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PREFACE  

Vestine is a shy and reserved woman in her thirties, whom I met during my work 

in 2013 as she was admitted to Kigali University Teaching Hospital, CHUK. At this time, I 

served as the Right to Healthcare (RTHC) Program Manager (from 2008 to 2016). 

Through this program, my team and I helped provide clinical, social, and financial support 

to poor patients to access specialized care in national and international referral hospitals. 

These patients were from district hospitals supported by PIH/IMB, namely Butaro, Kirehe, 

and Rwinkwavu.  

Under this program, the majority of patients had favorable clinical outcomes. On 

the other hand, some patients had delays in accessing healthcare or received poor quality 

care, resulting into devastating outcomes. This situation is very common in low-resources 

settings. This unjust outcome motivated my goal to serve the vulnerable and strive for 

social justice.  

Vestine’s traumatizing history is one of many examples. Vestine lost her baby boy 

due to the distress he endured throughout the first delivery attempts at the health center 

and the delay in reaching the hospital for cesarean delivery. After her discharge, she was 

expected to visit her nearest health center for wound care. However, while grieving her 

baby, she did not comply with the follow-up plan. She developed a surgical site infection 

(SSI) that did not respond to treatment until she was transferred to CHUK for management 

by a specialist. An obstetrician-gynecologist performed an exploratory laparotomy, 

revealing a necrotic uterus. Her uterus necrosis and peritonitis resulted in subtotal 

hysterectomy among other treatments. Hysterectomy takes away the ability to conceive. 

And thus, Vestine will not have a biological child. This is a distressing outcome because 

in Rwanda children are considered as power and hope for the future and social protection 

for the elderly.  

Vestine’s negative outcome, and the experiences of many others that would lead 

to what Farmer (2003) called “stupid deaths” inspired me to write about the RTHC 

program and patients’ challenges. First, I presented findings at local meetings and called 

for improvement by stakeholders and policy action; I then moved to regional and 
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international conferences to engage in scientific debates. My first scientific work explored 

referral patterns and predictors of referral delays for patients with traumatic injuries from 

three district hospitals (Nkurunziza et al., 2016). This study highlighted the delay in 

referral recommendations as one many factors influencing referral delays. My interest in 

caesarean sections came from those bad experiences with poorly performed caesarean 

sections and delays in access to appropriate healthcare for those with post-operative 

complications. Additionally, challenges treating multi-drug resistant SSI, resulting in poor 

outcomes and increased socioeconomic burdens, furthered this interest.  

My experience with cases like that of Vestine motivated my attention to explore 

viable solutions to the challenges of global surgery, such as applying mobile health to 

address barriers to access health care.  
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SUMMARY IN  ENGLISH 

Cesarean section (CS) is the most performed surgical procedure in district hospitals in 

low- and middle-income countries. After discharge from the hospital, patients often 

experience hardships in accessing follow-up care and are at risk of postoperative 

complications, such as surgical site infections (SSIs). Most SSIs develop after patient 

discharge and may go undetected. Mobile health (mHealth) technologies decentralize 

postoperative follow-up addressing some of these challenges. However, factors of post-

discharge follow-up are complex and not thoroughly studied, and mHealth for SSI 

diagnosis has not been studied in rural Africa. This doctoral thesis identified factors of 

return to the follow-up clinic after discharge and determined the feasibility and accuracy 

of telemedicine-based SSI diagnosis among women who had undergone a CS in rural 

Rwanda.  

Publication one reported on a study conducted at Kirehe District Hospital, which included 

women aged 18 or older who underwent CS between March and October 2017. All 

enrolled women received discharge counseling and a voucher to cover transportation 

costs. The study outcome was the return to the study follow-up clinic. We used logistic 

regression backward stepwise selection to identify enablers and barriers to post-

discharge follow-up return, with a significance level of α=0.05. 

Of 746 who underwent CSs, 586 were enrolled. The majority had access to a mobile 

phone, and 73.2% were discharged by postoperative day (POD) 3. Male and female data 

collectors enrolled 84.1% and 15.9% of participants, respectively. Ninety-four percent of 

participants attended their first appointment. Overall, 9.6% of participants did not return 

to the follow-up clinic. Enablers of returning to follow-up care were receiving a reminder 

call and receiving counseling from a female data collector. Barriers to return to follow-up 

care were the lack of health insurance and higher transport cost. These findings suggest 

that mHealth interventions such as reminder calls or notifications and social protection 

interventions targeting uninsured and patients facing transportation hardship could 

increase follow-up rates among women who undergo CS. 
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Publication two reported on a prospective study involving women who underwent CS at 

Kirehe District Hospital between September 2019 and March 2020. A study CHW (sCHW) 

visited the participant's home at POD10 (± 3 days), took pictures of the surgical wound 

using a smartphone application, and sent the images to a general practitioner (GP) in 

Kigali. The GP determined the SSI diagnosis based on the image and shared it with the 

sCHW. The following day the participants were physically examined by a different GP, 

whose SSI diagnosis was considered the gold standard in our analyses. We calculated 

the sensitivity and specificity of telemedicine-based SSI diagnosis and described the 

intervention process indicators. 

Of 787 participants enrolled, the sCHW located and visited 91.4% of participants' homes. 

All of them accepted the intervention. Overall, the intervention was successfully 

implemented for 79.2% of the study participants. SSI was diagnosed in 4.2% and 5.4% 

of participants through telemedicine and physical examination, respectively. The 

sensitivity of telemedicine-based SSI diagnosis was 36.8%, with a specificity of 97.6%. 

The positive predictive value of the telemedicine-based diagnosis was 46.7%, while the 

negative predictive value was 96.4%. These findings confirm the feasibility of 

telemedicine intervention implemented by CHW in rural Rwanda or similar settings. The 

high negative predictive value of telemedicine can be leveraged to reduce unnecessary 

post-discharge follow-ups. Further studies are needed to improve telemedicine SSI 

diagnosis accuracy. 

The thesis highlighted the importance of mHealth interventions in adherence to follow-up 

care, particularly among disadvantaged populations in low-income settings. It ascertained 

that mHealth interventions, such as reminder calls or notifications, could increase the 

return to post-discharge follow-up care. Barriers to this follow-up, such as transport costs 

and a lack of health insurance, should be addressed through targeted social protection 

and empowerment interventions. Further, these vulnerable women can benefit from 

home-based mHealth-CHW interventions like telemedicine. This thesis demonstrated 

that these interventions are feasible in rural settings. Further studies should explore the 

reasons for the gender-matching role in the uptake of follow-up care and strategies to 

improve telemedicine SSI diagnosis accuracy.  
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SUMMARY IN GERMAN 

ZUSAMMENFASSUNG AUF DEUTSCH 

Der Kaiserschnitt ist der am häufigsten durchgeführte chirurgische Eingriff in 

Distriktkrankenhäusern (DHs) in Ländern mit niedrigem und mittlerem Einkommen. Nach 

der Entlassung aus dem Krankenhaus haben die Patientinnen oft Schwierigkeiten, die 

Nachsorge in Anspruch zu nehmen, und riskieren postoperative Komplikationen wie 

Wundinfektionen (SSI). Die meisten SSI entwickeln sich nach der Entlassung des 

Patienten und können unentdeckt bleiben. Mobile Gesundheitstechnologien (mHealth) 

dezentralisieren die postoperative Nachsorge und gehen einige dieser 

Herausforderungen an. Die Faktoren der Nachsorge nach der Entlassung sind jedoch 

komplex und nicht gründlich untersucht, und mHealth für die SSI-Diagnose wurde im 

ländlichen Afrika nicht untersucht. In dieser Doktorarbeit wurden die Faktoren für die 

Rückkehr in die Nachsorgeklinik nach der Entlassung ermittelt und die Durchführbarkeit 

und Genauigkeit der telemedizinischen SSI-Diagnose bei Frauen, die sich einem 

Kaiserschnitt unterzogen hatten, im ländlichen Ruanda bestimmt.  

 

In der ersten Publikation wird über eine Studie berichtet, die am Kirehe District 

Hospital durchgeführt wurde und an der Frauen ab 18 Jahren teilnahmen, die sich 

zwischen März und Oktober 2017 einem Kaiserschnitt unterzogen hatten. Alle 

teilnehmenden Frauen erhielten eine Entlassungsberatung und einen Gutschein zur 

Deckung der Transportkosten. Das Studienergebnis war die Rückkehr in die 

Nachsorgeklinik der Studie. Wir verwendeten eine logistische Regression mit 

schrittweiser Rückwärtsselektion, um Befähiger und Hindernisse für die Rückkehr in die 

Nachsorgeklinik nach der Entlassung zu identifizieren, mit einem Signifikanzniveau von 

0,05. 

Von 746 Patienten, die sich einer CS unterzogen, wurden 586 in die Studie 

aufgenommen. Die meisten hatten Zugang zu einem Mobiltelefon, und 73,2 % wurden 

am dritten postoperativen Tag entlassen. 84,1 % der Teilnehmer wurden von männlichen 

und 15,9 % von weiblichen Datensammlern erfasst. Vierundneunzig Prozent erschienen 
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zu ihrem ersten Termin. Insgesamt kehrten 9,6 % der Teilnehmer nicht in die 

Nachsorgeklinik zurück. Erleichternd für die Wiederaufnahme der Nachsorge waren 

Erinnerungsanrufe und die Beratung durch eine weibliche Datenerfasserin. Hindernisse 

für die Wiederaufnahme der Nachsorge waren das Fehlen einer Krankenversicherung 

und höhere Transportkosten. Diese Ergebnisse deuten darauf hin, dass mHealth-

Maßnahmen wie Erinnerungsanrufe oder -benachrichtigungen und Maßnahmen des 

sozialen Schutzes, die auf nicht versicherte Patienten und Patientinnen mit schwierigen 

Transportbedingungen abzielen, die Nachsorgequote bei Frauen, die sich einer CS 

unterziehen, erhöhen könnten. 

In der zweiten Publikation wird über eine prospektive Studie mit Frauen berichtet, 

die sich zwischen September 2019 und März 2020 in der Kirehe District Hospital einer 

CS unterzogen. Eine CHW der Studie (sCHW) besuchte die Teilnehmerin am POD10 (± 

3 Tage) zu Hause, machte mit einer Smartphone-Applikation Fotos von der 

Operationswunde und schickte die Bilder an einen Allgemeinmediziner (GP) in Kigali. Der 

Hausarzt stellte die SSI-Diagnose und teilte sie dem sCHW mit. Am folgenden Tag 

wurden die Teilnehmer von einem anderen Arzt untersucht, dessen SSI-Diagnose in 

unseren Analysen als Goldstandard angesehen wurde. Wir berechneten die Sensitivität 

und Spezifität der telemedizinisch gestellten SSI-Diagnose und beschrieben die 

Indikatoren des Interventionsprozesses. 

Von 787 Teilnehmern, die an der Studie teilnahmen, wurden 91,4 % der 

Teilnehmer zu Hause aufgesucht und untersucht. Alle Teilnehmer nahmen die 

Intervention an. Insgesamt war die Intervention bei 79,2 % der Studienteilnehmer 

erfolgreich. SSI wurde bei 4,2 % der Teilnehmer durch Telemedizin und bei 5,4 % durch 

körperliche Untersuchung diagnostiziert. Die Sensitivität der telemedizinischen SSI-

Diagnose lag bei 36,8 %, die Spezifität bei 97,6 %. Der positive prädiktive Wert der 

telemedizinischen Diagnose lag bei 46,7 %, der negative prädiktive Wert bei 96,4 %. 

Diese Ergebnisse bestätigen die Durchführbarkeit einer telemedizinischen Intervention 

durch CHW in ländlichen Gebieten Ruandas oder in ähnlichen Situationen. Der hohe 

negative Vorhersagewert der Telemedizin kann genutzt werden, um unnötige 
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Nachuntersuchungen nach der Entlassung zu reduzieren. Weitere Studien sind 

erforderlich, um die Genauigkeit der telemedizinischen SSI-Diagnose zu verbessern. 

In der Dissertation wurde die Bedeutung von mHealth-Interventionen für die 

Einhaltung der Nachsorge hervorgehoben, insbesondere bei benachteiligten 

Bevölkerungsgruppen in einkommensschwachen Gebieten. Es wurde festgestellt, dass 

mHealth-Interventionen, wie z. B. Erinnerungsanrufe oder Benachrichtigungen, die 

Rückkehr zur Nachsorge nach der Entlassung erhöhen könnten. Hindernisse für diese 

Nachsorge, wie Transportkosten und fehlende Krankenversicherung, sollten durch 

gezielte soziale Absischerung- und Empowerment-Maßnahmen angegangen werden. 

Außerdem können diese gefährdeten Frauen von häuslichen mHealth-CHW-

Maßnahmen wie Telemedizin profitieren. Diese Doktorarbeit hat gezeigt, dass diese 

Maßnahmen in ländlichen Gebieten durchführbar sind. Weitere Studien sollten die 

Gründe für die geschlechtsspezifische Rolle bei der Inanspruchnahme der Nachsorge 

und Strategien zur Verbesserung der Genauigkeit der telemedizinischen SSI-Diagnose 

untersuchen. 
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CHAPTER I: INTRODUCTION  

1.1 Overview  

 

Cesarean section (CS) is a surgical procedure for delivering babies. While the 

procedure can be lifesaving for both mother and child, it is not without risks. Despite these 

risks, CS rates have been increasing globally. 

Apart from medical indications for CS, socioeconomic and cultural factors influence 

CS rates and outcomes. In addition, social and economic inequities in low- and middle-

income countries (LMICs) have challenged postoperative follow-up of women who 

undergo CS. SSIs are common in these settings. Fortunately, mobile health (mHealth) 

applications have enabled remote postoperative follow-up care in high-income countries, 

reducing geographical and financial barriers. Such applications can be considered for 

LMICs. This chapter discusses the background of the CS, the overview on global SSI, 

SSI monitoring and the Rwandan health system. 

