored. To ensure the depth of 

experience of participants was reflected, we allowed flexibility to include novel, inductive 

codes related to wound healing, SSI and/or measurement procedures in global contexts, and 

I presented these in this thesis using thick description [208]. A sample of 5% of the data were 

double coded by an experienced qualitative researcher (Mathers) and a clinical researcher 

from South Africa (Hyman) to ensure themes generated were representative of an LMIC 

perspective. Finally, themes were aggregated for each WHQ item to compare and contrast 
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perspectives [205]. The reflexive diary supported interpretation of the interviewer’s role as a 

questionnaire developer and the potential impact on data collection. To ensure credibility, 

member checking was performed with the final summary themes with representative 

participants and in-country consultants to ensure meaning was correctly interpreted and 

maintained [209].  

 

4.3.7.5 Focus group sampling 

Focus groups were then held with investigators from each country to review and discuss the 

thematic coding (1 to 2 per country). The focus groups were conducted in English language 

and led by the lead researcher (JG) with one or more in-country consultant co-leads. These 

sampled 8 to 12 participants, adopting a similar sampling frame to the structured interviews. 

A new sample of participants (separate to those participating in interviews) were approached 

for the focus group phase. Focus groups were conducted in addition to interviews to explore 

consensus and contrasting opinions between different stakeholders around themes emerging 

in the semi-structured interviews; the overall objective was to obtain a single cross-culturally 

adapted questionnaire to move into cross-language adaptation [210, 211]. Recruitment 

continued until the research team judged that both the data and sample had sufficient depth 

and breadth overall [212]. Within the pragmatic limitations of this study, we did not attempt to 

reach data saturation at a country-level. Where required, iterative adaptation of the WHQ 

was made until a point of saturation according to accepted best practice principles for 

adaptation of instruments [133, 197, 213]. 

 

4.3.7.6 Initial recommendations from qualitative phase  

Recommendations from the qualitative phase were made overall, specific to an individual 

item, or related to questionnaire administration. The focus group also included several 

investigators fluent in both the source and target language to serve as a baseline 
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translatability assessment. This process produced an English language questionnaire which 

had been adapted to broadly ensure cross-cultural equivalence across the participating 

countries, was acceptable to all national principal investigators (PI) and highlighting potential 

translatability issues during cross-language adaptation. The procedures for remote, 

telephone administration of the WHQ were also explored using targeted questions based on 

investigators experience within the FALCON trial. 

 

4.3.8 Cross-language adaptation 

In some countries, English was a primary or prevalent secondary language amongst the host 

trial participants. In these countries, feasibility of single-language administration of the 

questionnaire was tested at sites during the cohort study. Where translation of the WHQ was 

required, this was performed according to the Mapi process for standard linguistic validation 

to verify conceptual equivalence across languages [133, 214, 215].  

 

4.3.8.1 Translation methodology 

This involved a seven-step process alongside clinicians directly involved in wound 

assessment. Firstly, an in-country consultant (typically the national PI, or other clinical 

nominee) was recruited and briefed to oversee the process of translation in the target country 

and language(s). Secondly, forward translation was performed by two independent 

translators fluent in both the target and source language (native to the target country). 

Thirdly, the two versions were compared in detail with any differences in wording highlighted. 

These were reconciled by discussion between the translators and the in-country consultant. 

This produced a new translation of the instrument which was reviewed and signed off by the 

in-country consultant. Fourthly, the translated instrument underwent backwards translation by 

a third independent translator fluent in both the target and source language (native to the 

target country). Fifth, the back-translated document was compared to the original instrument. 
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Again, any differences were explored with discussion between the backwards translator, the 

in-country consultant and a forwards translator (where this was possible). Any further 

changes to improve clarity in the target language or cross-contextual relevance when then 

reconciled in the final translated instrument. Sixth, the translated instrument was piloted with 

site investigators and 2 and 4 patients per country. Further clinician review was not deemed 

to be necessary, with deep clinical involvement throughout the translation process. Finally, a 

harmonisation meeting was held in an online focus group using the Zoom platform (Zoom 

Corporation, Tokyo, Japan) to review the in-country consultants’ experience with the 

instrument and translation process. The instrument was reviewed item-by-time to ensure 

conceptual equivalence and share new learning in cross-cultural similarities and differences.  

 

4.3.9 Quantitative phase 

4.3.9.1 Cohort study design 

Data for the quantitative phase were collected during a prospective, international cohort 

SWAT. Consecutive adult patients (greater than 18 years) recruited to the FALCON trial 

were eligible. This included a broad range of abdominal operations with a predicted clean-

contaminated, or contaminated or dirty operating field and a planned skin incision of greater 

than 5cm. Operations could be performed for benign, malignant, trauma, or obstetric 

indications. 

 

4.3.9.2 Informed consent and patient information  

Consent for an additional telephone follow-up call to administer the WHQ was taken at the 

same time as trial consent, using a targeted Informed Consent Form and Patient Information 

Sheet. Patient and community partners supported co-production of these resources to 

ensure culturally attuned language and delivery. 
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4.3.9.3 Measurement procedures 

Telephone administration of the translated WHQ was performed at 28-30 days after surgery 

(i.e., in the 72 hours prior to in-person follow-up) integrated into the host trial pathway. The 

telephone WHQ was administered by a researcher, doctor or research nurse (non-consultant 

or attending grade), that was independent of the assessment for the trial primary outcome at 

30-days after surgery. In response to Community Engagement and Involvement (CEI [86]) 

partner feedback, patients were asked to provide two or three contact numbers, which could 

include a family member or community worker. The researcher was blinded to the outcome 

of the in-person wound assessment within the FALCON trial, and underwent training from the 

Study Management Group (SMG).  

 

4.3.9.4 Quality assurance and monitoring 

A monitoring call was performed using the Zoom platform (Zoom Corporation, Tokyo, Japan) 

after each local researcher had completed the WHQ for 5 to 10 patients to allow feedback, 

troubleshooting and quality assurance. Where recordings were available, these were 

reviewed by a member of the SMG fluent in the target language. A WhatsApp group was 

also created for all site investigators participating in each country to share early experience 

and best practice. The pathway for telephone WHQ follow-up was co-designed with patient 

and community partners to ensure culturally sensitive delivery.  

 

4.3.9.5 Sample size considerations 

No minimum sample size was set, but a target of 100 patients per country was discussed 

with each of the national principle investigators for use in Rasch unidimensional 

measurement modelling, based on published recommendations [216]. 
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4.3.10 Psychometric testing using Rasch analysis  

4.3.10.1 Justification for use of Rasch analysis 

Unidimensionality, measurement properties and cross-cultural item functioning of the WHQ 

was tested using exploratory Rasch analysis [134]. In brief [217], Rasch modelling is a 

statistical method for exploring a characteristic that is not directly observable (the ‘latent trait’, 

in this case remote detection of surgical wound infection). A questionnaire measures this by 

looking at representative behaviours (measured separately in each question or ‘item’) that 

are combined into one of more scales. Questionnaires provide a raw score for a response to 

each item that are then summarised to create an overall score. If the questionnaire is to be 

interpreted correctly, then it should behave like a ruler, where each point score increase 

indicates the same increase (equal ‘intervals’) in the overall strength of the ‘trait’ (here, the 

severity of SSI).  

 

4.3.10.2 Problems with use of ‘raw’ sum questionnaire scores 

A ‘raw’ sum score can be a misleading if: (1) different items convey more information 

(‘difficulty’) about the trait than others; (2) if more than one trait is being measured (‘single 

versus multiple domains’); (3) if patients have a very low (‘floor’) or very high (‘ceiling’) score; 

(4) if items are very highly correlated so are asking for the same information about the trait; 

(5) if patients with different characteristics respond in different ways (‘differential item 

functioning’); (6) in the case of missing item response data. The Rasch model allows 

exploration (and adjustment) for these patterns and takes into account random variation in 

item responses, allowing deeper understanding of the ‘person-metric’ properties of a 

questionnaire and uncertainty around them. Adoption has been widely encouraged to 

increase quality during questionnaire development and adaptation [134, 218, 219]. 
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4.3.10.3 Application of Rasch methods in this study 

The Rasch unidimensional measurement model was fitted to examine the psychometric 

properties of the WHQ, identify anomalies in the data and evaluate the extent to which the 

WHQ items are measuring the latent trait of wound infection [219, 220]. Individual items were 

assessed for excessive misfit (i.e., not measuring the trait in question) and response 

dependency (i.e., where items are related by more than just the underlying trait). Additionally, 

appropriate use of item response categories was checked using category probability curves 

and threshold mapping. Where probability curves were disordered response categories were 

rescored and item fit was then re-examined. Where residual correlations between items were 

high, subtesting was performed with re-evaluation of item and model fit. Differential item 

functioning was examined for each item by country, language, and patient home location 

(urban / rural).  Exploration of DIF was performed only where a subgroup included >50 

complete WHQ responses. 

 

4.3.11 Triangulation 

Qualitative and quantitative data were triangulated using data (i.e., between countries) and 

methodological (i.e., between qualitative interviews and psychometric analysis of quantitative 

data) triangulation adopting a modified, exploratory, instrumental design model. Triangulation 

was performed item by item to inform a final version of the instrument in both source 

(English) and target languages to be finalised and consolidated [197, 221-224]. Finally, there 

was a phase of proofreading, before completion of a final report of the adapted WHQ, and 

adoption of this version for further prospective validation. Data were also triangulated 

regarding measurement procedures to optimise future implementation of remote follow-up 

pathways. 
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4.3.12 Community engagement and involvement (CEI) 

Patients and community members from LMICs were engaged in all phases of the design and 

delivery of this study. The interview topic guide was co-designed with input from a 

representative global surgery patient forum. Practicable methods for conducting interviews, 

and patient compensation for time in participation were determined with the support of local 

community leaders. The Guidance for Reporting Involvement of Patients and the Public 

(GRIPP-2) short form was used to track and report the impact of CEI [225]. 
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4.4 Results 

4.4.1 Overview of qualitative data  

In total, 10 structured interviews and 6 focus groups were performed with a total of 47 

investigators across six countries. Sampling included surgeons (N=34), anaesthetists (N=5) 

and research staff (N=8), male (N=32) and female (N=15) investigators, caring for patients in 

both urban and rural populations, and across a range of abdominal surgery disciplines. 

Interview lengths ranged from 34 minutes to 112 minutes, and focus groups from 92 minutes 

to 126 minutes. Interview and focus group data from site investigators confirmed that the 

assumption of a universalist approach to SSI was acceptable, and that symptomology and 

treatment paradigms were shared across settings. We did not identify any divergence from 

this during thematic analysis. This was also explored with our CEI partners; together, 

allowing us to confirm content validity across settings. No new domains or concepts related 

to symptoms or treatment of SSI arose, suggesting content validity across contexts.  

 

4.4.2 Translation outcomes  

Translation was successfully completed in accordance with the schema presented in Table 1 

in five target languages after the qualitative phase: French (Benin), Hindi (India), 

Kinyarwanda (Rwanda), Punjabi (India), Tamil (India). For some potential languages of 

delivery, there was no written version of the dialect (e.g., Goun in Benin, Fante in Ghana), 

and on rare occasions patients would travel a very long distance for treatment and spoke an 

uncommon language to the local area (e.g., Malayam in Northern India). Here, the 

questionnaire was translated ad hoc from English (source language) by the assessor in the 

cohort study. 
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4.4.3 Overview of quantitative data 

Of 655 patients attempted for contact in the cohort study across five countries, 5 had died by 

30-days (15 missing status). Of those 635 confirmed alive, 537 were contactable for WHQ 

completion (84.5%). All recorded calls (N=14, 3 languages) demonstrated accurate and 

consistent delivery of the WHQ. Monitoring calls supported refinement of the delivery 

pathway and identification of contextually-attuned approaches. Features of included patients 

are summarised in Table 4.2 and measurement procedures in Table 4.3.  
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Table 4.2 Patient characteristics (quantitative phase)  
 

Feature Level Ghana India Benin Mexico Nigeria Total 

Timing of WHQ 
Per protocol 224 (99.1) 3 (3.8) 100 (100.0) 12 (10.1) 13 (100.0) 352 (65.5) 
Outside of protocol 1 (0.4) 76 (96.2) 0 (0.0) 107 (89.9) 0 (0.0) 184 (34.3) 
(Missing) 1 (0.4) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 1 (0.2) 

Age 

<18 years 33 (14.6) 0 (0.0) 0 (0.0) 2 (1.7) 3 (23.1) 38 (7.1) 
18-39 115 (50.9) 65 (82.3) 82 (82.0) 79 (66.4) 4 (30.8) 345 (64.2) 
40-59 51 (22.6) 10 (12.7) 13 (13.0) 27 (22.7) 4 (30.8) 105 (19.6) 
60-79 24 (10.6) 4 (5.1) 5 (5.0) 9 (7.6) 2 (15.4) 44 (8.2) 
≥80 3 (1.3) 0 (0.0) 0 (0.0) 2 (1.7) 0 (0.0) 5 (0.9) 

Sex Male 142 (62.8) 7 (8.9) 55 (55.0) 16 (13.4) 7 (53.8) 227 (42.3) 
Female 84 (37.2) 72 (91.1) 45 (45.0) 103 (86.6) 6 (46.2) 310 (57.7) 

Home location 
Urban 137 (60.6) 53 (67.1) 92 (92.0) 89 (74.8) 11 (84.6) 382 (71.1) 
Rural 89 (39.4) 25 (31.6) 8 (8.0) 30 (25.2) 2 (15.4) 154 (28.7) 
(Missing) 0 (0.0) 1 (1.3) 0 (0.0) 0 (0.0) 0 (0.0) 1 (0.2) 

Level of education Below high school level 157 (69.5) 32 (41.6) 29 (29.0) 23 (19.3) 6 (46.2) 247 (46.2) 
High school or above 69 (30.5) 45 (58.4) 71 (71.0) 96 (80.7) 7 (53.8) 288 (53.8) 

Known diabetes Yes 4 (1.8) 3 (3.8) 1 (1.0) 9 (7.6) 0 (0.0) 17 (3.2) 
No 222 (98.2) 76 (96.2) 99 (99.0) 110 (92.4) 13 (100.0) 520 (96.8) 

HIV status 
Known negative 17 (7.5) 78 (98.7) 4 (4.0) 36 (30.3) 6 (46.2) 141 (26.3) 
Known positive 1 (0.4) 0 (0.0) 0 (0.0) 2 (1.7) 0 (0.0) 3 (0.6) 
Status not known 208 (92.0) 1 (1.3) 96 (96.0) 81 (68.1) 7 (53.8) 393 (73.2) 

Smoking status 
Never smoked 218 (96.5) 78 (98.7) 97 (97.0) 107 (89.9) 12 (92.3) 512 (95.3) 
Ex-smoker 5 (2.2) 1 (1.3) 0 (0.0) 10 (8.4) 0 (0.0) 16 (3.0) 
Current smoker 3 (1.3) 0 (0.0) 3 (3.0) 2 (1.7) 1 (7.7) 9 (1.7) 

Urgency Elective (planned) 20 (8.8) 24 (30.4) 0 (0.0) 94 (79.0) 2 (15.4) 140 (26.1) 
Emergency (unplanned) 206 (91.2) 55 (69.6) 100 (100.0) 25 (21.0) 11 (84.6) 397 (73.9) 

Indication 

Malignant disease 11 (4.9) 7 (8.9) 2 (2.0) 3 (2.5) 2 (15.4) 25 (4.7) 
Benign disease 201 (88.9) 9 (11.4) 97 (97.0) 64 (53.8) 10 (76.9) 381 (70.9) 
Trauma 9 (4.0) 0 (0.0) 1 (1.0) 0 (0.0) 0 (0.0) 10 (1.9) 
Obstetric 5 (2.2) 63 (79.7) 0 (0.0) 52 (43.7) 1 (7.7) 121 (22.5) 

Operation location 

Foregut 73 (32.3) 2 (2.5) 8 (8.0) 31 (26.1) 2 (15.4) 116 (21.6) 
Hindgut 25 (11.1) 8 (10.1) 2 (2.0) 6 (5.0) 2 (15.4) 43 (8.0) 
Appendix 75 (33.2) 0 (0.0) 85 (85.0) 9 (7.6) 5 (38.5) 174 (32.4) 
Urogenital 6 (2.7) 65 (82.3) 0 (0.0) 67 (56.3) 1 (7.7) 139 (25.9) 
Other 47 (20.8) 4 (5.1) 5 (5.0) 6 (5.0) 3 (23.1) 65 (12.1) 

ASA grade 

Grade I 144 (63.7) 23 (29.1) 77 (77.0) 28 (23.5) 2 (15.4) 274 (51.0) 
Grade II 60 (26.5) 51 (64.6) 21 (21.0) 85 (71.4) 4 (30.8) 221 (41.2) 
Grade III 21 (9.3) 3 (3.8) 2 (2.0) 6 (5.0) 6 (46.2) 38 (7.1) 
Grade IV/V 0 (0.0) 2 (2.5) 0 (0.0) 0 (0.0) 1 (7.7) 3 (0.6) 
(Missing) 1 (0.4) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 1 (0.2) 

WHO Checklist Yes 214 (94.7) 79 (100.0) 99 (99.0) 116 (97.5) 10 (76.9) 518 (96.5) 
No 12 (5.3) 0 (0.0) 1 (1.0) 3 (2.5) 3 (23.1) 19 (3.5) 

Operation grade Intermediate/Minor 79 (35.7) 0 (0.0)  85 (85.0) 9 (7.6) 5 (38.5) 178 (33.6) 
Major 142 (64.3) 78 (100.0) 15 (15.0) 109 (92.4) 8 (61.5) 352 (66.4) 

Contamination 

Clean/Clean-
contaminated 44 (19.5) 73 (92.4) 14 (14.0) 110 (92.4) 2 (15.4) 243 (45.3) 

Contaminated 106 (46.9) 6 (7.6) 38 (38.0) 7 (5.9) 5 (38.5) 162 (30.2) 
Dirty 74 (32.7) 0 (0.0) 48 (48.0) 1 (0.8) 6 (46.2) 129 (24.0) 
(Missing) 2 (0.9) 0 (0.0) 0 (0.0) 1 (0.8) 0 (0.0) 3 (0.6) 

Approach 

Open midline 175 (77.4) 11 (13.9) 33 (33.0) 28 (23.5) 7 (53.8) 254 (47.3) 
Open non-midline 50 (22.1) 65 (82.3) 67 (67.0) 89 (74.8) 6 (46.2) 277 (51.6) 
Laparoscopic attempted 0 (0.0) 3 (3.8) 0 (0.0) 2 (1.7) 0 (0.0) 5 (0.9) 
(Missing) 1 (0.4) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 1 (0.2) 

Stoma formation 
Yes 9 (4.0) 5 (6.3) 0 (0.0) 2 (1.7) 0 (0.0) 16 (3.0) 
No 215 (95.1) 74 (93.7) 100 (100.0) 117 (98.3) 13 (100.0) 519 (96.6) 
(Missing) 2 (0.9) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 2 (0.4) 
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Table 4.3. Measurement processes (quantitative phase) 
 

Feature Levels Ghana India Benin Mexico Nigeria Total 

Language of delivery 
(translated WHQ) 

English 32 (14.2) 2 (2.5) 0 (0.0) 0 (0.0) 9 (69.2) 43 (8.0) 

French 0 (0.0) 0 (0.0) 88 (88.0) 0 (0.0) 0 (0.0) 88 (16.4) 

Hindi 0 (0.0) 52 (65.8) 0 (0.0) 0 (0.0) 0 (0.0) 52 (9.7) 

Punjabi 0 (0.0) 20 (25.3) 0 (0.0) 0 (0.0) 0 (0.0) 20 (3.7) 

Spanish 0 (0.0) 0 (0.0) 0 (0.0) 119 (100.0) 0 (0.0) 119 (22.2) 

Tamil 0 (0.0) 3 (3.8) 0 (0.0) 0 (0.0) 0 (0.0) 3 (0.6) 

Language of delivery  
(ad hoc translation) 

Dagbani 38 (16.8) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 38 (7.1) 

Fante 8 (3.5) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 8 (1.5) 

Fon 0 (0.0) 0 (0.0) 6 (6.0) 0 (0.0) 0 (0.0) 6 (1.1) 

Goun 0 (0.0) 0 (0.0) 6 (6.0) 0 (0.0) 0 (0.0) 6 (1.1) 

Malayalam 0 (0.0) 2 (2.5) 0 (0.0) 0 (0.0) 0 (0.0) 2 (0.4) 

Twi 148 (65.5) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 148 (27.6) 

Yoruba 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 4 (30.8) 4 (0.7) 

Phone owner 

Patient themselves 142 (62.8) 23 (29.1) 84 (84.0) 85 (71.4) 10 (76.9) 344 (64.1) 

Healthcare worker 0 (0.0) 1 (1.3) 0 (0.0) 0 (0.0) 0 (0.0) 1 (0.2) 

Friend or relative 83 (36.7) 54 (68.4) 16 (16.0) 34 (28.6) 2 (15.4) 189 (35.2) 

Other 1 (0.4) 1 (1.3) 0 (0.0) 0 (0.0) 1 (7.7) 3 (0.6) 

Phone type 

Landline phone 0 (0.0) 1 (1.3) 0 (0.0) 2 (1.7) 0 (0.0) 3 (0.6) 
Mobile phone (with a  
camera) 118 (52.2) 70 (88.6) 77 (77.0) 104 (87.4) 11 (84.6) 380 (70.8) 

Mobile phone (without
 a camera) 108 (47.8) 8 (10.1) 23 (23.0) 13 (10.9) 2 (15.4) 154 (28.7) 

Questionnaire  
administrator 

Consultant (doctor) 0 (0.0) 0 (0.0) 0 (0.0) 7 (5.9) 2 (15.4) 9 (1.7) 

Other doctor 132 (58.4) 0 (0.0) 100 (100.0) 75 (63.0) 0 (0.0) 307 (57.2) 

Research nurse 65 (28.8) 76 (96.2) 0 (0.0) 0 (0.0) 1 (7.7) 142 (26.4) 

Other 28 (12.4) 3 (3.8) 0 (0.0) 37 (31.1) 10 (76.9) 78 (14.5) 

(Missing) 1 (0.4) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 1 (0.2) 
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4.4.3.1 Unidimensionality of scale 

The exploratory Rasch model was fitted using these data from 537 patients (369 excluding 

extremes) across 5 class intervals (Table 4.4). Both analysis of principal components 

between positively and negatively loading items (1.86%, N=10 independent t-tests <5%) and 

symptom and pathway items (0.56%, N=8) suggested unidimensionality of the WHQ 

instrument in detection of surgical site infection.  
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Table 4.4. Class interval structure in Rasch analysis 
 

  Class interval 
Item Description 1 2 3 4 5 
I0001 Redness 110 96 75 74 14 

I0002 Heat 110 96 75 74 14 

I0003 Clear fluid 110 96 75 74 14 
I0004 Blood-stained fluid 110 96 75 74 14 

I0005 Purulent fluid 110 96 75 74 14 
I0006 Wound opening 110 96 74 74 14 

I0007 Deep wound opening 10 11 10 9 6 

I0008 Local swelling 110 96 75 74 14 
I0009 Smell 110 96 75 75 12 

I0010 Tenderness 110 96 75 74 14 
I0011 Fever 110 96 74 74 14 

I0012 Advice 110 96 75 74 14 
I0013 Dressing 110 96 75 74 14 

I0014 Readmission 110 96 75 74 14 

I0015 Antibiotics 110 96 75 74 14 
I0016 Deliberate opening 110 96 75 74 14 

I0017 Wound scraping 110 96 75 74 14 
I0018 Wound drained 110 96 75 74 14 

I0019 Reoperated 110 96 75 74 14 
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4.4.3.2 Model fit and targeting 

Overall, the model did not fit well with a high probability of item-trait interaction (χ2 209.2, DF: 

76, p<0.0000001), and a poor person-separation index (0.48, low power of analysis). 

Conversely, Cronbach’s alpha (with missing data excluded) demonstrated acceptable 

internal consistency (0.86). There was a strong positive skew of person location values with 

the mean person location of -2.91 (s.d. 1.05), demonstrating some mistargeting of the WHQ 

as may be expected in a diagnostic or screening tool (Figure 4.2). The item-location map 

reflected clinical severity (Figure 4.3) with 31.3% (168/537) of participants at the floor of the 

scale (i.e., no signs or symptoms of SSI) and item locations reflecting degrees of infection at 

the ceiling. 
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Figure 4.2. Person-threshold distribution map of the WHQ  
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Figure 4.3. Item-location map for the adapted WHQ  
 

 
Item 13 (dressing) was the lowest item, indicating many of the participants would have scored on this item. Items such as 8 (Local swelling), 4 (Blood stained fluid), 19 (Reoperation) and 17 (Wound debridement) were 
at the ceiling and participants were more likely to affirm these if items if they had a more severe infection. 
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4.4.3.3 Individual item fit and dependency 

Several items displayed significant misfit to the model (mean item fit residual: -1.61, s.d. 

1.75, Table 4.5), but person-fit was acceptable (mean person fit residual -0.52, s.d. 0.69). 

Examination of individual person fit did not reveal any significant misfit (s.d. of fit residual 

greater than +2.5 or less than -2.5). Individual item fit (Table 4.5) and between-item residual 

correlation (Table 4.8) is triangulated with qualitative data below. There was a high degree of 

correlation and dependence between items with local dependency in 11 item pairs.  

 

4.4.3.4 Differential item functioning  

There was significant evidence of uniform DIF by country in items 1, 3, 5, 8, 10 and 13 and 

non-uniform DIF by country in items 4, 10, 13, 16, 17 and 19 (Table 4.6).  There was no 

significant DIF observed by patient home location (Table 4.7).
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Table 4.5. Individual item fit in Rasch analysis 
 

Item Description Location SE Fit  
residual DF χ2 DF Prob F- 

statistic DF1 DF2 Prob 

I0001 Redness -0.54 0.106 -0.459 346.42 6.129 4 0.189686 1.28 4 364 0.277285 

I0002 Heat 0.148 0.123 -0.574 346.42 5.142 4 0.27303 0.965 4 364 0.426828 

I0003 Clear fluid -0.012 0.125 -0.402 346.42 2.158 4 0.706659 0.387 4 364 0.817702 

I0004 Blood-stained 
fluid 2.358 0.156 -1.863 346.42 5.396 4 0.249023 1.461 4 364 0.213624 

I0005 Purulent 
fluid -0.063 0.126 -2.837 346.42 11.977 4 0.017525 4.809 4 364 0.000864 

I0006 Wound 
opening 0.166 0.137 -1.769 345.49 7.386 4 0.116833 1.513 4 363 0.197776 

I0007 Deep wound 
opening 0.294 0.243 0.407 43.19 5.71 4 0.221911 1.232 4 41 0.31248 

I0008 Local swelling 2.196 0.134 -1.251 346.42 7.844 4 0.097462 1.905 4 364 0.108954 

I0009 Smell 0.115 0.137 -3.519 345.49 14.846 4 0.005032 6.62 4 363 0.000044 

I0010 Tenderness -1.332 0.083 2.535 346.42 31.471 4 0.000002 7.273 4 364 0.000015 

I0011 Fever -0.503 0.107 0.172 345.49 24.686 4 0.000059 6.607 4 363 0.000041 

I0012 Advice -0.979 0.153 -2.772 346.42 11.437 4 0.022073 3.403 4 364 0.009473 

I0013 Dressing -3.992 0.122 0.028 346.42 5.976 4 0.200922 1.691 4 364 0.151444 

I0014 Readmission -0.433 0.178 -4.5 346.42 18.184 4 0.001137 10.985 4 364 0 

I0015 Antibiotics -1.617 0.134 -3.891 346.42 25.537 4 0.000041 8.655 4 364 0 

I0016 Clinician 
opening 0.847 0.277 -3.213 346.42 9.51 4 0.04954 8.658 4 364 0.000002 

I0017 Wound 
scraping 1.489 0.361 -2.335 346.42 4.568 4 0.334617 3.285 4 364 0.011551 

I0018 Wound 
drained 0.467 0.239 -1.883 346.42 4.61 4 0.329672 1.781 4 364 0.132017 

I0019 Reoperated 1.392 0.347 -2.497 346.42 6.673 4 0.154187 6.222 4 364 0.000076 

 
Items that appeared to misfit the Rasch model based on one or more assessment criteria highlighted in bold. P-values highlighted for Bonferroni-
adjusted value of P<0.000877 (base alpha 0.05) to account for multiplicity in testing.  
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Table 4.6. Exploration of differential item functioning by country  
 
 
  

Class interval (ANOVA) Country  
(uniform DIF) 

Class interval by country  
(non-uniform DIF) 

Item Description MS F-statistic DF Prob MS F-statistic DF Prob MS F-statistic DF Prob 
I0001 Redness 1.10905 1.44985 4 0.217174 5.95565 7.78575 4 0.000001 1.8406 2.40619 15 0.002484 

I0002 Heat 0.81154 0.97723 4 0.419959 1.32731 1.59832 4 0.17429 0.95976 1.15572 15 0.305279 
I0003 Clear fluid 0.33813 0.40548 4 0.804693 5.13824 6.1617 4 0.000076 0.63418 0.7605 15 0.721338 

I0004 Blood-stained fluid 0.82023 1.58117 4 0.178817 0.58955 1.13649 4 0.339085 1.53853 2.96583 15 0.000184 
I0005 Purulent fluid 2.03576 5.2885 4 0.000383 2.55904 6.64789 4 0.00004 0.736 1.91197 15 0.021178 

I0006 Wound opening 0.97441 1.57546 4 0.180351 2.25915 3.65269 4 0.006259 0.79936 1.29243 15 0.204236 
I0007 Deep wound opening 1.42662 1.7364 4 0.169002 2.40595 2.9284 3 0.050296 1.82772 2.2246 9 0.049837 

I0008 Local swelling 1.47699 2.13467 4 0.076134 5.33207 7.70634 4 0.000005 1.47582 2.13297 15 0.008346 

I0009 Smell 2.47752 6.98484 4 0.000021 1.35706 3.82596 4 0.004665 0.56007 1.57901 15 0.077303 
I0010 Tenderness 7.85005 8.81738 4 0 12.63569 14.19274 4 0.000006 2.34485 2.63379 15 0.000872 

I0011 Fever 6.05665 6.72738 4 0.000032 2.17053 2.4109 4 0.04896 0.95995 1.06626 15 0.386969 
I0012 Advice 1.95626 3.47161 4 0.008488 0.55603 0.98674 4 0.414748 0.83991 1.49052 15 0.106046 

I0013 Dressing 1.58484 2.09556 4 0.080998 11.54038 15.2593 4 0 2.27201 3.00417 15 0.000153 

I0014 Readmission 3.30776 10.88698 4 0 0.18136 0.59693 4 0.665092 0.27042 0.89004 15 0.575761 
I0015 Antibiotics 4.74728 8.73443 4 0.000006 1.06867 1.96623 4 0.099221 0.52497 0.96588 15 0.491144 

I0016 Clinician opening 1.7993 9.72982 4 0.000005 0.59012 3.19112 4 0.013583 0.63243 3.4199 15 0.000022 
I0017 Wound scraping 0.7204 3.65057 4 0.006284 0.68523 3.47234 4 0.008476 0.6001 3.04095 15 0.000128 

I0018 Wound drained 0.83979 1.85386 4 0.118133 0.73257 1.61718 4 0.16943 0.82874 1.82947 15 0.029577 
I0019 Reoperated 1.28757 7.12483 4 0.000023 0.36665 2.02889 4 0.089948 0.76782 4.24876 15 0 
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Table 4.7. Exploration of differential item functioning by patient home location (urban versus rural)  
 
 
  

Class interval (ANOVA) Home location  
(uniform DIF) 

Class interval by home location  
(non-uniform DIF) 

Item Description MS F-statistic DF Prob MS F-statistic DF Prob MS F-statistic DF Prob 
I0001 Redness 1.10906 1.28119 4 0.276925 1.97513 2.28168 1 0.131792 0.64867 0.74935 4 0.558954 
I0002 Heat 0.81154 0.96149 4 0.428636 0.05993 0.07101 1 0.790022 0.78441 0.92934 4 0.446887 

I0003 Clear fluid 0.33813 0.38624 4 0.818478 0.00328 0.00375 1 0.951239 0.86892 0.99256 4 0.411526 
I0004 Blood-stained fluid 0.82023 1.45809 4 0.214462 0.55646 0.9892 1 0.320601 0.47444 0.8434 4 0.498362 

I0005 Purulent fluid 2.03576 4.8977 4 0.000742 0.30434 0.73218 1 0.392754 1.13895 2.74012 4 0.028591 

I0006 Wound opening 0.97441 1.51754 4 0.196467 0.61448 0.95699 1 0.328607 0.82575 1.28603 4 0.275033 
I0007 Deep wound opening 1.42662 1.30231 4 0.28761 2.07281 1.8922 1 0.177453 1.49612 1.36576 4 0.265085 

I0008 Local swelling 1.47699 1.92532 4 0.105648 1.86336 2.42897 1 0.119991 1.22648 1.59877 4 0.174069 
I0009 Smell 2.47751 6.56173 4 0.000034 0.04832 0.12797 1 0.720756 0.15683 0.41536 4 0.797571 

I0010 Tenderness 7.85005 7.53315 4 0.000005 6.50787 6.24515 1 0.012894 3.064 2.94031 4 0.02055 
I0011 Fever 6.05665 6.56487 4 0.000045 0.19971 0.21647 1 0.642034 0.5747 0.62292 4 0.646432 

I0012 Advice 1.95626 3.38917 4 0.009717 0.05805 0.10057 1 0.751322 0.48865 0.84657 4 0.496397 

I0013 Dressing 1.58484 1.70809 4 0.147585 0.66633 0.71815 1 0.397315 1.84948 1.99331 4 0.095016 
I0014 Readmission 3.30776 11.28915 4 0.000008 0.00005 0.00016 1 0.989568 1.10343 3.76593 4 0.005144 

I0015 Antibiotics 4.74728 9.06901 4 0.000008 1.85356 3.54097 1 0.060681 2.47129 4.72105 4 0.001009 
I0016 Clinician opening 1.7993 8.64645 4 0.000006 0.21679 1.04179 1 0.308094 0.18073 0.86851 4 0.482919 

I0017 Wound scraping 0.7204 3.30981 4 0.011091 0.35397 1.62629 1 0.20304 0.33296 1.52974 4 0.192945 

I0018 Wound drained 0.83979 1.78495 4 0.131242 0.02946 0.06261 1 0.802543 0.678 1.44107 4 0.219887 
I0019 Reoperated 1.28757 6.1947 4 0.000072 0.18986 0.91344 1 0.339846 0.13069 0.62876 4 0.642267 
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4.4.4 Cross-contextual and cross-language equivalence of items and response scales  

A summary of qualitative data across four pre-defined categories is presented for ‘symptoms’ 

items in Appendix C and ‘treatment’ items in Appendix D. Triangulation of qualitative and 

quantitative data was performed item-by-item for the 11 ‘symptom’ items (10 items and 1 

sub-item) and 8 ‘pathway’ items to recommend modifications, and explore individual item fit 

and correlations below. 

