
 

 
Family supplemented patient monitoring:  

An intervention to prevent failure to rescue after 

surgery in Ugandan hospitals 

 

 

 

A thesis submitted in partial fulfilment of the requirements of the degree 

of Doctor of Philosophy 

 

 

Adam Hewitt Smith 

William Harvey Research Institute 

Faculty of Medicine and Dentistry  

Queen Mary University of London 

 

 

 

 



  

    
 

ii 

Declaration 

I, Adam Hewitt Smith, confirm that the research included within this thesis is my own work or that 

where it has been carried out in collaboration with, or supported by, others that this is duly 

acknowledged below, and my contribution indicated. Previously published material is also 

acknowledged below.  

 

I attest that I have exercised reasonable care to ensure that the work is original and does not to the 

best of my knowledge break any UK law, infringe any third party’s copyright or other Intellectual 

Property Right, or contain any confidential material.  

 

I accept that the College has the right to use plagiarism detection software to check the electronic 

version of the thesis.  

 

I confirm that this thesis has not been previously submitted for the award of a degree by this or any 

other university.  

 

The copyright of this thesis rests with the author and no quotation from it, or information derived 

from it may be published without the prior written consent of the author.  

 

Signature:  

 

 

 

Date: 10th June 2025  

 

  

Adam Hewitt-Smith
redacted



  

    
 

iii 

Details of collaborations and publications  

Hewitt Smith A, Bulamba F, Nanimambi J, Adong LR, Emacu B, Kabaleta M, Khanyalano J, 

Maiga AH, Mugume C, Nakibuule J, Nandyose L, Sejja M, Weere W, Stephens T, Pearse RM, 

Family supplemented patient monitoring after surgery (SMARTER): process evaluation of a 

complex intervention in Uganda. Submitted for publication. MedRxiv preprint. 2024 May 25; 

doi:2024.05.24.24307741 

 

Written by Hewitt-Smith, with editorial advice from Stephens and Pearse; manuscript approved by 

all authors. Process evaluation run by Hewitt-Smith. Qualitative analysis guidance from Stephens.  

 

Hewitt Smith A,  Bulamba F, Patel A, Nanimambi J, Adong LR, Emacu B, Kabaleta M, 

Khanyalano J, Maiga AH, Mugume C, Nakibuule J, Nandyose L, Sejja M, Weere W, Stephens T, 

Pearse RM, Family supplemented patient monitoring after surgery (SMARTER): a pilot stepped-

wedge cluster-randomised trial. British Journal of Anaesthesia 2024; 133(4), 846-852 

 

Written by Hewitt-Smith, with editorial advice from Pearse; manuscript approved by all authors. 

Pilot trial run by Hewitt-Smith. Statistical advice from Patel and Pearse. 

 

Hewitt-Smith A, Bulamba F, Olupot C, Musana F, Ochieng JP, Lipnick MS, Pearse RM. Surgical 

outcomes in eastern Uganda: a one-year cohort study. South Afr J Anaesth Analg. 2018; 24(5), 

122–127.  

 

Written by Hewitt-Smith, with editorial advice from Pearse; manuscript approved by all authors. 

Data collected by data entrant under guidance of Hewitt-Smith. Analysis by Hewitt-Smith and 

Brennen Kahan with guidance from Pearse.   



  

    
 

iv 

Publications not included in this thesis  

Torborg A, et al. Outcomes after Surgery for Children in Africa a Fourteen-Day Prospective 

Observational Cohort Study (ASOS-Paeds). The Lancet. 2024 Apr 13;403(10435):1482-1492 

National lead for Uganda 

 

Bulamba F, Connelly S, Richards S, Lipnick MS, Gelb AW, Igaga EN, Nabukenya MT, Wabule A, 

Hewitt-Smith A. A Cross-Sectional Survey of Anesthetic Airway Equipment and Airway 

Management Practices in Uganda. Anesth Analg. 2023 Jul 1;137(1):191-199. 