 

1.2 History and indication of cesarean section 

 

The term cesarean section is derived from the Latin word "caedere," which means 

"to cut” (Moore, 2003). It is a surgical procedure involving the cutting of both the 

abdominal and uterine walls to deliver the baby (Rosenberg& Trevathan, 2018). This 

procedure, originally known as “Lex Regia”, dates back 715 years before Christ (BC). In 

ancient times it was performed to save the baby from a dying mother or to separate them 

when both mother and child died before or during delivery. This practice was stipulated 

by the then Roman law codified by King Numa Pompilius (715–673 BC] (Moore, 2003; 

Antoine &Young, 2021). However, some mothers survived the procedure, which was then 

considered to save either the mother, baby, or both (Moore, 2003). Today, CS is decided 

as an alternative to impossible or endangering vaginal delivery. It saves either the 

neonate or the mother in jeopardy, or both (WHO, 2021). 
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Although vaginal delivery has significantly better outcome than CS (Harrison et al, 

2017), CS may be necessary for various reasons. The indications include fetal distress, 

abnormal position of the baby, severe maternal medical conditions, multiple births, or a 

previous cesarean delivery (Morton et al., 2020). In these situations, a CS can be the 

safest and most effective way to deliver the baby while ensuring the health and well-being 

of both mother and baby (Lucas et al., 2000). According to the level of urgency, CS are 

classified as 1) emergency: in case of an immediate threat to the life of a woman or fetus; 

2) urgent: in case of maternal or fetal compromise which is not immediately life-

threatening, 3) scheduled: needing early delivery but no maternal or fetal compromise, 

and 4) elective: delivery timed to suit woman or staff (Lucas et al., 2000). This urgency 

classification is also applied in Rwandan public hospitals. Previous CS and acute fetal 

distress are the most common indications of CS in Rwanda (Mazimpaka et al., 2020). 

 

 

1.3 Global access to CS  

 

The World Health Organization (WHO) modified its previous recommendation of 

CS rate between 10-15%, and now recommends only medically necessary CS (Betrἁn et 

al., 2016b). As of 2020 CSs represented 21% of all childbirths globally (up from 7% in 

1990) and present enormous clinical benefits (WHO,2021). Increased access to CS is 

linked to declines in neonatal and maternal mortalities (Althabe et al., 2006). This increase 

is estimated to prevent 109,762–163,513 maternal deaths and 279,584 – 803,129 

neonatal deaths if countries with low CS rate (≤ 7%) increased this rate to 7 - 19% (Molina 

et al., 2015). Further, there is an association between CS rates and countries’ income 

levels, with high-income countries having higher CS rates than low-income countries 

(LICs) (Alipour et al., 2022). 

 

1.3.1 CS access in SSA and in Rwanda 
 

CS coverage is disproportionately distributed, varying from 5% in sub-Saharan 

Africa (SSA) to as high as 43% in Latin America and the Caribbean (WHO,2021). It is 
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projected that global CS rate will increase to 28.5% by 2030. While the Eastern Asia will 

be leading with 63.4%, SSA will still lag with 7.1% (Betrἁn et al.,2021). Although the CS 

rate is low in SSA, it is the most-performed surgical procedure, accounting for 80% of the 

surgical volume (Sway et al., 2019). These surgical procedures are mainly performed in 

District Hospitals (Galukande et al., 2010; Petroze et al., 2012). Overall, the poorest 

countries, accounting for one-third of the global population, access only 6.3% of all global 

surgeries (Weiser et al. 2016). 

In SSA, access to CS presents a double challenge. On one side, CS tends to be 

underutilized to help those most in need mainly due to fears CS (Akintayo et al., 2014). 

This fear of CS is due to inappropriate knowledge and myths, religious beliefs, community 

and peer pressure, CS complications, and the economic burden related to CS and post-

operative care, to name a few (Richard, Zongo, & Ouattara, 2014; Litorp et al., 2015).  On 

the other side, CS are overutilized by those who have great access to resources (Harrison 

et al., 2017). This overutilisation is a result of the convenience of CS for health 

professionals and women (Betran et al., 2016), and due to fear of losing their precious 

baby during labor and delivery (Akintayo et al., 2014). 

Like the rest of SSA, Rwanda’s CS rate increased from 2.2% in 2000 to 15.6% in 

2019 (Kibe et al.,2022). However, a significantly higher CS rate was observed in private 

health facilities (60.6%), and private facilities have about four times higher CS rate as 

compared to public health facilities (Kibe et al.,2022). Compared to urban areas, rural 

areas have a lower CS rate (13% versus 25%). These rates increasing with higher 

education and wealth. Majority of women with high socioeconomic status reside in Kigali, 

the capital city (National Institute of Statistics of Rwanda [NISR], 2021). 

 

1.4 Global burden and SSI risks associated with CS  
 

1.4.1 Definition of SSI 
 

According to the Centers for Disease Control and Prevention (CDC), SSI is defined 

as an infection occurring within 30 days from the operative procedure in the part of the 

body where the surgery took place. SSI can be incisional or organ/space SSI. Incisional 
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SSI is classified into superficial (involving the skin and subcutaneous tissue) and deep 

SSI (involving fascial and muscle layers) (CDC,2010). 

CS benefits also come with medical and economic disadvantages, particularly in 

LMICs. The results obtained from the Mascarello et al. (2017) meta-analysis indicated 

that women who deliver by CS have a triple increase in infection risk.  

 

1.4.2 SSI risks associated with CS 
 

Post caesarean SSI development depends on individual factors, pregnancy and 

intrapartum-related factors, and caesarean procedure-related factors. The maternal 

preoperative condition, age and physical condition, her weight, living in a rural area, 

pregestational diabetes, previous CS, and recurrent miscarriages are individual factors of 

SSI (Rubin, 2006). The SSI development is also attributed to poor peri- and postoperative 

care and mainly to post-discharge factors (Woelber et al., 2016) such as the patient's 

environment, health literacy, or financial and geographic barriers to healthcare. 

Particularly in low-income settings, the environment in which a mother who underwent 

CS must live after discharge exposes her to developing SSI. Poor water, sanitation, and 

hygiene environment, poor living conditions (Tusting et al., 2020), household duties, poor 

wound care, and to some extent, lack of wound care are widespread in SSA (Findeisen 

et al., 2019; Powell et al., 2021). These factors are worsened by poor or absence of post-

discharge education, ignoring the importance of post-discharge care, and financial and 

travel hardships related to returning to follow-up care (Findeisen et al., 2019; Powell et 

al., 2021; Tanner et al., 2013; Nkurunziza et al., 2019). Of note, these challenges imply 

the necessity of active surveillance through post-discharge follow-up for timely detection 

and treatment of CS complications. 
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1.4.3 Global burden of SSI  
 

The SSI burden is extensive, from clinical to economic, and from individuals to 

national and global health systems (Findeisen et al., 2019; Sullivan et al., 2017).  SSI is 

associated with increased patient morbidity and mortality. SSI accounts for 38% of death 

among patients with SSI (Astagneau et al.,2001). It causes a significant increase in the 

clinical burden associated with surgery. SSI leads to prolonged hospitalization and 

treatment, reoperation, and readmission (Badia et al., 2017; Gibson, Tevis, & Kennedy, 

2014). This burden is endured by the health systems and the patient’s family. Health 

system becomes overloaded and face higher medical bills and families bears the burden 

of prolonged hospitalization, absenteeism and unproductivity and significantly increased 

medical bills. Consequently, these bills may go unpaid or lead to impoverishment (Sochet, 

et al., 2017).   

 

1.4.3.1 SSI clinical burden in LMICS 
 

LMICs endure a more significant SSI burden. In a review of 26 studies, Sway et al. 

(2019) found that SSI rates in SSA ranged from 7% to 48%. This high prevalence makes 

SSI the most common and costly healthcare-acquired infection (Monahan et al., 2020; 

Mehtar et al., 2020). SSI alone accounts for more than 30% of the costs associated with 

hospital-acquired infections (Sullivan et al., 2017). Furthermore, SSI management is more 

challenging in these settings. This challenge is mainly due to antibiotic resistance, poor 

health facilities infrastructure, inadequate quality of wound care, misfortunate living 

environment, and lack of timely access to healthcare (Shears, P. 2007; Ntakirutimana et 

al, 2020; Velin et al., 2021; Tanner et al., 2013). Although the reported SSI prevalence is 

already high, the more considerable burden of SSI is not accounted for because 60% of 

SSIs develop after a patient is discharged from the hospital (Woelber et al., 2016). As a 

result, these SSIs go undetected and thus untreated due to the lack of active surveillance 

and standard post-operative follow-up (di Oliviera et al., 2007; Løwer et al., 2013).  
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1.4.3.2 SSI economic burden in LMICs 
 

Economic burden of post-cesarean SSI to patients, families, health insurance, and 

health systems is enormous. Mori et al. (2020) found that the CS costs range between 

USD 56 and USD 562 in SSA. In Rwanda, CS costs 122.16 USD (interquartile range: 

102.9 to 148.1 USD) from a patient perspective, of which 63% occur after a patient’s 

discharge (Niyigena et al, 2022). SSI development is associated with the increased health 

expenditures. In average, the healthcare cost for patients with SSI is approximately twice 

that of those without an SSI (Broex et al., 2009). The additional cost of SSI in LMICs 

range from $174 to as high as $29,610 per patient (Monahan et al., 2020). The cost 

burden and impact of SSI in LMICs are higher due to the limited resources and healthcare 

infrastructure needed for prevention and control of infection and antibiotic resistance. 

Countries that invested less health spending per capita suffer more of SSI economic 

impacts. SSI costs worsen economies of already impoverished individuals and families 

(Mehtar et al., 2020). Therefore, reducing SSI in LMICs is a priority for improving global 

health and surgical outcomes (Ademuwiya et al., 2021). 

Contrary to LICs, high income countries leverage the advances in medical and 

telecommunication technologies to trim down SSI through proper per- and post-operative 

care and post-discharge follow-up, even remotely (Abelson et al., 2017; Gunter et al., 

2016a; Løwer et al., 2013). For example, a multicentre study by Jang et al. (2022) found 

that SSIs occur in 1.8% of cesarean procedures in the United States. Similarly, a 

systematic review and meta-analysis reported 1-4% SSI incidence rates in Europe 

(Mengistu et al., 2023). This incidence is much lower compared to SSA that records as 

high as 48% (Sway et al., 2019). 

 

 

1.5 Post-cesarean SSI monitoring 
 

Postoperative evaluation through inspection of the cesarean incision is an 

essential component of SSI monitoring. In addition to symptoms such as fever and pain 
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on the surgical site, this evaluation detects the predictive signs of SSI such as purulent 

discharge, induration, tenderness, or erythema on surgical site. Most SSI develop silently 

and become clinically apparent between POD5 and POD10 (National Collaborating 

Centre for Women's and Children's Health (UK), 2008). By this time, most women have 

already been discharged from the hospital. Therefore, it is paramount to establish a clear 

post-discharge follow-up plan and counsel women on alarming signs and symptoms 

(Kateera et al, 2022). Early treatment significantly prevents further advance of post-

operative complications and severe consequences (Fitzwater & Tita, 2014).  

According to the WHO (2014) recommendation, mothers and neonates should 

benefit from an effective follow-up after delivery to ensure maternal and neonatal optimal 

outcomes. It also helps prevent complications, and if any, treat them early. This general 

post-partum follow-up is recommended on day 3 (48–72 hours) –likely on discharge, 

between days 7–14, and six weeks after delivery.   

As adapted from the WHO guidelines, the Rwandan postpartum guidelines 

recommended that postnatal care (PNC) be conducted within 48 hours after birth, 

followed by subsequent visits on the third day (PNC 2), the seventh day (PNC 3), and at 

six weeks after birth (PNC 4) to ensure that both the mother and baby are healthy and 

progressing well (Ministry of Health [Rwanda], 2016) (Table 1.1). PNC 2 and 3 are 

conducted at home because the risk of infection is greater if brought to the facility, and 

the burden is high for new mothers (Williams et al., 2019). However, there are no 

guidelines for those who have given birth through CS although they require special 

surgical follow-up. 
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Table 1.1: Postpartum care visit timeline and content for women delivering by cesarean birth in rural Rwanda 

 

Note: From "Safe recovery after cesarean in rural Africa: Technical consensus guidelines for post-discharge care” by Kateera et al., Int J Gynecol 

Obstet., 2023;160(1), p.19. (https://doi.org/10.1002/ijgo.14284). Copyright 2023 by F. Kateera 

IPV: intimate partner violence 

PNC # PNC 1 PNC 2 PNC 3 
 

PNC 4 
 

Timing At discharge 2 days after discharge 7-14 Days after delivery 6 weeks after delivery 

Eligible All women For patients discharged with 
wound dressings 

All women All women 

Location Hospital with GPs Health center with  
healthcare providers;  
with CHW if no  
complications 

Based on progress of recovery— 
Referral to hospital with GPs  
or health center with nurses;  
with CHW if no complications. 

Health center with nurses 

Activities • Assess general well-
being and possible 
complications. 

• Counseling on nutrition, 
hygiene, family planning, 
and exercise. 

• Counseling on normal. 
recovery vs danger signs 

• Any topics patient wishes 
to address. 

• Assess wound healing, replace 
wound dressing. 

• Assess pain level and 
management. 

• Assess for other complications 
including pregnancy and 
previous health complications. 

• Newborn check-up (umbilical 
cord healing, breastfeeding 
troubleshooting, child 
immunization schedule) 

• Continue discussion on family 
planning. 

• Any topics patient wishes to 
address. 

• Assess for danger signs. 

• Check wound healing for patients 
with sutures, remove sutures (at 
hospital only). 

• Evaluate for postpartum depression 
(using a validated screening tool), 
psychosis, and severe psychiatric 
illness. 

• Evaluate for signs of IPV. 

• Evaluate home conditions (if a home 
visit). 

• Newborn check-up (infant weight 
gain, breastfeeding troubleshooting, 
child immunization schedule). 

• Continue discussion on family 
planning. 

• Any topics patient wishes to address 

• Check wound healing. 

• Assess recovery & general well-
being. 

• Preventive care (cervical smear, 
chronic disease management with 
GP. 

• Evaluate for postpartum 
depression and generalized 
anxiety disorder (using a validated 
screening tool), psychosis, and 
severe psychiatric illness. 

• Evaluate for signs of IPV and 
home conditions. 

• Continue discussion on family 
planning. 

• Child vaccination schedule 

• Any topics patient wishes to 
address. 

https://doi.org/10.1002/ijgo.14284
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1.5.1 Challenges of post-discharge follow up 
 

Many challenges impede women from appropriately following post-discharge care, 

but the list is not exhaustive (Figure 1.1). First, there are challenges from individual 

patients relating to lack of required knowledge on wound monitoring and danger signs, 

and in case of wound concerns, patients have a challenge with communication with their 

providers (Sanger et al., 2014). Further, unsatisfactory customer care, inconsistency or 

lack of information, misperception, or absence of cesarean complications, accumulated 

medical and indirect costs, dependency of women on their husbands, husband’s 

education and occupation, insufficient household income, and large family size were 

identified as factors that can hinder patients from returning to a health care facility for 

post-discharge follow up (Adams et al., 2018; Powell et al., 2021). 