 
4.4.4.1 Item response categories 

Investigators from all six countries raised concerns about translatability, comprehension, and 

judgement between two item response levels for ‘symptoms’ items 1 to 10: (1) ‘A little bit’ and 

(2) ‘Quite a lot’:  

“The difference between ‘a little bit’ and ‘quite a lot’ is for the very “English” English” 

(Surgeon, Focus group NG002F, Nigeria). 

“I think it is sometimes challenging trying to explain to patients to find the balance where 

it was... a little versus quite a bit” (Research nurse, Focus group GH001F, Ghana). 

“Quite a bit, a little means the same (in Hindi) I think” (Surgeon).  

“Yes, differentiating between quite a bit and a lot will be a bit difficult for the patient”. 

(Research nurse, Focus group IN002F, India) 

 

Feedback from focus groups also highlighted that many patients might struggle to 

understand the scalar nature of four item response levels when delivered over the telephone:  

“Questionnaires in Nigeria are more like a conversation than a very structured interaction 

– it is what is needed to keep the patient engaged. They won’t understand the question 

as a scale, and the assessor would have to make their best guess” (Research nurse, 

Interview NG001I, Nigeria) 
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In contrast, one included country (Mexico) felt translation of the item would be possible into 

Spanish language. However, investigators agreed that comprehension would remain a 

problem for less health literate patients: 

 “You can translate both ‘a little bit’ and ‘quite a lot’ into Spanish, but its whether they 

(patients) will understand the difference in real life” (Research nurse, Interview MX001I, 

Mexico). 

 

Similarly, investigators from Nigeria, Mexico and Rwanda highlighted that local patients were 

typically unable to discern whether they had a true fever (Item 11), and many felt ‘hot’ or ‘not 

right’ after surgery without knowing why:  

“Typically, patients either feel either yes or no, very hot or normal” (Research Nurse, 

Interview NG002I, Nigeria).  

“The one with the fever, it’s the answers are a little weird, because you cannot say not at 

all, a little, quite a bit or a lot, because it’s you had or you have it or you don’t. (Surgical 

trainee, Focus group MX001F, Mexico). 

 

In the qualitative harmonisation meeting, investigators proposed a three-level scale (“None”, 

“A little”, “A lot”) for ‘symptoms’ items in the adapted questionnaire, and two-level scale (“No”, 

“Yes”) for Item 11 (Fever). Data were collected in the cohort study using the original WHQ 

item response categories. Upon Rasch analysis, disordered thresholds were detected for a 

majority of ‘symptoms’ items: Item 1 (Redness), Item 3 (Clear fluid), Item 6 (Wound opening), 

Item 7 (Deep tissue opening), Item 9 (Smell) and Item 11 (Fever). A threshold map is shown 

in Figure 4.4 and relevant probability curves in Figure 4.5. Triangulated with qualitative data, 

this supported reconfiguration of the item response categories in the adapted Wound Healing 

Questionnaire and was agreed in the final harmonisation meeting. 
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Figure 4.4. Threshold map for WHQ  
 

 
 

Wound Healing Questionnaire (WHQ) tems 1 to 19 are listed along the y-axis. The logit threshold values for each item response are listed on the 
x-axis. Items with disordered thresholds are indicated with **. 
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Figure 4.5. Category probability curves with overlapping response thresholds 

 
Items displayed (from top, reading left to right) are Item 1 (Redness), Item 3 (Clear fluid), Item 6 (Wound opening), Item 7 (Deep wound opening), Item 9 (Smell), Item 11 (Fever). 
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4.4.4.2 Item 1. Redness 

Researchers from several countries reported poor cross-contextual relevance of ‘redness of 

the skin’ and perceived challenges in translating this in a way that would be comprehensible 

to patients in a local language, particularly for patients with dark skin tones (e.g., in Sub-

Saharan Africa): 

“Redness around the wound, from my experience it becomes a bit of a challenge for 

many of our patients to recognise that redness, bearing in mind the colour of the skin.” 

(Surgeon, Focus group NG002F, Nigeria).  

“The red colour is difficult to find in black skin” (Surgeon, Interview BN001I, Benin) 

This was also reflected in cohort study data from Benin, South Africa, Ghana, and Nigeria 

where redness of the skin demonstrated poor discrimination with significant non-uniform DIF 

(Figure 4.6). Investigators suggested that an equivalent concept would be ‘shining’ or 

‘tightness’ of the skin and amended wording for this item reached agreement during the final 

harmonisation meeting. 

“I suggest we substitute shining skin with redness, with dark skin, inflamed skin we 

tend to ask or we see it shining - that is an adequate replacement” (Surgeon, Focus 

group NG002F, Nigeria).  

 

Recommendation 1: Amend wording to capture ‘shining of the skin’ to ensure conceptual 

relevance to dark skin tones. Modify wording during translation into Ghanian dialects to 

ensure conceptual equivalence. 
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Figure 4.6. Differential item functioning by country for symptoms items 1 (Redness) 
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4.4.4.3 Item 2. Warmth 

Some concerns were raised about patients’ comprehension, retrieval and judgment for this 

item, with some investigators worried that they would only be aware of ‘abnormal warmth’ if a 

healthcare worker had informed them of this:  

“It may be (that) people only notice heat if doctor (sic) has told them this (Research 

nurse, Ghana, Interview GH001I)”.  

However, this item demonstrated acceptable fit to the Rasch model (fit residual -0.574, 

p=0.427), and there was no significant DIF by country or language. 

 

Recommendation 2: No adaptation required. 

 

4.4.4.4 Item 3. Clear fluid 

Clear fluid was generally considered to be well understood by patients with acceptable 

retrieval and judgement. A cross-language translatability issue for Ghanian dialects was 

raised in an interview, with patients describing clear serous fluid as ‘water’:  

Patients describe this as ‘water’ from the wound in Ghana (Research nurse, Ghana, 

Interview GH001I)”.  

 

Recommendation 3: Clarification of consistency of ‘thin’ clear fluid.  

 

4.4.4.5 Item 4. Blood-stained fluid 

Item 4 was considered to be comprehensible, with no perceived issues in retrieval or 

judgement. Item fit was satisfactory (fit residual: -1.863, p=0.214) and with no significant DIF. 

Interesting contextual data were provided from an investigator in Ghana to support retrieval, 

whereby family members sometimes report blood-stained fluid on dressings:  
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“Family members may also notice bloody leakage from the skin and on the dressings so 

will be useful help (to the patient) in assessment (Surgeon, Ghana, Interview GH002I)”  

 

Recommendation 4: No cross-cultural adaptation required. 

 

4.4.4.6 Item 5. Purulent fluid 

No themes were identified in the qualitative data related to this item. However, there was 

some item misfit on Rasch analysis (fit residual -2.837, p=0.0009). Despite perceived 

structural dependency by the WHQ developers [184] there was no significant local 

dependency seen in residual correlations of Items 3, 4 and 5 (Table 4.8). Where all three 

‘fluid’ items were combined in a subtest (aligned to the structural dependency suggested by 

the WHQ developers) there was improvement in item fit (fit residual -2.079, p=0.050) and 

improved ordering of thresholds (Figure 4.7), but no improvement in overall model fit 

(χ2=199.00, DF:68, p<0.0000001).  

 

Recommendation 5: No cross-cultural adaptation required. In future analyses, consider 

accounting for structural dependency of Item 3, 4 and 5 using subtesting. 
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Table 4.8. Exploration of item correlations and local dependency between items in Rasch analysis 
 

 

Item I0001 I0002 I0003 I0004 I0005 I0006 I0007 I0008 I0009 I0010 I0011 I0012 I0013 I0014 I0015 I0016 I0017 I0018 I0019 

I0001                    

I0002 0.032                   

I0003 -0.128 -0.082                  

I0004 -0.042 -0.061 0.041                 

I0005 -0.131 -0.097 0.028 -0.067                

I0006 -0.014 -0.094 0.021 0.071 0.016               

I0007 -0.159 -0.217 -0.062 0.182 -0.305 0.333              

I0008 -0.021 0.049 -0.054 -0.079 -0.12 -0.103 0.098             

I0009 -0.074 -0.1 -0.121 0.107 0.085 -0.019 -0.258 -0.017            

I0010 -0.209 -0.065 -0.104 -0.08 -0.118 -0.163 -0.158 -0.036 -0.129           

I0011 -0.098 -0.065 -0.084 -0.128 -0.049 -0.075 -0.023 -0.174 -0.071 -0.057          

I0012 -0.139 -0.056 -0.019 -0.087 0.043 -0.051 -0.3 -0.104 -0.085 -0.145 -0.029         

I0013 0.054 -0.192 -0.174 -0.121 -0.036 -0.115 -0.073 -0.088 0.077 -0.442 -0.069 0.023        

I0014 -0.108 -0.126 -0.09 -0.028 0.037 0.004 0.174 -0.003 -0.041 -0.147 -0.171 0.178 0.088       

I0015 -0.174 -0.085 0.055 -0.071 0.101 -0.076 -0.036 -0.116 -0.012 -0.216 -0.092 0.106 -0.01 0.209      

I0016 -0.06 -0.102 -0.094 -0.005 -0.016 0.053 0.037 -0.041 0.162 -0.164 -0.18 0.039 0.034 0.167 0.072     

I0017 0.009 -0.087 -0.108 -0.007 -0.031 0.074 -0.009 -0.059 0.111 -0.101 -0.119 -0.02 0.024 0.155 -0.003 0.413    

I0018 -0.08 -0.04 0.099 0.086 -0.024 -0.037 -0.223 -0.073 -0.041 -0.163 -0.128 0.119 0.017 0.032 0.143 0.212 0.015   

I0019 -0.123 -0.098 -0.077 -0.016 -0.028 0.051 0.403 -0.018 0.01 -0.1 -0.149 -0.015 0.025 0.248 0.064 0.67 0.409 0.155  

 

Highlighted residual correlation coefficients are +0.2 above the mean average of all item residual correlations (-0.027) [226] 
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Figure 4.7. Threshold probability map after subtest analysis of item 3 (clear fluid), item 
4 (blood-stained fluid) and item 5 (purulent fluid)  
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Figure 4.8. Category probability curve upon subtest analysis of item 6 (wound opening) and item 7 (deep wound opening) 
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4.4.4.7 Item 6. Wound opening 

Item 6 largely raised issues with retrieval and judgement in the qualitative data. Investigators 

were particularly concerned about judgement of lower abdominal incisions which can be 

hidden from direct view:  

“Patients might sometimes need someone to help with a caesarean section or low 

(abdominal) wound. They can’t tell if a family member isn’t present” (Research nurse, 

Nigeria, Interview NG001I).  

Another concern was in retrieval where a wound had opened spontaneously but closed 

ahead of the 30-day postoperative assessment:  

“(The wound) may have opened, then later closed, so you might need to ask others” 

(Research nurse, Nigeria, Interview NG001I).  

A translatability issue was raised in Kinyarwanda where the word for ‘opening’ can be 

interpreted as ‘healing’ (i.e., dressings removed and left to the open air) or as suture removal 

(Surgeon, Rwanda, Interview RW001I). Despite these concerns, item fit was acceptable (fit 

residual -1.769, p=0.198) and with no significant DIF. 

 

Recommendation 6: No cross-cultural adaptation required. Assessors should ask patients to 

communicate with family members or carers when assessing Item 6 if the wound cannot be 

directly visualised. Modify wording during translation into Kinyarwanda to ensure conceptual 

equivalence. 

 

4.4.4.8 Item 7. Deep wound opening 

There were several issues reported with comprehension and judgment for this question. 

Investigators felt that both the term ‘wound’ and what constituted ‘opening’ would be 

challenging for local populations: 
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“Deeper tissue is too scientific” (Surgeon, Nigeria, Interview NG002I)  

 

“Patients will not understand the word tissue or be able to tell the difference between 

superficial and deeper tissues” (Ghana, Focus group GH001F) 

 

“What if they don’t understand or they think the edges are deeper tissue?” (Surgical 

trainee, Focus group MX001F, Mexico) 

 

This was highlighted particularly for patients with low health literacy:  

“People with low literacy will be unable to appreciate differences” (Surgeon, Mexico, 

Interview MX002I).  

 

Others reflected that some patients with prior medical knowledge may have a greater 

comprehension of these concepts: 

“(I) don’t think they will be able to say it is a tissue unless it is a medical person, unless 

they are medical or have been told” (Research nurse, India, Interview IN002I).  

 

However, data completeness for this item was high (completed in 46 of 46 patients with ‘a 

little’ or more wound opening in Item 6) and item fit was acceptable (fit residual 0.407, 

p=0.312). A solution proposed by investigators in India and Rwanda was to highlight ‘the 

inside sutures’ in the item description, as something clearly visible in the deep wound space:  

“In Rwanda, we commonly ask patients ‘did you also see the blue sutures’ (deep 

sutures) to help make this clear” (Surgeon, Rwanda, Interview RW002I). 

 

Investigators also highlighted the need for safety netting in settings with low health literacy 

and limited access to care:  
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“Patients will want a ‘solution’… ‘next-steps’…so their needs to be clear pathway for 

safety netting” (Research nurse, Nigeria, Interview NG001I).  

This item was structurally dependent with Item 6 (wound opening) and found to be locally 

dependent when exploring residual correlations (co-efficient: +0.33, table 3). It had a high 

degree of correlation with several others: item 4 (Blood-stained fluid), item 14 (readmission), 

item 19 (reoperation).  Where item 6 and 7 were analysed together as a subtest, there were 

still overlapping probability categories (figure 3), but the individual item fit improved. Issues 

with translatability into Spanish where also raised, with the clarification of ‘inside sutures’ 

perceived to be important:  

“It’s hard to translate for ‘deeper tissues’ and I don’t think they (patients) will understand 

it” (Researcher, Mexico, Interview MX001I). 

 

Recommendation 7: Reword item to support comprehension and judgement by including ‘the 

flesh beneath the skin or the ‘inside sutures’. In future analyses, consider accounting for 

structural and local dependency of Item 6 and 7 using subtesting and collapsed item 

response categories, or exploring Rasch model fit with this item excluded. The assessor 

should ensure safety netting via a local clinical pathway if there are any concerns about deep 

wound opening, and the patient has not yet sought care. 

 

4.4.4.9 Item 8. Local swelling 

In general, comprehension and retrieval were thought to be acceptable for Item 8:  

“Patients will easily be able to report areas of swelling and whether or not this is around 

the wound” (Research Nurse, India, Interview IN002I).  

However, there were some issues raised with judgment in comparison to normal healing 

processes:  
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“Patients may confuse (it with) swelling or hardness of the wound related to regular 

healing” (Surgeon, Ghana, Interview GH002I).  

Potential variation in judgement across contexts was corroborated in DIF analysis, displaying 

uniform DIF by country (F-statistic 7.71, P=0.000005, Figure 4.9). However, item fit was 

acceptable (fit residual -1.25, p=0.109). 

 

Recommendation 8: No cross-cultural adaptation required. Consider splitting item for DIF by 

country in future analyses. 
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Figure 4.9. Differential item functioning by country for symptoms item 8 (Local swelling) 
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4.4.4.10 Item 9. Smell 

The inclusion of this item was felt to be very important across cultures:  

“(This is a)….useful symptom to collect as (it’s) commonly reported in patients with SSI 

in Mexico but not part of current SSI assessment in FALCON” (Researcher, Mexico 

Interview MX002I).  

Although some investigators, in particular research nurses, were worried about eliciting this 

information from patients:  

“Patients may be very ashamed to share this information, and only provide the answer if 

trust is given (to the interviewer). Especially the female gender, some males too, and 

probably young adults.” (Research nurse, Nigeria, Interview NG001I)  

Others felt that something this notable would be highly likely to be reported:  

“Patients hate to feel abnormal and they will definitely report something so disturbing” 

(Surgeon, Ghana, Interview GH002I).  

“No, they will not be offended by this and be able to answer, because they know it’s a 

part of the routine examination or post-operative follow-up.” (Surgeon, Focus group 

IN002F, India).  

Investigators also acknowledged the important role of healthcare workers and family 

members in accurate assessment of this item:  

“(Patients are)….most likely to notice (the wound being smelly) during wound dressing 

changes by a relative or health workers” (Research nurse, Nigeria, Interview NG001I).  

One potential issue with judgment was proposed in distinguishing wound smells from other 

sources:  

““I think it depends on the smell, because the lotions used to dress the wound 

sometimes they may come with… for example povidone iodine… though it’s not an 

offensive smell.” (Research nurse, Nigeria, Interview NG001I).  



 125 

In keeping with this there was significant item misfit (fit residual -3.52, p=0.000044), although 

no significant DIF and no local dependency. 

 

Recommendation 9: No cross-cultural adaptation required. Advise assessor to build rapport 

with patients early during measurement procedure, ask family members whether they have 

noticed the wound being ‘smelly’ during dressing changes, and reassure patient to share 

symptoms if possible.  

 

4.4.4.11 Item 10. Tenderness 

Investigators were concerned with patients’ ability to judge normal postoperative pain from 

pain associated with SSI:  

“Patients struggle to tell what is ‘normal pain’ and pain related to SSI” (Research nurse, 

Ghana, Interview GH001I). 

 Others highlighted that patients are discouraged from touching their wound after surgery, but  

“…their wound may also be painful during daily activities if patients had chosen not to 

touch the wound or area around it” (Research nurse, India, Interview IN001I).  

Other activities where patients may have their wound touched by others were also 

highlighted: 

“In Ludhiana most of the ladies just answer for these questions while changing the 

dressings they feel pain. Yeah, otherwise they don’t touch so much.” (Research nurse, 

Focus group IN002F, India).  

The item fitted poorly with the Rasch model (fit residual 2.54, p=0.000015), and 

demonstrated significant uniform (F-statistic 14.19, p=0.000005) and non-uniform DIF (F-

statistic 2.63, p=0.0009) by country. It demonstrated underdiscrimination in most countries 

(Figure 4.10). The overall fit for the model only slightly improved when Item 10 was removed 

(χ2 176.55, DF 55, p<0.0000001). 
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Recommendation 10: No cross-cultural adaptation required. Consider dropping item if 

replicated in future validation studies.
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Figure 4.10. Differential item functioning by country for symptoms items 10 (Tenderness) 
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4.4.4.12 Item 11. Fever 

Conflicting themes arose related to comprehension versus judgement for Item 11. 

Comprehension was generally considered to be good:  

“Patients have lots of experience reporting temperature as this is a malaria 

area…patients are usually able to report this well” (Surgeon, Ghana, Interview GH002I).  

However, many investigators reported concerns about judgement. This largely followed two 

themes: (1) patients very commonly reporting this symptom, particularly in warm 

environments; (2) lack of access to medical thermometers in the community:  

“Patients all feel temperature rises, as the weather is very hot, and they are very anxious 

after surgery. Unless they have a thermometer it’s very difficult for them to know” 

(Surgeon, Rwanda, Interview RW002I).  

Another investigator in Rwanda reported:  

“(Fever)… may not be useful to wound healing in Rwanda. It doesn’t adapt well to our 

patients” (Focus group, Rwanda, RW001F).  

The inclusion of a degree Celsius cut-off in the item was universally considered to have low 

contextual relevance in low resource settings:  

“Patients just do not have access to thermometers, so temperatures are never 

accurate” (Focus group, India, IN001F).  

“In Mexico, it’s patients say that they have a temperature or fever but they don’t really 

measure the temperature.  They just feel a little hot and they say oh I have 

temperature, I have fever.” (Surgeon, Focus group MX001F, Mexico) 

Corroborating this, item 11 demonstrated significant misfit (fit residual 0.172, p=0.00004), but 

no significant DIF or dependency. The model fit did not improve when Item 11 was deleted 

(χ2 191.30, DF 72, p<0.0000001). 
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Recommendation 11.  Remove reference to >38oC as patients do not have the ability to 

record this in low resource settings.  

4.4.4.13 Item 12. Advice 

No themes were identified to improve cross-contextual relevance of Item 12. Comprehension 

and judgement were considered to be satisfactory:  

“This is easy for patients. They will be given a routine clinic date before discharge, so 

will be told to come back early if needed” (Research nurse, Ghana, Interview GH001I).  

Some interesting contextual themes arose related to where patients sought help, ranging 

from traditional healers, community health workers, primary care, district hospitals, and the 

surgical centre: 

“…some of them they are in the very remotest areas, they can see these herbalist, or 

herbal occupation - they may worsen a disease” (Anaesthetist, Focus group GH002F, 

Ghana) 

“The majority of patients now go to the nearby clinic or they invite the health worker to 

their house, or traditional healers. But the majority, say 80 to 90% visit the nearby 

clinic, or ask the health worker to come down to their house to assess their wound” 

(Surgeon, Nigeria, Interview NG002I). 

Item 12 displayed acceptable fit with the Rasch model with no significant DIF. 

 

Recommendation 12: No cross-cultural adaptation required. 

 

4.4.4.14 Item 13. Dressing 

Variation in standard of wound care between included countries led to concern about 

judgement and retrieval. In India: 

“patients often go home with wound care packages, or visit the hospital or healthcare 

centre for wound care” (Research nurse, India, Interview IN001I),  
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whereas in Nigeria: 

“the practice here is after the surgery most of the patients when they are discharged on 

the ward the wound is healed and most of them don’t even go home with dressing - like 

without the wound covered” (Surgeon, Nigeria, Interview NG002I).  

This was supported by quantitative data where there was significant uniform (F-statistic 

15.26, p<0.0000001) and non-uniform (F-statistic 2.27, p=0.00001) DIF by country (Figure 

4.11). However, the item demonstrated good model fit with no local dependency. There was 

also concern about comprehension for patients in Ghana, who use the term ‘washing the 

wound’ to describe wound care and dressing.  

 

Recommendation 13: No cross-cultural adaptation required. Consider splitting for DIF in 

future analyses. Modify wording during translation into Ghanian dialects to ensure conceptual 

equivalence. 
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4.4.4.15 Item 14. Readmission 

Investigators generally felt comprehension and retrieval for Item 14 would be satisfactory as 

readmission was a substantial ‘event’ during their postoperative journey. However, 

judgement related to the cause of readmission was considered to be challenging for some:  

“Telling the difference between seeking advice related to a wound problem and going 

back to hospital for another problem might be difficult” (Research nurse, Ghana, 

Interview GH001I).  

In keeping with this, item 14 fitted poorly with the Rasch model (fit residual -4.5, 

p<0.0000001) with evidence of overdiscrimation (Figure 4.12). It also demonstrated a high 

degree of correlation with Item 7 (deep wound opening) and 15 (antibiotics). Some 

contextual themes related to access to care demonstrated variability in patients’ behaviours 

across settings:  

“patients… always return to the hospital with any postoperative problems, as traditional 

healers wont tamper with surgical wounds” (Focus group, Ghana, GH001F). 

 

Recommendation 14: No cross-cultural adaptation required. Consider subtesting to account 

for local dependency with Item 7 and 14 in future analyses. 
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Figure 4.12. Differential item functioning by country for pathway items 14 (Readmission) 
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4.4.4.16 Item 15. Antibiotics 

Several issues were raised with the cross-cultural and cross-contextual application of Item 

15. Researchers described that: 

“I think most of the patients the medicines they take home they can’t tell which one is 

antibiotic” (Focus group, Ghana, GH001F) 

in particular that there might be: 

“…confusion between pain (medicines) and antibiotics” (Surgeon, Rwanda, Interview 

RW002I).  

There was particular concern in judgement for patients with low health literacy or 

socioeconomic status:  

“…accuracy may be variable depending on their level of education and the area they 

live” (Research nurse, India, Interview IN001I).  

“Patients are unable to understand the word antibiotic care, especially daily wages 

workers.” (Research nurse, Focus group IN002F, India). 

Supporting this, item 15 misfit the Rasch model (fit residual 3.89, p=0.000004) with evidence 

of overdiscrimination (Figure 4.13). In contrast, researchers in Mexico reported that: 

“I think there will be no problem with the patients understanding what antibiotics are, 

because here in Mexico apparently all patients love antibiotics, that’s all what they 

want, and they are happy if the doctor gave, it’s like… (laughter)” (Researcher, Mexico, 

Interview MX002I)  

thus: 

“…patients will be very aware of antibiotics” (Researcher, Mexico, Interview MX001I).  

Retrieval was also considered to be challenging: 

“Patients might struggle to remember which medications they were on early after 

surgery” (Focus group, Ghana, GH001F).  

Potential solutions to support judgement were proposed:  
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“It may require further explanation or the names of the antibiotics if literate” (Focus 

group NG002F, Nigeria).  

“We can ask them what medication was prescribed to them and we can just that yes 

this is antibiotic and we can put yes here.” (Surgeon, Focus group IN002F, India). 

A surgeon from Rwanda also recommended  

“The form is also useful. In Rwanda, antibiotics usually take the form of capsules” 

(Focus group, Rwanda, RW001F).  

 

Recommendation 15: Change wording to ‘medicines (antibiotics)’, mirroring other universal 

reporter outcome measure style items (13 and 18). Assessors should ask patients to read 

out the name of their medications or describe the colour and form, if possible, to check that 

they are correctly identified as antibiotics. 
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Figure 4.13. Overdiscrimination in pathway item 15 (Antibiotics) 
 

 
 

 
  



 136 

4.4.4.17 Item 16. Clinician wound opening 

In general, comprehension and retrieval were both considered acceptable for Item 16. One 

participant from Ghana reported some ambiguity in patients differentiating suture removal 

and deliberate wound opening in her practice (Research nurse, Ghana, Interview GH001I). 

Others highlighted the need to differentiate item 16 from item 19 (Reoperation), which 

captures a similar concept of clinician intervention for a wound complication: 

“The problem is, it can happen both on wards and in theatre. We need to make sure 

patients have the difference with the general anaesthetic question” (Focus group, 

Nigeria, NG002F). 

The word ‘deliberate’ was considered to have specific negative connotations in Nigeria, 

where both an interview and focus group discussion perceived it to imply medical harm 

(Focus group, Nigeria, NG001F): 

“…this sounds like a malicious act” (Surgeon, Nigeria, NG003). 

On Rasch analysis, there was significant item misfit (fit residual -3.213, p=0.000002) with 

evidence of overdiscrimination and local dependency with items 17 (Wound scraping), 18 

(drained) and 19 (reoperation). A subtest of Item 16, 17, 18 and 19 slightly improved model 

fit overall (χ2 185.08, DF 64, p<0.0000001). Non-uniform DIF was detected by country (F-

statistic 3.04, p=0.000128; Figure 4.14). 

 

Recommendation 16: Remove the term ‘deliberate’ from the item description to avoid 

negative connotations. Where necessary assessors should clarify that this item refers to 

clinician wound opening without general anaesthesia (i.e., outside of the operating room). 

Consider subtesting to account for local dependency with Item 17, 18 and 19 or splitting this 

item for DIF in future analyses. 
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Figure 4.14. Differential item functioning by country for pathway item 16 (Clinician opening) 
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4.4.4.20 Item 17. Wound scraping 

No issues with comprehension or retrieval were raised. Judgment was considered 

challenging by an investigator from Nigeria who highlighted: 

“Patients will only be able to answer if the doctor explains it to them at the time of 

debridement” (Surgeon, Nigeria, Interview NG003I). 

There were also issues raised again with the term ‘tissue’, particularly for patients using 

Ghanian dialects: 

“The word tissue is not used in Ghana. I think unwanted flesh would be okay, they will 

understand it much better rather than tissue” (Research nurse, Ghana, Interview 

GH001I). 

Item 17 demonstrated acceptable fit with the Rasch model with no significant DIF.  

 

Recommendation 17. Word ‘tissue’ changed to ‘flesh’ to improve translatability and 

comprehension for patients with lower health literacy.  

 

4.4.4.19 Item 18. Wound drained 

Comprehension was highlighted as a major issue for Item 18, particularly in understanding of 

the concept of an abscess: 

“Abscess is not a word that is commonly used or understood by Ghanian patients” 

(Ghana, Focus group GH001F).  

However, pus was generally considered to be a concept that was well understood: 

“Patients in general will know the word pus but probably not the term ‘abscess’” 

(Research Nurse, India, Interview IN002I). 

and acceptable to patients: 

“maybe for the word abscess they don’t understand what it is, but knowing that it’s pus it 

might be easier” (Researcher, Mexico, Interview MX002I) 
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with good judgment: 

“…pus is well understood, and patients know abnormal fluid” (Surgeon, Rwanda, 

Interview RW001I) 

and that translated well across settings:  

“Pus translates well into Kinyarwanda” (Rwanda, Focus group RW001F). 

A suggestion to improve the item was made to increase standardisation with Item 5 (Thick, 

green fluid):  

“I suggest that ‘yellow or green’ pus would improve the description (Nigeria, Focus group 

NG002F).” 

Concerns were also raised about crossover with Item 5, which captures a similar concept 

(drainage of pus) but in a passive (i.e., spontaneous, without intervention) rather than an 

active (i.e., performed by a clinician) way: 

“It might be hard to notice between wound being actively drained and passively draining 

‘water’” (Surgeon, Ghana, Interview GH002I).  

Specific translatability issues were highlighted to improve across language adaptation in 

Hindi: 

“When translating into Hindi, this translates as ‘bad blood’” (India, Focus group IN001F). 

And Ghanian dialects: 

“Patients may stay ‘water coming from wound’, but would be able to say whether this is 

bloody, or yellow and green colour water” (Research nurse, Ghana, Interview GH001I) 

Despite these perceived challenges, item fit was acceptable and with no significant DIF. 

 

Recommendation 18: Change wording to yellow or green fluid (pus), mirroring Item 5. 

Addition of “drained from your wound by a doctor or nurse” to emphasis active event of item 

18. Assessor should not state the term ‘abscess’ to improve comprehension but can apply 

this concept during measurement. 
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4.4.4.20 Item 19. Reoperation 

Comprehension was identified as a major cross-cultural issue with the term ‘general 

anaesthetic’ for item 19: 

“Patients are unlikely to understand the term general anaesthesia” (Mexico, Focus group 

MX001F). 

“A patient told me anaesthesia is a medical term, he does not understand it” 

(Anaesthetist, Focus group GH001F, Ghana). 

An improvement to the item wording was proposed: 

“Have you been put to sleep for an operation on the wound or for treatment on the 

wound – that would encompass it. Knowing that process where you are asleep, that’s 

what I can say, not anaesthetic“ (Surgeon, Nigeria, Interview NG002I). 

However, an important cross-contextual clinical point was also made by several investigators 

about the higher proportion of patients undergoing spinal rather than general anaesthesia in 

LMICs, due to training, safety and capacity issues. This would not be captured by the current 

item. 

 

Although retrieval and judgment were generally perceived to be good: 

“Patients likely to be able to answer, as it’s a serious event to return to surgery” 

(Research nurse, Ghana, Interviewer GH001I). 

Ghanian and Nigerian investigators raised the challenge for patients of judging between 

reoperation for a wound complication and another problem, as both would include wound 

revision and/or relaparotomy: 

“Patients will definitely remember this as it’s such a big event. But it will be difficult to tell 

‘for a wound problem’ versus another reason” (Interviewer GH002I) 

A Rwandan surgeon proposed assessors considering clarification of a ‘second operation’ to 

support patient’s comprehension (Surgeon, Rwanda, Interview RW002I).  
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Corroborating some potential issues with comprehension or judgement there was significant 

item misfit (fit residual -2.497, p=0.000076) and non-uniform DIF (F-statistic 4.25, 

p<0.0000001, Figure 4.15). Item 19 had the highest degree of local dependency of all WHQ 

items, with high correlation with item 7 (Deep wound opening), 14 (Readmission), 16 

(Clinician opening), 17 (Wound scraping). A subtest with all these items together improved 

overall model fit (χ2 167.25, DF 64, p<0.0000001). 

 

Recommendation 19: Consensus that general anaesthesia would not be understood across 

contexts. As spinal anaesthesia is common in some LMICs, this concept would not currently 

be captured. Wording adapted to collect information about any procedure carried out in the 

operating room. Assessors may wish to use the term ‘second operation’ to aid 

comprehension. Consider subtesting to account for local dependency with item 7, 14, 16 and 

17 in future analyses. 
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Figure 4.15. Differential item functioning by country for pathway item 19 (Reoperated) 
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4.4.5. Summary of recommendations 

A summary of cross-cultural and cross-contextual adaptations to the English language WHQ 

is provided in Table 4, and the final adapted questionnaire in Appendix E. Translated 

versions of the final adapted WHQ are provided in the study Appendix F. 

  



 144 

Table 4.9. Summary of recommendations for adaptation of WHQ (English language) 
 

Item  
number Original item Original response 

categories Adapted item Adapted response 
categories 

1 Was there redness spreading away from 
the wound? 

1 = Not at all; 2 = A 
little; 3 = Quite a bit; 
4 = A lot. 

Was there redness (or 
shining of the skin) 

spreading away from the 
wound? 

1 = Not at all; 2 = A 
little; 3 = A lot. 

2 Was the area around the wound warmer 
than the surrounding skin? 

1 = Not at all; 2 = A 
little; 3 = Quite a bit; 
4 = A lot. 

- 1 = Not at all; 2 = A 
little; 3 = A lot. 

3 Has any part of the wound leaked clear 
fluid? 

1 = Not at all; 2 = A 
little; 3 = Quite a bit; 
4 = A lot. 

Has any part of the wound 
leaked thin clear fluid? 

1 = Not at all; 2 = A 
little; 3 = A lot. 

4 Has any part of the wound leaked blood-
stained fluid? 

1 = Not at all; 2 = A 
little; 3 = Quite a bit; 
4 = A lot. 

- 1 = Not at all; 2 = A 
little; 3 = A lot. 

5 Has any part of the wound leaked thick 
and yellow or green fluid? 

1 = Not at all; 2 = A 
little; 3 = Quite a bit; 
4 = A lot. 

- 1 = Not at all; 2 = A 
little; 3 = A lot. 

6 
Have the edges of any part of the wound 
separated or gaped open of their 
accord?  

1 = Not at all; 2 = A 
little; 3 = Quite a bit; 
4 = A lot. 

- 1 = Not at all; 2 = A 
little; 3 = A lot. 

7 If the wound edges opened, did the 
deeper tissue also separate? 

1 = Not at all; 2 = A 
little; 3 = Quite a bit; 
4 = A lot. 

If the wound edges opened, 
did the flesh beneath the 
skin or the inside sutures 

also separate? 

1 = Not at all; 2 = A 
little; 3 = A lot. 

8 Has the area around the wound become 
swollen? 

1 = Not at all; 2 = A 
little; 3 = Quite a bit; 
4 = A lot. 

- 1 = Not at all; 2 = A 
little; 3 = A lot. 

9 Has the wound been smelly? 
1 = Not at all; 2 = A 
little; 3 = Quite a bit; 
4 = A lot. 

- 1 = Not at all; 2 = A 
little; 3 = A lot. 

10 Has the wound been painful to touch? 
1 = Not at all; 2 = A 
little; 3 = Quite a bit; 
4 = A lot. 

Has the wound been painful 
to touch? 

1 = Not at all; 2 = A 
little; 3 = A lot. 

11 Have you had, or felt like you have had, 
a raised temperature or fever (>38oC)? 

1 = Not at all; 2 = A 
little; 3 = Quite a bit; 
4 = A lot. 

Have you had, or felt like 
you have had, a raised 
temperature or fever? 

1 = No; 2 = Yes 

12 
Have you sought advice because of a 
problem with your wound, other than at 
a planned follow-up appointment? 

1 = No; 2 = Yes - - 

13 Has anything been put on the skin to 
cover the wound? (dressing) 1 = No; 2 = Yes - - 

14 Have you been back into hospital for a 
problem with your wound? 1 = No; 2 = Yes - - 

15 Have you been given antibiotics for a 
problem with your wound? 1 = No; 2 = Yes 

Have you been given 
medicines (antibiotics) for a 
problem with your wound? 

- 

16 
Have the edges of your wound been 
deliberately separated by a doctor or 
nurse? 

1 = No; 2 = Yes 
Have the edges of your 

wound been separated by a 
doctor or nurse? 

- 

17 Has your wound been scraped or cut to 
remove any unwanted tissue?  1 = No; 2 = Yes - - 

18 Has your wound been drained? 
(drainage of pus or an abscess) 1 = No; 2 = Yes 

Has thick, yellow, or green 
fluid (pus) been drained 

from your wound by a doctor 
or nurse (abscess)? 

- 

19 
Have you had an operation under 
general anaesthetic for treatment of a 
problem with your wound? 

1 = No; 2 = Yes 

Have you had to go back to 
the operating room for 

treatment of a problem with 
your wound? 

- 
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4.4.6 Measurement procedures 

Despite concerns with mobile phone connectivity in qualitative data, telephone WHQ 

completion was feasible (84.5%, 537/635) with high data completeness (99.0% instruments 

complete overall, range by item: 99.1% to 100.0%). 99.2% (533/537) of patients reported the 

telephone WHQ pathway to be ‘very satisfactory’ or ‘satisfactory’: 

“Early feedback that the questionnaire is highly acceptable to patients. Patients say they 

are receiving a 'VIP' treatment.” (Junior doctor, Focus group GH001F, Ghana) 

“People were very impressed that I was calling them and still following up on the 

surgeries and were willing to talk very happily.” (Research nurse, Focus group IN002F, 

India) 

Often the phone owner was a friend or relative rather than the patient themselves (35.2%, 

189/537), and commonly this was a mobile phone (99.5%, 534/537). 28.7% had a mobile 

phone with video capability (154/537). Feedback from CEI partners alongside interview data 

supported optimisation of the telephone follow-up pathway for future implementation. Specific 

recommendations were combined into an infographic and toolkit presented in Chapter 5 

(Figure 5.8). 

 

  



 146 

4.5 Discussion 

4.5.1 Key findings 

Pathways for remote assessment of common complications after surgery in low resource 

settings are essential in improving safety and resilience of surgical care systems. This mixed 

methods study made recommendations for cross-cultural and cross-language adaptation of 

the WHQ for use in LMICs. This improved its relevance across cultures and for patients with 

lower levels of health literacy. Conceptual equivalence, content and construct validity was 

confirmed across languages using qualitative and translation methods. Unidimensionality, 

measurement properties and use of the total WHQ score were seen to be valid within the 

Rasch framework, although the overall power was low. The telephone pathway was 

demonstrated to be feasible with high data completeness, and highly acceptable. Working 

with CEI partners we made recommendations for optimisation of telephone follow-up in 

research and postoperative surveillance programmes. This study provides a large, 

international, high-quality proof of concept for rapid adaptation and implementation of patient 

reported measures in emerging global health arenas such as surgery. 

 

4.5.2 Mixed methodology in cross-cultural adaptation 

The use of mixed methods here added strength and depth. The qualitative data were used 

primarily to inform cross-cultural adaptation ahead of translation [133, 134, 215]. Whilst this 

was based on cognitive theory, data were collected indirectly about patient experience from 

frontline clinicians involved in wound assessment [203, 205, 221]. The Rasch analysis 

supplemented this and allowed patient-level data to enrich and inform final recommendations 

for adaptation [134, 219, 220]. In most instances, the qualitative and quantitative data were 

supportive of one another, demonstrating coherence during triangulation. Where conflict 

arose, qualitative findings were softened and/or caveated (i.e., changes were recommended 
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where there was coherence on triangulation, and further exploration recommended where 

there was conflict between the qualitative and quantitative data). 

 

4.5.3 Critical analysis of application of Rasch methods 

Rasch analysis is an established method for instrument development and cross-cultural 

refinement [134, 218, 220]. Here its principal utility was to confirm the validity of the use of 

the total WHQ score as an ordinal scale and in enhancing understanding of the response 

structure and local dependency. However, properties of the WHQ make it a rather unusual 

application of the Rasch model. Firstly, it is principally a diagnostic tool for SSI rather than an 

interval-level tool measuring a spectrum of severity of a latent trial. This was best seen in 

‘mistargeting’ of the WHQ to the study population with many patients at the ‘floor’ that added 

low information value to the model; however, this would largely be expected in a screening 

tool where many patients are asymptomatic for the condition in question. This reduced the 

overall power of fit as many participants contributed little information about item locations. 

Secondly, as expected in a diagnostic test many items had high levels of local dependency 

which may have contributed to the overall model misfit. Thirdly, several items misfit the 

Rasch model and person separation index was poor, with a conversely high Cronbach’s 

alpha. Again, this is highly likely to be due to the extreme ‘floor’ of respondents in the setting 

of a diagnostic tool. It was not the overall aim to fit this diagnostic tool closely to the Rasch 

model and it would not be required to be valid for use if it demonstrates a satisfactory 

psychometric structure, unidimensionality and sufficient sensitivity and specificity upon 

clinical application. This highlights the importance of further work to externally validate the 

tool in a diagnostic test accuracy study. 
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4.5.4 Areas for exploration in future development of the WHQ 

Exploring complex relationships between items and optimising the measurement properties 

using subtesting and adjusting for DIF was not the aim here, but warrants further 

investigation. It is feasible that the instrument could be simplified, or its diagnostic accuracy 

could be improved using Rasch by better accounting for differences in the symptomology 

and health seeking behaviours for patients with SSI across countries. DIF by country 

observed for several items here supports methods to ensure balance in randomised trials 

such as stratification or minimisation of randomisation by country. 

 

4.5.5 Results in context 

The use of patient (PROMs) and universal reporter (UROMs) outcome measures in low-

income settings is complex; many instruments have not yet undergone cross-cultural and 

cross-language adaptation and there is uncertainty about the feasibility of remote, digital 

methods. Whilst examples exist from established global health fields such cardiovascular 

disease, few studies in global surgery have adopted PROMs to date [227-229]. Health 

technology assessments thus neglect important insights into quality of recovery and health 

utility that could affect policy decisions [42]. This study provides a proof of concept for rapid, 

pragmatic adaptation of instruments in the surgical setting that can be used across other 

measures and emerging contexts. Developing culturally-attuned, remote follow-up pathways 

is particularly important during pandemic recovery in building resilience in resource poor 

health systems [155, 230]. The co-produced pathway for telephone follow-up in LMICs 

described is ready for wider adoption. Recommendations from this mixed-methods study can 

now to be used for further exploration of the diagnostic accuracy of the adapted WHQ in low 

resource contexts. 
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4.5.5 Limitations 

There are several limitations of this study, explored by domain below. 

 

4.5.5.1 Design limitations 

First related to design. Due to safety and ethical concerns during the SARS-CoV-2 

pandemic, we were unable to perform cognitive interviewing directly with patients. Instead, 

we explored aggregate perspectives of frontline clinicians involved in the care of surgical 

patients. This meant data represented clinicians’ impressions of patients’ responses and 

challenges in retrieval and judgement rather than direct exploration with patients in typical 

cognitive interviewing [205]. Sampling of researchers directly involved in the same portfolio of 

trials was a pragmatic decision but may have reduced the transferability of themes across 

other hospital types (e.g., remote rural hospitals), resource settings (e.g., hospitals with less 

research infrastructure) or differing populations (e.g., less literate populations, with poorer 

healthcare access).  We aimed for thematic saturation overall when ending recruitment to the 

qualitative phase, but this is unlikely to have been reached at an individual country level 

[212]. It is therefore possible that important insights were missed during adaptation, although 

recommendations were strengthened by triangulation with quantitative data to reduce over-

reliance on qualitative data alone [221].  

 

4.5.5.2 Analysis limitations 

Second related to analysis, as the WHQ did not meet all the Rasch assumptions for model fit 

we did not develop a logit-adjusted scale. Further development could improve the 

measurement properties of the questionnaire to allow direct patient-to-patient comparisons in 

future research. We have not accounted for complex patterns of DIF in measurement that 

could lead to differences in point score equivalence across different patients with differing 

characteristics when applied clinically. We also handled Item 6 (Wound opening) and Item 7 
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(Deep wound opening) as independent items for the purposes of Rasch analysis, despite 

structural dependency (i.e., patients ineligible to respond to Item 7 were scored as 0). This 

could have been managed used a partial credit item or as a subtest to avoid falsely inflating 

the total score. 

 

4.5.5.3 Interpretation limitations 

Finally related to interpretation, the most important metric of clinical utility in a screening tool 

such as this would be criterion validity. A formal diagnostic test accuracy study comparing 

the WHQ to a gold standard reference test for SSI is now required [52, 186]. A choice of cut-

point score for the adapted WHQ is likely to favour sensitivity to triage all patients with a 

likelihood of SSI to seek medical care. 

 

4.6 Conclusion 

This chapter adopted a mixed-methods approach to explore the cross-cultural and cross-

language equivalence of the WHQ. Recommendations have been made to adapt the wording 

of 9 items and the response structure for 11 items for use in global surgery research and 

practice.  

 

 
4.6.1 Link to next chapter 

The two most important features of a pathway for remote detection of SSI, are that it is 

feasible to implement across a variety of settings and patient groups, and that it can 

accurately discriminate between patients with and without SSI. In Chapter 5, I will evaluate 

the feasibility and diagnostic accuracy of the adapted WHQ in a study within a randomised 

trial across seven LMICs. 
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5. Feasibility and diagnostic accuracy of a telephone Wound 
Healing Questionnaire in detection of surgical site infection 
following abdominal surgery (TALON-2): A study within a trial in 
seven low and middle-income countries 

 

5.1 Abstract 

5.1.1 Scientific abstract 

Introduction 

Telemedicine is being rapidly adopted in postoperative surveillance with little formal 

evaluation. This international study within a trial aimed to evaluate the feasibility and 

diagnostic accuracy of telephone administration of an adapted Wound Healing Questionnaire 

(WHQ) in the detection of surgical site infection after abdominal surgery in low- and middle-

income countries. 

 

Methods  

A multi-centre, international, non-randomised prospective validation study was embedded in 

a factorial, randomised controlled trial testing measures to reduce surgical site infection in 

low- and middle-income countries (FALCON, NCT03700749). The study was conducted 

according to a published protocol and statistical analysis plan (SWAT126) and reported 

according to STARD guidelines. The reference test was in-person review by a trained 

clinician at 30-days after surgery according to the US Centres for Disease Control criteria. 

The index test was telephone administration of the adapted WHQ by an independent 

researcher at 27 to 30-days after surgery, with item responses summed to create an overall 

point score between 0 and 29. The primary outcome measure was diagnostic accuracy of the 

WHQ, defined as the proportion of surgical site infections correctly identified by the 

telephone WHQ, and summarised using the area under the receiving operator characteristic 
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curve (AUROC) and diagnostic test accuracy statistics at an optimal cut-off derived using 

Youden’s index. 

 

Results 

Patients were included from three upper-middle income (396 patients, 13 hospitals), three 

lower-middle income (746 patients, 19 hospitals), and one low-income country (54 patients, 4 

hospitals). Successful telephone contact was achieved in 90.3% (1088/1196) of patients. 

Those with non-midline incisions (adjusted odds ratio: 0.36, 95% CI 0.17-0.73, p=0.005) or 

with a confirmed reference test diagnosis of SSI (OR: 0.42, 95% CI 0.20-0.92, p=0.006) were 

less likely to be contactable. The WHQ discriminated patients with and without SSI (AUROC 

0.869, 95% CI 0.824-0.914). An adapted WHQ cut-off point score of >4 demonstrated 

sensitivity of 0.701 (0.610-0.792), specificity of 0.911 (0.878-0.9430), positive predictive 

value of 0.723 (0.633-0.814) and negative predictive value of 0.901 (0.867-0.935). Some 

differences were seen in discrimination in rural (AUROC 0.818, 0.721-0.914) versus urban 

populations (AUROC 0.886, 0.836-0.937) and after emergency (AUROC 0.871, 0.826-0.916) 

versus elective surgery (AUROC 0.966, 0.895-1.000).  

 

Conclusion 

This study demonstrated feasibility and validity of telephone assessment for post-discharge 

SSI diagnosis in low-resource environments. Postoperative telemedicine pathways must 

focus on strategies for retention to avoid attrition bias in patients uncontactable for follow-up. 
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5.1.2 Co-produced lay abstract  

 
The TALON study: Keeping track of your healing from surgery 

 

What was this research about? A wound infection happens when germs enter the cut 

made in your body by the doctor when you were operated on. Germs are small organisms 

that cannot be seen by your eyes but can cause problems healing of the cut. Infection is the 

most common problem after surgery and can delay you getting out of hospital, and back to 

normal life. 

 

The current way to check whether you have an infection is for a doctor or nurse to look at the 

cut made on your tummy, and see how it is healing. For example, the doctor may check if the 

cut has a green, liquid oozing from it or if the area of the wound is red or swollen. A month 

after you leave hospital, the doctor may ask you to come back for a follow-up visit. However, 

this will require you to travel to the hospital, take a day off work or away from your families, 

and can be expensive and time-consuming if you travel far. 

 

What did we want to do? We wanted to find out if talking to a doctor over the phone would 

work as well as you travelling to the hospital to show the wound to a doctor or nurse in 

person. 

 

To do this, we asked over 1000 patients that had recently undergone surgery to be checked 

using both methods – to take a phone call from one doctor and be checked in-person by a 

different doctor. We were able to compare the phone follow-up and in-person check to see if 

the doctor came to a different conclusion. We also looked whether patients were able to 

receive a phone call at home, and their experience of the process. 
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What did we find out? For most patients, the phone call from the doctor was just as good at 

seeing if a patient had an infection as a face-to-face check-up by the doctor. However, the 

phone call was not perfect all the time, particularly for patients with very mild infections. Most 

patients were able to receive the call after a few tries, and all patients were very happy with 

the process. As an international research team, we are now trying new ways to improve the 

phone call, including looking at the wound over video if possible. 

 

 

What does this mean for you as a patient? A phone call to check how your wound is 

healing can now be used as a substitute for face-to-face check-up by a doctor. If you have 

any worries about your wound after the phone call you should still seek help from a doctor or 

nurse. We hope that the telephone call will be more convenient for patients like you to avoid 

travelling back to the hospital and taking time away from your work and family. We wish you 

all the best for your ongoing recovery from surgery.  
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5.2. Introduction 

5.2.1. Importance of surgical site infection research 

Surgical site infection (SSI) is a global issue. It is the most common healthcare-associated 

infection in low- and middle-income countries (LMICs) [64, 93], and carries a huge burden to 

patients, doctors, and health systems around the world [63, 231, 232]. Reported rates vary, 

but SSI is particularly prevalent in abdominal and colorectal surgery; as many as one in three 

patients get an SSI when the operation involves the large bowel [23]. It was highlighted as 

the key research priority to improve surgical care worldwide in an international prioritisation 

process [40] and is the focus of several ongoing global randomised trials [45, 80, 194, 233].  

 

5.2.2 Importance of post-discharge surveillance 

Whilst some SSI occurs while patients are in-hospital, the majority occurs after discharge 

[234]. In this thesis introduction, I demonstrated that in-hospital only measurement was not a 

sufficient surrogate for 30-day SSI. Post-discharge surveillance of SSI is therefore an 

important quality marker in wound infection research [56]. The accepted reference standard 

of assessment for SSI during the 30-days after surgery is an in-person review according to 

US Centre for Disease Control (CDC) criteria [93]. However, in-person assessment is labour 

and time intensive, and requires patients to take additional time-off work and incur costs of 

travel. This is particularly challenging in resource-limited environments where there are 

shortages in the surgical workforce, and patients are already at risk of catastrophic 

expenditure as a direct and indirect result of their surgical care [9]. In Chapter 4, I made 

recommendations for adaptations to the Bluebelle Wound Healing Questionnaire for use in 

global surgery research and practice. This provides an attractive candidate for remote SSI 

detection, but evaluation of the feasibility and accuracy of a telephone WHQ pathway is 

required.  
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5.2.3 Relevance to SARS-CoV-2 pandemic 

Remote follow-up methods have been rapidly adopted during the SARS-CoV-2 pandemic to 

reduce risk of in-hospital transmission, and conserve resources for surges in COVID-19 

admissions and to address elective surgical backlogs [124, 235]. Whilst telephone follow-up 

may offer greater efficiency and cost-savings, missed SSI events may lead directly to patient 

harm through care delays or indirectly through inefficiencies in SSI prevention research 

[195].  

 

5.2.4 Justification of SWAT study design 

Studies within a trial (SWATs) have gained significant attention from trial methodologists and 

funders over the past 3-years, and are now the focus of a Trial Methodology Research 

Partnership working group (Trial Forge) [202] and National Institute for Health Research 

(NIHR) funding stream. SWATs exploit the delivery network and infrastructure of major 

randomised trials to efficiently answer methodological research questions. Ongoing large 

international trials in global surgery provide a unique opportunity to improve the quality and 

efficiency of global wound infection research [44]. However, as SWATs only examine 

patients recruited to trials, one must consider their generalisability to the broader population 

and implications of low screening : recruitment ratios in the host trial.   

 

5.2.5 Objectives  

The overall aim of this study was to evaluate the feasibility and diagnostic accuracy of 

telephone administration of a wound healing questionnaire for remote detection of SSI after 

abdominal surgery in low- and middle-income countries (LMICs). The results of this study will 

inform efficient design and conduct of future randomised trials and postoperative surveillance 

programmes. 
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5.3 Methods 

5.3.1 Overview 

This was a prospective, multi-centre, international, non-randomised cohort Study Within a 

Trial (SWAT) exploring the feasibility and accuracy of remote follow-up pathways for surgical 

site infection assessment (TALON-2). It was embedded within a pragmatic multicentre 

factorial randomised controlled trial testing measures to reduce surgical site infection in low- 

and middle-income countries (FALCON). FALCON was a stratified, pragmatic, multi-centre, 

2x2 factorial trial testing two measures (skin preparation and antimicrobial sutures) to reduce 

superficial or deep skin infection following abdominal surgery of 5788 patients in 54 hospitals 

in 7 low- and middle-income countries (NCT03700749) [194]. In this trial superiority of the 

intervention groups over the control group, either alone or in combination, was not 

demonstrated overall, either alone or in combination, or in any pre-planned subgroup [236]. 

 

5.3.2 Protocol and registration 

The study protocol was pre-registered online on the MRC Hubs for Trial Methodology 

Research SWAT store database [202] (Queen’s University Belfast) (SWAT ID:126) and 

published in Trials [186]. This report was prepared with reference to SAMPL (Statistical 

Analyses and Methods in the Published Literature) guidelines [237], Patient-Centred 

Outcomes Research Institute’s (PCORI) methodology standards [197], STARD guidelines for 

diagnostic test accuracy studies [238], and COSMIN guidelines for patient reported 

outcomes research [239].  

 

5.3.3 Ethical approvals and consent 

A protocol amendment to embed TALON-2 in the host trial (FALCON) was obtained from the 

University of Birmingham International Ethics Committee. All individual participating countries 
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obtained local, or national ethical approval in accordance with local protocols. Written (or 

fingerprint) informed consent to participate was obtained from all participants. 

 

5.3.4 Inclusion and exclusion criteria 

Consecutive adult patients (greater than 16 years old) recruited to the FALCON trial between 

10 Dec 2018 and 6 Sep 2020 were eligible for recruitment to TALON-2. Any centre 

participating in FALCON was eligible to participate. Centres were given flexibility to include 

patients over different date ranges depending on their local capacity and infrastructure, so 

long as sampling was consecutive. This included a broad range of abdominal operations with 

a predicted clean-contaminated, or contaminated or dirty operating field and a planned skin 

incision of greater than 5cm, for benign, malignant, trauma, and obstetric indications. This 

aimed to be representative of patients undergoing emergency or elective surgery in LMICs. 

Patients that were unlikely to be contactable for 30-day follow-up were excluded from the 

FALCON trial. Patients with a missing FALCON 30-day follow-up assessment (either in-

person or by telephone), or that died before 30-days after surgery were excluded from 

analysis in this study. 

 

5.3.5 Reference diagnostic test 

The reference diagnostic test for surgical site infection (SSI) during the 30-days after surgery 

was in-person review according to US Centre for Disease Control Criteria (CDC) [93]. This is 

widely accepted as a quality standard in SSI research, and has been used by most, major 

international RCTs [56]. A full description of the definition used in the FALCON trial is 

presented in Box 1.1. 

 
5.3.6 Index diagnostic test 

The index diagnostic test under evaluation was a telephone-administered Bluebelle Wound 

Healing Questionnaire (WHQ) [186], adapted for use in LMICs. The WHQ was originally 
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developed and validated in the UK (English language) to assess post-discharge infections 

following abdominal surgery [184, 192]. The WHQ was designed to be completed either by 

healthcare professional, or self-reported by patients [185], and as such has been described 

as a ‘universal-reporter’ outcome measure (UROM) [191]. In a UK validation study, the WHQ 

demonstrated good reliability and high sensitivity and specificity when discriminating between 

SSI and no SSI in comparison to an in-person CDC assessment [184, 192].  

 

5.3.6.1 Adaptation of WHQ for use in global surgery  

The original WHQ was adapted for use in global surgery trials for use across language and 

resource settings using recognised practices for translating outcome measures, reported in 

Chapter 4. A summary of adaptations and the full adapted WHQ instrument is provided in 

Table 5.1. 

 

Briefly, this involved two phases. First, an adaptation phase with structured interviewing and 

translatability assessment with local researchers, triangulated with analysis of the scaling 

and measurement properties of the WHQ in cohort study data, and informed by Rasch 

unidimensional measurement modelling [133, 215]. Second, a nine-phase translation phase 

for each language of delivery following Mapi recommendations [133]. In the adapted version 

of the WHQ, the response options and subsequent scoring were also modified.  

 

Here, ‘WHQ’ cites this adapted questionnaire. In the adapted WHQ scale, items assessing 

SSI signs and symptoms were scored between 0 and 2 (Not at all, A little, A lot), and items 

assessing wound care interventions were scored between 0 and 1 (No, Yes). These were 

added together create an overall score between 0 and 29.  
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Table 5.1 Summary of adaptation of Wound Healing Questionnaire 
 

Item  
number Original item Original response 

categories Adapted item Adapted response 
categories 

1 Was there redness spreading away from 
the wound? 

1 = Not at all; 2 = A 
little; 3 = Quite a bit; 
4 = A lot. 

Was there redness (or shining 
of the skin) spreading away 

from the wound? 

1 = Not at all; 2 = A 
little; 3 = A lot. 

2 Was the area around the wound warmer 
than the surrounding skin? 

1 = Not at all; 2 = A 
little; 3 = Quite a bit; 
4 = A lot. 

- 1 = Not at all; 2 = A 
little; 3 = A lot. 

3 Has any part of the wound leaked clear 
fluid? 

1 = Not at all; 2 = A 
little; 3 = Quite a bit; 
4 = A lot. 

Has any part of the wound 
leaked thin clear fluid? 

1 = Not at all; 2 = A 
little; 3 = A lot. 

4 Has any part of the wound leaked blood-
stained fluid? 

1 = Not at all; 2 = A 
little; 3 = Quite a bit; 
4 = A lot. 

- 1 = Not at all; 2 = A 
little; 3 = A lot. 

5 Has any part of the wound leaked thick 
and yellow or green fluid? 

1 = Not at all; 2 = A 
little; 3 = Quite a bit; 
4 = A lot. 

- 1 = Not at all; 2 = A 
little; 3 = A lot. 

6 
Have the edges of any part of the wound 
separated or gaped open of their 
accord?  

1 = Not at all; 2 = A 
little; 3 = Quite a bit; 
4 = A lot. 

- 1 = Not at all; 2 = A 
little; 3 = A lot. 

7 If the wound edges opened, did the 
deeper tissue also separate? 

1 = Not at all; 2 = A 
little; 3 = Quite a bit; 
4 = A lot. 

If the wound edges opened, 
did the flesh beneath the skin 

or the inside sutures also 
separate? 

1 = Not at all; 2 = A 
little; 3 = A lot. 

8 Has the area around the wound become 
swollen? 

1 = Not at all; 2 = A 
little; 3 = Quite a bit; 
4 = A lot. 

- 1 = Not at all; 2 = A 
little; 3 = A lot. 

9 Has the wound been smelly? 
1 = Not at all; 2 = A 
little; 3 = Quite a bit; 
4 = A lot. 

- 1 = Not at all; 2 = A 
little; 3 = A lot. 

10 Has the wound been painful to touch? 
1 = Not at all; 2 = A 
little; 3 = Quite a bit; 
4 = A lot. 

Has the wound been painful to 
touch? 

1 = Not at all; 2 = A 
little; 3 = A lot. 

11 Have you had, or felt like you have had, 
a raised temperature or fever (>38oC)? 

1 = Not at all; 2 = A 
little; 3 = Quite a bit; 
4 = A lot. 

Have you had, or felt like you 
have had, a raised 

temperature or fever? 
1 = No; 2 = Yes 

12 
Have you sought advice because of a 
problem with your wound, other than at 
a planned follow-up appointment? 

1 = No; 2 = Yes - - 

13 Has anything been put on the skin to 
cover the wound? (dressing) 1 = No; 2 = Yes - - 

14 Have you been back into hospital for a 
problem with your wound? 1 = No; 2 = Yes - - 

15 Have you been given antibiotics for a 
problem with your wound? 1 = No; 2 = Yes 

Have you been given 
medicines (antibiotics) for a 
problem with your wound? 

- 

16 
Have the edges of your wound been 
deliberately separated by a doctor or 
nurse? 

1 = No; 2 = Yes 
Have the edges of your wound 
been separated by a doctor or 

nurse? 
- 

17 Has your wound been scraped or cut to 
remove any unwanted tissue?  1 = No; 2 = Yes - - 

18 Has your wound been drained? 
(drainage of pus or an abscess) 1 = No; 2 = Yes 

Has thick, yellow, or green 
fluid (pus) been drained from 

your wound by a doctor or 
nurse? 

- 

19 
Have you had an operation under 
general anaesthetic for treatment of a 
problem with your wound? 

1 = No; 2 = Yes 

Have you had to go back to 
the operating room for 

treatment of a problem with 
your wound? 

- 
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5.3.6.2 Administration of the adapted WHQ 

According to the TALON-2 protocol, the WHQ was to be administered over the telephone by 

a non-surgeon (consultant, attending or equivalent) researcher (i.e., a junior doctor, research 

nurse, or other non-clinical personnel) between 27 and 30-days after surgery (i.e., before the 

reference diagnostic test) as the index diagnostic test in this study (Figure 5.1). The 

clinician/researcher administering the questionnaire was independent of the 30-day wound 

assessment in the FALCON trial (i.e., each was blinded to the reference and index test result 

respectively) and underwent standardised training from the Study Management Group 

(SMG).  
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Figure 5.1 Timing of administration of the telephone WHQ 
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5.3.7 Monitoring and quality assurance of the WHQ administration 

A monitoring call was performed after the local researcher had completed the WHQ for 5 to 

10 patients for quality assurance . Where recordings were available during the pilot, these 

were reviewed by a member of the SMG fluent in the target language. A WhatsApp group 

was also created for all site investigators participating in each country to share early 

experience and best practice during the pilot phase. Pathways for questionnaire 

administration were co-designed between patient partners, site investigators and research 

managers.  

 

5.3.8 Adaptation for WHQ delivery during the SARS-CoV-2 pandemic 

This study ran over the emergence of the SARS-CoV-2 pandemic. This had several 

operational consequences. Firstly, sites were asked to extend their recruitment where this 

was possible, in case fewer patients were able to return for in-person FALCON trial follow-up 

due to concerns about nosocomial SARS-CoV-2 infection. Secondly, some centres chose to 

administer the WHQ to consecutive patients that were farther away from their date of surgery 

(i.e., with a longer interval between FALCON trial follow-up and WHQ administration), 

handled in sensitivity analyses for the primary outcome measure. Thirdly, sites were allowed 

to pause and restart recruitment to TALON-2 if needed, so long as when the site was ‘live’ 

consecutive patients had attempted WHQ follow-up.  

 

5.3.9. FALCON trial follow-up 

Due to personal (mobility, deterioration, psychological reasons) and environmental (cost, 

transport links, SARS-CoV-2 transmission risk) reasons, not all patients were able to return 

to hospital for the reference test assessment in the FALCON trial (in-person 30-day follow-up 

according to CDC criteria).  
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Eligible patients were therefore categorised according to their corresponding FALCON-trial 

follow-up as:  

(1) in-person FALCON trial follow-up 

(2) telephone FALCON trial follow-up only.  

 

5.3.10 Primary outcome measure 

The primary outcome measure was diagnostic accuracy of the telephone WHQ in 

identification of SSI up to 30-days after surgery. I summarised the performance of the test 

using discrimination (area under the receiving operator curve characteristic or AUROC) and 

diagnostic test accuracy statistics (sensitivity, specificity, accuracy, positive predictive value, 

and negative predictive value). 

 

5.3.11 Secondary outcome measures 

The secondary outcome measure was the feasibility of telephone WHQ follow-up and was 

characterised using: (1) Telephone contact: successful contact of a patient on the telephone 

by the research team; (2) Return rate: successful completion of the WHQ where telephone 

contact was made; (3) Patient satisfaction: patient’s self-reported satisfaction with the 

telephone WHQ follow-up; (4) Data completion rate: complete item response data. The 

estimated ‘retention benefit’ of using a telephone pathway versus in-person follow-up was 

estimated as the difference between the proportion of patients for whom the telephone WHQ 

was successfully completed and/or a telephone FALCON trial follow-up was completed, and 

the proportion for whom an in-person FALCON trial follow-up was completed [240]. 

 

5.3.12 Sample size 

A range of sample sizes and their impact on the precision of estimates of sensitivity and 

specificity, from 95% confidence intervals (CI) were investigated. Calculations assumed a 30-
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day SSI prevalence of 21.0% using the binomial exact formula and were pre-specified. 

Sample sizes were adjusted to allow for 15.0% predicted loss to follow-up from FALCON trial 

follow-up, and 15.0% of patients predicted not to undergo in-person FALCON trial follow-up. 

In patients with successful telephone contact and in-person FALCON trial follow-up, 87 

events and 325 non-events would estimate sensitivity of 0.92 with a 95% CI of 0.84-0.97 and 

specificity of 0.95 with a 95% CI of 0.92-0.97. A target of 100 or more patients per country 

were recommended to be recruited, however no minimum or maximum sample size 

limitations per site or per country were imposed (Table 5.2). 

 

5.3.13 Exploration of telephone WHQ administration pathway 

Data were collected about the pathway for telephone WHQ follow-up to describe variability in 

administration across contexts. This included: Questionnaire translation (pre-translated 

questionnaire / ad hoc, translated by questionnaire administrator / ad hoc, translated by 

formal translator); Language of delivery; Phone owner (patient themselves / healthcare 

worker / friend or relative / other); Phone type (Landline / Mobile phone with a camera / 

Mobile phone without a camera); Questionnaire administrator (Consultant (doctor) / Junior 

doctor / Research nurse / Other non-clinical); Duration (minutes). 
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Table 5.2 Protocol sample size considerations [186] 
 

 Precision around test accuracy 
measures 

Patients 
recruited to 

FALCON 
trial 

Patients 
retained in 

FALCON trial 
follow-up 

In-person 
FALCON trial 

follow-up 
Patients 
with SSIÆ 

Patients 
without SSI¨ 

Sensitivity 
(95% C.I.) 

Specificity 
(95% C.I.) 

714 607 516 108 408 0.92 
(0.85-0.96) 

0.95 
(0.93-0.97) 

571 485 412 87 325 0.92 
(0.84-0.97) 

0.95 
(0.92-0.97) 

428 364 309 65 244 0.92 
(0.83-0.97) 

0.95 
(0.92-0.97) 

285 242 206 43 163 0.92 
(0.81-0.99) 

0.95 
(0.91-0.98) 

 

Æ0.21 * number in-person FALCON trial follow-up. ¨0.79 * number in-person FALCON trial follow-up. Estimates around sensitivity and specificity 
were derived from a UK validation study of the WHQ [192] 
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5.3.14 Statistical analysis 

A full statistical analysis plan (SAP) was published online on 8th March 2021 [241]. All 

analyses were performed using R Studio V4.1.1 (R Foundation for Statistical Computing, 

Vienna, Austria), packages: tidyverse, finalfit, reportROC, predictr, bcROCcurve. Country-

income level was defined according to the World Bank’s 2018 definitions, and classified into 

upper-middle (UMIC), lower-middle (LMIC) or low-income (LIC) based on annual Gross 

Domestic Product per capita ($).  

 

5.3.14.1 Missing data 

The overall rate of missing data was anticipated to be low. A sensitivity analysis for the 

primary validation model was pre-planned to be performed with missing item response data 

imputed using Multiple Imputation by Chained Equations if the level of missingness was 

above 5% overall (i.e., per questionnaire) or for any individual item.  