Second, there are challenges related to the healthcare system. Factors that 

influence the uptake of post-discharge follow-up by surgical patients include geographical 

distance to a healthcare facility and financial challenges such as care and transportation 

costs (Grimes, 2011; Nkurunziza et al.,2019). In addition, women reported a lack of or 

flawed discharge education, poor explanation of diagnosis, patients not actively 

participating in their surgical journey, and bad experiences of a patient through the 

delivery process as factors demotivating them from returning to health facility (Powell et 

al., 2021; Kang et al., 2020). Lastly, CHWs who normally provide maternal and children 

follow-up care and serve as a link between their community and the health system are 

not trained to monitor women with cesarean wounds (Haver et al., 2015). 
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Figure 1.1: Conceptual framework for post-discharge follow-up of women with 

CS 

 

Note: There are inter-relationships between individual, health system, informational and socio-political 

factors influencing access to post-discharge care.  

The figure was designed by the author as a visual display of factors of post-discharge follow-up as 

described in the manuscript. 

 

1.5.2 Opportunities for solving the post-discharge follow-up challenges. 
 

1.5.2.1 Home-base care by community health workers’ network 

 

Rwanda’s integrated CHWs in the decentralization of health care delivery, built its 

network coordination from the national level up to the village, and currently employs 

mobile technologies to assist them in their work. As a result, Rwanda recorded a 
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tremendous reduction in maternal and infant mortality and improved children growth 

achieving the Millennium Development Goals for Health (Abbott et al., 2017).  

Particularly, Animatrice de santé Maternelles (ASM), present in each village, 

support pregnant women from early signs of pregnancy to accompanying them to the 

health facility for labor to post-partum home visits for early danger signs detection and 

timely referral if needed. To that effect, they are initially trained in community-based 

maternal and neonatal health care and receive refresher training after six months (Haver 

et al., 2015). 

 

1.5.2.2 Maternal health voucher program 
 

The available data indicate the role of the maternal health voucher programs in 

increasing maternal health services utilization and improving maternal outcomes in South 

Asia (Jehan et al., 2012). A typical case study of success in this aspect is the maternal 

voucher program in Bangladesh. The benefit package of the voucher scheme includes 

incentivizing antenatal care check-ups, delivery at the health facility or skills attendant-

assisted delivery at home, and postnatal care check-ups up to six postnatal weeks. In 

addition, this scheme covers transportation costs (Ahmed &Khan, 2011). According to a 

systematic review of 28 voucher programs by Bellows and colleagues (2013), these 

programs have successfully increased access to quality maternal and newborn health 

services for disadvantaged women and recommended them as they can contribute to the 

national-level impact in the population.  This program empowers women and improves 

household living conditions and increases the use of health services (Ahmed& Khan, 

2011; Nguyen et al., 2012). Further, it contributes to reducing inequities in accessing 

maternal and newborn health services among disadvantaged populations (Sapkota, 

Bhusal, & Acharya, 2021). Similar results were obtained in a quasi-experimental study 

using maternal health voucher in Kenya (Dennis et al., 2018). However, there is no such 

a program in Rwanda. 
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1.5.2.3 Mobile health (mHealth) technologies in healthcare delivery. 
 

mHealth connects patients and healthcare providers through short message 

service (SMS), phone calls, mobile apps, and computer-assisted through machine 

learning algorithms (Pillay & Motsoaledi, 2018; Triantafyllidis & Tsanas, 2019).  

mHealth technologies have the potential to revolutionize healthcare delivery. 

mHealth enables patients and providers to communicate more efficiently, improve patient 

outcomes through remote monitoring and disease management, increase access to 

healthcare in underserved areas, and reduce healthcare costs through streamlined 

processes and reduced hospital readmissions (Cowie et al., 2021; Dawes et al., 2021; 

Crocker, Crocker, & Greenwald, 2012). Further, these technologies increase the patient's 

participation in their care and decision, decrease the healthcare delivery cost while 

increasing the productivity of medical practitioners, and subsequently improve the 

efficiency and effectiveness of operations of healthcare delivery (De La Cruz Monroy & 

Mosahebi, 2019; Iyawa, Herselman, & Botha, 2016; Gjellebæk et al., 2020).   

The benefits of mHealth include effortless education and awareness, remote data 

collection, remote monitoring, tracking of priority diseases and outbreaks in real-time, 

improving diagnosis abilities, treatment support, improving access to healthcare relieving 

geographical and financial barriers, and remote communication and training for 

healthcare practitioners (Vital Wave Consulting, 2009). Telemedicine optimizes patient 

outcomes improving time and cost utilization, which makes the doctor and patient more 

effective and reduces missing appointments (Haleem et al., 2021). However, 

implementing and adopting mHealth technologies must be done thoughtfully, considering 

privacy concerns, data security, and regulatory compliance (Kreitmair, Cho, & Magnus, 

2017).  

Rwanda started implementing mHealth projects in 2012, initially with Rapid SMS, 

an mHealth monitoring system implemented by CHWs and the Ministry of Health for 

maternal and child health services (Hategeka et al., 2019); In 2016, Babyl (known in the 

United Kingdom as Babylon) was inaugurated to conduct medical or nurse consultations 

and related laboratory tests and medical prescription online (Griffiths et al., 2020). These 
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already available mHealth applications and strides made in information and technologies 

reflect the Rwanda’s political will and telecommunication environment conducive for 

telemedicine interventions uptake in Rwanda. 

 

1.6 Rwanda and Rwanda's health system 
 

Rwanda is a small landlocked country (26,338 km2) located between Central and 

East Africa. According to the latest National Institutes of Statistics (2022), the size of the 

resident population is 13,246,394; mainly (72.1%) residing in rural areas, young, with 

primary education (89.3%) and living on subsistence agriculture (69 % of households). 

Sixty-one percent of households have access to electricity (51.3% in rural areas), and 

77% of rural households have access to an improved source of water. Among the 

population, aged 21 years and above, 62.9% own mobile phones. According to World 

Bank (2023) data, 55% of the Rwandan population lives in poverty. 

 

Rwanda has a three-tiered health-system delivery system (Figure 1.2). The first 

and nearest level of care is the health center operated by nurses. The second level of 

care is the District Hospital staffed with general practitioners (GP) who manage general 

health conditions, surgical emergencies and perform minor and some major surgical 

interventions, mainly CS. The tertiary level of care is referral hospitals staffed with medical 

specialists who receive transferred patients for further diagnosis and specialized 

management of complicated cases. In addition to this health system, community-based 

healthcare delivery is possible thanks to the CHWs network described above.  

The Rwandan health system implements a four-level premium community-based 

health insurance (CBHI) system based on Rwanda's socioeconomic assessment system 

(Binagwaho et al., 2014). The poorest quartile of society is categorized in category one, 

whose premiums and medical bills are covered by the government; and wealthiest 

quartile is in category four. Those in category two to four pay their annual premiums and 

copays. CBHI covers a basic and tertiary package of services and drugs in public health 
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facilities (Figure 1.2). Rwanda has made strides in e-health, leveraging technology to 

enhance health service delivery and improve health outcomes (Maeder, 2021). For 

example, the development of an electronic medical record system greatly improved the 

efficiency and effectiveness of healthcare delivery by allowing healthcare providers to 

access patient information and medical history in real-time (Amoroso et al., 2010). 

 

 

Figure 1.2: Rwandan health system and administrative structure 

 

 

Note: This figure was designed by the author using data from Ministry of health and Government of 

Rwanda website: https://www.gov.rw/government/administrative-structure. 

NRH: National Referral Hospitals; PRH: Provincial Referral Hospitals; CPA: Complementary Package of 

Activities  

https://www.gov.rw/government/administrative-structure
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1.7 Critique of current research on post-discharge follow-up after CS 
 

The available literature on post-discharge follow-up of cesarean patients has a 

limitation of focusing on high-income countries, and few from low-income countries 

focused on urban settings. Further, most studies based their data on in-hospital data 

(Aiken et al, 2013; Petherick et al, 2006). By not standardizing post-discharge follow-up, 

most infection surveillance systems undermine the burden of surgical complications such 

as SSI, which go undetected and untreated (Aiken et al, 2013; Petherick et al, 2006; 

Forrester et al, 2018). 

There is a gap in knowledge about barriers to post-discharge follow-up care among 

women who undergo CS in rural areas. After discharge, in addition to the huge costs 

these women bear during their hospitalization, they face travel hardships due to long 

distances from hard-to-reach areas where transport is limited and expensive (Powell et 

al, 2020; Niyigena et al., 2022). These hardships to return to health facilities worsen the 

already existing poverty.  To the best of our knowledge, no study has explored the 

enablers of return to post-discharge follow-up care for women who under CS from 

resource-limited rural settings. 

Particularly to mobile technologies, which are still new in SSA, a systematic review 

by Njoroge and colleagues (2017) found that most mHealth projects focused on infectious 

diseases such as HIV/AIDS and were largely implemented in urban areas. We are 

unaware of any studies on telemedicine for remote SSI diagnosis implemented by CHWs 

with support from a doctor in real-time or using telemedicine as a surveillance method for 

SSI in SSA rural settings. 

 

1.8 Rationale of the thesis 
 

The majority of SSIs develop after a patients discharge and go undetected due to 

lack post-discharge surveillance (Løwer et al., 2013). Factors of return to post-discharge 

care are complex and multifaceted. Most studies that explored these factors were based 
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in urban settings. Further, data regarding the facilitators and barriers to follow-up care 

encountered by women who undergo CS in low-resource settings are scarce.  

In the context of telecommunication technology advances, telemedicine presents 

opportunities for remote post-discharge follow-up. Available data from high-income 

countries demonstrated that telemedicine is effective to that effect (Gjellebæk et al., 

2020).  In Rwanda, access to mobile phones and improved network infrastructure have 

created opportunities to implement mHealth interventions. Seventy-one percent of 

Rwanda's population own a mobile phone, and 99% have access to mobile networks 

(NISR, 2018).  

Another opportunity is presented by a community of CHWs. Each village in 

Rwanda has three CHWs. They are integrated into health care decentralization, linking 

their communities to the health system, and using mobile technologies to assist them. As 

a result, maternal and infant mortalities were significantly reduced, and children's growth 

was improved (Abbott et al., 2017). However, to the best of our knowledge no study 

explored the use of CHW-led mHealth in improving access to follow-up healthcare after 

surgical patients’ discharge from hospitals in rural Africa. This thesis explored 

telemedicine use to address barriers to follow-up care among women undergoing CS in 

rural Rwanda.  

 

1.8.1 Rationale of Publication one 
 

The post-discharge follow-up is essential to optimise the clinical outcome of both the 

mother and the baby. However, the rate of postnatal check-ups is low. The NISR (2015) 

report showed that only 43% of women have a least one check-up after delivery. 

Particularly, women who undergo CS in rural settings return to unfavourable environment 

and have additional risk of developing SSI (Ntakirutimana et al, 2020; Robb et al, 2020). 

Factors influencing post-discharge follow-up for surgical patients are not fully studied. 

Therefore, we undertook the present study to fill this gap and explored barriers and 

facilitators of the return to follow-up care among women who undergo CS in rural Rwanda. 
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1.8.2 Rationale of publication two 

 

Majority of SSIs go undetected because they develop after a patient discharge and 

patients face barriers to return to healthcare. Yet, in developed countries, telemedicine 

technologies have been effective in the post-discharge follow-up of surgical patients 

(Gunter et al., 2016a). In LMICs, telemedicine interventions have been implemented 

successfully mainly in maternal and children health and follow-up for infectious diseases 

(Njoroge et al., 2017).  Nevertheless, the use of telemedicine for postoperative patients’ 

follow-up in rural Africa has not been explored. To this end, we appraised the feasibility 

and accuracy of telemedicine implemented by CHW to diagnose SSI in rural Rwanda. 

 

 

1.9 Aims of the thesis  

 

In this thesis, to inform strategies for effective post-discharge follow-up care in the 

rural context, we aimed to explore the use of telemedicine to address barriers to follow-

up care among women undergoing cesarean section in rural Rwanda.  

First, we ascertained the prevalence of women who did not return for post-

operative follow-up after receiving CS in rural Rwanda. Second, we identified enablers 

and barriers to returning to the hospital after discharge among women who had 

undergone CS in rural Rwanda.  

Thirdly, we assessed the feasibility of an mHealth-CHW home-based telemedicine 

intervention to diagnose SSIs in women who have undergone CS in rural Rwanda; and  

Finally, we determined the diagnostic accuracy of the telemedicine-based SSI 

diagnosis compared to physical examination-based diagnosis. 
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1.10 Research questions 

 

Referring to the low rate of post-discharge follow-up among postpartum women in 

Rwanda, the following research questions motivated and guided this doctoral project: 

• What is the prevalence of women who do not return for postoperative follow-up after 

receiving CS in rural Rwanda? 

• What are the enablers and barriers to post-discharge follow-up among women who 

have undergone a CS in rural Rwanda? 

• Is the mHealth-CHW telemedicine intervention for SSI diagnosis in rural Rwanda 

feasible? 

• What is the accuracy of the telemedicine-based SSI diagnosis compared to the 

physical examination-based SSI diagnosis? 
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CHAPTER II: METHODOLOGY  

 

2.1 Methods for study one 

 

For publication one (Nkurunziza et al.,2022a), the study included all women 18 

years or older who delivered via CS at Kirehe District Hospital between March 23 and 

October 18, 2017. We excluded patients who could not potentially return due to any third 

factor. This is the case of patients from the Mahama Refugee Camp, patients from outside 

the Kirehe District Hospital’s catchment area, and patients who were readmitted or 

remained in the hospital by postoperative day (POD) 7.  