 

5.3.14.2 Patient inclusion in analyses 

Data from patients with both (1) in-person FALCON trial follow-up or (2) telephone FALCON 

trial follow-up only were included in evaluation of feasibility outcome measures. Data from 

patient with (1) in-person FALCON trial follow-up (i.e., both the reference and index test 

available) were included in the evaluation of diagnostic accuracy. A potential risk of partial 

verification bias by including only patients with in-person FALCON trial follow-up in the 

diagnostic accuracy analysis was identified a priori, and addressed in a sensitivity analysis.  

 

5.3.14.3 Presentation of data 

Baseline demographics and feasibility outcomes were presented overall, by country, by 

patient home location and by FALCON trial follow-up group. Distributions of continuous 

variables were visually inspected for normality. Differences between these groups were 
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explored using Student’s T-test for normal data and the Mann-Whitney U test for non-normal 

data. The χ2 test was used for categorical data with Fisher’s exact modification where 

required. The proportion of patients included by FALCON trial follow-up group over the study 

period was summarised graphically.  

 

5.3.14.4 Risk adjustment in feasibility outcome analysis 

An exploratory mixed-effects binary regression model was used to explore factors associated 

with successful telephone contact, with patients nested within countries. The casual pathway 

for telephone contact was mapped, and patient, disease, operation, and location specific 

factors were selected a priori for inclusion in risk adjustment.  

 

5.3.14.5 Primary outcome analysis  

Cross-tabulations of the reference test diagnosis (‘no SSI’ or ‘SSI’) against a binary outcome 

variable derived from the total score of the index test (created by a cut-off score; a WHQ total 

score of less than or equal to specified values between 1 and 10) were presented. Criterion 

validity was examined against the reference test to evaluate the performance of the WHQ in 

discriminating between individuals with and those without SSI. I plotted a receiver operating 

characteristic (ROC) curve showing test performance across all thresholds, with overall 

discrimination presented as area under the ROC curve (AUROC) with 95% CIs overall and 

across several subgroups. The “optimal” cut-points of WHQ scores are obtained by using 

Youden index method, which maximising the sum of sensitivity and specificity. Diagnostic 

test accuracy statistics (Accuracy, Sensitivity, Specificity, Positive Predictive Value, Negative 

Predictive Value) were presented at these cut-points. Calibration of the WHQ was presented 

as the proportion of patients with SSI diagnosis in the reference test at each WHQ point 

score interval. 
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5.3.14.6 Sensitivity analyses 

Several sensitivity analyses were performed for the primary model: 

 

1. To allow flexibility during the SARS-CoV-2 pandemic, administration of the WHQ was 

permitted after FALCON follow-up. The effect of a longer duration after surgery 

between the WHQ and telephone assessment was explored in a sensitivity analysis 

including both per-protocol and out-of-protocol patients  

 

2. To evaluate the diagnostic accuracy of the WHQ in post-discharge SSI diagnosis 

only, a second analysis excluded patients with an in-hospital, pre-discharge SSI 

diagnosis. 

 

3. To address a risk of partial verification bias, I conducted an inverse probability 

weighted (IPW) sensitivity analysis for the primary model.  In brief, this bias 

represents a missing data problem, where the reference test is missing for a subset 

of the sample [242]. Under an assumption of missing data at random (MAR), the IPW 

method weights each observation in the verified sample by the inverse of the 

probability of verification to provide a corrected estimate of sensitivity and specificity. 

The estimated probability of verification is then obtained using a logistic regression 

model [243, 244]. 

 

5.3.14.7 Subgroup analyses 

Subgroups included urban versus rural home location, UMIC versus LMIC versus LIC, 

patient age >60 versus <60, elective versus emergency surgery which were pre-specified, 

and pre-translated questionnaire versus ad hoc translation, and no reoperation (mild SSI 

only) which were added post-hoc for exploratory analysis.  
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5.3.14.8 Changes from the published Statistical Analysis Plan 

Some small, iterative changes were required to the published statistical analysis plan 

(available at: https://globalsurg.org/resources/phd-research-projects/talon/) related to the 

SARS-CoV-2 pandemic, the sample size of proposed comparator groups, and patterns 

observed in the data. There were no major changes to the primary comparison groups, 

definition of outcomes, primary analysis methods or handling of missing data. 

 

These included: 

1. The number of events and non-events was too small per country to justify per-country 

analyses. As such: 

a. Cut-off WHQ point scores were presented overall and not by country 

b. Subgroup analyses were presented by country income group rather than by 

individual country 

 

2. Multiple comparisons of patient characteristics and outcomes between urban versus 

rural patient home location were too extensive for a single peer-reviewed publication. 

I presented a subgroup analysis of the model discrimination by urban versus rural 

settings, and will explore patient home location further in future work. 

 

3. I did not anticipate a significant proportion of the cohort to be outside of the protocol 

timing window for administration of the WHQ. Due to the SARS-CoV-2 pandemic, I 

relaxed the pre-specified time window to allow flexibility for overburdened site 

investigators and a time of system strain, and presented the primary analysis per-

protocol, with a sensitivity analysis including all patients including those out-of-

protocol. 
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4. I did not anticipate a large proportion of the cohort to not receive the index test (in-

person FALCON trial follow-up), but face-to-face follow-up was deemed not to be 

safe or feasible in many settings during the SARS-CoV-2 pandemic. I therefore 

introduced an inverse probability weighted sensitivity analysis to account for a risk of 

verification bias. 

5. In response to investigator and CEI partner feedback, I added two exploratory 

subgroup analyses: (1) formal versus adhoc translation of the WHQ and (2) mild SSI 

only (i.e., no reoperation) 

 

5.3.15 Community Engagement and Involvement (CEI) 

The aim of CEI in this study was to optimise the pathway for telephone WHQ administration 

to ensure cultural and contextual acceptability and maximise both the telephone contact and 

questionnaire completion rate. Patient and community partners were involved in study 

prioritisation, design, steering, and reporting using three methods. Firstly, through direct 

involvement in the Study Management Group. Secondly, through a UK-based advisory group 

with expatriate partners from collaborating countries. Thirdly, an extended network of patient 

and community partners were consulted through the NIHR Unit on Global Surgery network. 

CEI in this study is reported according to the GRIPP-2 short form [225].  
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5.4 Results 

5.4.1 Overview of study inclusion 

Overall, 1240 patients were included with telephone WHQ follow-up attempted, of whom 29 

had died by 30-days after surgery (1 missing status) and 14 more had no FALCON trial 

follow-up. 1196 patients were therefore eligible for inclusion in analyses (Figure 5.4). Patients 

were from three UMICs (396 patients, 13 hospitals), three LMICs (746 patients, 19 hospitals), 

and one LIC (54 patients, 4 hospitals). The largest contributing countries were Ghana 

(532/1196, 44.5%), Mexico (216/1196, 18.1%) and India (120/1196, 10.0%). Baseline 

demographics are shown in Table 5.3. 17.5% (209/1196) had an SSI diagnosis within the 30-

days after surgery in the FALCON trial. A comparison of patients included in the TALON-2 

study versus the FALCON trial overall is presented in Table 5.4. Of note, there were fewer 

patients undergoing elective surgery, fewer female patients, more intermediate/minor 

operations, and more contaminated/dirty surgery in TALON-2 than in FALCON overall. The 

completed STARD checklist is in Appendix G. 
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Table 5.3 Baseline demographics by country (N=1196) 
 

  Country 

Factor Levels Ghana 
N=532 

South 
Africa 
N=60 

India 
N=120 

Benin 
N=103 

Mexico 
N=216 

Rwanda 
N=54 

Nigeria 
N=111 

Total 
N=1196 

FALCON trial 
follow-up 

In-person 199 (37.4) 27 (45.0) 76 (63.3) 82 (79.6) 129 (59.7) 35 (64.8) 40 (36.0) 588 (49.2) 
Telephone only 333 (62.6) 33 (55.0) 44 (36.7) 21 (20.4) 87 (40.3) 19 (35.2) 71 (64.0) 608 (50.8) 

Timing of  
telephone 
WHQ 

Per protocol 517 (97.2) 53 (88.3) 29 (24.2) 100 (97.1) 17 (7.9) 54 (100.0) 108 (97.3) 878 (73.4) 
Outside of 
protocol 2 (0.4) 0 (0.0) 91 (75.8) 0 (0.0) 112 (51.9) 0 (0.0) 0 (0.0) 205 (17.1) 

(Missing) 13 (2.4) 7 (11.7) 0 (0.0) 3 (2.9) 87 (40.3) 0 (0.0) 3 (2.7) 113 (9.4) 

Home location 
Urban 299 (56.2) 52 (86.7) 70 (58.3) 92 (89.3) 98 (45.4) 8 (14.8) 88 (79.3) 707 (59.1) 
Rural 221 (41.5) 2 (3.3) 49 (40.8) 8 (7.8) 31 (14.4) 46 (85.2) 23 (20.7) 380 (31.8) 
(Missing) 12 (2.3) 6 (10.0) 1 (0.8) 3 (2.9) 87 (40.3) 0 (0.0) 0 (0.0) 109 (9.1) 

Age (years) 

<18 68 (12.8) 0 (0.0) 2 (1.7) 0 (0.0) 2 (0.9) 1 (1.9) 21 (18.9) 94 (7.9) 
18-39 261 (49.1) 32 (53.3) 80 (66.7) 85 (82.5) 137 (63.4) 32 (59.3) 43 (38.7) 670 (56.0) 
40-59 140 (26.3) 20 (33.3) 26 (21.7) 13 (12.6) 56 (25.9) 10 (18.5) 29 (26.1) 294 (24.6) 
60-79 56 (10.5) 8 (13.3) 12 (10.0) 5 (4.9) 17 (7.9) 9 (16.7) 15 (13.5) 122 (10.2) 
≥80 7 (1.3) 0 (0.0) 0 (0.0) 0 (0.0) 4 (1.9) 2 (3.7) 3 (2.7) 16 (1.3) 

Sex Male 350 (65.8) 37 (61.7) 32 (26.7) 57 (55.3) 39 (18.1) 36 (66.7) 64 (57.7) 615 (51.4) 
Female 182 (34.2) 23 (38.3) 88 (73.3) 46 (44.7) 177 (81.9) 18 (33.3) 47 (42.3) 581 (48.6) 

Level of 
education 

Below high  
school level 337 (64.9) 15 (27.8) 64 (54.2) 29 (29.0) 24 (18.6) 42 (77.8) 46 (41.4) 557 (51.3) 

High school  
or above 182 (35.1) 39 (72.2) 54 (45.8) 71 (71.0) 105 (81.4) 12 (22.2) 65 (58.6) 528 (48.7) 

Known  
diabetes 

Yes 11 (2.1) 2 (3.3) 7 (5.8) 1 (1.0) 16 (7.4) 1 (1.9) 2 (1.8) 40 (3.3) 
No 521 (97.9) 58 (96.7) 113 (94.2) 102 (99.0) 200 (92.6) 53 (98.1) 109 (98.2) 1156 (96.7) 

HIV status 
Known negative 42 (7.9) 11 (18.3) 114 (95.0) 4 (3.9) 63 (29.2) 40 (74.1) 70 (63.1) 344 (28.8) 
Known positive 4 (0.8) 14 (23.3) 1 (0.8) 0 (0.0) 3 (1.4) 1 (1.9) 0 (0.0) 23 (1.9) 
Status not known 486 (91.4) 35 (58.3) 5 (4.2) 99 (96.1) 150 (69.4) 13 (24.1) 41 (36.9) 829 (69.3) 

Smoking status 
Never smoked 504 (94.7) 40 (66.7) 113 (94.2) 100 (97.1) 187 (86.6) 46 (85.2) 99 (89.2) 1089 (91.1) 
Ex-smoker 16 (3.0) 11 (18.3) 6 (5.0) 0 (0.0) 24 (11.1) 5 (9.3) 4 (3.6) 66 (5.5) 
Current smoker 12 (2.3) 9 (15.0) 1 (0.8) 3 (2.9) 5 (2.3) 3 (5.6) 8 (7.2) 41 (3.4) 

Urgency 
Elective (planned) 27 (5.1) 8 (13.3) 38 (31.7) 0 (0.0) 171 (79.2) 3 (5.6) 21 (18.9) 268 (22.4) 
Emergency  
(unplanned) 505 (94.9) 52 (86.7) 82 (68.3) 103 (100.0) 45 (20.8) 51 (94.4) 90 (81.1) 928 (77.6) 

Indication 

Malignant disease 23 (4.3) 5 (8.3) 20 (16.7) 2 (1.9) 13 (6.0) 2 (3.7) 20 (18.0) 85 (7.1) 
Benign disease 485 (91.2) 39 (65.0) 31 (25.8) 100 (97.1) 123 (56.9) 46 (85.2) 83 (74.8) 907 (75.8) 
Trauma 18 (3.4) 13 (21.7) 0 (0.0) 1 (1.0) 1 (0.5) 5 (9.3) 6 (5.4) 44 (3.7) 
Obstetric 5 (0.9) 3 (5.0) 69 (57.5) 0 (0.0) 79 (36.6) 1 (1.9) 2 (1.8) 159 (13.3) 
(Missing) 1 (0.2) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 1 (0.1) 

Operation  
location 

Foregut 183 (34.4) 11 (18.3) 12 (10.0) 8 (7.8) 70 (32.4) 9 (16.7) 22 (19.8) 315 (26.3) 
Hindgut 45 (8.5) 9 (15.0) 21 (17.5) 2 (1.9) 11 (5.1) 3 (5.6) 21 (18.9) 112 (9.4) 
Appendix 166 (31.2) 19 (31.7) 6 (5.0) 88 (85.4) 14 (6.5) 11 (20.4) 28 (25.2) 332 (27.8) 
Urogenital 9 (1.7) 1 (1.7) 71 (59.2) 0 (0.0) 110 (50.9) 4 (7.4) 9 (8.1) 204 (17.1) 
Other 128 (24.1) 19 (31.7) 10 (8.3) 5 (4.9) 11 (5.1) 27 (50.0) 28 (25.2) 228 (19.1) 
(Missing) 1 (0.2) 1 (1.7) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 3 (2.7) 5 (0.4) 

ASA grade 

Grade I 320 (60.2) 30 (50.0) 43 (35.8) 79 (76.7) 58 (26.9) 17 (31.5) 13 (11.7) 560 (46.8) 
Grade II 158 (29.7) 20 (33.3) 69 (57.5) 22 (21.4) 145 (67.1) 20 (37.0) 36 (32.4) 470 (39.3) 
Grade III 50 (9.4) 8 (13.3) 6 (5.0) 2 (1.9) 11 (5.1) 17 (31.5) 56 (50.5) 150 (12.5) 
Grade IV/V 3 (0.6) 2 (3.3) 2 (1.7) 0 (0.0) 2 (0.9) 0 (0.0) 6 (5.4) 15 (1.3) 
(Missing) 1 (0.2) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 1 (0.1) 

WHO checklist Yes 500 (94.0) 57 (95.0) 120 (100.0) 102 (99.0) 210 (97.2) 53 (98.1) 69 (62.2) 1111 (92.9) 
No 32 (6.0) 3 (5.0) 0 (0.0) 1 (1.0) 6 (2.8) 1 (1.9) 42 (37.8) 85 (7.1) 

Operation  
grade 

Intermediate/Minor 185 (35.8) 20 (34.5) 8 (6.7) 88 (85.4) 18 (8.4) 12 (24.5) 29 (26.9) 360 (30.8) 
Major 332 (64.2) 38 (65.5) 111 (93.3) 15 (14.6) 197 (91.6) 37 (75.5) 79 (73.1) 809 (69.2) 

Contamination 

Clean/Clean-
contaminated 75 (14.1) 14 (23.3) 89 (74.2) 14 (13.6) 200 (92.6) 1 (1.9) 14 (12.6) 407 (34.0) 

Contaminated 225 (42.3) 30 (50.0) 26 (21.7) 40 (38.8) 14 (6.5) 26 (48.1) 52 (46.8) 413 (34.5) 
Dirty 230 (43.2) 16 (26.7) 5 (4.2) 49 (47.6) 2 (0.9) 27 (50.0) 45 (40.5) 374 (31.3) 
(Missing) 2 (0.4) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 2 (0.2) 

Approach 

Open midline 435 (81.8) 48 (80.0) 41 (34.2) 34 (33.0) 43 (19.9) 49 (90.7) 83 (74.8) 733 (61.3) 
Open non-midline 96 (18.0) 11 (18.3) 74 (61.7) 69 (67.0) 169 (78.2) 5 (9.3) 28 (25.2) 452 (37.8) 
Laparoscopic atte
mpted 0 (0.0) 1 (1.7) 5 (4.2) 0 (0.0) 4 (1.9) 0 (0.0) 0 (0.0) 10 (0.8) 

(Missing) 1 (0.2) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 1 (0.1) 

Stoma  
formation 

Yes 15 (2.8) 4 (6.7) 17 (14.2) 0 (0.0) 10 (4.6) 6 (11.1) 7 (6.3) 59 (4.9) 
No 514 (96.6) 55 (91.7) 102 (85.0) 103 (100.0) 205 (94.9) 47 (87.0) 102 (91.9) 1128 (94.3) 
(Missing) 3 (0.6) 1 (1.7) 1 (0.8) 0 (0.0) 1 (0.5) 1 (1.9) 2 (1.8) 9 (0.8) 

 
*FALCON, a stratified, pragmatic, multi-centre, 2x2 factorial trial testing two measures (skin preparation and antimicrobial sutures) to reduce 
superficial or deep skin infection following abdominal surgery in seven low- and middle-income countries (NCT03700749) (2). WHQ = Wound Healing 
Questionnaire. HIV = Human immunodeficiency virus. 
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Table 5.4 Comparison of patients included in TALON-2 study within a trial and 
FALCON trial overall 
 

Factor Levels 
Included in 

TALON-2 study 
within a trial 

N=1088 

Included in 
FALCON study 

overall 
N=5788 

Country 

Ghana 520 (47.8) 1424 (24.6) 
South Africa 54 (5.0) 177 (3.1) 
India 120 (11.0) 800 (13.8) 
Benin 100 (9.2) 145 (2.5) 
Mexico 129 (11.9) 238 (4.1) 
Rwanda 54 (5.0) 839 (14.5) 
Nigeria 111 (10.2) 2165 (37.4) 

Age (years) 

<18  90 (8.3) 811 (14.0) 
18-39 606 (55.7) 3183 (55.0) 
40-59 262 (24.1) 1186 (20.5) 
60-79 115 (10.6) 534 (9.2) 
≥80 15 (1.4) 74 (1.3) 

Sex Male 582 (53.5) 2200 (38.4) 
Female 506 (46.5) 3534 (61.6) 

Known diabetes Yes 33 (3.0) 217 (3.8) 
No 1055 (97.0) 5513 (96.2) 

HIV status 
Known negative 319 (29.3) 3207 (55.9) 
Known positive 21 (1.9) 128 (2.2) 
Status not known 748 (68.8) 2399 (41.8) 

Smoking status 
Never smoked 996 (91.5) 5344 (93.2) 
Ex-smoker 53 (4.9) 220 (3.8) 
Current smoker 39 (3.6) 168 (2.9) 

Urgency Elective (planned) 197 (18.1) 1915 (33.1) 
Emergency (unplanned) 891 (81.9) 3873 (66.9) 

Indication 

Malignant disease 80 (7.4) 442 (7.8) 
Benign disease 834 (76.7) 3326 (59.0) 
Trauma 40 (3.7) 442 (7.8) 
Obstetric 133 (12.2) 1702 (30.2) 
(Missing) 1 (0.1) 1 (0.0) 

Operation location 

Foregut 272 (25.0) 1084 (18.7) 
Hindgut 106 (9.7) 529 (9.1) 
Appendix 324 (29.8) 933 (16.1) 
Urogenital 162 (14.9) 2255 (39.0) 
Other 219 (20.1) 834 (14.4) 
(Missing) 5 (0.5) 153 (2.6) 

ASA grade 

Grade I 519 (47.7) 2540 (45.0) 
Grade II 415 (38.1) 2121 (37.6) 
Grade III 142 (13.1) 788 (14.0) 
Grade IV/V 11 (1.0) 196 (3.4) 
(Missing) 1 (0.1) 3 (0.0) 

WHO Checklist Yes 1006 (92.5) 680 (12.0) 
No 82 (7.5) 4965 (88.0) 

Operation grade Intermediate/Minor 350 (33.0) 1023 (18.4) 
Major 711 (67.0) 4534 (81.6) 

Contamination 

Clean/Clean-contaminated 322 (29.6) 3123 (55.4) 
Contaminated 399 (36.7) 1235 (21.9) 
Dirty 365 (33.5) 1282 (22.7) 
(Missing) 2 (0.2) 3 (0.0) 

Approach 

Open midline 707 (65.0) 2764 (49.0) 
Open non-midline 371 (34.1) 2827 (50.1) 
Laparoscopic attempted 9 (0.8) 51 (0.8) 
(Missing) 1 (0.1) 1 (0.1) 

Stoma formation 
Yes 55 (5.1) 290 (5.1) 
No 1025 (94.2) 5318 (94.8) 
(Missing) 8 (0.7) 12 (0.1) 
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5.4.2. Feasibility outcomes  

5.4.2.1 Telephone contact rate  

Baseline demographics grouped by whether telephone contact was made or not is presented 

in Table 5.5. Overall, the telephone contact rate was high at 90.3% (1088/1196) with 9.7% 

(108/1196) lost to follow-up with some variability by country (Table 5.6).  

 

The WHQ was completed for all but one patient where successful contact was made (99.9%, 

1087/1088). The rate of telephone contact reduced as time from date of surgery increased 

(Figure 5.2).  

 

The most significant factor associated with lower odds of telephone contact-up in the 

multivariable model was time from surgery (Figure 5.3). Importantly, patients with non-

midline incisions (adjusted odds ratio: 0.36, 95% CI 0.17-0.73, p=0.005) or with a confirmed 

reference test diagnosis of SSI (OR: 0.42, 95% CI 0.20-0.92, p=0.006) were less likely to be 

contactable. Where data were available, most patients were followed-up with 1 (47.7%, 

267/560) or 2 to 3 (33.0%, 185/560) attempts at telephone follow-up (missing: 636).  

 

5.4.2.2 Patient satisfaction 

Patients overall felt very satisfied (71.5%, 393/550) or satisfied (27.6%, 152/550) with 

undergoing telephone WHQ follow-up (missing: 646).  
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Figure 5.2 Proportion of patients with successful telephone contact with increasing 
time from surgery (days) 
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Table 5.5 Baseline demographics of patients with and without successful telephone 
contact (N=1196) 
   Successful telephone contact   

Factor Levels No 
N=108 

Yes 
N=1088 Total 

P-value 
for 

difference  

Age 

<18 years 4 (3.7) 90 (8.3) 94 (7.9) 

0.213 
18-39 64 (59.3) 606 (55.7) 670 (56.0) 
40-59 32 (29.6) 262 (24.1) 294 (24.6) 
60-79 7 (6.5) 115 (10.6) 122 (10.2) 
≥80 1 (0.9) 15 (1.4) 16 (1.3) 

Sex Male 33 (30.6) 582 (53.5) 615 (51.4) <0.001 Female 75 (69.4) 506 (46.5) 581 (48.6) 

Known diabetes Yes 7 (6.5) 33 (3.0) 40 (3.3) 0.105 No 101 (93.5) 1055 (97.0) 1156 (96.7) 

HIV status 
Known negative 25 (23.1) 319 (29.3) 344 (28.8) 

0.395 Known positive 2 (1.9) 21 (1.9) 23 (1.9) 
Status not known 81 (75.0) 748 (68.8) 829 (69.3) 

Smoking status 
Never smoked 93 (86.1) 996 (91.5) 1089 (91.1) 

0.006 Ex-smoker 13 (12.0) 53 (4.9) 66 (5.5) 
Current smoker 2 (1.9) 39 (3.6) 41 (3.4) 

Urgency Elective (planned) 71 (65.7) 197 (18.1) 268 (22.4) <0.001 Emergency (unplanned) 37 (34.3) 891 (81.9) 928 (77.6) 

Indication 

Malignant disease 5 (4.6) 80 (7.4) 85 (7.1) 

0.006 
Benign disease 73 (67.6) 834 (76.7) 907 (75.8) 
Trauma 4 (3.7) 40 (3.7) 44 (3.7) 
Obstetric 26 (24.1) 133 (12.2) 159 (13.3) 
(Missing) 0 (0.0) 1 (0.1) 1 (0.1) 

Operation location 

Foregut 43 (39.8) 272 (25.0) 315 (26.3) 

<0.001 

Hindgut 6 (5.6) 106 (9.7) 112 (9.4) 
Appendix 8 (7.4) 324 (29.8) 332 (27.8) 
Urogenital 42 (38.9) 162 (14.9) 204 (17.1) 
Other 9 (8.3) 219 (20.1) 228 (19.1) 
(Missing) 0 (0.0) 5 (0.5) 5 (0.4) 

ASA grade 

Grade I 41 (38.0) 519 (47.7) 560 (46.8) 

0.003 
Grade II 55 (50.9) 415 (38.1) 470 (39.3) 
Grade III 8 (7.4) 142 (13.1) 150 (12.5) 
Grade IV/V 4 (3.7) 11 (1.0) 15 (1.3) 
(Missing) 0 (0.0) 1 (0.1) 1 (0.1) 

WHO Checklist Yes 105 (97.2) 1006 (92.5) 1111 (92.9) 0.101 No 3 (2.8) 82 (7.5) 85 (7.1) 

Operation grade Intermediate/Minor 10 (9.3) 350 (33.0) 360 (30.8) <0.001 Major 98 (90.7) 711 (67.0) 809 (69.2) 

ontamination 

Clean/Clean-contaminated 85 (78.7) 322 (29.6) 407 (34.0) 

<0.001 Contaminated 14 (13.0) 399 (36.7) 413 (34.5) 
Dirty 9 (8.3) 365 (33.5) 374 (31.3) 
(Missing) 0 (0.0) 2 (0.2) 2 (0.2) 

Approach 

Open midline 26 (24.1) 707 (65.0) 733 (61.3) 

<0.001 Open non-midline 81 (75.0) 371 (34.1) 452 (37.8) 
Laparoscopic attempted 1 (0.9) 9 (0.8) 10 (0.8) 
(Missing) 0 (0.0) 1 (0.1) 1 (0.1) 

Stoma formation 
Yes 4 (3.7) 55 (5.1) 59 (4.9) 

0.703 No 103 (95.4) 1025 (94.2) 1128 (94.3) 
(Missing) 1 (0.9) 8 (0.7) 9 (0.8) 
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Table 5.6 Feasibility outcomes by country (N=1196) 
 

  Country   

Factor Levels Ghana 
N=532 

South Africa 
N=60 

India 
N=120 

Benin 
N=103 

Mexico 
N=216 

Rwanda 
N=54 

Nigeria 
N=111 

Total 
N=1196 P-value 

Successful 
telephone contact 

No 12 (2.3) 6 (10.0) 0 (0.0) 3 (2.9) 87 (40.3) 0 (0.0) 0 (0.0) 108 (9.0) 
<0.001 

Yes 520 (97.7) 54 (90.0) 120 (100.0) 100 (97.1) 129 (59.7) 54 (100.0) 111 (100.0) 1088 (91.0) 

Attempts at contact 

1 attempt 145 (49.8) 25 (41.7) 28 (68.3) 0 (0.0) 10 (62.5) 12 (22.2) 47 (48.0) 267 (47.7) 

<0.001 

2-3 attempts 93 (32.0) 22 (36.7) 8 (19.5) 0 (0.0) 1 (6.2) 29 (53.7) 32 (32.7) 185 (33.0) 

4-5 attempts 26 (8.9) 6 (10.0) 5 (12.2) 0 (0.0) 0 (0.0) 11 (20.4) 14 (14.3) 62 (11.1) 

>5 attempts 27 (9.3) 7 (11.7) 0 (0.0) 0 (0.0) 5 (31.2) 2 (3.7) 5 (5.1) 46 (8.2) 

(Missing)* 241 0 79 103 200 0 13 636 

Patient satisfaction$ 
  

Very Satisfied 243 (84.1) 42 (77.8) 13 (28.9) 0 (0.0) 1 (9.1) 39 (72.2) 55 (56.7) 393 (71.5) 

<0.001 

Satisfied 45 (15.6) 9 (16.7) 32 (71.1) 0 (0.0) 10 (90.9) 15 (27.8) 41 (42.3) 152 (27.6) 

Neutral 1 (0.3) 3 (5.6) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 1 (1.0) 5 (0.9) 

Unsatisfied 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 

Very unsatisfied 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 

(Missing)* 243 6 75 103 205 0 14 646 

 
*Question added after pilot phase in response to Community Engagement and Involvement group feedback, so not available for patients recruited in pilot phase. $ Represents 
patient’s self-reported satisfaction with telephone administration of the WHQ. 
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Table 5.7. Factors associated with successful telephone contact in a multivariable 
model 

 
  Successful telephone 

contact   

Factor Levels No Yes OR (univariable) OR (multivariable)  

Timing of WHQ Per protocol 25 (2.8) 881 (97.2) - - 
Out of protocol 83 (28.8) 205 (71.2) 0.07 (0.04-0.11, p<0.001) 0.11 (0.05-0.24, p<0.001) 

Patient factors 

Age 

<18 years 4 (4.3) 90 (95.7) - - 
18-39 64 (9.6) 606 (90.4) 0.42 (0.13-1.05, p=0.101) 1.39 (0.37-4.14, p=0.589) 
40-59 32 (10.9) 262 (89.1) 0.36 (0.11-0.95, p=0.063) 1.36 (0.34-4.41, p=0.630) 
60-79 7 (5.7) 115 (94.3) 0.73 (0.19-2.49, p=0.624) 3.14 (0.64-14.56, p=0.144) 
≥80 1 (6.2) 15 (93.8) 0.67 (0.09-13.51, p=0.725) 4.59 (0.34-128.73, p=0.283) 

Sex Male 33 (5.4) 582 (94.6) - - 
Female 75 (12.9) 506 (87.1) 0.38 (0.25-0.58, p<0.001) 1.97 (0.98-4.11, p=0.062) 

Urgency 
Elective (planned) 71 (26.5) 197 (73.5) - - 
Emergency  
(unplanned) 37 (4.0) 891 (96.0) 8.68 (5.70-13.41, p<0.001) 1.89 (0.99-3.65, p=0.055) 

Indication 

Malignant disease 5 (5.9) 80 (94.1) - - 
Benign disease 73 (8.0) 834 (92.0) 0.71 (0.25-1.65, p=0.480) 0.86 (0.23-2.81, p=0.815) 
Trauma 4 (9.1) 40 (90.9) 0.63 (0.16-2.64, p=0.501) 0.31 (0.05-1.77, p=0.177) 
Obstetric 26 (16.4) 133 (83.6) 0.32 (0.10-0.80, p=0.025) 3.38 (0.66-15.95, p=0.130) 

ASA grade 

Grade I 41 (7.3) 519 (92.7) - - 
Grade II 55 (11.7) 415 (88.3) 0.60 (0.39-0.91, p=0.017) 1.13 (0.66-1.94, p=0.655) 
Grade III 8 (5.3) 142 (94.7) 1.40 (0.68-3.29, p=0.396) 0.86 (0.34-2.37, p=0.757) 
Grade IV/V 4 (26.7) 11 (73.3) 0.22 (0.07-0.81, p=0.012) 0.27 (0.06-1.45, p=0.106) 

Operation factors 

Operation grade Intermediate/Minor 10 (2.8) 350 (97.2) - - 
Major 98 (12.1) 711 (87.9) 0.21 (0.10-0.38, p<0.001) 1.32 (0.17-7.11, p=0.761) 

Operation location 

Foregut 43 (13.7) 272 (86.3) - - 
Hindgut 6 (5.4) 106 (94.6) 2.79 (1.24-7.49, p=0.023) 1.83 (0.59-6.58, p=0.321) 
Appendix 8 (2.4) 324 (97.6) 6.40 (3.12-14.91, p<0.001) 3.67 (0.40-24.79, p=0.204) 
Urogenital 42 (20.6) 162 (79.4) 0.61 (0.38-0.97, p=0.038) 1.01 (0.42-2.47, p=0.981) 
Other 9 (3.9) 219 (96.1) 3.85 (1.92-8.58, p<0.001) 1.61 (0.63-4.52, p=0.339) 

Contamination 

Clean/Clean-
contaminated 85 (20.9) 322 (79.1) - - 

Contaminated 14 (3.4) 399 (96.6) 7.52 (4.33-14.05, p<0.001) 2.07 (0.89-4.88, p=0.091) 
Dirty 9 (2.4) 365 (97.6) 10.71 (5.59-23.19, p<0.001) 2.17 (0.78-6.23, p=0.140) 

Approach 

Open midline 26 (3.5) 707 (96.5) - - 
Open non-midline 81 (17.9) 371 (82.1) 0.17 (0.10-0.26, p<0.001) 0.36 (0.17-0.73, p=0.005) 
Laparoscopic  
attempted 1 (10.0) 9 (90.0) 0.33 (0.06-6.22, p=0.303) 2.50 (0.33-52.24, p=0.438) 

Surgical site infection status 
SSI diagnosis  
(reference test) 

No 90 (9.1) 897 (90.9) - - 
Yes 18 (8.6) 191 (91.4) 1.06 (0.64-1.86, p=0.817) 0.42 (0.20-0.92, p=0.026) 

Systemic  
symptoms of SSI 

No 99 (9.1) 986 (90.9) - - 
Yes 9 (8.1) 102 (91.9) 1.14 (0.59-2.48, p=0.722) 0.95 (0.33-2.99, p=0.934) 

Reoperation for  
SSI 

No 104 (9.1) 1041 (90.9) - - 
Yes 4 (8.2) 45 (91.8) 1.12 (0.45-3.78, p=0.826) 0.90 (0.24-4.15, p=0.889) 

 
Number in dataframe = 1196, Number in model = 1162, Missing = 34, AIC = 500, C-statistic = 0.917 
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Figure 5.3 Forest plot for factors associated with successful telephone contact in a multivariable model 

 

 
A lower odds ratio conveyed a lower likelihood of telephone contact successfully being made by telephone to complete the TALON-2 questionnaire.  
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5.4.2.3 Implementation of telephone WHQ follow-up 

Telephone WHQ administration was performed across diverse settings and patient groups, in 

22 languages and 36 hospitals. Overall, 65.5% (707/1087) of contactable patients lived in 

urban and 35.0% (380/1087, missing: 1) in rural settings. 64.4% (701/1087) patients received 

the call using their own phone, whereas 33.7% (367/1087) used a family member’s. 669 

patients (64.2%) used a smartphone with video capability. Importantly the WHQ was mainly 

delivered by non-consultant (attending) grade researchers (other doctor: N=367, 33.7%, 

research nurse: N=327, 30.1%, other non-clinical: N=385, 35.4%) and largely took less than 

20 minutes to complete for 96.0% (528/550, missing: 538). There were several differences in 

the implementation of telephone WHQ follow-up across participating countries (Table 5.8), 

demonstrating the diversity of the delivery network. 
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Table 5.8 Follow-up for patients contactable with the telephone WHQ (N=1088) 
 
  Country 

Factor Levels Ghana 
N=525 

South 
Africa 
N=54 

India 
N=120 

Benin 
N=100 

Mexico 
N=130 

Rwanda 
N=54 

Nigeria 
N=111 

Total 
N=1094 

Questionnaire 
translation 

Pre-translated 
questionnaire 150 (28.8) 9 (16.7) 14 (11.7) 87 (87.0) 120 (93.0) 43 (79.6) 65 (58.6) 424 (39.0) 

Adhoc, translated 
from English 
by questionnaire 
administrator 

368 (70.8) 30 (55.6) 101 (84.2) 13 (13.0) 9 (7.0) 11 (20.4) 46 (41.4) 579 (53.2) 

Adhoc, 
translated from 
English by formal 
translator 

0 (0.0) 1 (1.9) 5 (4.2) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 6 (0.6) 

(Missing) 2 (0.4) 14 (25.9) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 79 (7.3) 

Language of  
delivery 

English 79 (15.2) 24 (44.4) 5 (4.2) 0 (0.0) 0 (0.0) 0 (0.0) 65 (58.6) 173 (15.9) 
Fante 20 (3.8) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 20 (1.8) 
Fon 0 (0.0) 0 (0.0) 0 (0.0) 6 (6.0) 0 (0.0) 0 (0.0) 0 (0.0) 6 (0.6) 
Goun 0 (0.0) 0 (0.0) 0 (0.0) 6 (6.0) 0 (0.0) 0 (0.0) 0 (0.0) 6 (0.6) 
Hausa 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 2 (1.8) 2 (0.2) 
Igbo 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 16 (14.4) 16 (1.5) 
Malayalam 0 (0.0) 0 (0.0) 2 (1.7) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 2 (0.2) 
Sotho 0 (0.0) 10 (18.5) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 10 (0.9) 
Swati 0 (0.0) 1 (1.9) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 1 (0.1) 
Telegu 0 (0.0) 0 (0.0) 1 (0.8) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 1 (0.1) 
Tswana 0 (0.0) 3 (5.6) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 3 (0.3) 
Xhosa 0 (0.0) 3 (5.6) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 3 (0.3) 
Yoruba 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 28 (25.2) 28 (2.6) 
Zulu 0 (0.0) 13 (24.1) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 13 (1.2) 
Dagbani 56 (10.8) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 56 (5.1) 
French 0 (0.0) 0 (0.0) 0 (0.0) 88 (88.0) 0 (0.0) 0 (0.0) 0 (0.0) 88 (8.1) 
Hindi 0 (0.0) 0 (0.0) 69 (57.5) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 69 (6.3) 
Kinyarwanda 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 54 (100.0) 0 (0.0) 54 (5.0) 
Punjabi 0 (0.0) 0 (0.0) 20 (16.7) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 20 (1.8) 
Spanish 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 129 (100.0) 0 (0.0) 0 (0.0) 129 (11.9) 
Tamil 0 (0.0) 0 (0.0) 23 (19.2) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 23 (2.1) 
Twi 364 (70.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 364 (33.5) 
(Missing) 1 (0.2) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 2 (1.8) 1 (0.1) 

Phone owner 

Patient  
themselves 335 (64.4) 43 (79.6) 44 (36.7) 84 (84.0) 91 (70.5) 23 (42.6) 81 (73.0) 701 (64.4) 

Healthcare worker 0 (0.0) 1 (1.9) 1 (0.8) 0 (0.0) 0 (0.0) 3 (5.6) 0 (0.0) 5 (0.5) 
Friend or relative 183 (35.2) 9 (16.7) 74 (61.7) 16 (16.0) 38 (29.5) 20 (37.0) 27 (24.3) 367 (33.7) 
Other 1 (0.2) 1 (1.9) 1 (0.8) 0 (0.0) 0 (0.0) 8 (14.8) 3 (2.7) 14 (1.3) 
(Missing) 1 (0.2) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 1 (0.1) 

Phone type 

Landline phone 0 (0.0) 0 (0.0) 1 (0.8) 0 (0.0) 12 (9.3) 0 (0.0) 0 (0.0) 13 (1.2) 
Mobile phone  
(with a camera) 295 (56.7) 41 (75.9) 94 (78.3) 77 (77.0) 104 (80.6) 6 (11.1) 82 (73.9) 699 (64.2) 

Mobile phone  
(without  
a camera) 

225 (43.3) 13 (24.1) 25 (20.8) 23 (23.0) 13 (10.1) 48 (88.9) 29 (26.1) 376 (34.6) 

Questionnaire  
administrator 

Consultant  
(doctor) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 6 (4.7) 0 (0.0) 2 (1.8) 8 (0.7) 

Other doctor 175 (33.7) 0 (0.0) 2 (1.7) 100 (100.0) 86 (66.7) 0 (0.0) 4 (3.6) 367 (33.7) 
Research nurse 104 (20.0) 48 (88.9) 102 (85.0) 0 (0.0) 0 (0.0) 46 (85.2) 27 (24.3) 327 (30.1) 
Other 240 (46.2) 6 (11.1) 16 (13.3) 0 (0.0) 37 (28.7) 8 (14.8) 78 (70.3) 385 (35.4) 
(Missing) 1 (0.2) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 1 (0.1) 

Duration of 
telephone 
assessment 

< 10 minutes 222 (42.7) 43 (79.6) 37 (30.8) 0 (0.0) 9 (7.0) 8 (14.8) 56 (50.5) 375 (34.5) 
11-20 minutes 66 (12.7) 11 (20.4) 7 (5.8) 0 (0.0) 2 (1.6) 29 (53.7) 38 (34.2) 153 (14.1) 
21-30 minutes 1 (0.2) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 15 (27.8) 1 (0.9) 17 (1.6) 
>30 minutes 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 2 (3.7) 3 (2.7) 5 (0.5) 
(Missing) 231 (44.4) 0 (0.0) 76 (63.3) 100 (100.0) 118 (91.5) 0 (0.0) 13 (11.7) 538 (49.4) 

*Question added after pilot phase in response to CEI group feedback, so not available for patients recruited in pilot phase. 
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5.4.3 Patterns of FALCON trial follow-up 

An overview of the grouping of patients included in this study is shown in Figure 5.4. Of the 

1209 patients that were contactable for telephone WHQ follow-up, 531 (47.5%) had a 

FALCON trial in-person follow-up.  

 

The proportion of patients with in-person follow-up over the study period is shown in Figure 

5.5. Having a telephone follow-up pathway (telephone FALCON trial follow-up and/or 

telephone WHQ) led to 52.5% (557/1088) additional patients with complete outcome 

assessment (estimated ‘retention benefit’) than in-person FALCON trial follow-up alone.  

 

No adverse events were reported related either to completion of in-person FALCON trial 

follow-up, nor the telephone WHQ. 
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Figure 5.4 Study flowchart 

 

Eligible TALON 
patients
n=1196

FALCON trial 
participants

N=1240

Contactable for 
telephone WHQ
N=1088 (91.0%)

Not contactable for 
telephone WHQ
N=108 (9.0%)

Died within 30-days 
after surgery

N=29

Status missing 
N=1

No FALCON trial 
follow-up

N=14

Paired in-person 
FALCON trial 

follow-up
N=531 (47.5%)

Telephone FALCON 
trial follow-up

N=557 (52.5%)

Feasibility outcomes

Validity outcome

Validity analysis
N=388 (73.1%)

Timing outside of 
protocol 

N=141 (26.6%)

Timing of telephone 
WHQ follow-up missing

N=2 (0.3%)
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Figure 5.5 Proportion of patients with in-person FALCON trial versus telephone only 
follow-up (N=1088) 
 

 
 

 

 
 

Grey line estimates the date of emergence of the first cases of SARS-CoV-2 outside of mainland china 
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5.4.3.1 Comparison of patients with in-person and telephone FALCON trial follow-up 

There were some differences in the patients that had in-person FALCON trial follow-up, and 

telephone FALCON trial follow-up only or no trial follow-up (Table 5.9). Of note, there were 

fewer patients in rural settings (30.7% versus 39.0%, p<0.001) and fewer male patients 

(48.0% versus 58.7%, p<0.001), and more patients with obstetric indication (18.8% versus 

5.9%, p<0.001), urogenital (22.0% versus 8.1%, p<0.001), clean-contaminated (36.7% 

versus 22.8%, p<0.001) and open non-midline (44.6% versus 24.1%, p<0.0001) surgery that 

returned for in-person versus telephone FALCON follow-up. However, patients from all 

participating countries and of a mix of baseline risk and operation type were included in both 

groups.  

 

5.4.3.2 Timing of WHQ administration 

Of the patients that had a FALCON trial in-person follow-up (N=531), 388 (73.1%) were 

conducted in a per-protocol time window, and 141 (26.6%) outside of protocol timing (Figure 

5.6). 
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Table 5.9 Differences in baseline demographics between patients contactable by 
telephone that had in-person FALCON trial follow-up and telephone FALCON trial 
follow-up (N=1088). 

 

Factor Levels 
 In-person 

FALCON trial 
follow-up 

N=531 

Telephone 
FALCON trial 
follow-up only 

N=557 

Total 
N=1088 P-value 

Country 

Ghana 195 (36.7) 325 (58.3) 520 (47.8) 

<0.001 

South Africa 25 (4.7) 29 (5.2) 54 (5.0) 
India 76 (14.3) 44 (7.9) 120 (11.0) 
Benin 80 (15.1) 20 (3.6) 100 (9.2) 
Mexico 80 (15.1) 49 (8.8) 129 (11.9) 
Rwanda 35 (6.6) 19 (3.4) 54 (5.0) 
Nigeria 40 (7.5) 71 (12.7) 111 (10.2) 

Timing of telephone WHQ 
Per protocol 388 (73.1) 490 (88.0) 878 (80.7) 

<0.001 Outside of protocol 141 (26.6) 64 (11.5) 205 (18.8) 
(Missing) 2 (0.4) 3 (0.5) 5 (0.5) 

Home location 
Urban 367 (69.1) 340 (61.0) 707 (65.0) 

0.006 Rural 163 (30.7) 217 (39.0) 380 (34.9) 
(Missing) 1 (0.2) 0 (0.0) 1 (0.1) 

Age (years) 

<18  42 (7.9) 48 (8.6) 90 (8.3) 

0.27 
18-39 313 (58.9) 293 (52.6) 606 (55.7) 
40-59 121 (22.8) 141 (25.3) 262 (24.1) 
60-79 48 (9.0) 67 (12.0) 115 (10.6) 
≥80 7 (1.3) 8 (1.4) 15 (1.4) 

Sex Male 255 (48.0) 327 (58.7) 582 (53.5) <0.001 Female 276 (52.0) 230 (41.3) 506 (46.5) 

Level of education Below high school level 247 (46.8) 310 (55.7) 557 (51.3) 0.004 High school or above 281 (53.2) 247 (44.3) 528 (48.7) 

Known diabetes Yes 16 (3.0) 17 (3.1) 33 (3.0) 1 No 515 (97.0) 540 (96.9) 1055 (97.0) 

HIV status 
Known negative 197 (37.1) 122 (21.9) 319 (29.3) 

<0.001 Known positive 13 (2.4) 8 (1.4) 21 (1.9) 
Status not known 321 (60.5) 427 (76.7) 748 (68.8) 

Smoking status 
Never smoked 482 (90.8) 514 (92.3) 996 (91.5) 

0.431 Ex-smoker 26 (4.9) 27 (4.8) 53 (4.9) 
Current smoker 23 (4.3) 16 (2.9) 39 (3.6) 

Urgency Elective (planned) 101 (19.0) 96 (17.2) 197 (18.1) 0.493 Emergency (unplanned) 430 (81.0) 461 (82.8) 891 (81.9) 

Indication 

Malignant disease 28 (5.3) 52 (9.3) 80 (7.4) 

<0.001 
Benign disease 388 (73.1) 446 (80.1) 834 (76.7) 
Trauma 15 (2.8) 25 (4.5) 40 (3.7) 
Obstetric 100 (18.8) 33 (5.9) 133 (12.2) 
(Missing) 0 (0.0) 1 (0.2) 1 (0.1) 

Operation location 

Foregut 127 (23.9) 145 (26.0) 272 (25.0) 

<0.001 

Hindgut 46 (8.7) 60 (10.8) 106 (9.7) 
Appendix 161 (30.3) 163 (29.3) 324 (29.8) 
Urogenital 117 (22.0) 45 (8.1) 162 (14.9) 
Other 77 (14.5) 142 (25.5) 219 (20.1) 
(Missing) 3 (0.6) 2 (0.4) 5 (0.5) 

ASA grade 

Grade I 266 (50.1) 253 (45.4) 519 (47.7) 

0.032 
Grade II 204 (38.4) 211 (37.9) 415 (38.1) 
Grade III 54 (10.2) 88 (15.8) 142 (13.1) 
Grade IV/V 7 (1.3) 4 (0.7) 11 (1.0) 
(Missing) 0 (0.0) 1 (0.2) 1 (0.1) 

WHO Checklist Yes 507 (95.5) 499 (89.6) 1006 (92.5) <0.001 No 24 (4.5) 58 (10.4) 82 (7.5) 

Operation grade Intermediate/Minor 166 (32.0) 184 (33.9) 350 (33.0) 0.568 Major 352 (68.0) 359 (66.1) 711 (67.0) 

Contamination 

Clean/Clean-contaminated 195 (36.7) 127 (22.8) 322 (29.6) 

<0.001 Contaminated 166 (31.3) 233 (41.8) 399 (36.7) 
Dirty 170 (32.0) 195 (35.0) 365 (33.5) 
(Missing) 0 (0.0) 2 (0.4) 2 (0.2) 

Approach 

Open midline 289 (54.4) 418 (75.0) 707 (65.0) 

<0.001 Open non-midline 237 (44.6) 134 (24.1) 371 (34.1) 
Laparoscopic attempted 5 (0.9) 4 (0.7) 9 (0.8) 
(Missing) 0 (0.0) 1 (0.2) 1 (0.1) 

Stoma formation 
Yes 23 (4.3) 32 (5.7) 55 (5.1) 

0.355 No 504 (94.9) 521 (93.5) 1025 (94.2) 
(Missing) 4 (0.8) 4 (0.7) 8 (0.7) 
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Figure 5.6 Timing of telephone WHQ administration 
 

 
Grey line denotes the timing of in-person FALCON follow-up (30-days after surgery).  
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5.4.4 Data missingness 

The level of data missingness overall for all item responses was low 0.1% (13/10089) and 

similarly for each individual item (range: 0.0-0.1%), so complete case analysis was 

conducted without imputation.  

 

5.4.5 Diagnostic accuracy  

5.4.5.1 Comparison of WHQ scores and reference test  

Patients’ total WHQ scores in those with and without a diagnosis of SSI made at the 

FALCON trial assessment 30-days after surgery is presented in Figure 5.7 and Table 5.10. 

The proportion of patients with SSI at each WHQ point score interval is presented in Figure 

5.8. As the WHQ point score increased, so the proportion of patients with a reference test 

diagnosis of ‘yes SSI’ increased. 

 

5.4.5.2 Exploration of patients with a WHQ score of zero and reference test ‘no SSI’ 

In patients with a WHQ point score of zero (i.e., did not report any symptoms of SSI over the 

telephone, N=147) that did go onto have an SSI diagnosis made on 30-day follow-up (N=7), 

the features that were most commonly detected in person were purulent fluid (6/7), pain at 

the wound site (6/7) and diagnosis of SSI by a clinician or on imaging (6/7, Table 5.11). 
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Figure 5.7 (Panel) Wound Healing Questionnaire score versus reference test diagnosis 
of SSI (N=388) 

 

 
Graph represents per-protocol analysis (N=388) 

 

 

 
Spline curve represents proportion of patients with SSI at each WHQ total score value, estimated with generalised additive modelling 
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Table 5.10 Cross-tabulation of patients WHQ score and whether or not they received a diagnosis of SSI at the in-person 
assessment 30-days after surgery 
 
 
(A) Per-protocol analysis (N=388) 
 
 Global Wound Healing Questionnaire score (index test) 
Reference test 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 

No SSI 140 62 44 19 11 2 2 2 5 2 0 0 1 0 1 0 0 0 0 0 0 0 0 0 0 

Yes SSI 7 8 8 6 5 9 7 3 8 5 4 5 4 4 4 2 3 2 1 0 0 0 0 0 2 

 
(B) Sensitivity analysis including out of protocol (N=531) 
 

 
  

 Global Wound Healing Questionnaire score (index test) 

Reference test 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 
No SSI 180 93 72 32 16 6 3 8 7 3 1 0 1 2 2 0 0 0 1 0 0 0 0 0 0 

Yes SSI 9 8 10 7 5 9 7 3 8 5 6 5 4 4 4 2 3 2 1 0 0 0 0 0 2 
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Figure 5.8 Proportion of patients with SSI diagnosis in reference test at each WHQ 
point score level (per-protocol analysis) 
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Table 5.11 Misclassification in patients with a WHQ score of zero (N=147) 
   

Reference test result  

Component of in-person FALCON trial follow-up Response levels No SSI 
N=140 

Yes SSI 
N=7 Total 

Was there redness of the wound? Yes 0 (0.0) 2 (28.6) 2 (1.4) 
No 140 (100.0) 5 (71.4) 145 (98.6) 

Did patient have heat of the wound? Yes 0 (0.0) 3 (42.9) 3 (2.0) 
No 140 (100.0) 4 (57.1) 144 (98.0) 

Did patient have purulent drainage from the wound? Yes 0 (0.0) 6 (85.7) 6 (4.1) 
No 140 (100.0) 1 (14.3) 141 (95.9) 

Was abdominal wound opening present (spontaneously opened or by 
clinician)? 

Yes 1 (0.7) 5 (71.4) 6 (4.1) 
No 139 (99.3) 2 (28.6) 141 (95.9) 

Was there localised swelling around the wound? Yes 0 (0.0) 4 (57.1) 4 (2.7) 
No 140 (100.0) 3 (42.9) 143 (97.3) 

Was there pain or tenderness at the wound? Yes 12 (8.6) 6 (85.7) 18 (12.2) 
No 128 (91.4) 1 (14.3) 129 (87.8) 

Did patient have systemic fever (greater than 38 degrees Celsius)? Yes 0 (0.0) 2 (28.6) 2 (1.4) 
No 140 (100.0) 5 (71.4) 145 (98.6) 

Has patient been re-admitted? 
Yes, not SSI related 2 (1.4) 1 (14.3) 3 (2.0) 
Yes, for treatment of SSI 0 (0.0) 0 (0.0) 0 (0.0) 
No 138 (98.6) 6 (85.7) 144 (98.0) 

Has patient been re-operated on? 
Yes, not SSI related 1 (0.7) 1 (14.3) 2 (1.4) 
Yes, for treatment of SSI 0 (0.0) 0 (0.0) 0 (0.0) 
No 139 (99.3) 6 (85.7) 145 (98.6) 

Was SSI diagnosed by clinician or on imaging? Yes 0 (0.0) 6 (85.7) 6 (4.1) 
No 140 (100.0) 1 (14.3) 141 (95.9) 
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5.4.5.3 Diagnostic test accuracy statistics  

A summary of the performance metrics and diagnostic test accuracy statistics is shown in in 

the Tables 5.12 and 5.13 and Figure 5.9 below. In the per-protocol analysis (N=388), the 

WHQ demonstrated excellent overall discrimination (AUROC 0.869, 95% CI 0.824-0.914). 

The cut-point identified using Youden’s index was 3.5 (WHQ total score >4), which 

diagnosed post-discharge SSI with sensitivity of 0.701 (0.610-0.792), specificity of 0.911 

(0.878-0.9430), positive predictive value of 0.723 (0.633-0.814) and negative predictive value 

of 0.901 (0.867-0.935). Diagnostic test accuracy statistics at different cut-points ‘to rule in’ or 

‘rule out’ SSI are presented Table 5.14. 

 

5.4.6 Sensitivity analyses of primary outcome  

The discrimination was similar in sensitivity analyses including out-of-protocol patients 

(N=531, AUROC 0.836, 95% CI 0.788-0.883), including post-discharge SSI only (N=300, 

AUROC 0.863, 95% CI 0.790-0.937) and with inverse probability weighting (AUROC 0.866, 

95% CI 0.805-0.927).  

 

5.4.7 Subgroup analyses of primary outcome 

The performance of the WHQ was maintained across key subgroups (Figure 5.9). Some 

differences were observed in reduced overall discrimination in rural (AUROC 0.818, 0.721-

0.914) versus urban population (AUROC 0.886, 0.836-0.937) and poorer discrimination after 

emergency (AUROC 0.871, 0.826-0.916) versus elective surgery (AUROC 0.966, 0.895-

1.000), although the 95% confidence intervals overlapped for both comparisons and 

interpretation of the analysis of elective surgery was limited by a low SSI rate in the elective 

surgery subgroup. 
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Figure 5.9 (Panel) Receiver operating characteristic curves for the Wound Healing 
Questionnaire in detecting surgical site infection up to 30-days after surgery  
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Table 5.12 Summary of diagnostic test accuracy characteristics overall and across subgroups (1) 
 

Patient group N= 
 SSI 

prevalence$ 
N=, (%) 

AUROC Accuracy Sensitivity Specificity WHQ score 
cut-off€ 

Overall* 388 97 (25.0%) 0.869 
(0.824-0.914) 

0.858 
(0.858-0.859) 

0.701 
(0.610-0.792) 

0.911 
(0.878-0.9430 3.5 

Sensitivity analyses 

   Including out-of-protocol  531 104 (19.6%) 0.836 
(0.788-0.883) 

0.842 
(0.841-0.842) 

0.673 
(0.583-0.763) 

0.883 
(0.852-0.913) 3.5 

   No discharge SSI 300 32 (10.1%) 0.863 
(0.790-0.937) 

0.923 
(0.923-0.924) 

0.625 
(0.457-0.793) 

0.959 
(0.935-0.983) 4.5 

Subgroup analyses 
Patient home location 

        Urban 266 66 (24.8%) 0.886 
(0.836-0.937) 

0.838 
(0.837-0.839) 

0.818 
(0.725-0.911) 

0.845 
(0.795-0.895) 2.5 

        Rural 122 31 (25.4%) 0.818 
(0.721-0.914) 

0.877 
(0.875-0.879) 

0.613 
(0.441-0.784) 

0.967 
(0.930-1.004) 4.5 

Country income 

        Upper-middle 39 10 (25.6%) 0.888 
(0.741-1.000) 

0.846 
(0.840-0.853) 

0.900 
(0.714-1.086) 

0.828 
(0.690-0.965) 2.5 

        Lower-middle 314 74 (23.6%) 0.868 
(0.817-0.918) 

0.866 
(0.866-0.867) 

0.689 
(0.584-0.795) 

0.921 
(0.887-0.955) 3.5 

        Low 35 13 (37.1%) 0.892 
(0.748-1.000) 

0.829 
(0.837-0.837) 

0.923 
(0.778-1.068) 

0.773 
(0.598-0.948) 1.5 

Patient age group 

        >60 years 43 7 (16.3%) 0.867 
(0.729-1.000) 

0.721 
(0.712-0.730) 

0.857 
(0.589-1.116) 

0.694 
(0.544-0.845) 1.5 

        <60 years 345 90 (26.1%) 0.869 
(0.821-0.916) 

0.852 
(0.851-0.853) 

0.722 
(0.630-0.815) 

0.898 
(0.861-0.935) 3.5 

Urgency of surgery 

       Emergency 364 95 (26.1%) 0.871 
(0.826-0.916) 

0.830 
(0.829-0.830) 

0.758 
(0.672-0.844) 

0.855 
(0.813-0.897) 2.5 

       Elective 21 2 (8.3%) 0.966 
(0.895-1.000) 

0.958 
(0.955-0.962) 

1.000 
(1.000-1.000) 

0.955 
(0.868-1.042) 4.5 

Questionnaire translation 

       Formal translation 184 36 (19.6%) 0.875 
(0.803-0.946) 

0.913 
(0.912-0.914) 

0.611 
(0.452-0.770) 

0.986 
(0.968-1.005) 4.5 

       Ad hoc translation£ 178 50 (28.1%) 0.866 
(0.805-0.927) 

0.798 
(0.796-0.796) 

0.840 
(0.738-0.942) 

0.781 
(0.710-0.853) 2.5 

Severity of SSI 

       No re-operation (mild SSI only) 360 73 (20.3%) 0.855 
(0.801-0.908) 

0.822 
(0.821-0.823) 

0.726 
(0.624-0.828) 

0.847 
(0.805-0.888) 2.5 

 
 
SSI = Surgical Site Infection. AUROC = Area under the receiver operating characteristic curve, used as an overall measure of discrimination. *Overall analysis included only patients with per-protocol WHQ administration. 
£Includes Ad hoc, translated from English by questionnaire administrator and Ad hoc, translated from English with formal translator. $events = Surgical site infection recorded using reference test of 30-day in-person 
FALCON trial follow-up. €Cut-off scores defined using Youden’s index, in which I maximize the sum of sensitivity and specificity in the cohort of interest. Implementation of the WHQ should be supported by clinical 
decision making using cut-point scores in Table.3.14 
 



 
 
 
 
 
 
 
Table 5.13 Summary of diagnostic test accuracy characteristics overall and across 
subgroups 
 
Patient group N= PLR NLR PPV NPV WHQ score 

cut-off€ 

Overall* 388 7.846 
(5.317-11.579) 

0.328 
(0.242-0.446) 

0.723 
(0.633-0.814) 

0.901 
(0.867-0.935) 3.5 

Sensitivity analyses 

   Including out-of-protocol  531 5.748 
(4.289-7.704) 

0.370 
(0.280-0.489) 

0.583 
(0.495-0.672) 

0.917 
(0.891-0.944) 3.5 

   No discharge SSI 300 15.227 
(8.046-28.818) 

0.391 
(0.250-0.612) 

0.645 
(0.477-0.814) 

0.955 
(0.931-0.980) 4.5 

Subgroup analyses 
Patient home location 

        Urban 266 5.279 
(3.746-7.438) 

0.215 
(0.129-0.360) 

0.635 
(0.533-0.738) 

0.934 
(0.897-0.970) 2.5 

        Rural 122 18.591 
(5.902-58.564) 

0.400 
(0.257-0.624) 

0.864 
(0.720-1.007) 

0.880 
(0.816-0.944) 4.5 

Country income 

        Upper-middle 39 5.220 
(2.290-11.896) 

0.121 
(0.019-0.782) 

0.643 
(0.392-0.894) 

0.960 
(0.883-1.037) 2.5 

        Lower-middle 314 8.706 
(5.508-13.760) 

0.338 
(0.240-0.475) 

0.729 
(0.624-0.833) 

0.906 
(0.869-0.942) 3.5 

        Low 35 4.062 
(1.850-8.916) 

0.100 
(0.015-0.663) 

0.706 
(0.489-0.922) 

0.944 
(0.839-1.050) 1.5 

Patient age group 

        >60 years 43 2.805 
(1.574-5.000) 

0.206 
(0.033-1.279) 

0.353 
(0.126-0.580) 

0.962 
(0.888-1.035) 1.5 

        <60 years 345 7.083 
(4.814-10.422) 

0.309 
(0.221-0.433) 

0.714 
(0.621-0.807) 

0.902 
(0.865-0.938) 3.5 

Urgency of surgery 

       Emergency 364 5.228 
(3.828-7.139) 

9.283 
(0.198-0.406) 

0.649 
(0.560-0.737) 

0.909 
(0.874-0.945) 2.5 

       Elective 21 22.000 
(3.242-149.303) 

0.000 
(0.000-0.000) 

0.667 
(0.133-1.200) 

1.000 
(1.000-1.000) 4.5 

Questionnaire translation 

       Formal translation 184 45.222 
(11.141-183.565) 

0.394 
(0.262-0.594) 

0.917 
(0.806-1.027) 

0.912 
(0.869-0.956) 4.5 

       Ad hoc translation£ 178 3.840 
(2.709-5.444) 

0.205 
(0.108-0.389) 

0.600 
(0.485-0.715) 

0.926 
(0.877-0.975) 2.5 

Severity of SSI 

       No re-operation (mild SSI only) 360 4.736 
(3.486-6.433) 

0.324 
(0.222-0.472) 

0.546 
(0.447-0.645) 

0.924 
(0.892-0.956) 2.5 

 
SSI = Surgical Site Infection. AUROC = Area under the receiver operating characteristic curve, used as an overall measure of discrimination. 
*Overall analysis included only patients with per-protocol WHQ administration. £Includes Ad hoc, translated from English by questionnaire 
administrator and Ad hoc, translated from English with formal translator. $events = Surgical site infection recorded using reference test of 30-day 
in-person FALCON trial follow-up. €Cut-off scores defined using Youden’s index, in which I maximize the sum of sensitivity and specificity in the 
cohort of interest. Implementation of the WHQ should be supported by clinical decision making using cut-point scores in Table.3.14. 
 

  



 198 

Table 5.14 Diagnostic accuracy of the WHQ score across different cut-points to ‘rule 
in’ or ‘rule out’ SSI 

 
 

WHQ score  
cut-off True prevalence* Diagnostic accuracy Sensitivity Specificity 

'Rule in' SSI 
≥1  0.621 (0.571-0.670) 0.593 (0.542-0.642) 0.373 (0.312-0.438) 0.952 (0.904-0.981) 
≥2  0.441 (0.391-0.492) 0.732 (0.685-0.775) 0.480 (0.403-0.557) 0.931 (0.889-0.961) 
≥3 0.307 (0.261-0.355) 0.825 (0.783-0.861) 0.622 (0.528-0.709) 0.914 (0.874-0.945) 
≥4 0.242 (0.200-0.288) 0.858 (0.820-0.891) 0.723 (0.622-0.811) 0.901 (0.861-0.933) 
≥5 0.201 (0.162-0.244) 0.874 (0.836-0.905) 0.808 (0.703-0.888) 0.890 (0.850-0.923) 
≥6 0.173 (0.136-0.214) 0.856 (0.817-0.889) 0.806 (0.691-0.892) 0.866 (0.824-0.901) 
≥7 0.149 (0.116-0.189) 0.843 (0.803-0.878) 0.810 (0.686-0.901) 0.848 (0.805-0.885) 
≥8 0.137 (0.104-0.175) 0.840 (0.800-0.875) 0.830 (0.702-0.919) 0.842 (0.798-0.879) 
≥9 0.103 (0.075-0.138) 0.832 (0.792-0.868) 0.900 (0.763-0.972) 0.825 (0.781-0.863) 

≥10 0.085 (0.059-0.117) 0.825 (0.783-0.861) 0.939 (0.798-0.993) 0.814 (0.770-0.853) 
'Rule out' SSI 

≤1 0.559 (0.508-0.609) 0.268 (0.225-0.315) 0.069 (0.039-0.111) 0.520 (0.443-0.597) 
≤2 0.693 (0.645-0.739) 0.175 (0.139-0.217) 0.086 (0.055-0.126) 0.378 (0.291-0.472) 
≤3 0.758 (0.712-0.800) 0.142 (0.109-0.180) 0.099 (0.067-0.139) 0.277 (0.189-0.378) 
≤4 0.799 (0.756-0.838) 0.126 (0.095-0.164) 0.110 (0.077-0.150) 0.192 (0.112-0.297) 
≤5 0.827 (0.786-0.864) 0.144 (0.111-0.183) 0.134 (0.099-0.176) 0.194 (0.108-0.309) 
≤6 0.851 (0.811-0.884) 0.157 (0.122-0.197) 0.152 (0.115-0.195) 0.190 (0.099-0.314) 
≤7 0.863 (0.825-0.896) 0.160 (0.125-0.200) 0.158 (0.121-0.202) 0.170 (0.081-0.298) 
≤8 0.897 (0.862-0.925) 0.168 (0.132-0.208) 0.175 (0.137-0.219) 0.100 (0.028-0.237) 
≤9  0.915 (0.883-0.941)  0.175 (0.139-0.217)  0.186 (0.147-0.230)  0.061 (0.007-0.202) 

≤10  0.925 (0.894-0.949)  0.186 (0.148-0.228)  0.195 (0.155-0.240)  0.069 (0.008-0.228) 
 

 
WHQ score  

cut-off 
Positive likelihood  

ratio 
Negative likelihood  

ratio 
Positive predictive  

value (PPV) 
Negative predictive  

value (NPV) 
'Rule in' SSI 

≥1  7.842 (3.737-16.457) 0.658 (0.593-0.730) 0.928 (0.857-0.970) 0.481 (0.422-0.540) 
≥2  6.937 (4.155-11.583) 0.559 (0.482-0.649) 0.845 (0.758-0.911) 0.694 (0.638-0.747) 
≥3 7.273 (4.802-11.016) 0.414 (0.327-0.522) 0.763 (0.666-0.843) 0.845 (0.799-0.885) 
≥4 7.334 (5.079-10.590) 0.307 (0.221-0.426) 0.701 (0.600-0.790) 0.911 (0.872-0.941) 
≥5 7.364 (5.267-10.296) 0.216 (0.137-0.341) 0.649 (0.546-0.744) 0.948 (0.916-0.971) 
≥6 6.017 (4.449-8.137) 0.224 (0.137-0.366) 0.557 (0.452-0.658) 0.955 (0.925-0.976) 
≥7 5.348 (4.026-7.105) 0.224 (0.131-0.381) 0.485 (0.382-0.588) 0.962 (0.933-0.981) 
≥8 5.247 (3.984-6.911) 0.202 (0.111-0.366) 0.454 (0.352-0.558) 0.969 (0.942-0.986) 
≥9 5.134 (3.998-6.594) 0.121 (0.048-0.308) 0.371 (0.275-0.475) 0.986 (0.965-0.996) 

≥10 5.053 (3.997-6.387) 0.074 (0.019-0.286) 0.320 (0.229-0.422) 0.993 (0.975-0.999) 
'Rule out' SSI 

≤1 0.144 (0.086-0.241) 1.789 (1.542-2.075) 0.155 (0.089-0.242) 0.306 (0.253-0.362) 
≤2 0.137 (0.091-0.208) 2.418 (1.915-3.054) 0.237 (0.157-0.334) 0.155 (0.115-0.201) 
≤3 0.136 (0.094-0.197) 3.259 (2.345-4.529) 0.299 (0.210-0.400) 0.089 (0.059-0.128) 
≤4 0.136 (0.097-0.190) 4.630 (2.933-7.308) 0.351 (0.256-0.454) 0.052 (0.029-0.084) 
≤5 0.166 (0.123-0.225) 4.463 (2.735-7.285) 0.443 (0.342-0.548) 0.045 (0.024-0.075) 
≤6 0.187 (0.141-0.248) 4.474 (2.623-7.631) 0.515 (0.412-0.618) 0.038 (0.019-0.067) 
≤7 0.191 (0.145-0.251) 4.957 (2.729-9.006) 0.546 (0.442-0.648) 0.031 (0.014-0.058) 
≤8 0.195 (0.152-0.250) 8.247 (3.251-20.922) 0.629 (0.525-0.725) 0.014 (0.004-0.035) 
≤9  0.198 (0.157-0.250) 13.432 (3.503-51.513)  0.680 (0.578-0.771)  0.007 (0.001-0.025) 

≤10  0.209 (0.166-0.264) 11.673 (3.062-44.500)  0.722 (0.621-0.808)  0.007 (0.001-0.025) 
 

*Proportion of patients that would be classified as having an SSI event with this cut-point. All estimates provided with 95% confidence intervals in 
brackets. 
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5.4.8 Community Engagement and Involvement 

Patients had a direct impact on study delivery and reporting. Firstly, variables related to 

acceptability, the number of attempts needed, and time taken were added to the telephone 

WHQ pathway item set in response to pilot testing, and early exploration of the data during 

study monitoring. Secondly, several suggestions were provided to iteratively improve the 

implementation of telephone WHQ administration. To summarise this shared learning, a 

toolkit was co-produced and provided to sites to share best practice for acceptable and 

inclusive delivery of a telephone follow-up pathway (Figure 5.10). This was presented as a 

slide presentation (Microsoft Powerpoint®, Microsoft Corporation, Redmond, WA) and 

infographic poster (Adobe Illustrator®, Adobe, San Jose, CA). Finally, I added a subgroup 

analysis for mild SSI only, due to concerns that patients with less severe problems may be 

missed and so delay receiving care. 
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Figure 5.10 Co-produced toolkit for optimising postoperative telephone follow-up  

 

 
 
 

Download the full toolkit presentation at: https://bit.ly/TALONtips 
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5.5 Discussion 

5.5.1 Summary of key findings 

This prospective validation study within a large international pragmatic trial demonstrated 

high feasibility and validity of telephone assessment for diagnosis of surgical site infection in 

low-resource environments using the adapted WHQ. The WHQ was demonstrated to be 

suitable for use across a diverse range of settings, countries, and languages in three 

continents with high completion and low missing data rates. The diagnostic accuracy of the 

WHQ score was good when delivered per-protocol and was robust to several sensitivity 

analyses. However, it was less discriminative in certain subgroups, such as patients living in 

rural areas. Several cut-points of the WHQ score and their corresponding diagnostic 

accuracy statistics were presented to facilitate application of the WHQ to different contexts. 