A study-trained data collector provided discharge counseling to all enrolled 

women, including information about their follow-up plans. In addition, we provided a 

voucher that could be redeemed at Kirehe District Hospital to cover the transport cost and 

compensate the women for their time spent participating in the study. This voucher 

ensured that transportation fees would not be a financial barrier for study participants 

returning to Kirehe District Hospital. Study participants were scheduled to return to the 

hospital SSI screening clinic on POD 10 (± 3 days). A reminder call was made to study 

participants the day before their scheduled appointment. At a study clinic, data collectors 

assessed participants’ attendance status and entered clinical data as a GP screened 

participants for SSI. Any patient who missed her first clinic appointment was contacted 

and given a second appointment. We described study participants demographic and 

clinical characteristics and reported frequencies and proportions. The study outcome was 

the return to the study follow-up clinic, defined as attending the first or the second study 

clinic appointment. To determine the enablers and barriers related to post-discharge 

follow-up return, we employed a backward stepwise logistic regression with a significance 

level of α=0.05. 
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2.2 Methods for study two 

 

Publication two (Nkurunziza et al., 2022b) resulted from a prospective study that 

involved women who underwent CS at Kirehe District Hospital between September 22, 

2019 and March 16, 2020. Exclusion criteria included patients from the Mahama Refugee 

Camp, those who were still in the hospital on POD10, and those who had been readmitted 

at the time of their scheduled research follow-up visits. All recruited women received 

discharge counseling from a study-trained data collector and details on their follow-up 

schedule and planned study procedures. In addition, the study staff called a study 

participant and her village CHW for a reminder one day before the home visit.   

At POD10 (± 3 days), the study team organized the moto transport for the sCHW 

travel to the scheduled participant's home. When she arrived in the village, she was 

oriented by the village-based CHW. During her visit, the sCHW used a Samsung Galaxy 

J8 smartphone with the Wound Screener application, which standardizes image capture 

and quality, to take pictures of the surgical wound. Using WhatsApp, the sCHW sent the 

image to a GP in Kigali. The GP determined if an SSI was present and texted the sCHW 

with the findings, ideally within one hour. Additionally, the sCHW recorded process 

indicators such as the ability to locate patients' homes, patients' acceptance of wound 

examination and image capture, patients' willingness to share electronically transmitted 

data with a doctor, successful transmission of wound images to a doctor, receipt and 

timeliness of a doctor's diagnosis, and any difficulties encountered. 

Every participant was requested to attend a study clinic at Kirehe District Hospital 

the following day for a physical examination by a different GP. During the visit, a Kirehe-

based GP conducted a physical examination, administered SSI screening questions, and 

then determined if the patient had an SSI. The SSI diagnosis referred to the CDC 

definition. This physical examination-based SSI diagnosis was considered the gold 

standard in our analysis of accuracy.  

The study team gave each participant cash in exchange for a voucher to help with 

travel expenses. The whole telemedicine intervention was deemed effective if the sCHW 

received a response from a GP within one hour after sending the wound image. For study 



21 
 

two, we assessed the intervention process indicators and calculated the sensitivity and 

specificity of telemedicine-based SSI diagnosis. 
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CHAPTER III: RESULTS   

3.1 Publication one 

Authors: Theoneste Nkurunziza, Robert Riviello, Frederick Kateera, Edson 

Nihiwacu, Jonathan Nkurunziza, Madgalena Gruendl, Stafanie J. Klug, 

Bethany L. Hedt-Gauthier  

Title:  Enablers and Barriers to Post-Discharge Follow-Up Among Women Who 

Have Undergone a Caesarean Section: Experiences From A Prospective 

Cohort in Rural Rwanda.  

Journal:  BMC Health Services Research.  

DOI:   https://doi.org/10.1186/s12913-022-08137-5 

Summary: 

Of  746 women who underwent CS, 586 were enrolled in the study. Majority were 

farmers (86.7%, n=508), with primary education (70.0%, n=410), and earning less than 

31.8 Euro/month (92.7%, n=543). At least 86.4% (n=506) had access to a mobile phone. 

By POD 3 the majority of patients (73.2%, n=423) were discharged. In the study, the 

majority of participants (84.1%, n=493) were enrolled and consented by male data 

collectors. As a result of reminders, 93.6% of patients (n=367) attended their first 

appointment. Of those 194 not reached by the first reminder phone call, 136 (70.1%) 

returned to the first appointment clinic. Overall, 56 participants (9.6%) were not reached 

at all on the phone call and did not returned follow-up clinic.  

Being called and reminded of their appointment (OR=16.47, 95%CI:7.07–38.38)   

and having a female data collector counseling study participants(OR=9.85, 95%CI:1.43–

37.59) were associated with higher return to follow-up clinic. Patients without health 

insurance (OR=0.03, 95%CI:0.03–0.23) and paying greater than 10.6 Euro as transport 

cost had reduced odds of returning to follow-up clinic (OR=0.14, 95%CI:0.04- 0.50). 
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Enablers and barriers to post‑discharge 
follow‑up among women who have 
undergone a caesarean section: experiences 
from a prospective cohort in rural Rwanda
Theoneste Nkurunziza1,2*, Robert Riviello3,4, Frederick Kateera1, Edison Nihiwacu1, Jonathan Nkurunziza1, 
Magdalena Gruendl2, Stefanie J. Klug2 and Bethany Hedt‑Gauthier3 

Abstract 

Background:  Caesarean sections account for roughly one third of all surgical procedures performed in low-income 
countries. Due to lack of standardised post-discharge follow-up protocols and practices, most of available data are 
extracted from clinical charts during hospitalization and are thus sub-optimal for answering post-discharge outcomes 
questions. This study aims to determine enablers and barriers to returning to the hospital after discharge among 
women who have undergone a c-section at a rural district hospital in Rwanda.

Methods:  Women aged ≥ 18 years who underwent c-section at Kirehe District Hospital in rural Rwanda in the period 
March to October 2017 were prospectively followed. A structured questionnaire was administered to participants and 
clinical data were extracted from medical files between March and October 2017. At discharge, consenting women 
were given an appointment to return for follow-up on postoperative day 10 (POD 10) (± 3 days) and provided a 
voucher to cover transport and compensation for participation to be redeemed on their return. Study participants 
received a reminder call on the eve of their scheduled appointment. We used a backward stepwise logistic regression, 
at an α = 0.05 significance level, to identify enablers and barriers associated with post-discharge follow-up return.

Results:  Of 586 study participants, the majority (62.6%) were between 21–30 years old and 86.4% had a phone 
contact number. Of those eligible, 90.4% returned for follow-up. The predictors of return were counselling by a female 
data collector (OR = 9.85, 95%CI:1.43–37.59) and receiving a reminder call (OR = 16.47, 95%CI:7.07–38.38). Having no 
insurance reduced the odds of returning to follow-up (OR = 0.03, 95%CI:0.03–0.23), and those who spent more than 
10.6 Euro for transport to and from the hospital were less likely to return to follow-up (OR = 0.14, 95%CI:0.04- 0.50).

Conclusion:  mHealh interventions using calls or notifications can increase the post-discharge follow-up uptake. The 
reminder calls to patients and discharge counselling by a gender-matching provider had a positive effect on return to 
care. Further interventions are needed targeting the uninsured and patients facing transportation hardship. Addition‑
ally, association between counselling of women patients by a female data collector and greater return to follow-up 
needs further exploration to optimize counselling procedures.
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Introduction
Caesarean sections (c-sections) are the most commonly 
performed major surgical procedure globally and account 
for roughly a third of all surgical procedures performed 
in low-income countries (LICs)[1]. Over the past two 
decades, there has been an increase in c-section rates 
from 6.7% to 19.1% globally, with a more modest increase 
(6.0%) observed in LICs [2]. However, increased access to 
c-sections in sub-Saharan Africa (SSA) has been linked 
to reductions in maternal and neonatal mortality rates 
[3–5].

For optimal maternal and child outcomes, the World 
Health Organization (WHO) recommends general post-
partum follow-up on day 3 (48–72 h), between days 7–14, 
and at six weeks after delivery [6]. This could lead to early 
detection and treatment of complications [7]. However, 
in LICs, some patients face geographical and financial 
barriers as they strive to return for follow-up care [8]. 
In a systematic review on factors affecting postpartum 
follow-up, dependency of women on their husbands, lack 
of information, absence of complications, unsatisfactory 
customer care, husband’s education and occupation, and 
large family size and household income were identified as 
impeding the decision to return to care [9].

Particular to women who undergo c-section, surgi-
cal site infections (SSI) are very common after their dis-
charge [10, 11]. Reasons behind this can be poor living 
conditions, poor sanitation, patient’s poor information, 
delay in seeking or accessing healthcare, poor quality of 
wound care just to name a few [12, 13]. SSIs introduce 
a higher morbidity, mortality, and social economic bur-
den on patients and health systems [14–16]. The SSI 
prevalence and related burden is higher in low-resourced 
settings [17], such as SSA countries, that report rates 
of post-caesarean SSI as high as 41.9% [18]. Due to the 
lack of active surveillance and standard follow-up after 
a patient is discharged from the hospital, these SSI rates 
are likely underestimated [19] since 60% of SSIs develop 
after a patient discharge [20].

In Rwanda, the caesarean section delivery rate in is 
14.9% [21]. The community-based health insurance 
(CBHI) is implemented nationwide to facilitate access 
to healthcare because majority (55%) of the population 
is living in poverty [22]. The yearly premiums for this 
scheme range from 3.2 Euro to 7.6 Euro per head refer-
ring to the Ubudehe category. This is the 4-level socio-
economic classification system of the population based 
on household welfare status, whereby Ubudehe category 
1 are the poorest and category 4 the wealthiest [23]. 

Category 1 patients have their entire medical bills subsi-
dized by the government.

Moreover, in addition to implementing WHO postna-
tal care guidelines [24], general maternal care initiatives 
were put in place. For example, the Ending Prevent-
able Maternal Mortality initiative aimed to decrease 
maternal mortality to 70 per 100,000 live births by 2030 
[25, 26], and community health workers (CHWs)’ pro-
gramme. The network of CHWs plays a critical role in 
maternal and neonatal care during the prenatal and 
postnatal period in their local communities[27]. How-
ever, these CHWs are not trained to support surgical 
follow-up [28, 29].

In spite of those efforts implemented to increase access 
to healthcare and improve maternal and child outcomes, 
the 2015 Rwandan National Institutes of Statistics (NISR) 
report shows that the same socio-economic and geo-
graphical barriers to post-partum follow-up care faced by 
other LICs are prevalent in Rwanda [30]. This results into 
only 43% of women receiving at least the first post-par-
tum visit [18] and increases the odds of developing SSI 
and delaying its diagnosis and treatment [31]. To the best 
of our knowledge, little was done in regards to the par-
ticular and additional needs of caesarean patients prone 
to SSI after their discharge. Further, little is known about 
their post-discharge follow-up, particularly in rural areas 
where patients face long distances, difficult-to-access ter-
rains, and financial restrictions to access healthcare. As 
part of our prospective cohort study among women who 
undergo a c-section in rural Rwanda, we invited women 
and supported them with transportation vouchers and 
reminder calls to return for a study-specific follow-up 
visit at postoperative day (POD) 10 (± 3 days) at a rural 
district hospital in Rwanda. Here, we report the ena-
blers and barriers for returning for follow-up to inform 
strategies for effective postoperative care seeking in this 
context.

Methods
Study setting
This prospective study included women who underwent 
c-section between March and October 2017 at Kirehe 
District Hospital (KDH) in rural Rwanda. KDH is man-
aged by the Rwandan Ministry of Health (RMoH) and 
receives technical and financial support from Partners In 
Health/Inshuti Mu Buzima (PIH/IMB), a US-based, non-
governmental health organization. At KDH, c-sections 
are mainly performed by general practitioners (GP) and 
are the most prevalent surgical intervention. KDH has a 

Keywords:  Post-discharge care, Global surgery, Sub-Saharan Africa, mHealth, Surgical site infections, Follow-up
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full-time obstetrician gynecologist on its staff under PIH/
IMB support who provides mentorship to available GPs 
and manages the most complex obstetric and gyneco-
logic cases.

In the Rwandan health care system, patients present 
first to the nearest health center for primary health care, 
basic evaluation, and treatment by nurses. These nurses 
transfer any cases requiring management by a GP to the 
district hospitals. District hospitals in Rwanda provide a 
secondary level of care, including minor and some major 
surgical interventions, as well as management of surgi-
cal emergencies, such as c-sections. These hospitals are 
staffed with GPs, nurses, midwives, other paramedical 
health practitioners, and administrative personnel [32]. 
District hospitals transfer complex cases in need of man-
agement by a specialist to tertiary care facilities, mostly 
in the capital city, Kigali [33].

A woman who undergoes a c-section is admitted to the 
postpartum ward for monitoring and postoperative care 
and, if she does not experience complications, is routinely 
discharged on POD 3. The decision to discharge the 
patient is made by a GP who completes a discharge form 
with notes on the patient’s in-hospital management and 
the plan for post-discharge follow-up. A ward midwife 
or nurse then counsels the patient and gives discharge 
instructions, including operative wound care, a follow-up 
date for her wound dressing change at her nearest health 
center, details about any post-discharge medications, and 
neonatal care.

Study design and population
Data used for this study are a subset of data collected in 
the larger prospective cohort study where consenting 
adult women (≥ 18  years of age) who underwent c-sec-
tion at KDH between March 22nd and October 18th, 2017 
were enrolled and followed up for SSI detection [34]. 
This window was selected based on funding availability 
and implementation logistics but did give us the advan-
tage of covering both the rainy and dry seasons. Patients 
from Mahama Refugee Camp were excluded given that 
their return would depend on the camp management. 
Patients from outside the KDH catchment area were also 
excluded given that they were likely to follow-up at their 
nearest health facility. Further, patients who were still 
hospitalized by POD 7 or readmitted before their follow-
up date were also excluded.

Implementation of the study
At discharge, enrolled women received discharge coun-
selling detailing the follow-up plan by study trained data 
collector. Each study participant was given a return date 
to the study-specific SSI screening clinic at KDH on POD 
10 (± 3  days). To prevent transport costs from being 

a financial barrier to study participants returning to 
KDH, we provided a voucher on discharge that would be 
redeemed upon return to cover the transport costs and 
compensate the women’s time participating in the study. 
To determine transportation fees, we used the guide set 
by PIH/IMB in Kirehe based on distance from each dis-
trict zones to the hospital.

The study clinics were held on Tuesdays and Thursdays. 
Study participants were called on the eve of their sched-
uled appointment to remind them of their clinic sched-
ule. When a patient missed her first clinic appointment, 
she was called again and was given a second appointment 
on the following study clinic day. At the study clinic, data 
collectors recorded their attendance status and a GP 
implemented the SSI screening protocol (results of the 
SSI screening is reported elsewhere) [31, 34].