Co-production of the telephone WHQ administration pathway facilitated cultural and 

contextually attuned delivery. This tool is now available for global implementation in 

postoperative surveillance pathways and to optimise efficient trial design and conduct. 

 

5.5.2 Findings in context 

5.5.2.1 Comparison to diagnostic accuracy in comparable studies 

Few existing high-quality studies have evaluated the diagnostic accuracy of telemedicine 

methods for remote diagnosis of SSI. A prospective cohort study published in 2022 raised a 

significant concern for under-detection of SSI using unstandardised methods. On meta-

analysis, only four studies were identified with paired in-person and telephone follow-up for 

which diagnostic test accuracy statistics could be calculated [195]. Three studies were at 

high risk of bias, and just one, the UK validation of the English language WHQ, was identified 

as being at low risk of bias [192]. Therefore, this instrument was chosen to update and adapt 

to use in this international study. These international data therefore play an important role in 

informing safe upscaling of methods for remote postoperative surveillance. Differences in 
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performance for patients living in rural versus urban settings may reflect differences in items 

related to the treatment pathway for wound infection (e.g., seeking advice for a wound 

problem, readmission to hospital) and patients access to care in rural environments. Whilst 

the sensitivity may be marginally reduced, remote follow-up methods may improve reach into 

these communities, improve diversity and representation, and reduce attrition bias. 

 

5.5.2.2 Application of the adapted WHQ 

There are several ways in which this WHQ instrument may be applied. First, it may be used 

in research studies to provide a diagnosis of SSI (i.e., binary outcome of SSI / no SSI) 

remotely, without the need for in-person review. Choice of cut-off SSI threshold score here 

would need to consider a balance of sensitivity and specificity, and the consequences of 

missing or over diagnosing SSI. This has important implications for trial design and conduct. 

Trials in SSI need to be large and pragmatic, and a validated remote method for assessing 

SSI will reduce trials costs. Second, the WHQ may be used in clinical practice to triage 

patients into existing clinical care pathways i.e., with those at very low risk of a SSI diagnosis 

given reassurance, and those with a moderate or high risk being asked to return for 

outpatient assessment. This could be adopted by either primary or secondary care 

depending on the structure of the local health system. Other work in this area has suggested 

that triage using remote, digital methods is safe, feasible and has cost-savings [131]. 

Combining remote tools to detect SSI and other common postoperative complications could 

be an accessible and rapid step towards the digital future of surgery. Provision of large data 

sets with accurate SSI assessment will inform future data synthesis and decision-making. 

 

5.5.2.3 Loss to telephone contact and risk of attrition bias 

This study confirms that digital follow-up pathways in low-resource environments are 

feasible, and resilient. This supports estimates of high access to mobile communications by 
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the World Bank [129]. By moving to remote, telephone assessment over 50% additional 

patients were able to be followed-up that may otherwise have been lost to follow-up, 

substantially improving trial retention [23, 128, 245, 246]. Intuitively, the time from surgery to 

attempted follow-up was strongly associated with the likelihood of successful contact. Certain 

groups were highlighted to be more challenging to reach. Patients with non-midline incisions 

may represent patients undergoing appendicectomy or cholecystectomy, who are likely to 

return to work soon after their operation and have limited physical opportunity and/or 

reflective motivation to complete follow-up [247]. An association between SSI diagnosis and 

reduced odds of successful contact highlights a potential risk for attrition bias.  

 

Loss to follow-up in randomised trials is rarely random [248, 249]. Attrition is often more likely 

in patients at highest or lowest risk of a postoperative event [119]. For example, patients with 

a very severe SSI in the community may be too unwell to return to hospital or receive a 

phone call, or may have been admitted for care in another hospital and remain uncontactable 

to telephone follow-up. Patients that have returned to their baseline functional states may be 

pre-occupied with work or caring responsibilities and so may have competing pressures or 

down-prioritise continuing research involvement. To safely implement postoperative 

telesurveillance for SSI in clinical practice and randomised trials, further work is required to 

explore contextually important reasons for dropout and discontinuation in surgical RCTs 

[122, 240, 250]. Specific efforts to improve retention in these groups should be co-developed 

with CEI partners [86]. 

 

5.5.2.4 Task shifting to build surgical capacity 

Postoperative surveillance is burdensome in high-volume, low-resource settings, both for 

patients and health systems. Remote follow-up is likely to substantially reduce direct and 

indirect costs (e.g., time out of work, informal caregivers), who may already be at risk of 
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catastrophic expenditure because of their surgical episode [9]. Task shifting of wound 

assessment to more junior or non-clinical staff is likely to significantly improve efficiency and 

reduce the ‘footprint’ of research studies on local systems. Here, the WHQ was largely 

delivered by non-expert assessors, both reducing the opportunity cost to the limited surgical 

workforce and building capacity in research skills and wound evaluation.  

 

5.5.2.5 Video follow-up and future development 

Video and photographic assessment of the healing surgical wound is a promising area of 

innovation that was not evaluated in this study [132, 251]. Assessment using the telephone 

WHQ was less accurate for ‘mild SSI’ (i.e., not needing reoperation) in a subgroup analysis, 

and signs such as purulent fluid, wound opening and greater than expected pain on palpation 

were sometimes missed by the WHQ in an exploratory analysis. The evidence base for 

adoption of this ‘enhanced’ remote assessment remains scarce, but it has been widely 

adopted during the SARS-CoV-2 pandemic [125, 252]. Our data shows promise for the 

feasibility of video and photo assessment in low resource contexts with 64.2% of patients 

having access to a camera phone (range by country: 11.1% in Rwanda to 80.6% in Mexico). 

Urgent evidence is required to better understand the safety and potential limitations of this 

practice. 

 

5.5.3 Limitations 

This research was delivered in accordance with a pre-published protocol, integrated into the 

platform of a randomised trial and in accordance with best-practice guidelines. It represents 

high-quality evidence to support implementation of postoperative tele-surveillance. However, 

it has several limitations.  
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5.5.3.1 Design limitations 

It is assumed that the reference test of in-person assessment could correctly detect when a 

wound infection had or had not occurred. Whilst in the FALCON trial there was a minimum 

training requirement for those involved in wound evaluation, false positives or false negatives 

at in-person review would affect the estimates of diagnostic accuracy upon administration of 

the WHQ. Second, there was a theoretical risk of patients developing a new SSI between 

their WHQ completion and 30-day follow-up. This is clinically unlikely and not supported by 

existing cohort data [23]. Third, despite a careful quality assurance and training process, I did 

not have repeated measures to evaluate inter-rater or intrarater reliability. Fourth, 

acceptability of telephone follow-up was assessed at the end of telephone WHQ and not 

anonymised, so was at risk of social acceptability bias.  

 

 

5.5.3.2 Delivery limitations 

First, the WHQ was commonly performed with ad hoc translation by the questionnaire 

administrator. This may have decreased both the reproducibility and accuracy of the 

instrument, but reflected the diverse, real-world setting of delivery, and no significant 

difference was seen in discrimination when translation was performed ad hoc versus with a 

pre-translated questionnaire. Second, I was also underpowered to explore differences in 

accuracy between countries or languages. Third, the study excluded patients who died 

before 30-days (N=29), representing a competing risk when interpreting the generalisability 

of the results to a highest-risk group of patients. Fourth, there was a risk of partial verification 

bias in only including patients with in-person FALCON follow-up in the diagnostic accuracy 

analysis but addressed this inverse probability weighting. Fifth, small changes to the 

published SAP were made in this report, however these were responsive to CEI and 

investigator priorities and are described transparently.  
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5.5.3.3 Interpretation limitations 

We are unable to extrapolate from these data that the WHQ pathway is feasible and accurate 

across all settings globally. However, by testing the telephone pathway across a diverse 

range of patients, hospitals and languages it is highly likely the findings are generalisable. I 

am unable to comment on the accuracy of the WHQ in detecting SSI in non-abdominal 

surgery, highlighting an important area for further research.  

 

5.6 Conclusion 

In this chapter, I evaluated whether a novel telephone follow-up pathway could be delivered 

in low resource settings and whether it was accurate in detecting SSI, the most common 

complication of abdominal surgery. I demonstrated a high telephone contact rate, particularly 

when attempted within around the 30th postoperative day. Feasibility diminished over long 

periods of time from surgery to follow-up. Importantly, patients that had a reference test 

diagnosis of SSI were less likely to be contactable, raising a risk of attrition bias when 

applied to follow-up in randomised trials. Patients found telephone follow-up highly 

acceptable, and the pathway was implemented flexibly across diverse contexts and in a 

variety of languages. As the WHQ point score increased, so did the likelihood of a patient 

having an SSI diagnosis recorded in the reference test (in-person follow-up). The WHQ 

demonstrated excellent discrimination between patients with and without SSI which was 

robust to several sensitivity and subgroup analyses. TALON-2 also provides a proof-of-

concept for international SWATs which can now be used to explore other high-priority 

methodological challenges in other global health trials, including outcome assessment in 

other perioperative events.  
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6 Discussion 
6.1 Summary of key findings 

Existing methods of post-discharge telesurveillance of the healing surgical wound after 

abdominal surgery are not fit for purpose for use outside of English speaking, high-income 

environments. In Chapter 3, I identified significant underdetection of SSI when telemedicine 

methods were used in comparison to in-person assessment in an international cohort study. 

Upon meta-analysis of all existing data, 1 in 3 patients with infection were missed using 

current tools. One potential tool to support high-quality wound assessment is the Bluebelle 

Wound Healing Questionnaire (WHQ), a universal reporter outcome measure that can be 

completed over the telephone. However, cross-cultural and cross-language equivalence of 

the WHQ has not been explored to date. In Chapter 4, I explored the cross-cultural 

equivalence of the 19 items included in the WHQ in qualitative data, identifying themes 

relating to comprehension, response mapping, retrieval, and judgement, and translating the 

WHQ into 5 languages. In quantitative data, I demonstrated that the WHQ was likely to be 

unidimensional, and was valid for use as with ordinal total score. I identified overlapping 

category probability thresholds in several items, and 11 highly correlated item pairs. 

Triangulating these data, I made recommendations for adaptation of 9 items and modified 

the response structure for 11 items. I then implemented the adapted WHQ in a validation 

study within a trial in seven LMICs. In Chapter 5, I demonstrated that telephone follow-up 

was highly feasible across diverse environments and languages, delivered by non-surgeon 

junior doctors and research nurses. However, patients with a diagnosis of SSI upon face-to-

face follow-up were less likely to be contactable identifying an important group to target in 

future research to avoid attrition bias. The WHQ successfully discriminated patients with and 

without SSI. I presented several cut-points of the WHQ score with corresponding diagnostic 

test accuracy statistics allowing future researchers and clinicians to tailor use of the WHQ to 

their local context. Working closely with CEI partners had impact throughout the design, 
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delivery and interpretation of these studies. Co-production of a toolkit to optimise 

implementation of telephone follow-up in global surgery will support onwards adoption.  

 

6.2 Findings in context  

6.2.1 Potential applications of the adapted WHQ 

Now a high-quality pathway for remote detection of SSI has been developed and validated 

for use across a variety of settings, this could have wide reaching impacts on global surgical 

delivery. Firstly, this tool can now be implemented in RCTs to test SSI prevention measures. 

Face-to-face follow-up is no longer required to ensure accurate diagnosis, reducing costs of 

travel and time away from work for patients, resource use and staff time for health systems 

and increasing overall efficiency [69, 113, 253-256]. For centres with high surgical volumes 

where face-to-face follow-up can present a real burden to already resource-scarce hospitals, 

this could be transformational, allowing trial recruitment numbers to rise and reducing 

opportunity cost [257]. Secondly, the tool could be used by local clinicians in their routine 

clinical practice. As the most common complication of abdominal surgery, integration of the 

WHQ into care pathways could allow for earlier identification of SSI [24, 25]. Patients with 

concerning symptoms could be triaged back for review at the hospital or by a local primary 

care provider or community healthcare worker [258]. This could avoid patients with SSI 

delaying access to care, reducing risk of sepsis, severe wound complications and need for 

readmission or reoperation [22, 23, 259-261]. Thirdly, the WHQ could be used by 

governments in tracking population level outcomes of surgery to improve benchmarking, 

comparison, and improvement initiatives. The World Bank currently measures and reports six 

essential indicators covering surgical safety, volume, distance to provider, workforce, and 

patient expenditure [65, 262, 263]. Having robust, easy to deliver pathways to monitor rates 

of the most common postoperative complications could enrich these indicator sets in the 

future, providing higher fidelity insights into care standards and allowing targeted 
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improvement efforts and advocacy for greater investment in surgical services over time [264, 

265]. 

 

6.2.2 How should the adapted WHQ be implemented? 

In the validation study, I have presented several cut-point scores for the adapted WHQ which 

allow researchers, clinicians, or governments to prioritise sensitivity versus specificity based 

on their local priorities. Here, I will present two illustrative example of how the WHQ might be 

optimally applied in different contexts. 

 

6.2.2.1 Case study 1. Use of the WHQ in a research study  

In the ChEETAh cluster randomised controlled trial in SSI prevention, hospitals were 

randomised to change sterile gloves and instruments before fascial closure versus standard 

practice [44]. In this trial, patients over 10-years of age undergoing non-caesarean abdominal 

surgery in pre-defined theatres in each participating hospital were included. Inclusion was 

monitored in a dedicated ChEETAh trial aggregate register to ensure all eligible patients 

were included in outcome assessment. Patients provided consent for 30-day outcome 

assessment but not directly for exposure to the trial intervention as it was both applied at a 

cluster level and was deemed to be very low risk. A major source of selection bias in RCTs 

occurs where patients are lost to follow-up or withdraw consent post-randomisation (refusal 

or attrition bias) [266-268]. The difference between cluster and individually randomised 

designs lies in the fact that all consecutive eligible patients in a cluster are included after the 

cluster is randomised, whereas not all eligible patients will be identified, approached, or 

randomised in an individual patient design. In the ChEETah trial, in high volume centres this 

led to very rapid patient recruitment with the fastest recruiting centre completing recruitment 

of 200 patients in less than 3-months. Mandating an additional face-to-face assessment for 

research purposes for 60-80 additional patients per month would have been impractical and 
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inefficient, with a very high burden of involvement to local clinical teams. If the adapted WHQ 

were to be implemented in telemedicine follow-up here, the research team would be likely to 

select a cut-point that would represent a fair balance of both sensitivity and specificity, for 

example using the Youden index method (e.g., WHQ total score >4, sensitivity: 0.701 (0.610-

0.792), specificity: 0.911 (0.878-0.9430)) [269, 270]. Other options also exist including the 

hypervolume under the manifold or maximum absolute determinant [271]. Whichever method 

is used, so long as the same WHQ score cut-point was used for all patients in a trial, no 

measurement bias would be introduced as any misclassification would be non-differential 

between randomisation arms. This would allow a high-quality RCT to be run efficiently, with a 

low risk of bias in outcome assessment [96]. There would be no concern over patient safety 

as the research follow-up represents an additional healthcare interaction without deviation 

from routine clinical follow-up in the local environment. 

 

6.2.2.2 Case study 2. Use of the WHQ for triage in local care pathways  

Where the implications of a ‘missed’ SSI diagnosis are more severe, for example in clinical 

surveillance pathways that may replace routine face to face follow-up, a different application 

of the WHQ score cut-point may be more appropriate. In this instance, clinicians and patients 

are likely to favour a more conservative cut-point score that favours specificity over sensitivity 

(i.e., fewer false negatives). Here, the clinical team might select, for example, a WHQ score 

of ≥1 for diagnosis (62.1% of patients, sensitivity: 0.373 (0.312-0.438), specificity: 0.952 

(0.904-0.981)) to identify patients that require clinical review as this would capture most 

patients with a mild, moderate, or severe SSI. Adopting this cut-point score would bring 

efficiency to the clinical service by reducing the need for routine in-person follow-up for 

wound assessment by 37.9%, whilst maintaining patient safety. Other variations of use of 

these cut-point scores, could be used to identify patients at very high risk of having an SSI 

(e.g., WHQ score ≥8, 13.7% of patients, sensitivity: 0.830 (0.702-0.919), specificity: 0.842 
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(0.798-0.879)) and ask them to return to the treating hospital and use a lower threshold (e.g., 

WHQ between 1 and 8) to be assessed by a local doctor or community worker, to refer on 

with any concerns [272]. This powerful triage system could increase efficiency and early 

access to care for patients in the community. As highlighted by our CEI partners, all patients 

should be provided with a safety net and be directed to access care as soon as possible in 

the case of any new symptoms or deterioration. 

 

6.3 Potential advantages of telemedicine wound assessment 

The use of telemedicine in wound assessment has several potential advantages.  

 

6.3.1 Reducing cost of travel back to hospital for patients and their families 

Geospatial mapping of hospital sites around the world has demonstrated that patients in 

LMICs must often travel further to reach a hospital that provides surgery than in HICs [113, 

273]. In some cases, patients may have to travel even further to reach a central hospital 

(e.g., in a capital city) that is able to provide subspecialised care (for example for 

neurosurgery or cardiac procedures) [37, 39]. Patients in LMICs are also at high risk of 

catastrophic expenditure as a result of their initial surgery, with many facing financial ruin [9, 

65, 68]. Returning to hospital for additional follow-up therefore may mean incurring additional 

costs for transport, accommodation, and subsistence that will add to their financial burden 

[12, 69, 272, 274]. Some patients may also require a family member to travel with them to 

hospital due to anxiety, disability, or other causes, who may also incur loss of income [274]. 

Both are largely avoidable using telemedicine follow-up [275]. 

 

6.3.2 Reducing time out of work or away from care for patients 

Similarly, an unnecessary return to hospital will take postoperative patients away from their 

normal activities of daily living. Due to the financial pressures of surgery where Universal 
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Healthcare Coverage is not available, patients may be more likely to return to work early 

after surgery in LMICs, and a hospital visit may therefore cause loss of income [114, 276-

278]. Others may have care responsibilities for children, the elderly or other family members 

which they will be taken away from whilst visiting hospital and may have emotional, financial, 

or practical implications [279]. 

 

6.3.3 Reducing barriers to access to care 

Access to care is one of the key priority areas in global surgical research and policy [14, 40, 

280, 281]. Timely access to care requires patients to: (1) seek health intervention; (2) get to a 

health facility; (3) receive care in a health facility [282]. Whilst difficult to directly measure, 

this ‘first delay’ relating to health seeking behaviour leads to substantial harm worldwide and 

is likely to disproportionately impact those with low health literacy [283]. Early identification of 

postoperative complications using validated tools such as WHQ, will support patients to seek 

health interventions and potentially reduce complications of delayed presentation. 

 

6.3.4 Increasing patient satisfaction 

In the validation study, patients reported very high satisfaction with telephone follow-up and 

feeling valued through increased interaction with hospital services. It is likely that integrating 

routine postoperative surveillance into care pathways in a contextually appropriately manner 

(e.g., learning from our co-produced toolkit) will improve patient experience during their 

recovery. I was however, unable to comment on relative satisfaction with telephone versus 

in-person follow-up, nor attitudes towards the substitution of in-person with telephone follow-

up where the former is current practice. 
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6.3.5. Reducing burden on local clinical teams 

Task shifting is a concept which describes the controlled transfer of specific clinical tasks to a 

less specialised member of the care delivery team [27, 153, 154, 284, 285]. It is commonly 

performed to improve access to care, reduce burden on highly trained staff and address 

workforce shortages [285]. The WHQ tool here was administered by non-expert assessors 

(junior doctors, research nurses or administrators), which task-shifted postoperative follow-up 

away from trained surgeons to more junior or non-clinician team members. The workforce 

shortage is one of the most pressing issues facing global health today [286, 287]. Reducing 

opportunity cost by reducing workload on trained surgery, anaesthesia and obstetric 

providers may help to relieve some of these issues as part of a broader workforce strategy 

[288]. 

 

6.3.6 Reducing resource use in low-income hospitals 

Outpatient clinic services for postoperative follow-up requires administration, waiting room 

space, appropriately equipped clinic rooms, staffing, and transport networks. Adoption of a 

telemedicine first follow-up strategy therefore is likely to significantly reduce resource usage. 

 

6.3.7 Reducing risk of nosocomial infection 

Surgical patients are at high risk of complications of SARS-CoV-2 infection, particularly in the 

first 30-days after surgery [46, 47, 49, 141]. It is possible that other common respiratory 

viruses such as influenza, or other transmissible disease also increases risk in the 

perioperative setting, although this has been less frequently examined [289]. Telemedicine is 

likely to reduce the risk of nosocomial transmission of these pathogens to the vulnerable 

surgical population. 
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6.3.8 Reducing loss to follow-up 

For all of the reasons above, patients may choose not to attend in-person follow-up where 

offered. In a research setting this may lead to loss to follow-up, and attrition bias if there is 

differential misclassification between arms [248, 249, 290]. Loss to follow-up is rarely random 

and may be more likely in patients with severe complications (who may feel too unwell to 

travel for example) and conversely in those with no complications (who feel further review is 

unnecessary) [119, 248, 249]. As observed in Chapter 5, telemedicine may offer a simple 

and accessible method to reduce loss to follow-up in future trials. 

 

6.4 Barriers to wider adoption of telemedicine wound assessment 

Despite this promising potential, there are several notable caveats. First, the use of the 

telephone WHQ only identifies one common postoperative complication [184]. Whilst a 

telemedicine consultation provides opportunity for patients to self-report other issues during 

their recovery, the accuracy and safety of this in general postoperative screening was not 

validated here. Second, there may be some patients that lack access to a telephone for use 

for a telephone call [129, 291, 292]. In the validation study, a third of patients were able to 

use a friend or family member’s phone for their follow-up with a high level of feasibility 

demonstrated. Working with CEI partners we optimised the telephone measurement 

procedures to attempt to overcome problems with connectivity, timing, and privacy concerns. 

On the rare occurrence that patients report no access to a telephone, they should be offered 

in-person follow-up as an alternative (if required). Third, for patients that require follow-up, 

some may prefer a more ‘human’ face-to-face interaction [293-295]. These patients could be 

offered in-person or video follow-up as an adjunct if feasible [149, 296].  
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6.5 Adjuncts to telephone wound assessment  

The wide global availability of smart devices that have photo and video capability offers 

exciting new avenues for exploration in wound healing research [127, 245, 297-299]. Several 

studies have explored the use of photographs in wound assessment in high-income 

countries [128, 131, 132, 251]. However, these are typically limited by patients’ ability to 

provide uniform, well-lit photographs of sufficient quality and correct exposure and provide 

only a single static assessment of the healing wound. Ongoing work is exploring ways to 

improve standardisation of wound ‘selfis’ although this is yet to be validated, nor adapted for 

use across contexts [300]. As we saw in Chapter 4, it may be that visual diagnosis of SSI is 

harder in patients with darker skin tones for whom more subtle changes such as shining or 

tightening of the skin may be less apparent in low quality photographs. Wound videos are 

another exciting area for future exploration, but the field remains immature. Research to date 

has focussed on the service impact of telesurveillance, for example the number of 

readmissions or changes to medication schedules, but without exploring the diagnostic 

accuracy of video assessment [124, 125, 149, 296]. No study to date has explored the intra- 

or interrater reliability between video and in-person assessments of the healing surgical 

wound. Self-administered videos that are ‘submitted’ by patients have several limitations. 

Firstly, submitted videos are subject to the same limitations on quality and exposure as 

photographs. Secondly, there is a missed opportunity to ask the patient to correct their 

positioning or improve the video quality. Third, the patient cannot be asked to interact with 

their wound (e.g., push on an area of swelling to look for pus or pain, or remove or replace a 

dressing). Fourth, some health and ethical systems would consider any video submission as 

a component of the patient record and would require high-security transfer and storage, and 

even linking to the patient’s electronic record [301]. This is impractical in many settings. A 

‘live’ video assessment during a video call may overcome some of these problems, better 

integrating the desirable components of a wound review (interactivity, palpation, improved 

exposure) with the efficiency of telemedicine review. As no data are transferred, no storage 
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of video materials is required, and privacy concerns are overcome. This method has not yet 

been reported in the literature but is a crucial area of onwards development. 

 

6.6 Artificial intelligence in detection of wound infection 

Unstructured machine learning (or ‘deep learning’) is another area with promise in the field of 

SSI diagnostics [302-305]. Where high volumes of images or videos of healing surgical 

wounds can be collated and stored, artificial intelligence platforms could be trained to detect 

changes consistent with SSI. This has been demonstrated with a high degree of accuracy in 

other data rich fields such as ophthalmology and dermatology where photograph forms part 

of routine practice. Prominent examples include the diagnosis of skin cancer and changes 

related with age-related macular degeneration on optical coherence tomography [306-308]. 

Whilst these deep learning algorithms require vast amounts of data, they are increasingly 

accessible in accessible, code-free platforms [309-311]. Collaborative efforts to collate 

datasets across institutions and multi-country groups would be able to generate sufficient 

data for successful development and validation and should be the target of future efforts 

[312]. In the context of LMICs where video or photo capability was sufficient, again this could 

allow further ‘task-shifting’ away from low resource clinical teams [27]. 

 

6.7 Perspectives on postoperative telemedicine in the literature 

6.7.1 Postoperative telesurveillance in high-income settings 

Studies exploring the use of telemedicine in post discharge follow-up in high-resource 

environments have largely evaluated the impact of telemedicine on health resource usage in 

comparison to standard clinical pathways [313]. The PVC-RAM-1 trial published in BMJ in 

2021 evaluated a high-intensity remote monitoring programme including daily biophysical 

measurements, wound photographs, and consultations with a nurse up to 30-days after 

surgery [149]. They detected no difference in the primary outcome measure of days alive at 
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home at 30-days after surgery, but observed improvements in pain and reductions in 

medication errors, particularly in hospitals with early escalation policies. Whilst this provided 

a useful signal in the utility of telemedicine approaches, it provides no data about detection of 

specific post-discharge complications, and is likely to be too resource intensive for 

implementation in LMICs.  

 

The TWIST trial, published in NPJ Digital Medicine in 2022 tested a smartphone delivered 

wound assessment tool which included a SMS-delivered wound screening symptom 

questionnaire (not previously validated) and wound photograph which could be completed 

voluntarily, but prompts at days 3, 7 and 15 postoperatively [131]. These data were reviewed 

directly by a clinician to triage to either reassurance (low-risk), attend community services 

(moderate-risk), attend hospital (high-risk). The intervention did not improve time to diagnosis 

of SSI, but did reduce community healthcare attendances and overall patient satisfaction. 

Whilst this is a helpful example of how telemedicine can be used successful in remote triage 

to reduce pressure on clinical services, it was not used as a formal diagnostic test that could 

be substituted for in-person assessment in future trials, nor do we know the feasibility of 

wound photography in LMICs. Future iterations of automated response platforms such as 

this could integrate the adapted WHQ to improve diagnostic accuracy [314]. 

 

Harkey et al in JAMA Surgery (2021) described a video-based virtual visit for low-risk 

patients discharged from hospital after minimally-invasive (MIS) appendicectomy or 

cholecystectomy. They demonstrated non-inferiority of telemedicine versus routine in-person 

assessment for a primary outcome of hospital encounters (emergency department visits or 

other unplanned consultations). These data have little generalisability to LMICs for several 

reasons: (1) the rate of MIS is typically low in most low resource settings [43]; (2) patients 

more frequently present with delayed presentation of disease in LMICs so are more likely to 

suffer postoperative complications [23]; (3) the protocol imposed non-pragmatic exclusion 
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criteria (length of stay >3 days, discharge to location other than home, perforated disease) 

that are likely to exclude large proportions of patients undergoing surgery in LMICs [34]; (4) 

despite promising signals for smart phone availability in Chapter 5, we remain unsure of the 

feasibility of video follow-up in low resource contexts.  

 

Several other non-randomised evaluations of wound photography have demonstrated 

promise in enhancing diagnostic accuracy versus symptoms questions alone in clinical 

vignettes [132] and reasonable agreement between photographic and in-person SSI 

diagnosis in two lower limb trauma trials [251] and a vascular surgery cohort [128]. No single 

solution presented in the high-income country literature provides a high-quality, feasible, 

reliable, valid method for abdominal SSI diagnosis for research and clinical practice [123, 

195, 315]. 

 

6.7.2 Emerging examples of telemedicine wound assessment in LMICs 

Some promising examples of implementation of telemedicine have been reported from 

LMICs. In a feasibility study of mHealth-supported SSI diagnosis by Community Health 

Workers in Rwanda by Kateera et al. (2022), there was no difference detected in return to 

care rates between home visit, phone call and standard of care arms [316] suggesting 

feasibility of telemedicine follow-up as an alternative to expensive and time-consuming clinic 

visits. Further data from a cohort of Rwandan patients (N=569, 61 with SSI) undergoing 

caesarean section described moderate agreement of photograph and in-person SSI 

diagnosis (Gwet's AC1 agreement estimate of 0.46), reporting challenges with 

standardisation of photography, image quality and accompanying clinical information that 

require further exploration [317]. In a diagnostic test accuracy study in a single centre in 

Tanzania (N=374 patients, 45 with SSI), using a structured questionnaire aligned to the US 

CDC criteria diagnosed SSI with a sensitivity of 0.72 and specificity of 1.00 [163]. A similar 
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study in Kenya (N=89, 23 with SSI) also demonstrated telephone CDC assessment to be 

feasible, with a high contact rate and sensitivity of 0.70 and specificity of 1.00 [318]. Both of 

these studies show promise for high diagnostic accuracy in telephone wound assessment, 

but were both single centre, did not use a validated questionnaire, lacked patient involvement 

in design, limited by their small sample size and were at moderate to high risk of bias. Other 

data from India [169], Cambodia [319], Haiti [297] and Sudan [320] has demonstrated high 

rates of telephone contact post discharge and successful detection of SSI, but without formal 

test accuracy evaluation. Put in the context of the literature, data from this thesis suggests 

that telephone follow-up pathways are feasible for delivery across a wide variety of settings, 

with local adaptation to context where required (for example, with the engagement of 

Community Health Workers in Rwanda). Chapter 4 and 5 in this thesis provides an adapted 

tool with items that have cross-cultural and cross-language equivalency that is validated for 

use in global surgical research and practice. 

 

6.8 Telemedicine and loss to follow-up 

In the FALCON trial (host trial for the validation study), patients were required to return to 

hospital for assessment in accordance with the study protocol [43]. During SARS-COV-2, 

telemedicine follow-up allowed 52% more patients to be followed up that were unable to 

return in-person. In the validation study, under 10% of patients were uncontactable for 

telemedicine follow-up. For patients with telephone follow-up attempted per-protocol (i.e., 27-

30 days after surgery) the telephone contact rate was almost 96%. This was lower than 

anticipated during design (15% loss to follow-up include in sample size considerations) and 

significantly lower than in comparable international surgical RCTs, ranging from 10% to 25% 

or higher [104, 321-323]. Telemedicine may therefore have a strong potential role in reducing 

attrition bias in future RCTs in surgery. 
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6.9 Community engagement and involvement (CEI) 

6.9.1 Impact of community engagement and involvement  

The impact of CEI in this thesis is reported chapter by chapter. Looking at the overall impact, 

working with CEI partners from prioritisation to interpretation has fundamentally improved the 

quality, acceptability, and communication of the research. Whilst designing the thesis 

research questions, CEI partners from a UK-LMIC advisory group highlighting telephone 

follow-up as an acceptable and efficient alternative to mandatory in-person follow-up for 

RCTs. In Chapter 4 and 5, CEI partners supported the co-design of the study protocol and 

measurement procedures to create a toolkit to optimise telephone outcome assessment in 

global surgery research. This had a measurable impact on the feasibility of telephone 

contact, and high data completeness rates. Our CEI partners both generated novel ideas for 

the toolkit and ratified and refined themes emerging from the qualitative data in Chapter 4. 