Data collection
The study employed five trained data collectors, one 
female and four males, with clinical backgrounds. The 
questionnaire that had been developed and tested in 
Haiti [35] was translated in Kinyarwanda by the local 
study team and tested on 12 individuals for comprehen-
sion in March 2017. It was revised accordingly before the 
start of the study. The data collectors identified patients 
who had undergone c-section from the operating room 
registry and located them in the maternity postoperative 
room on POD 1. They explained the study aims, benefits 
and risks of participating in the study to eligible partici-
pants, and invited them to voluntarily consent to par-
ticipate in the study. Those who consented were enrolled 
as study participants. The data collectors administered 
a structured questionnaire collecting demographic data 
from enrolled study participants. Clinical data were 
extracted from medical files. Study participants’ access to 
a phone was also documented. A patient was confirmed 
to have access to a phone when she owned one, had a 
phone available in her household, or she gave the number 
of a neighbor where she could be reached.

A patient was considered as having comorbidity when 
she had any of the following underlying disease condi-
tions prior to c-section: HIV/AIDS, diabetes, hyperten-
sion and other cardio-vascular disorders. Post-operative 
complications included any morbidity that occurred 
after surgery and prior to discharge as assessed by a GP 
or an obstetrician-gynaecologist and documented in the 
medical file. The documented complications were haem-
orrhage, fever, organ disfunction such as respiratory 
depression or urinary dysfunction, wound dehiscence, 
return to operating room, and any other post-operative 
abnormality diagnosed post-operatively during the hos-
pital stay. The total length of hospital stay and post-oper-
ative length of stay were calculated by subtracting the 
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date of discharge from the date of admission and date of 
surgery, respectively.

In addition to demographic and clinical data, we 
obtained rainfall data corresponding to the study clinic 
days from the Rwandan Metrological Agency. This 
agency uses satellite and has six stations in Kirehe. Each 
woman had two rainfall data points attached to her study 
visit. First, we used the data corresponding to the sta-
tion closest to the participant’s residence on the day of 
her study follow-up visit. Second, we also collected the 
rainfall data for the station closest to KDH for the day 
she was attending the study clinic. These data were used 
to analyze whether the rain had negative effect on par-
ticipants’ return on their appointments. All data were 
entered into REDCap, a secure web application that can 
support both online or offline data collection [36].

Analysis and statistics
The primary outcome for this study was the return to the 
study follow-up visit, defined as coming to the first or 
the second study clinic appointment. We used descrip-
tive statistics to report study participants demographic 
and clinical characteristics. We converted Rwandan 
francs (FRW) to Euro using the 942 FRW/Euro rate, 
referring to the then average central bank exchange 
rate [37]. To identify predictors of return to follow-up 
care, we performed univariable logistic regression to 
determine variables eligible for a multivariable logistic 
regression model (Supplementary table S1). Variables 
significant at an α = 0.1 significance level were consid-
ered for the reduced model. We built the model using 
backward stepwise selection, stopping when the remain-
ing covariates were significant at α = 0.05 significance 
level. We report the odds ratios (ORs), 95% confidence 
intervals (95%CIs) and p-values from the multivariable 
analysis. All analyses were performed using Stata v15 
(College Station, TX: StataCorp LP).

Results
Of 746 women who underwent c-section, 586 (78.6%) 
were eligible for study enrollment. The majority (62.6%, 
n = 338) were between 21–30  years, married (43.0%, 
n = 252), with primary education (70.0%, n = 410), and 
were insured with CBHI (95.1%, n = 557). Most of the 
women were farmers (86.7%, n = 508), earned less than 
31.8 Euro/month (92.7%, n = 543), and had access to a 
phone (86.4%, n = 506). Of those with recorded infor-
mation on transport vouchers, 392 (66.9%) were issued 
between 5.3 and 10.6 Euro (Table  1). Fetal distress was 
the leading indication of c-Sect.  (32.2%, n = 189) fol-
lowed by previous scar (29.5%, n = 173). The majority of 
patients (73.2%, n = 423) were discharged by POD 3. The 
male data collectors enrolled and consented a majority of 

the study participants (84.1%, n = 493). Forty-one (7.0%) 
of study participants were exposed to rain, either at home 
or KDH, on their first appointment date or, for those who 
did not attend their first appointment date, on their sec-
ond appointment date (Table 2).

Nearly all participants returned to the study follow-up 
clinic (90.4%, n = 530), most (85.8%, n = 503) on the date 
of their first clinic appointment. The phone call reached 
72.3% (n = 424) of participants to remind them of 
either of their appointments. Of those reminded, 93.6% 

Table 1  Demographic characteristics of study participants 
(N = 586)

†  = converted from FRW using the 942 FRW/Euro rate referring to the then 
average central bank exchange rate

Variables Frequency Percent

Age
  20 years and younger 73 12.5

  21–30 years old 367 62.6

  31–39 years old 128 21.8

  40 years and older 18 3.1

Marital status
  Single 209 35.7

  Married 252 43.0

  Living with a partner 119 20.3

  Separated (divorced or widowed) 6 1.0

Education level
  No education 47 8.0

  Primary education 410 70.0

  Secondary education or higher 129 22.0

Occupation
  Farmer 508 86.7

  Employed, trader 43 7.3

  Housewives 35 6.0

Type of insurance
  No insurance 6 1.0

  Community-Based Health Insurance 
(CBHI)

557 95.1

  Private insurance 23 3.9

Monthly household income†
  Less than < 31.8 Euro/month 543 92.7

  31.8 Euro and above 43 7.3

Does the patient have phone contact?
  No 71 12.1

  Yes 506 86.4

  Missing 9 1.5

Amount of transportation voucher fees
  Up to 5.30 Euro† 119 20.3

   > 5.30–10.60 Euro 392 66.9

  Greater than 10.60 Euro 62 10.6

  Missing 13 2.2
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(n = 367) attended their first appointment. Of 194 partic-
ipants who were not reached by the first reminder phone 
call, 136 (70.1%) returned to the clinic, all on the first 
appointment. Of 83 who did not show up at the first visit, 

32 (38.6%) were reached by the second reminder call, and 
27 of them (84.4%) attended their second appointment. 
Overall, 56 participants (9.6%) were not reached at all on 
the phone call and did not attend the clinic (Fig. 1).

In the reduced model of the multivariable analysis, 
having a female data collector enrolling and counsel-
ling study participants was associated with higher return 
to care compared to male counterparts (OR = 9.85, 
95%CI:1.43–37.59). Study participants who were called 
and reminded of their appointment had 16-times greater 
odds of returning to their follow-up clinic (95%CI: 7.07–
38.38). Study participants who had no insurance were 
97% less likely to return to their follow-up clinic as com-
pared to those who had CBHI (OR:0.03, 95%CI: 0.03- 
0.23). Study participants who were expected to spend 
more than 10.6 Euro for a round-trip ticket to return 
to the follow-up clinic were 86% less likely to return 
(OR = 0.14, 95%CI:0.04–0.50) (Table  3). Marital status, 
education level, type of insurance, and post-operative 
length of stay were included in the regression model but 
did not remain significant until the final model.

Discussion
In this study, we identified several factors associated 
with the participants’ return to the study follow-up visit. 
Counselling before hospital discharge and a reminder 
call on the eve of the follow-up appointment were asso-
ciated with higher return to follow-up. In contrast, 
higher costs of transportation and lack of health insur-
ance were associated with reduced likelihood of return 
for the follow-up visit.

A reminder call on the eve of the follow-up appoint-
ment was associated with 16-fold higher chance of 
return. This reflects the role of mobile health technolo-
gies in improving the follow-up of surgical patients after 
their discharge from the hospital. Phone calls have been 
shown to be feasible and effective in the post-discharge 
follow-up and care of obstetric patients in Tanzania 
[38], and has been shown to optimize follow-up in other 
non-obstetric settings [39–42]. In this study, more than 
80% gave phone contact on which they can be reached, 
consistent with the reported 71% of households owning 
cell phones in Rwanda [43]. Our reminder calls reached 
approximately 70% of study participants. This high phone 
coverage and the effectiveness of the reminder call should 
be leveraged in follow-up care activities. Nevertheless, 
given the burden that reminder calls could present to the 
already overwhelmed healthcare facilities and provid-
ers, less burdensome mHealth tools can be employed. 
Automated SMS notifications a day before their sched-
uled clinic could be an alternative with similar effect [44]. 
This would have an added benefit of reaching those who 
would otherwise be inaccessible during the call time.

Table 2  Clinical characteristics of study participants (n = 586)

&  Comorbidities included HIV/AIDS, diabetes, hypertension and other cardio-
vascular disorders
*  = Percent total greater that 100% due to possibility of more than 1 indication 
for a C-section decision
**  = Post-operative complications included haemorrhage, fever, organ 
disfunction such as respiratory depression or urinary dysfunction, wound 
dehiscence, return to operating room, and any other post-operative abnormality 
diagnosed post-operatively during the hospital stay

Variables Frequency Percent

Co-morbidity&

  No 571 97.4

  Yes 15 2.6

Anaesthesia type
  General 14 2.4

  Loco-regional 572 97.6

Indication to C-section*
  Foetal distress 189 32.3

  Previous scar 173 29.5

  Prolonged labour 68 11.6

  Malpresentation 80 13.7

  Obstructed labour 70 12.0

  Cord and membrane dystocia 45 7.7

  Hypertensive disorders 7 1.2

  Uterine pre/rupture 8 1.4

  Hypotonic dysfunction 21 3.6

  Other indications 13 2.2

Post-operative complications**
  No 574 98.0

  Yes 12 2.0

Total length of stay (LOS)
  Within 3 days 338 57.7

  More than 3 days 248 42.3

Post-operative LOS
  Within 3 days 423 73.2

  4–7 days 163 27.8

Duration of post-surgery antibiotic therapy
  No post-operative antibiotic 21 3.6

  1–3 days 442 75.4

  More than 3 days 123 21.0

Counselling data collector
  Male data collectors 493 84.1

  Female data collector 86 14.7

  Missing 7 1.2

Was it raining on the patient’s appointment day?
  No 545 93.0

  Yes 41 7.0
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While we attempted to mitigate financial barriers via 
a transportation voucher, the amount of transportation 
voucher fees, which served as a proxy of transportation 
cost from the patient’s home to the hospital, emerged as 
a significant predictor associated with lower follow-up 
rates. This implied that the higher the cost of transport, 
and therefore likely the farther the patient residence, the 
less likely the patient is to return to follow-up in this rural 
setting. Further, our study was conducted at a district 
hospital, the second level of Rwanda healthcare system, 
which have GPs on its staff; which required participants 
to travel further distance as compared to distance from 
home to health centers. Decentralized follow-up of 
these surgical patients at the nearest health facility may 
increase follow-up rates; however, as reported in a recent 
qualitative study [45], health center follow-up is also 
reported to be both financially and physically burden-
some. While our use of vouchers may have offset some 
of the financial burden, the funding was reimbursed on 

arrival – a challenge if women could not front the costs 
– and did not remove physical challenges of travel post-
partum and postoperative.

Patients without health insurance had almost no 
chance to return to the follow-up clinic. Particular to 
this study clinic, no fees were charged for the service. 
Yet uninsured patients failed to attend the clinic. For this 
rural setting, we believe that these were the vulnerable 
patients particularly from Ubudehe category 2 who are 
not subsidized by the government, and most prone to sig-
nificantly have lower adherence to health insurance [46]. 
We attribute their failure to return to impoverishing out-
of-pocket incurred at the hospital. Our findings support 
available data whereby while health insurance increases 
health service utilization and provides financial protec-
tion, that lack of insurance has negative effects on both 
[47–49]. This suggests that there is a vicious cycle of lack 
of insurance leading to impoverishment by healthcare 
costs, and vice-versa, as demonstrated by other studies 

Fig. 1  Flowchart of the study implementation and follow-up rates. Dotted lines represent women who did not return to follow-up clinic. Full lines 
display those who returned to care
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where poverty was the root cause of uninsured popula-
tions in SSA [50]. This group of patients need more atten-
tion from healthcare providers to prevent them from 
being lost-to-follow-up and should benefit from exten-
sion of the available social protection programmes.

Discharge counselling by a female data collector was 
linked to the higher return to care as compared to her 
male counterparts. Psychological studies suggest that 
gender-matching improves agreement and emotional 
bonds that are associated with treatment compliance and 
retention[51–53]. However, to our knowledge, no study 
has assessed the gender-matching aspect when it comes 
to discharge counselling in the context of surgery in SSA. 
Further studies should explore the rationale behind and 
benefits of that preference.

Notwithstanding, our cohort has benefited from addi-
tional services that could have bettered their return as 
compared to the current standard of care for national 
postpartum follow-up. On discharge, study participants 

received a more detailed counselling by the study data 
collector regarding their follow-up visit and transport 
vouchers to facilitate their return. Additionally, they 
were reminded of their appointment. All these make this 
cohort unrepresentative of the women who are followed 
up postoperatively in normal standard of care. Further, 
according to the Rwandan demographic health survey, 
only 43% of women benefited from the first visit of stand-
ard post-partum care [30]. We suspect that the lost-to-
follow-up in post caesarean patients under standard 
of care may be higher than 10% found in this study and 
this warrants another study. We believe that our findings 
would generalize to other women outside of the context 
of the study if they benefited from the same services since 
the setting is similar.

Since many changes have taken place after the study 
was implemented, including the coronavirus pandemic 
that added burden to healthcare system. We expect that 
better phone coverage will lead to feasibly reaching more 

Table 3  Enablers and barriers of the return to a follow-up clinic after c-section (multivariable regression model) n = 567

FULL MODEL (n = 567) REDUCED MODEL (n = 567)

OR 95% CI P OR 95% CI P

Marital status
  Married 1

  Single 0.71 (0.31–1.62) 0.415

  Living with a partner 0.62 (0.25–1.57) 0.314

Education level
  Primary education 1

  No education 0.34 (0.12–0.99) 0.048

  Secondary education or higher 1.72 (0.45–6.63) 0.429

Type of insurance
  CBHI 1

  No insurance 0.034 (0.03–0.33) 0.004 0.03 (0.03–0.23) 0.001

  Private insurance 0.67 0.65–6.82) 0.733 0.73 (0.07–7.23) 0.789

Amount of transportation voucher fees
  up to 5.3 Euro 1

   > 5.3–10.6 Euro 0.38 (0.13–1.11) 0.078 0.36 (0.13- 1.02) 0.055

  Greater than 10.6 Euro 0.13 (0.03–0.52) 0.004 0.14 (0.04- 0.50) 0.003

Post-operative length of stay
  Within 3 days 1

  4- 7 days 0.57 (0.27–1.19) 0.135

Counseling data collector
  Male data collectors 1

  Female data collector 9.65 (1.22–45.95) 0.031 9.85 (1.43–37.59) 0.020

Was the patient reminded of her appointment?
  No 1

  Yes 17.30 (7.31–40.92)  < 0.001 16.47 (7.07- 38.38)  < 0.001

Was it raining on the patient’s appointment day?
  No 1

  Yes 1.47 (0.40–5.41) 0.564
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patients by reminder notifications given ongoing efforts 
to improve access to mobile telephone particularly in 
rural areas. The current phone ownership in rural area 
has increased from 54% in 2014 to 67% in 2019 and from 
60 to 71% nationally [21, 30].

This study had some limitations to be considered 
in interpretation. First, the generalization of results is 
limited given the population that was part of a larger 
study whose participants received additional services 
to encourage their return to follow-up clinic. However, 
the hypotheses generated by this study are relevant to 
the general population and we suggest further studies to 
explore the situation and the impact of those add-on ser-
vices on the return to follow-up care. Second, there was 
incomplete data on geographical locations and transpor-
tation facilities. However, we used the transport fees, fol-
lowing a compensation structure outlined by PIH/IMB 
at KDH site, as proxy of distance and transport require-
ments from home to the hospital. Third, there are likely 
other possible enablers or barriers not considered, such 
as patient motivation and husband’s influence. Fourth, 
the male–female data collector ratio was 4:1, which 
resulted into the female data collector counselling pro-
portionately fewer women. We believe that this hypoth-
esis is worth further exploring. Finally, this study took 
place in one location in Rwanda; however, the structure 
of KDH and care protocols in the district are similar to 
other facilities in Rwanda and the region.

Conclusions
The study found overall high return to follow-up in this 
study population; participant reminders via phone calls 
may contribute to their return for post-discharge fol-
low-up. For those lost-to-follow-up, our findings on the 
detrimental effects of travel costs support the case for 
decentralizing follow-up care. Further, patients from 
rural communities who do not have health insurance rep-
resent the population at risk of lost-to-follow-up and so 
need more support. The association between discharge 
counselling by the same gender data collector and greater 
return to follow-up warrants further exploration. While 
these results are in the context of study-specific follow-
up, and may have direct implication for future prospec-
tive studies in rural Africa, we believe these lessons 
learned can inform strategies for effective follow-up care 
post c-section more broadly.
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receipt of diagnosis within one hour. Including photo-based SSI diagnoses received 

after one hour, 30 of 715(4.2%) women were SSI positive. The GP diagnosed 38 SSIs 

(5.4%) through physical examination of 707 women at the POD11 study visit. For those 

with both telemedicine-based and physical exam SSI diagnoses (n=694), the sensitivity 

and specificity were 36.8% (95% CI:22.6%, 53.8%) and 97.6% (95% CI:96.1%, 98.5%), 
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respectively. The positive predictive value for the telemedicine-based SSI-diagnosis 

was 46.7% (n=14) and negative predictive value was 96.4% (n=640). 
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Abstract
Background  Surgical site infections (SSIs) cause 
a significant global public health burden in low and 
middle-income countries. Most SSIs develop after 
patient discharge and may go undetected. We assessed 
the feasibility and diagnostic accuracy of an mHealth-
community health worker (CHW) home-based telemedicine 
intervention to diagnose SSIs in women who delivered via 
caesarean section in rural Rwanda.
Methods  This prospective cohort study included women 
who underwent a caesarean section at Kirehe District 
Hospital between September 2019 and March 2020. At 
postoperative day 10 (±3 days), a trained CHW visited the 
woman at home, provided wound care and transmitted a 
photo of the wound to a remote general practitioner (GP) 
via WhatsApp. The GP reviewed the photo and made an 
SSI diagnosis. The next day, the woman returned to the 
hospital for physical examination by an independent GP, 
whose SSI diagnosis was considered the gold standard 
for our analysis. We describe the intervention process 
indicators and report the sensitivity and specificity of the 
telemedicine-based diagnosis.
Results  Of 787 women included in the study, 91.4% 
(n=719) were located at their home by the CHW and all 
of them (n=719, 100%) accepted the intervention. The 
full intervention was completed, including receipt of GP 
telemedicine diagnosis within 1 hour, for 79.0% (n=623). 
The GPs diagnosed 30 SSIs (4.2%) through telemedicine 
and 38 SSIs (5.4%) through physical examination. The 
telemedicine sensitivity was 36.8% and specificity was 
97.6%. The negative predictive value was 96.4%.
Conclusions  Implementation of an mHealth-CHW home-
based intervention in rural Rwanda and similar settings is 
feasible. Patients’ acceptance of the intervention was key 
to its success. The telemedicine-based SSI diagnosis had a 
high negative predictive value but a low sensitivity. Further 
studies must explore strategies to improve accuracy, such 
as accompanying wound images with clinical data or 
developing algorithms using machine learning.

Introduction
Caesarean section (c-section) is the most 
commonly performed surgical procedure 
in sub-Saharan Africa (SSA) and accounts 
for the majority of the surgical volume at 
district hospitals.1 2 C-section rates vary widely 
in the region, ranging from 1.0% to 41.9% 
but averaging 12.4% of total births.3 Thus, 
concerns about limited access to and poten-
tial overuse of c-sections remain. While access 
to c-sections is critical for reducing maternal 
and neonatal mortality, increases in c-section 
rate correlate with rising cases of surgical site 
infections (SSIs).4 5

WHAT IS ALREADY KNOWN ON THIS TOPIC
fi	 Telemedicine applications have been effective in 

the follow-up of surgical patients in high-income 
countries.

fi	 Telemedicine interventions have been implemented 
successfully in low and middle-income countries, 
but their use for postsurgical patients’ follow-up in 
those countries, particularly in rural Africa, has not 
been explored.

WHAT THIS STUDY ADDS
fi	 In a prospective study of 787 women, 719 were 

located at their home and all accepted the tele-
medicine intervention implemented by trained 
community health workers with remote support of a 
general practitioner.

fi	 The full telemedicine intervention including receipt 
of the surgical site infection (SSI) diagnosis by a 
general practitioner within 1 hour was completed for 
nearly four out of five women.

fi	 While the telemedicine-based specificity for diagno-
sis of SSI was high, its sensitivity was low.
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In SSA, SSI rates after c-section range from 7.3% 
to 48.2%.3 6 SSIs are also significant contributors to 
maternal mortality7 and result in high costs to patients, 
families and healthcare facilities.8 Furthermore, SSI rates 
are likely underestimated because most SSIs develop 
after patient discharge from the hospital.9 Due to the 
lack of active surveillance and standard postoperative 
follow-up, these infections may go undetected and thus 
under-reported.10 11

Various factors prevent women from returning to 
follow-up care after discharge. These include geograph-
ical and financial barriers,12 13 low household income 
and education level, and dependence of women on their 
husbands.14 15 However, developments in technology 
may help reduce these barriers. In high-income coun-
tries, mobile health (mHealth) applications have helped 
decentralise postoperative follow-up care16–18 and mini-
mise geographical and financial hurdles.19 20 Telemed-
icine, which is the use of telephone-based follow-up, 
has been proven to be especially effective for simple 
abdominal surgeries,21 including SSI surveillance after 
obstetric patient discharge.22 However, challenges in 
implementing telemedicine in rural Africa have been 
documented, including insufficient technical and finan-
cial support, inadequate clinical adoption, poor staffing 
and limited or unstable communication infrastructure.23

Similar to the rest of SSA, Rwanda has a high postdis-
charge SSI rate, previously estimated at 10.9%.24 Women 
who have delivered via c-section have reported that 
geographical distances and the related cost of transporta-
tion limit access to postoperative care,25 and these factors 
are associated with worse outcomes for neonates,26 27 
and the development of SSIs.24 Recent advances in tele-
communication infrastructure and increased access to 
mobile phones have created opportunities to implement 
mHealth interventions in Rwanda. According to national 
statistics, in 2017, 71% of households reported owning 
a cell phone and 99% had access to mobile networks.28 
Another resource to leverage in Rwanda is the widely 
used and highly effective community health worker 
(CHW) network that has played a critical role in maternal 
and child care during the prenatal period and following 
vaginal delivery.29 Current CHW training, however, does 
not include post-c-section follow-up care.

Overall, there is conducive environment to imple-
menting mHealth strategies to support CHW-based 
postoperative follow-up in Rwanda and the region more 
broadly. This project assesses the feasibility and accuracy 
of an mHealth-CHW intervention that uses telemedi-
cine to diagnose SSI in rural Rwanda. If proved effective, 
this intervention would reduce financial and geograph-
ical barriers to postdischarge follow-up care and could 
improve SSI surveillance.

Methods
Study design and population
This prospective cohort study included all women who 
were permanent residents in Kirehe District, under-
went c-section surgery at Kirehe District Hospital (KDH) 
between 22 September 2019 and 16 March 2020 and 
were discharged before postoperative day 10 (POD10). 
Patients from the Mahama Refugee Camp, those who 
were still hospitalised on POD10 or those who had been 
readmitted by the time of their scheduled study follow-up 
visits were excluded.

Study setting
KDH is a 233-bed facility under management by the 
Rwandan Ministry of Health and with technical and 
financial support from Partners In Health/Inshuti Mu 
Buzima. The hospital is located in the rural Eastern Prov-
ince of Rwanda and serves a catchment area of 364 000 
people,28 including the 50 000 residents of the Mahama 
Refugee Camp.30

In Rwanda, women in labour present at their nearest 
health centre. Those with emergency complications are 
referred to district hospitals to be assessed and managed 
by a general practitioner (GP), a non-specialist primary 
care physician, who performs a c-section if necessary. 
Few district hospitals, such as KDH, have an obstetri-
cian to manage complicated obstetric cases and mentor 
GPs. After a c-section, patients are admitted to the post-
operative ward for monitoring and medication. On 
average, patients remain admitted for 3 days before being 
discharged by a GP. On discharge, a patient is instructed 
to seek follow-up care with a nurse at her nearest health 
facility for a wound check and dressing change. If an SSI 
is detected at the health facility, a patient can be treated 
as an outpatient at the health centre or, for complicated 
cases, referred to a district hospital for management by a 
GP. In the case of a deep SSI, involving deep soft tissues 
such as fascial or muscle layers, patients are transferred to 
a referral hospital for management by a specialist.

The population of Rwanda is classified into four socio-
economic ‘Ubudehe’ categories that serve as a guide for 
social protection programmes, such as community-based 
health insurance (CBHI) and other socioeconomic 
services.31 Ubudehe category 1 represents the poorest 
group, whose medical costs are fully subsidised by the 
government, while category 4 represents individuals in 
the highest wealth category, who are expected to cover 

HOW THIS STUDY MIGHT AFFECT RESEARCH, PRACTICE OR 
POLICY
fi	 Home-based follow-up of surgical patients to detect SSI using tele-

medicine applications is feasible in rural Africa and can be lever-
aged to improve access to care for these patients.

fi	 Telemedicine-based follow-up can help reduce unnecessary clinic 
visits by surgical patients through remotely ruling out SSI-negative 
cases, particularly in this context of an overwhelmed health system 
and the COVID-19 pandemic.

fi	 Further studies are needed to improve telemedicine sensitivity 
through accompanying wound photos with clinical data or through 
computer-assisted algorithms.
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the majority of their medical expenses either out of 
pocket or via health insurance.31 CBHI is a public insur-
ance scheme implemented by the government of Rwanda 
across the country which uses premium contribution by 
community members based on Ubudehe categories as a 
mean for solidarity for affordable access to healthcare.32

Participant enrolment
Trained study data collectors approached eligible patients 
after c-section delivery and prior to discharge. All eligible 
patients who delivered between 22 September 2019 and 
16 March 2020, and who consented to participate in 
the study were enrolled. However, due to the COVID-19 
pandemic, the study was stopped on 17 March 2020, and 
all subsequent home visits and clinics were cancelled.

Study intervention and follow-up
In Rwanda, CHWs are community volunteers with primary 
education. They are elected by community members to 
serve as liaisons between the community and the health 
system and to provide home-based primary healthcare 
to residents in their community. For the mHealth-CHW 
intervention, we used study-specific CHWs (sCHWs); this 
was at the request of colleagues at the Ministry of Health 
to avoid disrupting the activities of existing CHWs during 
the course of the study. The sCHWs were elected through 
the same procedure as other CHWs and selected to have 
the same characteristics as typical CHWs. They were all 
females because of the gender-sensitive duty they were 
expected to perform. We also hired GPs who were based 
in Kigali and incentivised two GPs in KDH to help with 
SSI diagnosis.

The sCHWs visited participants at home at POD10 
(±3 days). We chose POD10 because the majority of SSIs 
develop between POD5 and POD1033 and due to the 
importance of timely identification and referral of SSIs. 
To facilitate the home visit, sCHWs met with the village-
based CHW who guided her to the study participant’s 
home. If the local CHW was not available, the sCHW 
attempted to contact the participant directly via phone 
when a contact number was available. On the day before 
the POD10 home visit, study staff would call the partici-
pant and village CHW to remind them of the upcoming 
home visit. If the participant was not accessible by phone, 
the village CHW was asked to convey the reminder.

During the home visit, the sCHW photographed the 
incision site using the Wound Screener application on a 
Samsung Galaxy J8 smartphone. This phone was chosen 
for its ability to take high-quality photographs in low light 
and for its relatively low cost. The Wound Screener appli-
cation was developed specifically for this study,34 with the 
goal of standardising image capture and quality.

The sCHW transmitted the photograph to a Kigali-
based GP using WhatsApp (WhatsApp, Mountain View, 
California), an end-to-end encrypted messaging plat-
form. On receipt, the GP made a diagnosis of presence 
or absence of an SSI and texted the result to the sCHW. 
The sCHW did not communicate the SSI diagnosis to the 

participant to avoid bias in the subsequent in-hospital 
assessment. All participants were asked to attend a special 
study visit at KDH the following day (approximately 
POD11 ±3 days) and a monetary voucher was provided by 
the study staff to cover transportation costs.

Comparability assessment
We referred to the available literature that supports the 
effectiveness of using mHealth in diagnosing SSI. Gunter 
and colleagues proved that digital application images 
were of sufficient quality and deemed usable for SSI diag-
nosis by physicians in more than 80% of cases.18 In addi-
tion to saving time, cost and travels, telemedicine-based 
and usual follow-up care were proven to yield compa-
rable outcomes.18 However, in our context, we expect the 
utility of image-based diagnoses to be limited to visible 
superficial or deep SSI, and so will be ineffective in diag-
nosing organ/space SSI.