They reviewed the final recommendations for adaptation of the questionnaire, providing 

further cross-cultural insights. Finally, working with the NIHR Unit CEI lead we co-created a 

lay summary of the research in Chapter 5 to support public dissemination. This will be 

translated into local languages to be shared with future participants in research. 

 

6.9.2 Global models of Community Engagement and Involvement  

Patient and service user involvement is a fundamental component of high-quality, patient 

centred research [324-332]. In high-income countries such as the UK, this would typically 

include patient partnership in grant writing, on a Trial (or study) Management Group and Trial 

Steering Committee, and with regular patient advisory group meetings throughout a 

programme [326, 333]. Funding bodies such as the National Institute of Health Research 

(NIHR) mandate high-level patient partnership in all aspects of publicly funded research, and 

the quality and depth of this involvement is a major criterion in grant assessment [334]. 

Researchers are expected to track and report the impact of patient and public involvement in 
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research transparently, with patients as co-authors on all resultant outputs [225, 325]. 

However, global models for CEI are still evolving, particularly in global surgery. Whilst 

participatory action research (where stakeholders are involved in the design of an 

intervention) is not new, the concept of patients as equal partners in research is still evolving 

in LMIC research systems. As a result, often CEI in multi-country studies is often performed 

as ‘participation’ (patients as the subjects of a research study) or ‘consultation’ (patients are 

asked in a one-off interaction to provide feedback on a component of the research) rather 

than ‘co-production’ (where patients co-lead the research throughout its life cycle) [335-337]. 

There are several barriers to the high-income country concept of ‘co-production’ in lower 

resource environments. Firstly, for patients who have low levels of literacy, the concepts of 

research and patient involvement are likely to be challenging to fully understand [338-341]. 

Secondly, strong power dynamics remain between doctors and their patients in some 

countries. Rebalancing this can be a real challenge. Thirdly, general awareness of the 

purpose of research can be lower, and sadly (understandably) often held with high levels of 

scepticism due to colonial crimes of the past. These problems are not unique to LMICs, but 

are accentuated in more deprived areas where access to higher or even basic education is 

not universal, and social divides between professionals such as doctors and the public they 

serve can be more pronounced. Finally, COVID-19 has exacerbated some of these 

challenges creating more financial, logistical and safety challenges to cohesive global CEI 

models [342]. Learning from my experience in this thesis, some recommendations for future 

CEI in global surgery are made in Box 6.1 below.  

 

6.9.3 Co-production in telemedicine research in LMICs 

Previous authors in telemedicine in LMICs have also discuss the importance of co-design of 

follow-up pathways. A field development and validation study of telemedicine for patients 

undergoing caesarean-section in a Rwandan rural district hospital by Cherian et al. (2020) 



 222 

reported reasonable sensitivity and specificity in wound assessment with task shifting in 

diagnosis of SSI to general practitioners and community healthcare workers [272]. The study 

commented on the importance of a pathway that was closely co-designed with local 

stakeholders. Similarly, a group from Washington made several recommendations for patient 

empowerment within remote follow-up pathways through a consultation exercise with a 

Stakeholder Advisory group [343]. Working closely with local partners and care pathways to 

develop pathways for implementation of the WHQ in the future will be essential in ensuring 

sustainable and culturally attuned models that benefit both patients and health systems. 
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Box 6.1 Recommendations for global Community Engagement and Involvement 
 

Recommendation Description 
1 Start as early as 

possible 
As soon as you begin to prioritise research topics, think about how you might engage CEI 
partners that have lived experience of the disease, procedure, or complication of interest. 

2 Aim for diversity 
& inclusivity 

The more diverse your CEI involvement, the more perspectives you will gain on your research 
work and the more benefits you will see. Include patients from a range of socioeconomic 
backgrounds, gender, ethnicities, sexualities, professions, and experiences of the research area 
of interest.  

3 Don’t aim for 
perfection 

That being said, diversity is very challenging in global CEI. Typically, more educated, wealthier 
professionals with some previous experience of a medical or related profession are the first to 
volunteer their expertise. These individuals may be all that is accessible to provide steering and 
partner with you in the research. Actively keep seeking more diverse representation, but don’t let 
perfection stop you from starting. Some level of CEI is always better than no CEI. 

4 Find locally 
adapted methods 

There is no single ‘best’ method for CEI. The best way to identify, contact, engage, and sustain 
patient and community member involvement will vary from country to country and even from 
hospital to hospital. For example, in Cape Town, South Africa, there were safety concerns about 
performing community-based outreach. Instead, a patient champion with strong community ties 
was identified, was supported for costs of time and transport, and worked closely with the local 
team to share awareness of the research programme and identify new candidates for future 
involvement in-hospital. In Rwanda, there was a substantial existing network of Community 
Health Workers, so the local team worked with these teams to identify potential patient partners, 
and feedback on key discussion points. 

5 Find patient 
champions 

A strong patient champion who understands the key concepts of research and patient 
involvement will be a ‘flagship’ to encourage other patients and provide mentorship for new 
members. When you find these individuals, curate your relationship with them carefully, and 
ensure that they feel engaged and listened too – they are the most essential component of a 
successful CEI strategy!  

6 Conduct a needs 
assessment 

Work with local patient champions and research teams to identify the training needs for new 
patient partners. This might range from simple descriptions of clinical concepts (‘jargon-busting’) 
to some basic training on the purpose and principles of research. If possible, learn from experts 
in PPI/CEI methodology to design simple, targeted training for new patient group members, so 
that they understand the purpose of their involvement and their terms of engagement very 
clearly. 

7 Keep in touch 
regularly 

Once you start to identify high-value individuals that hopefully represent a diverse range of 
perspectives and understand the key concept of equal partnership in research, make sure you 
stay in touch with them! Have a plan for regular engagement, even if this is to update on a 
project’s status and receive feedback on progress to date and share learning. This is typically 
hardest ‘mid-way’ through a project once the protocol and sites are set-up and data collection is 
underway. Try hard not to just ‘reach out’ for consultation at the start and end of a project. 

8 Be flexible with 
platforms 

There will be easier and more difficult ways to engage with CEI partners and this might vary from 
individual to individual. Patient advisory group forums can be quite overwhelming for new group 
members, whilst for others might be empowering. Try to vary your platforms (teleconferencing, 
WhatsApp calls) and group sizes (one-to-one, small group, larger group) and get a sense of what 
is working best for your project and partners. Where possible, let you partners take part in 
choosing the platform and timing to share leadership and ensure you maximise likelihood of 
active participation. 

9 Ensure their 
voice is heard 

If you have an international study group meeting with patients and professionals, it can be very 
intimidating for CEI partners to share their thoughts. Ensure that you give partners adequate time 
to provide their input in a safe space, including ‘offline’ via email or WhatsApp if they don’t feel 
confident to do so in a group setting. 

10 Track impact 
over time 

CEI undoubtedly brings huge benefits to research design and delivery. Don’t forget to record the 
iterative changes that you make over time as a result of CEI steering, as this will be invaluable 
when you come to report your research in accordance with GRIPP-2 recommendations. 

11 Feedback your 
results 

When you get to the end of your project it is essential that you share the results of the research 
with both your CEI partners and the research participants wherever possible. Work closely with 
your CEI partners to design accessible, mixed-media methods of communicating your study 
findings. Be sure to consider vulnerable participant groups such as the illiterate, visually 
impaired, or those with learning difficulties for inclusive and engaging research dissemination. 

12 Report back your 
experience 

The world is still learning about best methods for global CEI. If you have an experience of 
engaging CEI partners in research, share it with the global health community. There are likely to 
be learning points specifically related to global surgery from this research, there will be many 
cross-cutting themes across procedural specialties, non-communicable disease, and even 
broader health-related topics. Collaboration will be essential in developing this emerging, but 
essential area. 
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6.10 Building resilient perioperative systems 

6.10.1 Fragility of surgical systems to external shocks 

The SARS-CoV-2 pandemic revealed the fragility of surgical systems around the world [344]. 

Even for conditions such as cancer where continuation of surgery was prioritised, 1 in 7 

patients did not undergo their planned operation during COVID-19 lockdowns [47]. This led 

to disease progression and death for some patients, and high levels of anxiety for others 

[146, 151, 182, 345-352]. The shockwave effects of COVID-19 on non-communicable 

disease are likely to be felt for decades. The status of global surgery as of July 2022 is in 

crisis. The global waiting lists for surgery are at an all-time high, and systems are struggling 

to raise capacity during to workforce constraints, increased infection control requirements 

and ongoing COVID-19 transmission [31]. In addition, there is a substantial but unmeasured 

‘hidden’ waiting list of patients who will require treatment for surgical disease but have not yet 

been identified due to delayed diagnostics or presentation [346]. In the UK, we estimate that 

this represents an additional 30% on top of existing waiting lists [353]. 

 

6.10.2 Surgical system strengthening and whole health system resilience 

However, this is not all new. Since the Lancet Commission on Global Surgery in 2015 there 

has been global recognition of the essential role of surgery in holistic healthcare delivery and 

the profound economic, social, and political arguments for strengthening surgery and 

anaesthesia systems [2, 4, 17]. The commission also recognised sadly, the fragile, 

unprepared, and under-resourced state of surgical services in many countries around the 

world. Strengthening surgical systems does not only have direct benefits to patients with 

surgical treatable disease, but also underpins whole-health system resilience through 

bolstering critical care capacity, diagnostic capacity, oxygen and medication delivery 

systems, stable supplies of electricity and water, and pathways for post-discharge 

surveillance [11, 152, 354]. 
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6.10.3 Surgical preparedness index (SPI) for benchmarking and system strengthening 

To create a flexible tool that can be applied by clincians, hospital managers and policy 

makers in hospitals worldwide, we created a Surgical Preparedness Index through a four-

stage consensus process with an international writing group. The group prioritised 23 

surgical preparedness indicators from 110 candidates longlisted by an international cross-

disciplinary stakeholder community. We then undertook an international validation study with 

4714 collaborators across 1600 hospitals to explore the association between the SPI score 

and elective surgical capacity in that hospital. Each item was scored between 1 (very weak) 

and 5 (very strong), with each participating hospital having a mean score calculated across 

the 23 indicators between 23 and 115 in total. There was a strong association between the 

ability of hospitals to continue elective surgery and the SPI total score. This self-assessment 

process will allow hospitals to benchmark against other hospitals in their country, region, and 

income category, and identify actionable targets to strengthen their local systems. A live tool 

is available now at: spi.surgery. 

 

6.10.4 Importance of postoperative telesurveillance in resilient care pathways  

Remote methods for post-discharge surveillance were prioritised as one of the key Surgical 

Preparedness Indicators, reflecting their importance in resilient perioperative care pathways 

(Indicator 22. Capacity to use telephone or video calls for outpatient appointments). Overall, 

remote outpatients were the second lowest scored SPI (3.26 out of 5) and with the second 

highest point score difference between mean scores in HIC (3.66 out of 5) and LICs (2.03 out 

of 5). This highlights the importance of research such as that developed within this thesis in 

bolstering frugal, accessible and high-quality methods to strengthen surgical systems in 

LMICs.  

 



Figure 6.1 Mean ratings of hospitals (N=1632) across surgical preparedness indicators  
 

 
Indicators ordered from highest to lowest mean score (out of 5) ‘overall’ by indicator



6.11 Limitations  

The work described in this thesis has several caveats and limitations. Some specific 

methodological considerations are described Chapter by Chapter. Here, I will consider in 

broad terms what the weaknesses of this programme were, how I attempted to mitigate them 

and considerations for future development. Design limitations were defined as limitations 

within the study protocol which were anticipated during design. Delivery limitations were 

defined as those that emerged during study delivery. Interpretation limitations were limits on 

generalisability of the data to other contexts. Scope limitations were areas that warrant 

further exploration but were not included within the scope of this thesis. 

 

 

6.11.1 Design limitations 

• Due to limitations of travel and patient contact during the SARS-CoV-2 pandemic, 

cognitive interviewing was performed over teleconferencing with site investigators. 

This meant that exploration of cross-cultural equivalence of the WHQ items was 

limited to investigators impressions of challenges for patients from their experience. 

Whilst I sampled a broad range of researchers with a variety of perspectives that all 

had extensive experience of both in-person and telephone follow-up, and proved to 

be information rich, it is possible that important themes were missed during the WHQ 

adaptation process. 

• Moreover, whilst teleconferencing for qualitative data collection is well described and 

allowed the study to proceed remotely during a period of travel restrictions, this does 

have potential limitations [355, 356]. Tele-interviewing limits interpretation of body 

language and makes it harder to pick up cues from participants and use probes 

judiciously; effectively ‘disembodying’ the humanistic inquiry of qualitative research 

[357]. This can lead to fewer codes and statements generated during analysis [358]. 
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It can increase the risk of miscomprehension, particularly for participants where 

English is not their first language. Connectivity was also a common challenge; many 

interviews took several attempts to complete, and some focus groups participants 

were unable to contribute synchronously. However, it was imperative to continue this 

qualitative research during the pandemic, and virtual methods allowed the study to 

progress, whilst learning more about some of the potential strengths and weaknesses 

of this approach [359]. It may also have improved the diversity and inclusivity of the 

research sample by reducing the burden for busy investigators and financial and 

logistical barriers to face-to-face approaches in multi-country qualitative research 

[360]. 

• Whilst WHQ translation followed Mapi recommendations for best practice, structured 

interviews were not possible in target languages and were all performed in English 

[134, 215]. Despite baseline translatability assessments and cautious review at each 

stage by the in-country bilingual consultant it is possible that some meaning of the 

items was lost across languages. However, the speed of set-up and study progress 

despite COVID-19 provided a proof of concept for rapid cross-language adaptation of 

a patient-facing outcome measure within the context of a randomised trial. 

• As there was only one WHQ completed per patient, I was unable to examine the 

inter-rater reliability. Whilst this has been estimated in previously validation work, it is 

possible that this would vary from country to country or across languages [192]. 

• The co-produced toolkit for optimising telephone follow-up in global surgery was 

developed alongside the research packages and integrated into the Chapter 5 follow-

up pathways. However, this was performed stepwise, learning over time, and no 

effectiveness analysis in terms of retention, contact rate or data completeness was 

planned or completed. The toolkit therefore requires further testing in future work.  
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• Whilst I put in place several measures to ensure reproducibility in delivery of the 

WHQ including site investigator training, pilot phases at each site, regular 

communication through WhatsApp groups, and recording and review of a sample of 

WHQ administration in two sites, it is possible that there was unmeasured variability 

in the delivery of the WHQ that have reduced its diagnostic accuracy. 

 

6.11.2 Delivery limitations 

• Whilst the overall use of the WHQ total score as a measurement scale was verified 

on Rasch analysis, there were several potential reasons why the Rasch model misfit 

the data overall. There was high dependency between 11 item pairs, as might be 

expected in a diagnostic tool, and there was significant positive skew of the item 

information distribution [219]. Whilst this mistargeting isn’t a problem in itself on this 

application of Rasch (it follows a clinically intuitive pattern where many patients have 

no or few symptoms and only those with early to severe manifestations of the disease 

contribute information to the model) this did mean that the overall power of fit was 

low, and most patients contributed little to the overall understanding of the 

psychometric properties of the score. As the Rasch analysis here was really used as 

an exploratory tool to support or refute findigns from qualitative data during 

adaptation, I did not perform further manipulation such as subtesting for correlated 

item pairs, rescoring where threshold probabilities overlapped or adjusting for 

differential item functioning [219, 361-363]. An exciting area for onwards development 

would be to attempt to improve model fit, and meet the requirements for a logit-

adjusted scoring scale. This could potential both improve the diagnostic accuracy of 

the scale as a whole, reduce the item set without affecting performance, and better 

reflect patient-level differences in WHQ scoring based on individual person-factors 

[364]. 
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• I attempted to estimate the potential ‘retention benefit’ of telephone follow-up by 

reporting the proportion of patients from whom follow-up was completed by telephone 

in the FALCON trial, which mandated in-person follow-up in the study protocol [236]. 

This proportion was much higher than anticipated due to travel restrictions and safety 

concerns for patients during the SARS-CoV-2 pandemic, so the ‘retention benefit’ (as 

defined) may represent an overestimate [49]. We are unable to state the 

counterfactual (i.e., that patients would have been lost to follow-up if it weren’t for 

telephone follow-up). However, moving to telephone follow-up did allow patients to 

have outcome assessment performed safely and with a low rate of loss to follow-up 

despite pandemic challenges.  

• This high proportion of patients unable to return to in-person follow-up also reduced 

the number of patients with a gold standard reference test result for inclusion in the 

validation analysis. This reduced the certainty of estimates of the diagnostic test 

accuracy statistics and introduced a potential for partial verification bias [244, 365, 

366]. To address this, I performed an inverse probability weighted (IPW) sensitivity 

analysis. Whilst there was only a small decrease in the AUROC estimate in the IPW 

analysis, this is only valid under an assumption of missing data at random; if there 

was some systematic error in the patients that were and were not asked to return to 

hospital for in-person follow-up it is possible that the accuracy of the WHQ was 

overestimated here. 

• Whilst there were some interesting signals of differences in accuracy between 

subgroups such as emergency versus elective care, and urban versus rural patient 

home location [367, 368], these were exploratory with only small numbers of events 

per group. Further exploration of possible reasons for any differences including any 

differential item functioning should be the focus of onwards development of the 

adapted WHQ. 
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• The original protocol for the validation study required the WHQ to be completed 

between 27 and 30-days after surgery (i.e., prospectively, before the date of paired 

in-person follow-up for the FALCON trial) [186, 241]. Due to constraints of the SARS-

CoV-2 pandemic, 27-30d, some centres entered a proportion of patients who had 

WHQ completion after their face-to-face or telephone follow-up within the FALCON 

trial. This could have influenced the responses that patients gave in response to each 

item, as they may have received additional information about the status of their 

wound at their routine follow-up. If patients completed the WHQ a long time after their 

operation, they may have also had problems with retrieval and judgement of their 

wound status up to 30-days after surgery. However, this represented less than a 

quarter of patients included in the validation analysis, and sensitivity analyses were 

conducted including all patients and per-protocol timing only, with only small 

differences in discrimination observed. 

• In Chapter 5, we explored the symptom profiles of ‘false negative’ patients that had a 

WHQ score of zero (i.e., reported no wound symptoms), but a 30-day FALCON trial 

diagnosis of SSI (i.e., had signs and symptoms consistent with SSI). On deeper 

exploration these patients typically had mild symptoms, with a low item location 

position in the Rasch analysis suggesting those that were ‘missed’ had early rather 

than advanced SSI. However, we had not set up procedures to explore differences in 

responses and clinician assessment with higher fidelity to better understand where 

misclassification or miscomprehension had occurred. This would be a very useful 

target for ongoing research. 

• Approximately 50% of patients in Chapter 5 had the WHQ administered in non-

English language, but without a formal translated WHQ available (i.e., translated by 

the questionnaire administrator). This occurred either where there was no written 

version of a regional dialect (common in Northern Ghana), or the patient spoke a 
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language that was atypical for the area (i.e., had travelled a long distance to receive 

surgery, commonly in India). Whilst this is not best practice in cross-language use of 

outcome measures, it reflected the diversity of the delivery network and allowed the 

pragmatic study to continue with consecutive recruitment without introducing 

selection bias [134]. In subgroup analyses of patients who received a formal WHQ 

translation versus adhoc translation by the questionnaire administrator no difference 

in discrimination was observed. 

 

6.11.3 Interpretation limitations 

• This study evaluated feasibility and accuracy of the adapted WHQ in seven LMICs 

only. Whilst these spanned three continents, and upper-middle, lower-middle and 

low-income countries and patients it is not possible to definitively state the adapted 

WHQ will have equivalence across all countries worldwide. It is likely to need further 

iterative modification and cross-language adaptation during more widespread 

implementation. 

• We have not explored the accuracy of telephone detection of other postoperative 

complications that can occur after discharge such as pneumonia, venous 

thromboembolism, urinary tract infection, anastomotic leak, sepsis, cardiac injury, 

arrhythmias, or cerebral events [25]. The subtlety to SSI measurement is that many 

wound complications are managed in the community, highlighting the importance of 

post-discharge surveillance, whereas many major complications would be much more 

likely to warrant return to hospital for review. Future work should explore how patient 

reported outcome measures and routinely collected hospital data can be used in 

complementary ways to create high-quality remote diagnosis systems for a range of 

common complications.  
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• We are also unable to comment on the impact of reducing in-person clinical contact 

on the management on non-clinical issues such as wellbeing, psychological and 

social support, and delivery of information [369, 370]. Equally, whilst patients reported 

high levels of satisfaction with telephone follow-up, we are unable to assert the 

counterfactual: that patients would be happier if they moved to telephone only follow-

up rather than face-to-face. Consideration of these important issues should be woven 

into implementation of remote assessment pathways, informed by CEI partners. 

• In the feasibility model in Chapter 5, patients with a reference test diagnosis of SSI in 

the FALCON trial 30-day follow-up were less likely to be contactable by telephone in 

the mixed-effects model. Despite likely improvements in retention with the 

introduction of telephone follow-up in RCTs, this highlights an ongoing risk of attrition 

bias. Contextually appropriate, behaviourally informed strategies to improve retention 

to trials in global surgical trials is an area for urgent ongoing exploration [122, 240, 

248, 250]. 

 

6.11.4 Scope limitations 

There are several other interesting areas of enquiry in the field of remote assessment of the 

healing surgical wound that I have been unable to include in this thesis. 

• Video assessment and other digital solutions: As discussed, ‘live’ video assessment 

by a trained assessor with a patient may be an efficient, high-quality method adjunct 

to WHQ completion that minimises issues with data storage and linkage to patient 

records. Data are being collected within the ongoing ChEETAh randomised controlled 

trial using a similar Study Within A Trial methodology adopted here, and will provide 

invaluable insight into this application of remote assessment [44]. Mobile applications 

or text-messaging systems for completion of WHQ items have shown promise in high-

income health systems but remain unexplored in LMICs [131]. 
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• Remote physiological monitoring: Wearable technologies for remote physiological 

monitoring after surgery are being increasingly adopted in high-income countries, but 

the evidence base remains immature and at high risk of bias [371]. Whilst changes in 

physiological parameters are non-specific, they may highlight early markers of 

deterioration to triage patients into formal remote or in-person wound evaluation and 

can be considered an important part of the data ecosystem. 

• Artificial intelligence: As SSI diagnosis is potentially data rich, including physiological 

parameters, patient reported symptoms, interactions with healthcare practitioners, 

and signs detectable on video and photographs there is huge potential to build data 

systems that bring together these disparate sources, and train deep learning 

algorithms to diagnose SSI with a high degree of precision [307, 372-375]. 

Governance is likely to be complex, but patient benefit high, and this will be a key 

area of enquiry in wound research over the next decade. 

• Deliverability within routine care pathways: Here the WHQ was delivered by staff 

within a RCT delivery platform. Different systems, staffing and funding would be 

required to integrated routine wound screening using the WHQ into clinical pathways, 

and further infrastructure to aggregate, report and benchmark SSI rates across low-

resource hospitals [65, 376]. However, the time requirement for WHQ was low with 

most patients completing the questionnaire in less than 20 minutes, and a range of 

non-expert clinicians and non-clinicians administering the questionnaire suggesting 

that quality can be maintained when delivered flexibly across settings. 
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6.12 Closing summary  

This thesis has aimed to co-produce a new pathway for remote wound assessment after 

discharge for patients undergoing abdominal surgery in low- and middle-income countries 

(LMICs). Whilst there were some challenges in delivery during the COVID-19 pandemic, the 

study methodology was transparent and high-quality, following a pre-published protocol and 

statistical analysis plan. The Wound Healing Questionnaire (WHQ) was adapted by bringing 

together qualitative data from frontline researchers involved in wound assessment and 

Rasch analysis of quantitative data, which allowed recommendations to be made for use 

across a diverse range of settings. Delivery of the WHQ over the telephone was feasible 

across 7 LMICs and 22 languages. The WHQ classified patients with or without SSI after 

discharge with satisfactory accuracy. This adapted tool is now available for implementation in 

global surgery research and practice, informed by a matrix to select an appropriate WHQ 

score cut-off and a toolkit to optimise telephone follow-up that was co-produced with patients 

and community members.  
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8. Appendix 
Appendix A. PCORI reporting checklist in Chapter 4 

Standards for qualitative methods Check 

QM-1: State the 
qualitative 
approach to 
research inquiry, 
design, and 
conduct 

A. Identify and describe evidence gaps that support the need for a qualitative component(s) of the study 
B. Identify the qualitative approach (eg, ethnography, grounded theory) that will be used, including the purpose, why it 
is an appropriate approach to answer the research question(s), and how it will be operationalized 
C. Describe the types of data to be collected, strategies for data collection (eg, focus groups, observations, interviews, 
documents, audio or video recordings), and when the data will be collected 
D. Describe how confidentiality will be maintained through data collection, management, analysis, and reporting 
E. State the computer software program used to assist with analysis 

✓ 
✓ 
 

✓ 
✓ 
✓ 

QM-2: Select and 
justify appropriate 
qualitative 
methods 
sampling strategy 

A. Describe and provide the rationale for the sampling strategy (see RQ-3†, RQ-4†, and PC-2‡), including how the 
strategy flows logically from the qualitative approach and how it fits the research question(s) 
B. Explain the anticipated sample size, detail any variation in sampling that may occur over the course of study, and 
state the criteria for deciding when no further sampling is necessary (eg, thematic saturation) 
C. Describe how the methods will ensure that the data capture the depth of experiences of the participants or 
phenomenon of interest (see PC-2‡ and PC-3‡) 

✓ 
 
✓ 
 
✓ 

QM-3: Link the 
qualitative data 
analysis, 
interpretations, 
and conclusions 
to the study 
question 

A. State who will be involved in the data analysis and interpretation and describe how their qualifications, training, and 
expertise equip them to understand and address the complexities and challenges unique to qualitative methods 
B. Describe data analysis procedures and their link to the study’s research questions 
C. Describe the process by which inferences and themes will be identified and developed as well as how this process 
is congruent with the chosen qualitative approach and its methodology 
D. Describe how conclusions will be derived and how they relate to interpretations and content of the original data 

✓ 
 
✓ 
✓ 
 
✓ 

QM-4: Establish 
trustworthiness* 
and credibility of 
qualitative 
research 

A. State how documentation regarding all phases of the analysis will be captured. Multiple data collection methods (eg, 
interviews, focus groups, observations) and/or experts with diverse backgrounds can be used to increase 
trustworthiness, in addition to an inter-coder reliability process 
B. To enhance credibility, discuss three distinct elements: rigorous techniques and methods, the role of the qualitative 
researcher, and the value of participants’ perspectives and experiences. Credibility must be explained (see RQ-1†, 
RQ-2†, and IR-7§) and demonstrated in the analysis in at least one of the following three ways: reflexivity, negative 
case analysis, and/or member checking 

✓ 
 
 
✓ 

Standards for mixed methods research  

MM-1: Specify 
how mixed 
methods are 
integrated across 
design, data 
sources, and/or 
data collection 
phases 

A. State which mixed methods approach will be used and describe how it will inform the study procedures 
B. Describe whether the quantitative and qualitative methods will be sequential, concurrent, or a mixture of both, over 
time 
C. Describe how the mixed methods design will integrate qualitative and quantitative approaches at one or more 
stages of the research process and achieve the intent of the design (eg, by aligning the aims to data collection 
instruments, procedures and analyses of data, and interpretation of the findings) 

 
✓ 
✓ 
 
✓ 

MM-2: Select and 
justify appropriate 
mixed methods 
sampling strategy 

A. Provide a clear description of the relationship between the sampling techniques and the generation of different 
types of data (eg, numeric or closed ended v narrative or open ended; see RQ-3†, RQ-4†, and QM-2¶) 
B. Describe the sampling strategies and outline the temporality with which they will take place as they relate to 
selected qualitative and quantitative methodologies (see IR-1§, IR-2§, PC-2‡, PC-3‡, and QM-1¶), including a 
justification of the emergence of other samples that may arise during the study, as applicable 

✓ 
 
✓ 

MM-3: Integrate 
data analysis, 
data 
interpretation, 
and conclusions 

A. Describe the analytic approaches to integration and demonstrate how the analysis plan is congruent with the study 
design and aims, and that it has been developed based on the methodological approach (eg, either a priori or 
emergently; see IR-1§, IR-2§, PC-2‡, PC-3‡, QM-1¶, and QM-3¶) 
B. Identify the order of study components and the points of integration. State who will conduct the integration; describe 
how their qualifications, training, and expertise equip them to understand and address the complexities and challenges 
unique to mixed methods analysis; and state how integrated analyses will proceed in terms of the qualitative and 
quantitative components 
C. Describe the approach used to interpret integrated data and how conclusions are supported by the context of 
original qualitative and quantitative findings. Address divergent findings from both qualitative and quantitative 
components, as well as method-specific biases across the methods (see QM-4¶) 

✓ 
 
 
✓ 
 
 
 
✓ 
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Appendix B. Example topic guide (Site researchers) in Chapter 4 

 

Item 1. Read the question in full.  

 

Statement: Please reflect on your experience of completing in-person and telephone follow-

up with patients in both clinical practice and randomised trials. 

 

Generic probes 

• How would a patient go about answering that question? 

• In your experience, how would they arrive at that answer?  

• Would it be easy or difficult for them to answer? Why?  
 

 
Figure. Four-stage question and answer model 

 

Comprehension probes 

• What do you think the term A means to patients? 

• Do you think they will understand the question? 

• What have patients had trouble understanding in the past? 

• Have you ever needed to provide clarification on this question? Why? 

• How have you clarified this question when asking it to patients? 
 

Retrieval probes 

• Do you think patients typically remember their response to this question? 

• How do you think patients you remember that information? 
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• Do patients ever have problems remembering this information? 

• Have you ever made a clarification or prompt to help patients remember? 

• What time period do patients talk about when answering this question? 
 

Judgement probes 

• How sure are patients of their answers? 

• Do they ever change their answer? Why?  

• What do they talk about when deciding how to answer this question?  

• How accurate would you say their answer is? Why? 
 

Response probes 

• How easy or difficult do patients find it to select an answer from the options 

provided? Why?  

• Are there any categories missing from the options provided or do they cover 

everything? What is missing?  

• Why do you think patients choose a particular answer, rather than one of the 

others? 
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Appendix C. Summary of qualitative data used in adaptation of ‘symptoms’ items (1 to 11) and item response categories in Chapter 4 

 
Thematic domain 

Original Wound Healing Questionnaire Item 1 Item 2 Item 3 Item 4 Item 5 Item 6 Item 7 Item 8 Item 9 Item 10 Item 11 

Introductory statement 
Item response categories: 

1 = Not at all; 2 = A little; 3 = 
Quite a bit;  4 = A lot. 

Was there redness 
spreading away from 

the wound? 

Was the area around 
the wound warmer 

than the surrounding 
skin? 

Has any part of the 
wound leaked 

clear fluid? 

Has any part of the 
wound leaked blood-

stained fluid? 

Has any part of 
the wound leaked 

thick and yellow 
or green fluid? 

Have the edges of any 
part of the wound 

separated or gaped 
open of their accord?  

If the wound edges 
opened, did the deeper 

tissue also separate? 
Has the area around the 

wound become swollen? Has the wound been smelly? 
Has the wound 
been painful to 

touch? 

Have you had, or felt like you 
have had, a raised 

temperature or fever (>38oC)? 

Ghana 

Comprehension None 

Four categories hard for questions 
about symptoms (Interview 

GH001I). Patients will not 
understand a four-point scale 

(Focus group GH001F).  

Colour of wound may be 
challenging for patients 

with dark skin type 
(Interview GH002I).  

Patients might struggle 
to answer this question 

as they are often not 
health literate (Focus 

group GH001F). 

Patients describe 
this as 'water' from 

the wound in Ghana 
(Interview GH001I). 

None None None 

From FALCON 
experience, patients will 

be able to see differences 
in separation of the deeper 

part of the wound versus 
the skin; well reported 

symptom (Interview 
GH002I). 

Patients should be able to 
report (Interview GH001I). None None 

Lots of experience of patients 
reporting temperature as Ghana 

is a malarial environment; 
patients are usually able to 

report this well (Interview 
GH002I). 

Response mapping N/A Patients may be more likely to respond appropriately to yes or no item response categories, or not at all, a little, a lot (Interview GH001I). None 

Retrieval 

'Since leaving hospital after 
having your operation' should 
be repeated at the top of the 

second section in order to 
ensure this is remembered by 

the assessor and patient. 

None None 

The wound may only be 
open when a 

nurse/doctor is changing 
a dressing (Interview 

GH001I). 

None 

Family members may 
also notice leakage 

from the skin and will 
be useful 

collaborators in 
assessment (Interview 

GH002I). 

None None None None 
Patients hate to feel abnormal and 

they will definitely report something 
so disturbing (Interview GH002I).  

None None 

Judgment N/A None 

From experience within 
previous randomised 

trials, may be 
challenging for patients 

to judge (Interview 
GH001I). May only be if 

answered correctly if the 
doctor tells patient their 

observation (Focus 
group GH001F). 

May be that people only 
notice heat if doctor has 
told them this (Interview 

GH001I). 

For children in 
research studies, 

parents they might 
have to answer this 

question for them 
Interview GH001I). 

None None 

Patients would notice 
during wound dressing or 
ward round. May see that 

the wound is open and 
see flesh below 

(Interview GH001I). 

Patients will not 
understand the word 

tissue, or be able to tell the 
difference between the 
superficial and deeper 
tissues (Focus group 

GH001F). 

Patients may confuse 
swelling/hardness of the 
wound related to regular 

healing (Interview GH002I). 

None 

May struggle in 
early phases to 

differentiate normal 
pain and pain 

related to SSI. It 
may help to use the 

timing of pain, for 
example excess 

pain after the first 
few days after 

surgery (if 
discharged early) 

(Interview GH001I) 

Many commonly report 'feeling 
hot' as the weather often very 

warm. May be a poor 
differentiator of those with and 
without infection (Focus group 

GH001F) 

Translatability  None 

No terms to differentiate a little & 
quite a bit in Ghanian languages 

(Interview GH002I). Particular 
concern about the differentiation 
between 'a little' and 'quite a bit' 

which were perceived to be very 
'English English' terms (Focus 

group GH001F).  

None None None None None None None None None None None 

Other context None None None None None 

Patients in Ghana 
typically stay around 

the location of the 
hospital while they’re 
recovering (Interview 
GH002I). Most of the 
time wounds are re-

dressed in local 
hospital (Interview 

GH001I). 

None None None None 
Patients will be comfortable to report, 

did not perceive to have stigma 
attached (Interview GH001I). 