Data collection and variables
The study used data collectors with advanced diplomas 
in nursing and with experience working in the hospital 
setting. They received training on the study procedures 
and materials, and on research ethics before the launch 
of the study. Study data collectors approached eligible 
study participants and explained the study aim and proce-
dures, and the intervention’s design, benefits and risks. 
They informed them of their duties and rights, including 
their right to withdraw consent at any time, and invited 
them to participate in the study. Informed consent was 
obtained before enrolling any study participant. At the 
time of enrolment, data collectors administered struc-
tured questionnaires to collect demographic and socio-
economic data. These sociodemographic data included 
age, marital status, education, occupation, insurance, 
income level, and phone number of the patient, phone 
number of a family member or, in case the patient does 
not have personal phone, phone number of a neighbour.

Study staff also extracted clinical data from patients’ 
medical files using data extraction grid designed in 
REDCap (V.8.10.20), a secure web application certified 
for medical research studies.35 Clinical data included 
medical history such as comorbidity, defined as having 
any documented underlying disease conditions prior 
to c-section, namely diabetes, HIV/AIDS, hypertension 
and other cardiovascular disorders; intraoperative data 
(antibiotic therapy, intraoperative complications); and 
postoperative care. The postoperative length of stay was 
calculated by subtracting date of surgery from date of 
discharge from hospital.

During the POD10 home visit, the sCHW documented 
process indicators using paper-based questionnaires. 
These indicators detailed the feasibility of implementing 
the intervention, including the ability to find patients’ 
homes, patients’ acceptance of wound examination and 
wound image capture, patients’ willingness to share elec-
tronically transmitted data with a GP, successful transmis-
sion of wound images to a GP, receipt and timeliness of 
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a GP diagnosis and any challenges encountered. These 
process indicators were then transcribed by the study staff 
into REDCap. At the POD11 hospital visit, a Kirehe-based 
GP asked SSI screening questions, performed a physical 
examination on the patient and determined whether the 
patient had an SSI as per the Centers for Disease Control 
and Prevention definition. SSI refers to an infection that 
occurs after surgery in the part of the body where the 
surgery took place.36 This included superficial, deep 
or organ/space SSI. This GP diagnosis, based on their 
patient interview and physical examination, was consid-
ered the gold standard for the purposes of this study, as 
this is the current standard of the field for SSI diagnosis 
in Rwanda. The responses to the GP interview and phys-
ical examination were directly recorded in REDCap.

Data management and protection
All data were collected, managed and stored using 
REDCap. Images shared through WhatsApp had end-
to-end encryption and no personal identifiers were trans-
mitted. The photos were deleted from the memory of 
the phone after being uploaded to a password-protected 
study server and a password-protected study computer. 
The Kigali GPs were also instructed to delete all patient 
photos from their phones after review. Participant data 
were deidentified using study IDs; we maintained a 
separate password-protected file matching study ID and 
participant identifiers.

Data analysis
We described the demographic and clinical character-
istics of participants with frequencies and proportions 
and assessed the feasibility of the mHealth-CHW inter-
vention by reporting the percentage of process indica-
tors successfully completed. The target was for GPs to 
transmit a diagnosis within 1 hour; the full telemedicine 
intervention was considered unsuccessful if the response 
was received more than 1 hour after the image was sent. 
We reported the sensitivity and specificity of the GP tele-
medicine diagnosis-based images texted by the sCHW 
to the GP compared with the diagnosis based on a phys-
ical examination conducted by a GP at the hospital. All 
descriptive analyses, sensitivity and specificity, and predic-
tive value analyses were completed in Stata V.15 (College 
Station, Texas: StataCorp).

Patient and public involvement
The patients contributed to identifying the issue which 
inspired the research question and outcome measures. 
During previous qualitative research in the same setting, 
patients expressed concerns regarding long distances 
and financially prohibitive travels to access health facil-
ities and inappropriate postdischarge service. They also 
signalled their appreciation for services rendered to them 
by CHWs. The intervention that was implemented in this 
study was informed by the current literature showcasing 
advancement in mHealth in high-income countries. We 
believed that we could leverage the telecommunication 

advances and well-established CHWs’ network available 
in Rwanda to improve postdischarge follow-up care for 
postoperative patients, especially women after c-section. 
We did not involve patients in the design of this study, 
but they were strong partners in the recruitment and the 
conduct of the study. The study results were disseminated 
to the hospital leadership and to CHWs.

Results
Of the 787 women enrolled in the study, the majority were 
aged 21–30 years (54.5%, n=429), had primary education 
as their highest level of education (67.3%, n=529), were 
farmers (84.8%, n=667), were in Ubudehe category 2 
(51.7%, n=406) and used CBHI (94.3%, n=742). Nearly 
all women had no comorbidities (98.3%, n=773) and 
76.9% (n=605) were discharged from the hospital by 
POD3 (table 1).

During the intervention implementation, 91.4% 
(n=719) of women’s homes were located, mostly (89.9%, 
n=684) through the support of a village CHW (figure 1). 
All visited women (100%, n=719) agreed to have a phys-
ical examination conducted by the sCHW and to have the 
wound photo taken and shared with the Kigali-based GP 
via WhatsApp. Of the 719 images captured, 686 (95.4%) 
were successfully sent to the GP, and 623 (86.7%) had the 
GP’s SSI diagnosis returned within 1 hour. For these, the 
mean duration between the time the photo was sent and 
the time of receipt of the SSI diagnosis was 11 min (IQR: 
2–29 min). The SSI diagnosis from the GP was received 
after 1 hour for 92 images (12.8%), and not received at 
all for four photos (0.6%). The full mHealth-CHW inter-
vention was successfully completed for all steps, including 
receipt of diagnosis within 1 hour, for 79.2% (n=623) of 
participants (figure 1).

Of the 715 women for whom the telemedicine SSI 
diagnosis was received from a GP, 30 SSIs (4.2%) were 
identified. Of the 707 women screened at the POD11 
study visit, the GP diagnosed 38 SSIs (5.4%). For the 694 
women who had both POD10 telemedicine diagnoses 
and POD11 physical examination diagnoses, the sensi-
tivity was 36.8% (95% CI 22.6% to 53.8%) and specificity 
was 97.6% (95% CI 96.1% to 98.5%). Of those diagnosed 
as SSI positive based on telemedicine, 46.7% (n=14) 
were SSI positive according to the GP examination, and 
of those diagnosed as negative, 96.4% (n=640) were not 
subsequently diagnosed as having an SSI (table 2).

Discussion
This mHealth-CHW intervention was successfully imple-
mented in rural Rwanda, and while the intervention was 
effective for ruling out SSIs in postdischarge c-section 
patients, the overall sensitivity was low. Although tele-
medicine interventions for postoperative follow-up have 
demonstrated promise in high-income countries,16–18 
they have not been widely used in SSA or other low and 
middle-income settings. Our study findings confirmed 
that these types of interventions could be applied in rural 
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Rwanda and in similar settings, but scalability in different 
settings is contingent on an established CHW network, 
national and local health facility leadership support, 
reliable communications infrastructure and sufficient 
mobile phone penetration in rural areas. In our study, the 
challenge of unreliable internet and cell phone coverage 

was manageable but resulted in delayed GP diagnosis via 
telemedicine. These challenges have been highlighted 
elsewhere23 37 38 and should be taken into account when 
planning mHealth interventions.

Most patients were accepting of all steps of the 
mHealth-CHW intervention. This is consistent with other 
studies demonstrating high acceptability of telemedicine 
interventions,39 and is likely influenced by how integrated 
CHW home visits are in Rwanda’s health system. CHWs 
are locally elected by the community members, respected 
and strongly committed to providing village-level care. 
CHWs link the community to the health system40 41 and 
therefore are highly trusted, even when implementing 
new activities.

The telemedicine SSI diagnosis had a low sensitivity but 
a high specificity, which was similar to findings when eval-
uating the wound photography for remote postoperative 
SSI diagnosis in high-income settings.42 This low sensi-
tivity can be attributed to poor quality of wound image or 
the ability and confidence of the GP to consistently eval-
uate the wound status based on images alone, which can 
change from one to another and from time to time.43 44 
While the sensitivity is low, the high negative predictive 
value could help reduce unnecessary postoperative clinic 
visits. This could relieve financial and travel hardships for 
these vulnerable patients and workload for clinicians, as 
has been shown in other studies.18 20 45 This could also 
reduce the number of unsolicited health facility visits, 
which is of critical importance now given COVID-19 
infection risks.46

Although we strived to obtain the best of quality and 
standardised wound images, the forementioned chal-
lenges might have impaired the ability of GP to accurately 
diagnose SSI. In response to these observed challenges, 
we upgraded the lighting and quality image camera as 
part of our iterative quality improvement process. There-
fore, prior to scaling such an intervention, we strongly 
recommend identifying strategies to increase sensitivity. 
One potential approach would be to include clinical data 
along with the wound photo.44 Other strategies we are 
exploring are including wound images taken at different 
times after surgery and tracking wound change over time. 
This would allow comparisons between wound images 
from POD3 to the POD10 so that the GP can assess 
how the wound has progressed over time rather than 
at a static time point. A third strategy is to develop algo-
rithms using artificial intelligence, particularly machine 
learning.47 This would require developing large libraries 
of images and diagnoses to train and evaluate algorithms, 
but if successful, these algorithms could improve accu-
racy and remove the person-to-person variability of diag-
noses based on image review.44

Limitations
We encountered several limitations during this study’s 
implementation that should be considered while inter-
preting our study findings. First, we did not assess the 
GP’s perception of image quality or the GP’s confidence 

Table 1  Demographic and clinical characteristics of study 
participants (n=787)

Variables Frequency %

Age (n=787)

 � ≤20 years old 126 16.0

 � 21–30 years old 429 54.5

 � >30 years old 232 29.5

Marital status

 � Single or separated (divorced or 
widowed)

137 17.4

 � Married 296 37.6

 � Cohabiting (no legal marriage) 354 45.0

Education level (n=786)

 � No education or less than primary 
education

79 10.1

 � Primary education 529 67.3

 � Secondary education or higher 178 22.7

Occupation

 � Farmer 667 84.8

 � Employed/trader 87 11.1

 � Housewives 33 4.2

Type of insurance

 � No insurance 6 0.8

 � Community-based health insurance 
(CBHI)

742 94.3

 � Private insurance 39 5.0

Ubudehe category* (n=785)

 � Category 1 89 11.3

 � Category 2 406 51.7

 � Categories 3 and 4 290 36.9

Mode of communication for POD10 visit 
reminder

 � Reached on her phone/household 
phone

354 45.0

 � Reached through a neighbour’s phone 55 7.0

 � Reached through a CHW 230 29.2

 � Not reached 148 18.8

Comorbidity†

 � No 773 98.2

 � Yes 14 1.8

Postoperative length of stay

 � Within 3 days 605 76.9

 � More than 3 days and less than 10 days 182 23.1

*Ubudehe category 1 is the socioeconomic category of the poorest while 
category 4 is the wealthiest.
†Comorbidity includes underlaying diseases such as diabetes, HIV/AIDS and 
cardiovascular diseases.
CHW, community health worker; POD10, postoperative day 10.
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in making diagnoses based on an image alone. The 
questions to the Kigali-based GP only included a closed 
question to indicate ‘SSI positive’ or ‘SSI negative’, and 
therefore we did not receive further insights or clarifica-
tions that could help improve the mHealth-CHW inter-
vention. Second, the observed SSI rate at KDH declined 
from 10.9%24 to 5.4%, and as such, we had fewer than 
expected cases of SSI. This led to lower than desired 
precision in our sensitivity estimates.

A third limitation is that the gold standard for SSI 
diagnosis is a GP physical examination, without isolating 
pathological organisms through swab or fluid culture. Due 
to lack of infrastructure for pathology confirmations, this 
is the main means of SSI diagnosis in this rural hospital, 
similar to many other rural SSA settings.48 49 Since we are 
interested in identifying strategies that imitate a facility 
visit without the burden of travel, the GP diagnosis is a 
suitable gold standard in this context. Finally, for logis-
tical reasons, the telemedicine screening and physical 
examination were 1 day apart. It is possible that during 

that period, an SSI could have developed, or the wound 
could have changed considerably. Nevertheless, we 
assume the likelihood of a change in SSI status or wound 
appearance to be minimal because all follow-up physical 
examinations by a GP were performed within 1 day of the 
telemedicine diagnosis. We also suspect that the effec-
tiveness of the telemedicine-based diagnosis was limited 
to visible signs of superficial and deep SSI, and thus was 
unable to detect organ/space SSI.

Conclusions
This study showed that implementation of an 
mHealth-CHW postoperative follow-up intervention 
in rural Rwanda and similar settings is feasible. Health 
system and community infrastructure, including tele-
phone network coverage, a robust CHW network and 
buy-in from providers and the community, are prerequi-
sites for its success. The intervention’s high acceptability 
among patients suggests potential scalability in similar 

Figure 1  Flow chart of study participants into the study and implementation process indicators. Mean duration in minutes 
from when the photo was sent to the time of surgical site infection (SSI) diagnosis reception: 11 min (2–29). SSI diagnoses 
received from general practitioners (GPs) more than 1 hour after their photos being sent were still considered for telemedicine 
accuracy analyses, though recorded in process indicators by study-specific community health workers (sCHWs) as not 
successfully sent.

Table 2  Accuracy of the telemedicine-based SSI diagnosis

Physical examination-based SSI diagnosis

 �  Positive Negative Total  �

Telemedicine-
based SSI 
diagnosis

Positive 14 16 30 PPV
46.67%

Negative 24 640 664 NPV
96.4%

Total 38 656 694*  �

 �   �  Sensitivity
36.8% (22.6–53.8)

Specificity
97.6% (96.1–98.5)

 �

*Only analysed those with both telemedicine and physical examination-based SSI diagnosis.
NPV, negative predictive value; PPV, positive predictive value; SSI, surgical site infection.
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settings. However, the telemedicine-based SSI diagnosis 
had a low sensitivity that will need to be addressed by 
further studies.
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CHAPTER IV: DISCUSSION  

4.1 Findings overview and discussion 
 

This thesis project determined enablers and barriers to return to the follow-up clinic 

after discharge among women who have undergone a CS at a rural district hospital in 

Rwanda and assessed the feasibility and accuracy of the telemedicine-based SSI 

diagnosis among these women. The project demonstrated two crucial facts: first, post-

discharge follow-up compliance was higher among women who received a reminder call 

on the eve of the follow-up appointment. This finding implies the role of mHealth in 

increasing access to and uptake of follow-up care and reducing the eventual 

consequences of lost-to-follow-up. This finding supports the established effectiveness of 

reminder calls as an adaptation to increase client return rates in healthcare services. 

Following up post-discharge with phone calls has been shown to be feasible and effective 

in Tanzania (Nguhuni et al, 2017) and to maximize follow-up in other settings besides 

obstetric (Karageorgos et al, 2018; von Allmen et al, 2019).  

Second, in rural Rwanda, implementing the telemedicine-guided SSI diagnosis by 

the CHW is feasible and successful in following up women with CS. This finding is similar 

to the fact demonstrated by systematic reviews exploring the potential for providing 

access to follow-up care through remote monitoring. They found that mHealth-facilitated 

follow-up improved the quality of healthcare for populations, even those living in low-

resource settings of LMICs (Griffiths et al., 2020; Gjellebæk et al., 2020; Daves et al., 

2021). However, telemedicine interventions for postoperative follow-up are not commonly 

used in SSA despite promising results in high-income countries (Abelson et al., 2017; 

Gunter et al., 2016a; Gunter et al., 2016b). The successful implementation of our 

intervention can be attributed to the available decentralized and well-established 

healthcare delivery using CHW to provide primary care in their communities. In addition, 

the CHWs are respected and trusted in their communities because local community 

members elect them. Volunteering to provide community-based care and linking the 

community to the health system incite confidence and uptake of their services (Condo et 

al., 2018). Additionally, implementing culturally competent adaptations of mHealth 
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technologies also increases patient engagement and adherence to follow-up care 

(Handtke, Schilgen, & Mösko, 2019). In our study, we employed female CHWs to 

implement telemedicine intervention for follow-up on women at their homes. It culturally 

resonated that women would feel comfortable being examined at home by a female 

provider.  

Similarly, our first study demonstrated the association between matching the 

gender of the provider to that of the patient and higher follow-up uptake. The female data 

collector who provided discharge counseling to women obtained a higher return to care 

than her male counterparts. We attribute this concept to other factors such as patient 

preferences, cultural norms, or communication styles. This finding suggests that gender-

matching between data collectors and patients may be an essential factor to consider 

when designing interventions to improve return to care among female patients. This 

finding is supported by previous studies in psychology that demonstrated gender-

matching within the therapeutic initiatives to improve growth in the therapeutic alliance 

and adhesion to treatment (Behn, Davanzo, & Errázuriz, 2018; Bhati, 2014). Further 

research should be conducted to explore the underlying reasons for this gender-based 

difference in return to care. 

Our study found that the likelihood of returning for follow-up reduces as transport 

costs rise because women’s residences are farther away or in hard-to-reach areas. This 

disparity was also highlighted by Zafar and colleagues (2013) in their study on disparity 

in access to care. In LMICs, people with low incomes, those living in rural areas, and 

those marginalized are the most disadvantaged in accessing care. As such, these people 

face a greater risk of being lost-to-follow-up. Lost-to-follow-up in surgical care increases 

morbidity and mortality burdens. For example, post-operative complications such as SSI 

go unchecked and results in complex and deep SSI with poor outcome and, to some 

extent, death (Casper et al., 2018; Jenks et al.,2014). Strategies to increase follow-up 

rates comprise decentralized follow-up, including community-based telemedicine-guided 

SSI diagnosis. Existing studies suggest that decentralizing this follow-up at the nearest 

health facility is also viable. However, these decentralized services are still financially and 

physically demanding for the health system and the patient (Cobos et al., 2017; Powell et 
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al, 2021). The study by Western and colleagues (2016) suggests that the population from 

these hard-to-reach areas suffers from social and economic vulnerability, mainly due to 

unemployment, poor infrastructure, and disadvantaged settings. 

Further, in our findings, uninsured women have significantly fallen into the lost-to-

follow-up category. We attribute this failure of patients without health insurance to this 

economic vulnerability and unaffordable out-of-pocket expenses incurred at the hospital, 

discouraging them from returning to follow-up clinics. Previous studies demonstrated that 

lack of health insurance has a negative effect on utilization of health services (Atake, 

2020; Spaan et al., 2012). The patients in Ubudehe category 2 face greater risk of lacking 

health insurance because they are not subsidized by the government and yet belong to 

low wealth quintile (Mukangendo et al., 2019). Subsequently, uninsured people are 

vulnerable to impoverishing expenditures. This scenario appears to be a vicious cycle of 

lack of health insurance and impoverishment by medical as determined by other studies 

(Atake, 2018).  

This thesis identified areas for improvement for effective environment of 

telemedicine implementation. We found a few cases in which the cellular network 

connection hindered the transmission or reception of communication between the study 

CHW and GP. This challenge resulted in delays in receiving feedback on SSI diagnosis. 

The same challenge hampered a non-negligible proportion of the study participants from 

receiving our reminder call and subsequently missing their appointments. Other studies 

in SSA (Kachieng'a, 2011; Nsor-Anabiah, Udunwa, & Malathi, 2019) faced these 

challenges and recommended that in rural communities, universal network coverage is 

necessary to deliver mHealth benefits (Nsor-Anabiah, Udunwa, & Malathi, 2019). Better 

coverage of mobile phones is expected to increase the number of patients reached by 

reminders. In Rwanda, we note a promising improvement. For example, there has been 

an increase in phone ownership in rural areas from 54% in 2014 to 67% in 2019 and 

nationally from 60 to 71% (NISR 2015; NISR, 2021). In addition to sufficient mobile 

penetration, an established CHW network with reliable communication infrastructures is 

required for mHealth interventions' scalability. In our study in rural Rwanda, this mHealth 

intervention was successfully implemented by CHW. How integrated CHW home visits 
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with primary care are in Rwanda's health system contributed to how well patients 

accepted the mHealth-CHW intervention and to the overall success of this intervention.   

 

4.2 Policy implications and recommendations 

 

Our findings lead us to recommend essential policy actions to be implemented to 

optimize caesarean patients’ post-discharge follow-up and outcome. These include 

appointment reminder notifications, implementing CHW-led telemedicine intervention, 

and targeted supports for women at risk of lost-to-follow-up. 

 

4.2.1 Reminder notifications on the eve of the scheduled follow-up clinic 

 

We found was higher post-discharge follow-up compliance among women who 

received a reminder call on the eve of the follow-up appointment. Several interventions 

have been tested to improve adherence to follow-up care. One intervention identified is 

reminder SMS notifications, which have been shown to be effective at increasing client 

return visits (Bauer et al., 2021; McLea et al., 2014). It may be more effective when the 

reminder includes more details such as date, time, and location and include information 

on the benefits of screening and the recommended screening intervals (McLea et al. 

2014). Implementing reminder call initiative can be burdensome and challenging in 

settings with unreliable networks. We recommend alternatives with similar effects, such 

as sending SMS reminder notifications on the eve of the scheduled clinic. As a result, 

those who would otherwise not be accessible during the time of the call would be reached. 

Additionally, if healthcare providers are overburdened, setting up an automated SMS 

notifications can be less stressful (Robotham et al, 2016). 
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4.2.2 Telemedicine implementation by CHW with GP assistance 
 

Our study found that CHW can successfully implement the telemedicine with 

remoted GP-guided SSI diagnosis. There is a conducive environment to implement such 

innovative approach to follow-up on women who undergo CS. We highlighted the 

integrated, respected, and trusted CHWs who usually conduct home visits to provide 

primary health and maternal and children health services. We find this CHWs network as 

an opportunity for scaling up the mHealth-CHW intervention. However, before scaling up 

this mHealth-CHW intervention, the cellular network penetration should be improved to 

provide reliable communication infrastructures in rural areas and the telemedicine 

diagnosis accuracy should be enhanced.   

 

4.2.3 Targeted supports for women at risk of lost-to-follow-up 
 

We found that uninsured women and those spending more than 10 Euro for 

transport to and from hospital have significantly fallen into the lost-to-follow-up category. 

These vulnerable women should also be prioritized for existing social protection programs 

or other empowerment initiatives, such as the maternal health voucher program (Nguyen 

et al., 2012). Furthermore, we make a case that a home-based mHealth-CHW 

intervention for post-discharge follow-up should target these women. 

Our findings of high negative predictive value for telemedicine-based SSI 

diagnosis are beneficial and could help rule out post-discharge SSIs for these women 

without travel hardships. Two facts show the benefit of this finding according to previous 

studies. First, in the rural context, the costs related to follow-up care are prohibitive 

(Nkurunziza et al., 2019). Second, health facilities are understaffed, and subsequently, 

healthcare providers are overwhelmed (Bazirete et al., 2020). Telemedicine can benefit 

patients who would otherwise lack access to post-discharge follow-up care while relieving 

clinicians’ burden (Haleem et al., 2021). This intervention could reduce the number of 

unnecessary post-operative clinic visits (De La Cruz Monroy & Mosahebi, 2019). As a 
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result, it could relieve financial and travel hardships for vulnerable patients as well as 

clinicians' workload. 

 

4.3 Thesis strengths and limitations 
 

This thesis had several strengths. First, the study was population-based, involving 

the local community, and prospectively conducted. The population is important but rarely 

included in studies. The first-hand data collection ensured maximum data quality while 

minimizing missingness. Second, we requested additional data from third parties to 

ensure that all the potential factors of return to follow-up care were accounted for. For 

example, transport costs obtained from PIH/IMB served as proxy of distance from home 

to the hospital and transport requirements. We also obtained from Rwanda Meteorology 

Agency the rainfall data of the study area to analyse the effect of rain on return to follow-

up clinic. Third, the large sample size increases our power to analyse difference in 

outcomes. Finally, the study generated new hypothesis potentially useful for improving 

follow-up care among this patient population. The hypothesis of association between 

discharge counselling of female patients by the female data collector and greater return 

to care is important and worth to explore further.   

The second study had four strengths; the first strength was its innovative approach. 

This was the first of its kind implementing the telemedicine interventions for post-

discharge follow-up of surgical patients in rural Africa. Secondarily, this study introduced 

Wound Screener, a new tool to obtain standardized and high-quality images. Additional 

measures, such as a locally affordable smartphone with high image quality in a context 

of low light housing, were applied to maximize data quality. Thirdly, this community-based 

and prospective study strived to minimized follow-up biases through collaboration with 

local CHW networks. This collaboration helped localise participants at home and achieve 

high follow-up rate.  Finally, it generated new knowledge. The study demonstrated that 

detecting SSI using telemedicine applications is feasible in rural Africa and would improve 

access to follow-up care without the burden of travel while ruling out unnecessary health 

facility visits. 
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This thesis project encountered several limitations. For the first publication, 

generalizing the results is limited because the population of this study was part of a more 

extensive study whose participants received additional services to promote their return to 

the follow-up clinic. Nonetheless, the hypotheses generated in this study are pertinent to 

the general population. Further studies are needed to explore the situation further and 

determine the impact those add-on services have on the return to follow-up care. In 

addition, there are likely other possible enablers or barriers not considered in this study, 

such as geographic landscape and location, patient motivation, and influence from 

husbands, families, or peers. Notwithstanding, we believe that proxy for home-to-hospital 

distance and transportation requirements as designed by PIH/IMB was a reasonable 

alternative to transport hardship variables. Furthermore, the ratio of male to female data 

collectors was 4:1 leading to proportionately fewer women being counseled by the female 

data collector. Even so, the study generated hypothesis that discharge counseling by the 

same gender data collector is associated with a greater return to follow-up. 

The main limitation of the telemedicine study was that an SSI diagnosis was based 

on a physical examination conducted by a GP instead of swabbing or cultured fluids to 

isolate pathological organisms. This approach is the standard practice in Rwanda due to 

the lack of required laboratory infrastructure at a district hospital. Although this diagnosis 

may be subject to bias, the GP diagnosis is a suitable gold standard in this context. 

Further, SSI prevalence declined from 10.9% to 5.4% at Kirehe District Hospital, making 

SSI cases lower than expected and negatively affecting the precision in our sensitivity 

estimates. Another limitation is that the telemedicine screening was conducted a day 

before the physical examination. Although the wound might have significantly changed 

during that time, even for an SSI to develop, we believe that, by having all follow-up visits 

by a GP within one day of the telemedicine diagnosis, the SSI status or wound 

appearance may have changed minimally. Further, the study findings are limited to the 

population from SSA with black skin, so the results may not be generalized to other types 

of skin colours.  
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4.4 Future studies 
 

This dissertation generated new hypothesis and research questions worth 

exploring. First, we suggest that it may have been difficult for GPs to accurately diagnose 

SSI despite our best efforts to obtain high-quality and standardized wound images. To 

this end, we strongly suggest to future researchers to include clinical data and wound 

photos to increase telemedicine-based SSI sensitivity. This was demonstrated by other 

studies elsewhere (Sanger et al.,2017; Sawyer, Evans, & Hedrick, 2019). Another 

strategy to explore is tracking wound change over time by examining wound images taken 

at different times after surgery. Further, artificial intelligence, especially machine learning, 

can be used to develop algorithms that allow for automated SSI, provided they are fed 

with wound pictures. This technology has many benefits, including high sensitivity and 

reduced workload for healthcare providers (Fletcher et al., 2019). 

Second, the discharge counseling by a female data collector had a higher return 

to follow-up care than her male counterparts. Therefore, this hypothesis of an association 

between discharge counseling by the same gender provider and a greater return to follow-

up is worth further exploring. Reasons behind this finding are unclear and warrant further 

studies. 
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CHAPTER 5: CONCLUSIONS 

 

This dissertation identified challenges to post-CS follow-up and provided evidence 

on feasibility of CHW-led telemedicine implementation to address these barriers. We 

found that an overall high return to follow-up was achieved in this study population. 

mHealth interventions such as participant reminders via phone calls may contribute to 

their return for post-discharge follow-up. Therefore, healthcare services should consider 

implementing reminder calls and other adaptations to improve patient engagement and 

outcomes.  Furthermore, we make a case for decentralizing follow-up care to the 

community level to reach those at risk of lost-to-follow-up or facing hardship to return to 

follow-up care.  To this effect, a CHW-implemented telemedicine intervention could 

benefit both patients and healthcare providers for post-discharge follow-up in rural 

Rwanda. Though the telemedicine-based SSI diagnosis had low sensitivity, its high 

negative predictive value is essential to rule out SSI and relieve the burden of 

unnecessary return to a health facility. Alternatively, this intervention would guide the 

selective return based on likelihood of SSI for early diagnosis and treatment.  Travel costs 

and lack of insurance negatively impacted those lost-to-follow-up. These barriers reflect 

the need for decentralizing follow-up care and more financial support such as voucher 

program to those vulnerable.  
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