None 

Patients rarely have a 
thermometer so quantifying 

fever is unhelpful here (Interview 
GH001I). 

Nigeria 

Comprehension None 

Patients will not be able to tell the 
difference between A little and 
Quite a bit in Nigeria (Interview 

NG003I). 

None 

No problems with 
assessment of this 

related to CDC criteria to 
date. Some interviewers 

may help with 
understanding in a real 

world context (Interview 
NG003). 

Colourless, texture 
may be important 

(e.g. thin) (Interview 
NG001I).  

None 

Memorable & 
patients will be 

happy to report this 
(Interview NG002). 

None None None None None None 

Response mapping N/A Difficulty differentiating a little and quite a bit over the telephone, as doesn’t appear to be scalar for patients in Nigeria. Might be possible with additional help from person administering the questionnaire if they were able to quantify these levels (Interview NG001I).  Quite a bit and a lot not possible to see the difference in. Three point scale would be more 
appropriate (Focus group NG001F). 

Typically patients either feel 
Y/N, very hot or feel normal 

(Interview NG002I). Patients 
unable to differentiate between 
several response categories for 

fever ((Interview NG003I). 

Retrieval None None None None None None None 

May have opened, then 
later closed, so may need 

to ask others/family 
members. Accuracy may 

be decreased if family 
member not available  

(Interview NG001I). May 
use having dressing for a 

longer time than normal 
or came back to hospital 
more frequently if wound 

opened - may help with 

Depending on level of 
education of the patient, 

they make not understand 
difference between deeper 
tissue (beyond the surface 

of the skin). Unsure 
whether they will be able 

to see other layers of 
below their skin (Interview 

NG001I). 
 

Patients won’t understand 

None None None None 
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retrieval  (Interview 
NG003I).  

this, would have to be 
more can see the deeper 

layer (fat or flesh or bowel) 
underneath. Deeper tissue 

too scientific. (Interview 
NG002I) 

 
May be too complex for 

some patients to 
understand. (Focus group 

NG001F)  

Judgment N/A None 

Could be helpful to 
highlight 'on the surface' 

of the skin. Redness 
very challenging in 

patients in dark skin tone 
(Interview NG002I). Can 
be difficult to recognise 

for patients with dark 
skin types (Interview 
NG003I). Difficult to 
identify in dark skin 

tones. Patients instead 
report 'shining' or 

'irritated' skin, which 
would be more 

appropriate (Interview 
NG001I). 

None 

Patients should be 
asked to think of 
every part of the 

wound, particularly 
the main sutured 
part of the wound 

(Interview NG001I). 

None None 

Patients might sometimes 
need an assistant for a 

lower abdominal wound 
(dependent on incision 

site)  (Interview NG001I). 
Patients will report this 

according to disruption of 
the line of sutures or 
separately (Interview 

NG002I).  

Some patients will not be 
aware, or not able to see 

whether this has occurred  
(Focus group NG002F). 

Patients would be able to 
gauge intensity & size of 

swelling (Interview NG001I). 
May notice that the wound has 

grown in size. (Interview 
NG002) 

Patients would picture the smell 
before and while dressing of the 

wound, whether an odour was 
perceived & whether that could be 

traced back to the wound. They 
would compare this to a usual smell. 

May realise if a friend or family 
member around them had made such 
compliant. Most likely to notice during 
wound dressing/changing by relative 

or health workers, or observed 
herself/himself. Some wound 

dressings e.g. iodine may come with 
their own smell which they won’t be 

familiar with (Interview NG001I). 
Patient will consider any offensive 

odour from the wound (Interview 
NG002I). 

Patients advised not 
to frequently touch 
wound, but likely to 

notice this symptom 
(Interview NG001I). 

At times patients feel odd, but 
actually have not no 

temperature. A little bit/quite a 
bit not directly related to 

temperature (Interview NG002I).  

Translatability  N/A 

Not all all (i.e. completely zero) 
and a lot easy to answer. Quite a 

bit compared to a little very hard in 
Pidgin English (Interview NG002I).  

N/A 

Other context 

Questionnaire completion in 
Nigeria is more like a 

conversation than a very 
structured interaction in order 
to keep the patient engaged - 

the questionnaire can be 
used to guide this discussion. 

Patients may 'complete 
questionnaire' without 

realising they've answered 
very structured questions 
(Interview NG001I). May 

need skilled administrator. 
May need to give to relative 

to help support with 
responses (Focus group 

NG001F) 

None None None None None None None 

Patients with this symptom 
will want a ‘solution’, ‘next-
steps’, so their needs to be 

clear pathway for safety 
netting. Currently within 
FALCON, the research 
nurse asks when is the 
next clinic appointment, 

and tells the patient to 
mention & the doctor will 

examine, instructed to 
continue current 
medications e.g. 

antibiotics, and eat a 
balanced diet with 

sufficient protein  
(Interview NG001I). 

None 

 Patients may be very reluctant to 
share this information/ashamed, and 

only provide the answer if trust is 
given to the interviewer, especially 

females and young adults (Interview 
NG001I). 

  

Patients will not be able to 
measure their temperature in 
the community (Focus group 
NG001F). No patients have 

access to a thermometer (Focus 
group NG002F). 

India 
Comprehension None None None None None None None None None None None None None 
Response mapping None Patients will not be able to differentiate a little and quite a bit. Recommend a three point scale (Interview IN001I). Should be with a three point, rather than a four point scale for responses for patients in India  (Interview IN002I). None 
Retrieval None None None None None None None None None None None None None 

Judgment None None None None None None None None 

Patients will not be able to 
differentiate between 

separation of the skin and 
deeper tissue (Interview 
IN001I). Can only report 

Gap in tissues, unless they 
are medical/been told 

(Interview IN002I) 

Patients will easily be able to 
report areas of swelling and 

whether or not this is around 
the wound (Interview IN002I). 

None 

The wound may 
also be painful 

during daily 
activities e.g. if 

patients had chosen 
not to touch the 
wound or area 

around it (Interview 
IN001I) 

None 

Translatability  None 
Most languages will not facilitate 

nuance around several middle 
response categories (Focus group 

IN001F) 

None None None None None None None None None None None 

Other context 

A note should be added to 
confirm verbal consent before 

proceeding with the 
questionnaire. 

None None None None None None None None None None None 

Patients do not have access to 
thermometers – so temperature 

recording would not be 
accurate. Better to remove 38oC 

reference value (Focus group 
IN001F) 

Mexico 

Comprehension None None None None None None None None 

Some patient groups (e.g. 
lower literacy) will be 
unable to appreciate 
differences between 
superficial and deep 
tissues of the wound 

None None None None 

Response mapping None Likely to be some problems with patients differentiating between a little & quite a bit (Focus group MX001F). 

Concern about several levels in 
the answer to this item, and 
would prefer as a Yes or No 

response (Focus group 
MX001F). 

Retrieval None None None None None None None None None None None None None 
Judgment None None None None None None None None None None None None None 

Translatability  None 
Four scalar options work 

reasonably well in Spanish 
language (Interview MX001I). 

None None None None None None 
In Spanish language, no 

good translation for 
'deeper tissues' and may 

None None None None 
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prove a challenge to 
comprehension (Interview 

MX001I). 

Other context None None None None None None None None None None 

Useful symptom to collect as 
commonly reported in patients with 

SSI in Mexico and not part of current 
SSI assessment schema (Interview 

MX002I) 

None 
Patients do not have access to 
thermometer, so the number of 
degrees is unhelpful (Interview 

MX001I).  

Rwanda 

Comprehension None None None None None None None 

Likely to be difficult for 
patients to understand, 

and many misunderstand 
'opening' as healing (i.e., 
taking off dressing) or as 
suture removal. 'Of their 

own accord' is an 
important clarification and 

might need further 
explanation by the trained 

assessor (Interview 
RW001I). 

In Rwanda, commonly ask 
patients 'did you also see 

the blue sutures' (deep 
sutures) to help make this 

clear. Patients do not 
understand of layered 

closure, or that there are 
several layers of the 
abdominal anatomy 
(Interview RW002I). 

None None None 

 Patients all feel that they have 
'temperature rises', as climate 

very warm and heighten anxiety 
during recovery, but unless they 

have a thermometer very 
difficult to record (Interview 

RW002I).  

Response mapping None It will be too challenging for patients in Rwanda to differentiate between 'Quite a bit' and "A little' in local languages - the concepts do not transfer well (Interview RW001I) None 
Retrieval None None None None None None None None None None None None None 

Judgment None None 

Not very contextually 
relevant in Rwanda as 

patients have very dark 
skin tones. Will be very 
hard to judge (Interview 

RW002I). 

None None None None None None None None None 

May not be capturing a useful 
concept to wound healing in 

Rwanda. Doesn't adapt well to 
Rwandan patients (Focus group 

RW001F). 

Translatability  None Very difficult to translate Quite a 
Bit versus A little in Kinyarwanda. 

Challenging to translate 
'redness' - common 

words in Kinyarwanda 
relate to 'skin changing 

from normal' which may 
be more relevant to 
patients in Rwanda 

(Interview RW001I). 

None None None None None None None None None None 

Benin 
Comprehension None  None  None  None  None  None  None  None  None  None  None  None  None  
Response mapping None  None  None  None  None  None  None  None  None  None  None  None  None  
Retrieval None  None  None  None  None  None  None  None  None  None  None  None  None  

Judgment None  None  
Not possible to identify 

redness in black skin 
(Interview BN001I). 

None  None  None  None  None  None  None  None  None  None  

Translatability  None  None  

Concept hard to 
translate in a way that 

French speaking 
patients in Benin will 

understand (Focus 
group BN001F).   

None  None  None  None  None  

Tissue is hard to translate 
for patients in Benin and 
they may not understand 
this (Interview BN001I).  

None  None  None  None  

Summary of 
recommendations for 

adaptation and 
implementation 

No changes to be made. 
Consent would be confirmed 

as usual at the start of the 
interview. 

Consensus in qualitative data to 
reduce the number of response 

options for symptoms questions to 
three levels, and to two levels for 
fever. Decision to triangulate with 

qualitative data using original 
response levels in order to make 

final recommendations for 
adaptation. 

Addition of 'shining of 
the skin' to support data 
completion for patients 

with dark skin tones 
where redness is difficult 

to identify. 

No changes Clarification of thin 
clear fluid No changes No changes 

No changes. 
 

Assessor can ask family 
member or friend for help 
to complete questionnaire 

where needed. 

Mixed opinions about 
ability of patients to tell the 

difference between the 
skin and fleshy part 
beneath. Therefore 
decision to reword 

question, but maintain item 
in adapted Round 1 

questionnaire.  
 

Assessor ensure safety 
netting via a formal 

clinician pathway if any 
concerns. 

No changes No changes No changes 

Consensus to drop >38oC as 
patients will not have the ability 
to record this in a global setting 

so is redundant. 
 

Should be triangulated with data 
from pilot study will specifically 

examine whether this should be 
considered a Yes / No or three-

level item. 

Adapted Wound 
Healing Questionnaire Introductory statement 1 = Not at all; 2 = A little; 3 = A 

lot. 

Was there redness (or 
shining of the skin) 

spreading away from 
the wound? 

Was the area around 
the wound warmer 

than the surrounding 
skin? 

Has any part of the 
wound leaked thin 

clear fluid? 

Has any part of the 
wound leaked blood-

stained fluid? 

Has any part of 
the wound leaked 

thick and yellow 
or green fluid? 

Have the edges of any 
part of the wound 

separated or gaped 
open of their accord?  

If the wound edges 
opened, did the flesh 

beneath the skin or the 
inside sutures also 

separate? 

Has the area around the 
wound become swollen? Has the wound been smelly? 

Has the wound 
been painful to 

touch? 

Have you had, or felt like you 
have had, a raised 

temperature or fever? 

 
  



 271 

Appendix D. Summary of qualitative data used in adaptation of ‘treatment’ items (12 to 19) in Chapter 4 

 
Thematic domain 

Item 12 Item 13 Item 14 Item 15 Item 16 Item 17 Item 18 Item 19 
Have you sought advice because of a 

problem with your wound, other than at a 
planned follow-up appointment? 

Has anything been put on the skin to 
cover the wound? (dressing) 

Have you been back into hospital for a 
problem with your wound? 

Have you been given antibiotics for a problem with 
your wound? 

Have the edges of your wound been 
deliberately separated by a doctor or nurse? 

Has your wound been scraped or 
cut to remove any unwanted 

tissue?  
Has your wound been drained? (drainage 

of pus or an abscess) 
Have you had an operation under general 

anaesthetic for treatment of a problem with your 
wound? 

Ghana 

Comprehension 

Easy to answer for patients. Will be given a 
routine review date before discharge, a will 

be told to come back early if needed 
(Interview GH001I). 

Dressing is not a common term to use in 
Ghana (Interview GH002I). None 

Patients may not know which medications are antibiotics 
and which are not. May be an assumption for the 

interviewer based on other answers (Interview GH002I).  

Doctor may have removed a stitch to open the 
wound – patients should find this easy to answer 

(Interview GH002I). 
None 

Patients may stay ‘water coming from 
wound’, but would be able to identify whether 

this is bloody, or yellow/green colour 'water' 
(Interviewer GH001I) 

Patients will not understand what a 'general 
anaesthetic' is. Suggest term 'put to sleep for an 

operation' (Interviewer GH001I).  

Response mapping None None None None None None None None 

Retrieval None None None Patients might struggle to remember which medications 
they were on early after surgery (Focus group 001F). None None None 

Patients will definitely remember as this is such a big 
event. May be difficult to differentiate 'for a wound 

problem' versus other reason (Interviewer GH002I) 

Judgment None None 
Telling the difference between seeking advice 
related to a wound problem and going back to 

hospital difficult (Interview GH001I). 

Most patients will be discharged on prophylactic 
antibiotics from hospital. Unsure whether patients will be 

able to tell the difference between antibiotics for treatment 
or prevention (Interview GH001I). 

May be some confusion around removal of 
stitches and opening of a wound (Interview 

GH001I). 
None 

Might be hard to differentiate between wound 
being actively drained and passively draining 

'water' (Items 3,4,5) (Interviewer GH002I). 

Very likely to be able to answer, as a serious event 
to return to surgery. Burst abdomen able to report 

easily (Interviewer GH001I).  

Translatability  None 
Patients in Ghana use the term 'washing 
the wound' to describe wound care and 
dressing, rather than the term dressing 

(Interview GH001I). 

None None None 
The word tissue is not widely used in 

Ghana. Suggest the term 'flesh' or 
'skin' e.g. the fleshy part underlying 

the skin (Interview GH001I). 

Abscess is not a word that is commonly used 
or understood by Ghanian patients (Focus 

group 001F). 
None 

Other context 

It would interesting to explore where the 
patient had sought advice from, for example 

from a traditional healer, community 
healthworker or local health centre (Focus 

group 001F). 

None 

Patients will always return to the hospital with any 
postoperative problems, as traditional healers 

wont tamper with surgical wounds. Patients will 
either go back to either district or main hospital 

(Focus group 001F).  

 Patients unlikely to be able to read out a medication 
name over the telephone. Relatives may be able to help 

answer if more literate (Interview GH001I). 
None None None None 

Nigeria 

Comprehension None Dressings is a term used by patients 
(Focus group NG001F).  None 

Reasonable to assume they will be able to tell whether  
an antibiotic prescription is due to wound problems 

(Interview NG003I). 

Can happen both on ward & in-theatre, needs to 
ensure that this is different to Item 19 (Focus 

group NG002F). Need to be clearly differentiated 
from reoperation (e.g. in a minors or majors 

theatre) versus ward/community based wound 
opening. For example any point in time when 

doctors/nurses need to separate wound 
(Interview NG001I). 

None 

 Suggested that yellow or green pus would 
improve the description (Focus group 

NG002F). Abscess is not a terminology well 
known for patients in Nigeria (Focus group 

NG001F). 

May be difficulty in understanding general 
anaesthetic (Focus group NG001F). Patients won't 

understand general anaesthesia, a better 
terminology would be ‘put to sleep' (Interview 

NG002I). Difficult to understand 'general 
anaesthesia' for Nigerian patients. May be difficult to 

differentiate re-operation for wound and another 
cause (Focus group NG002F). 

Response mapping None None None None None None None None 

Retrieval None 

Not many patients would leave hospital 
with wound dressings still in place, so 

patients likely to remember if so 
(Interview NG002I). 

Easy for patients to recall as a set event 
(Interview NG003I). 

In general patients will know which drug they are on, and 
typically will ask what they are for, so likely to be able to 

answer this (Interview NG001I). 
None None None GA will definitely be something a patient remembers 

(Interview NG001I). 

Judgment None None None 

However patients may get confused by postoperative 
prophylactic antibiotics which can be for a prolonged 

period in Nigeria, but specifically for problem with a 
wound can be clarified to clear their doubts (Interview 

NG001I). Patients might find it hard to tell the difference 
between antibiotics and other medications - this may 

require furrther explanation or the names of the antibiotics 
(if literate) (Focus group NG002F). 

None 

Patients will only be able to answer 
this if the doctor explains it to them at 

the time of debridement (Interview 
NG003I). 

None None 

Translatability  N/A N/A N/A N/A N/A N/A N/A N/A 

Other context 

1st point of contact would be known health 
worker (doctor/nurse). The question would 

capture community healers. Other than 
planned follow-up appointment is useful 

phrasing to support this (Interview NG001I). 
This would be a clinic, local hospital, main 

hospital or community health worker at house 
(80-90%). <10% of patients would go to 

traditional healer. (Interview NG002I) 

Change of dressing wound be performed 
by community health worker. Patients 

may use own dressings (non-
standardised) which might include this, of 

varying materials (Interview NG001I). 

Patient may return to hospital where it was 
performed, or may be sent elsewhere if live a 

long distance away (Focus group NG002F). 
None 

Deliberately may have bad connotation in Nigeria 
- this sounds like a malicious act (Interview 

NG003I). 

Often performed  during the process 
of wound dressing (Interview 

NG001I). 

Pus often releases through pressure on 
edges or when cut to release pus (Interview 

NG001I). 
None 

India 

Comprehension None None None Patients should know if antibiotic has been provided to 
them e.g. from pharmacy/doctor (Interview IN002I). None None 

Patients in general will know the terminology 
pus but probably not the term 'abscess' 

(Interview IN002I). 
None 

Response mapping None None None None None None None None 
Retrieval None None None None None None None None 

Judgment None None None 
Accuracy may be variable depending on their level of 

education and the area in which they live (Interview 
IN001I). 

None None None None 

Translatability  None None None None None None When translating into Hindi, pus translates as 
'bad blood' (Focus group IN001F). None 

Other context 

Some patients with complications would 
travel back to CMC Vellow, others live farther 

away and would either attend primary or 
secondary care depending on the area in 

which they live (Interview IN001I). 

Patients often go home with wound care 
packages, or visit the hospital or 

healthcare centre for wound care  
(Interview IN001I). 

None None None None None 

Some patients will have spinal anaesthetic for 
treatment of problesm with their wounds in an 
operating room but this would not be captured 

(Focus group IN001F) 

Mexico 

Comprehension None None None None None None Pus an acceptable and comprehensible term 
(Interview MX002I). 

Patients unlikely to understand the term general 
anaesthesia (Foucs group MX001F). 

Response mapping None None None None None None None None 

Retrieval None None None Antibiotics are one of the key things they 'like' to receive 
after an operation (Interview MX002I). None None None None 
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Judgment None None None Patients will be very aware of antibiotics they received & 
timing of administration  (Interview MX001I). None None None None 

Translatability  None None None None None None 
Patients won't understand the word abscess 

in Spanish language - concept translates 
poorly. 

None 

Other context 

Location of help sought will vary depending 
on the patient's living location; this might be 

returning to the original hospital or an 
alternative primary or secondary care location 

(Interview MX001I) 

None None None None None None None 

Rwanda 

Comprehension None None None Confusion between pain medications and antiobiotics for 
some patients (interview RW002I). None None 

Concept of pus well understood, and patients 
can differentiate abnormal fluid. Well 

differentiated from spontaneous drainage of 
thick green fluid in item 5 (Interview RW001I). 

Second operation' helps with clarification (Interview 
RW002I). Patients understand the concept of 

general anaesthesia (Interview RW001). 

Response mapping None None None None None None None None 
Retrieval None None None None None None None None 

Judgment None None None 

When clarifying the type of medication, the form of 
delivery is a useful addition (e.g., capsule versus tablets). 

Abx usually take the form of capsules (Focus group 
RW001). 

None None None None 

Translatability  None None None None None None Pus translates well into Kinyarwanda (Focus 
group RW001F). None 

Other context None None None None None 
This often occurs in a minor operating 

room or clinical room in Rwanda 
(Focus group RW001F). 

None None 

Benin 

Comprehension None None None None 
Deliberately is easy to understand in French and 

would not hold negative connotations in Benin 
(Interview BN001I). 

None None None 

Response mapping None None None None None None None None 
Retrieval None None None None None None None None 
Judgment None None None None None None None None 
Translatability  None None None None None None None None 
Other context None None None None None None None None 

Adapted Wound Healing 
Questionnaire 

Have you sought advice because of a 
problem with your wound, other than at a 

planned follow-up appointment? 
Has anything been put on the skin to 

cover the wound? (dressing) 
Have you been back into hospital for a 

problem with your wound? 
Have you been given medicines (antibiotics) for a 

problem with your wound? 
Have the edges of your wound been 

separated by a doctor or nurse? 
Has your wound been scraped or 

cut to remove any unwanted flesh?  
Has thick, yellow or green fluid (pus) been 

drained from your wound by a doctor or 
nurse (abscess)? 

Have you had to go back to the operating room 
for treatment of a problem with your wound? 

Summary of 
recommendations for 

adaptation and 
implementation  

No changes No changes No changes 

Change to medicines (antibiotics) in line with other 
UROM-style items. 

 
Assessors recommended to ask patients to read out their 

medications if possible to double check that they are 
antibiotics. 

Clarification that this question is specifically 
examining separation of the wound edges, not 
under general anaesthesia. Word 'deliberately' 

removed due to perceived negative connotations. 

Change to the word tissue to 'flesh' 
as consensus that this was medical 

terminology   

Limited understanding of the terminology 
abscess. Concern about crossover with fluid 
drainage (yellow/green) in Item 5 - decision 
from working group to highlight drainage 'by 

doctor or nurse' as an active event. 

Consensus that general anaesthesia will not be a 
concept well understood by LMIC populations. 

Theme that spinal anaesthesia very common in 
some LMICs, so would not capture these operations. 

Terminology adapted to collect information about 
any procedure carried out in the OR. 

  



 273 

Appendix E. Adapted version of Wound Healing Questionnaire (English language) 

 
Wound Healing Questionnaire 

For questions with tick boxes, please tick one box per question. 
The Wound Healing Questionnaire should be completed between 27-30 days after the patient’s 
operation over the telephone, for patients that will undergo 30-day assessment as part of the trial. 
The Wound Healing Questionnaire should not be completed by the same person that will complete 
the standard 30-day Follow-up Form.  

 

Trial Number       

Centre name ____________________________ 

Patient name ____________________________ 

Patient status 

Has the patient died? ! Yes (please stop 
at Patient Status) 

! No (continue to Follow-up 
details) 

If patient died, date of death d d m m y y y y 
If patient died, an SAE 
form must be 
completed 

If patient died, main cause of death 
 

 
________________________________________________
_ 

Follow-up pathway 

Attempts made to connect with patient 
! 1 attempt ! 2-3 attempts 

! 4-5 attempts ! >5 attempts 

Were you able to contact the patient by 
telephone?  

! Yes (please 
continue) ! No (please stop here) 

If telephone contact was made, date of contact d d m m y y y y  

Ask the patient:  
What type of phone are you using for this call? 

! Landline phone ! Mobile phone (without a 
camera) 
 

! Commercial call centre  
! Mobile phone 

(with a camera) 

Ask the patient:  
Who owns the phone that you're speaking to 
me on? 

! Patient 
themselves ! Friend or relative 

! Healthcare 
worker 

! Other (please specify): 
_______________________ 

Ask the patient: Do you live in an urban 
(mostly city or town) or rural (mostly 
countryside) area?  

! Urban ! Rural 

Ask the patient: 
What is the highest level of education that you 
have achieved? 

! High/secondary 
school or above 

! Did not complete first/ primary 
school or no formal education  
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! First/primary 

school level 

What language did the patient use to respond 
to the questionnaire? ! English ! Other (please specify): 

_______________________ 

If other: Was the formal translated 
Questionnaire used? 

! Yes, formal 
questionnaire 

! No, translated by 
questionnaire administrator 

! No, using formal 
translator 

Wound Healing Questionnaire 

Please read the following statement to the patient: 
 
We are interested in knowing how the cut(s) of your skin (called your wound(s)) have healed since you left 
hospital after your surgery. It is fine to ask someone else to help answer some of the questions, for example if 
you cannot easily see your wound(s). If you have more than one wound, please answer the questions thinking 
about just one wound. This should be either the wound with which you have had concerns about how it was 
healing, or the longest wound if there have been no specific concerns. We would like you to think about the 
wounds on your skin. Some of the questions I am about to ask you relate to some problems that may occur 
with wound healing. Please note, many people do not experience these problems after having surgery. 
 
Since you left hospital after having surgery… 

Was there redness (or shining of the skin) 
spreading away from the wound? ! Not at all ! A little !  A lot 

Was the area around the wound warmer than the 
surrounding skin? ! Not at all ! A little !  A lot 

Has any part of the wound leaked thin, clear fluid? ! Not at all ! A little !  A lot 

Has any part of the wound leaked blood-stained 
fluid? ! Not at all ! A little !  A lot 

Has any part of the wound leaked thick and yellow 
or green fluid? ! Not at all ! A little !  A lot 

Have the edges of any part of the wound 
separated or gaped open of their accord?  ! Not at all ! A little !  A lot 

If the wound edges opened: Did the flesh beneath 
the skin or the inside sutures also separate? ! Not at all ! A little !  A lot 

Has the area around the wound become swollen? ! Not at all ! A little !  A lot 

Has the wound been smelly? ! Not at all ! A little !  A lot 

Has the wound been painful to touch? ! Not at all ! A little !  A lot 
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Since you left hospital after having surgery… 

Have you had, or felt like you have had, a raised temperature or fever? ! Yes ! No 

Have you sought advice because of a problem with your wound, other 
than at a planned follow-up appointment? ! Yes ! No 

Has anything been put on the skin to cover the wound? (dressing) ! Yes ! No 

Have you been back into hospital for a problem with your wound? ! Yes ! No 

Have you been given medicines (antibiotics) for a problem with your 
wound? ! Yes ! No 

Have the edges of your wound been separated by a doctor or nurse? ! Yes ! No 

Has your wound been scraped or cut to remove any unwanted flesh?  ! Yes ! No 

Has thick, yellow or green fluid (pus) been drained from your wound by a 
doctor or nurse (abscess)? ! Yes ! No 

Have you had to go back to the operating room for treatment of a 
problem with your wound? ! Yes ! No 

Ask the patient: How happy were you 
with having your follow-up over the 
telephone? 

! Very satisfied ! Satisfied 
! Neither 

satisfied nor 
dissatisfied ! Very unsatisfied ! Unsatisfied 

Before you end the call, inform the patient that this telephone questionnaire will not replace the 30-day 
in-person wound assessment required as part of the trial, and they must still have their 30-day follow-up 

appointment. 

Time taken to complete telephone 
questionnaire 

! <10 minutes ! 11-20 minutes 

! 21-30 minutes ! >30 minutes 

Please add any further comments or details of the telephone follow-up here: 

Form completed by  

Job role ! Surgeon ! Other 
doctor ! Nurse ! Other (please specify): _____________ 

Print full 
name  

Signature   Date form 
completed d d m m y y y y 

 

 
 
  

Please note this questionnaire is licensed from Oxford University Innovation (OUI) 
outcomes group. Please contact OUI to obtain a free license to use this questionnaire for 
research purposes.  
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Appendix F. Translations of adapted Wound Healing Questionnaire 

 
 
 

Translated versions available at:  
 

https://drive.google.com/drive/folders/1RX_HqOS8rKtC43TznhC4cj-
PAO0WpFs5?usp=sharing 

 
 

India 

Tamil 

Bengali 

Hindi 

Punjabi 

Ghana 
Dagbani 

Twi 

Mexico Spanish 

Rwanda Kinyarwanda 
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Appendix G. STARD Checklist in Chapter 5 

Section & Topic No Item Complete 

    
TITLE OR ABSTRACT    
 1 Identification as a study of diagnostic accuracy using at least one measure of accuracy 

(such as sensitivity, specificity, predictive values, or AUC) 
✓ 

ABSTRACT    
 2 Structured summary of study design, methods, results, and conclusions  

(for specific guidance, see STARD for Abstracts) 
✓ 

INTRODUCTION    
 3 Scientific and clinical background, including the intended use and clinical role of the index test ✓ 
 4 Study objectives and hypotheses ✓ 
METHODS    
Study design 5 Whether data collection was planned before the index test and reference standard  

were performed (prospective study) or after (retrospective study) 
✓ 

    
Participants 6 Eligibility criteria  ✓ 
 7 On what basis potentially eligible participants were identified  

(such as symptoms, results from previous tests, inclusion in registry) 
✓ 

 8 Where and when potentially eligible participants were identified (setting, location and dates) ✓ 
 9 Whether participants formed a consecutive, random or convenience series ✓ 
Test methods 10a Index test, in sufficient detail to allow replication ✓ 
 10b Reference standard, in sufficient detail to allow replication ✓ 
 11 Rationale for choosing the reference standard (if alternatives exist) ✓ 
 12a Definition of and rationale for test positivity cut-offs or result categories  

of the index test, distinguishing pre-specified from exploratory 
✓ 

 12b Definition of and rationale for test positivity cut-offs or result categories  
of the reference standard, distinguishing pre-specified from exploratory 

✓ 

 13a Whether clinical information and reference standard results were available  
to the performers/readers of the index test 

✓ 

 13b Whether clinical information and index test results were available  
to the assessors of the reference standard 

✓ 

Analysis 14 Methods for estimating or comparing measures of diagnostic accuracy ✓ 
 15 How indeterminate index test or reference standard results were handled ✓ 
 16 How missing data on the index test and reference standard were handled ✓ 
 17 Any analyses of variability in diagnostic accuracy, distinguishing pre-specified from exploratory ✓ 
 18 Intended sample size and how it was determined ✓ 
RESULTS    
Participants 19 Flow of participants, using a diagram ✓ 
 20 Baseline demographic and clinical characteristics of participants ✓ 
 21a Distribution of severity of disease in those with the target condition ✓ 
 21b Distribution of alternative diagnoses in those without the target condition ✓ 
 22 Time interval and any clinical interventions between index test and reference standard ✓ 
Test results 23 Cross tabulation of the index test results (or their distribution)  

by the results of the reference standard 
✓ 

 24 Estimates of diagnostic accuracy and their precision (such as 95% confidence intervals) ✓ 
 25 Any adverse events from performing the index test or the reference standard ✓ 
DISCUSSION    
 26 Study limitations, including sources of potential bias, statistical uncertainty, and generalisability ✓ 
 27 Implications for practice, including the intended use and clinical role of the index test ✓ 
OTHER 
INFORMATION 

   

 28 Registration number and name of registry ✓ 
 29 Where the full study protocol can be accessed ✓ 
 30 Sources of funding and other support; role of funders ✓ 
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(Nigeria), Ismail Lawani (Benin), Souliath Lawani (Benin), Mwayi Kachapila (UK), Rachel 

Lillywhite (UK), Rhiannon Macefield (UK), Laura Magill (UK), Janet Martin (Canada), 

Jonathan Mathers (UK), Kenneth McLean (UK), Punam Mistry (UK), Rohin Mittal (India), 

Mark Monahan (UK), Rachel Moore (South Africa), Dion Morton (UK), Moyo Ojo (Nigeria), 

Faustin Ntirenganya (Rwanda), Emmanuel Ofori (Ghana), Rupert Pearse (UK), Alberto Peón 

(Mexico), Thomas Pinkney (UK), Antonio Ramos de la Medina (Mexico), Tubasiime Ronald 
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Slade (UK), Stephen Tabiri (Ghana), Donna Smith (UK), Aneel Bhangu (UK). 

  

Statistical advisors 

Alice Sitch, Anita Slade, Mike Horton, Duc Khanh To, Aneel Bhangu, Pollyanna Hardy 

  

National hub lead investigators 

Adesoji O Ademuyiwa, Lawani Ismail, Dhruva Ghosh, Antonio Ramos de la Medina, Rachel 

Moore, Faustin Ntirenganya, Stephen Tabiri 

  

Community engagement and involvement partners 

Emmy Runingamugabo (Rwanda), Simin Patrawala (India), Angela Prah (Ghana), Christian 

Oko (Nigeria), Karolin Kroese (UK), Michael Bahrami-Hessari (UK) 



 279 

  

TALON collaborators 

Benin 

  

Ismaïl Lawani, Francis Moïse Dossou*, Corinne Dzemta, Covalic Melic Bokossa 

Kandokponou, Souliath LAWANI (Centre Hospitalier Universitaire et Départemental Ouémé-
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 280 
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Cletus Ballu, Charles Gyamfi Barimah (Salaga District Hospital, Salaga) 

  

Frank Owusu (St. Patrick's Hospital, Offinso) 

  

Clement Sie-Broni, Vivian Adobea, Prince Yeboah Owusu, Marshall Zume, Abdul-Hamid 

Labaran, Raphael Adu-Brobbey (Sunyani Regional Hospital (SRH), Sunyan) 

  

Martin Tangnaa Morna, Samuel A. Debrah, Patrick Opoku Manu Maison, Michael Nortey, 

Donald Enti, Mabel Pokuah Amoako-Boateng, Anthony Baffour Appiah, Emmanuel Owusu 

Ofori, Richard Kpankpari, Benedict Boakye, Elizabert Mercy Quartson, Patience Koggoh 

(Cape Coast Teaching Hospital, Cape Coast) 

  

Anita Eseenam Agbeko, Frank Enoch Gyamfi, Joshua Arthur, Joseph Yorke, Christian Kofi 

Gyasi-Sarpong, Charles Dally, Agbenya Kobla Lovi, Michael Amoah, Boateng Nimako, 

Robert Sagoe, Anthony Davor, Fareeda Galley, Michael Adinku, Jonathan Boakye-Yiadom, 
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Ramatu Darling Abdulai, Fred Dankwah, Ralph Armah, Doris Ofosuhene, Dorcas Osei-Poku, 

Arkorful Ebenezer Temitope, Delali Akosua Gakpetor, Victoria Sena Gawu, Christopher 
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