 

Kluyts HL, Bedwell GJ, Bedada AG, Fadalla T, Hewitt-Smith A…..Pearse R, Biccard BM. 

Determining the Minimum Dataset for Surgical Patients in Africa: A Delphi Study. World J Surg 47, 

581–592 (2023).  

 

Bedwell GJ, Dias P, Hahnle L, Anaeli A, Baker T, Beane A, Biccard BM, Bulamba F, Delgado-

Ramirez MB, Dullewe NP, Echeverri-Mallarino V, Haniffa R, Hewitt-Smith A……Stephens TJ. 

Barriers to Quality Perioperative Care Delivery in Low- and Middle-Income Countries: A Qualitative 

Rapid Appraisal Study. Anesth Analg. 2022 Dec 1;135(6):1217-1232. 

 

ASOS-2 Investigators. Enhanced postoperative surveillance versus standard of care to reduce 

mortality among adult surgical patients in Africa (ASOS-2): a cluster-randomised controlled trial. 

Lancet Glob Health. 2021 Oct;9(10):e1391-e1401. National lead for Uganda 

 

Law TJ, Subhedar S, Bulamba F, O'Hara NN, Nabukenya MT, Sendagire C, Hewitt-Smith A, 

Lipnick MS, Tumukunde J. Factors affecting job choice among physician anesthesia providers in 

Uganda: a survey of income composition, discrete choice experiment, and implications for the 

decision to work rurally. Hum Resour Health. 2021 Jul 28;19(1):93. 

 



  

    
 

v 

B.M. Biccard, The African Peri-operative Research Group (APORG) working group. Priorities 

for peri-operative research in Africa. Anaesthesia. 2020;75 (S1):e28-e33 

 

Law T, Bulamba F, Ochieng JP, Edgcombe H, Thwaites V, Hewitt-Smith A,… Lipnick MS, Global 

Anesthesia Workforce Study Group. Anesthesia Provider Training and Practice Models: A Survey 

of Africa. Anesth Analg. 2019;129(3):839-846 

 

Bishop D, Dyer RA, Maswime S…..ASOS investigators. Maternal and neonatal outcomes after 

caesarean delivery in the African Surgical Outcomes Study: a 7-day prospective observational 

cohort study. Lancet Glob Health. 2019 Apr;7(4):e513-e522. Hospital lead for original ASOS 

study. 

 

Bulamba F, Sendagire C, Kintu A, Hewitt-Smith A, Musana F, Lilaonitkul M, Ayebale E, Dubowitz 

G, Kituuka O, Lipnick MS. Feasibility of Simulation-Based Medical Education in a Low-Income 

Country: Challenges and Solutions from a 3-Year Pilot Program in Uganda. Simul Healthc. 2019 

Apr;14(2):113-120.  



  

    
 

vi 

Short abstract  

Background: Patients who have surgery in Uganda are twice as likely to die compared the global 

average, despite being younger and fitter. Most deaths happen on the hospital wards after surgery 

following post-operative complications. There is limited evidence of ways to reduce this ‘failure to 

rescue’ in these settings. Interventions that utilise existing resources such as family members need 

to be developed and explored further.   

 

Methods: This thesis includes a systematic review, one-year observational cohort study, stepped-

wedge cluster randomised controlled trial, and concurrent mixed methods process evaluation 

which together describe the development and testing of a complex intervention to deliver family 

supplemented patient monitoring after surgery at the Mbale Regional Referral Hospital in Uganda. I 

compared the total number of sets of vital signs using an incident rate ratio and used logistic 

regression to analyse mortality after surgery. Qualitative data were analysed with a deductive 

approach using the consolidated framework for intervention research. 

 

Results: 93/4773 (2.0%) patients having surgery died before hospital discharge. This rises to 

68/304 (22.4%) for patients undergoing elective or emergency laparotomy. 73/83 (88.0%) of these 

deaths occur on the postoperative wards. During the SMARTER pilot trial of 1395 patients in four 

hospital wards, the median (IQR) number of sets of vital signs monitoring per three-day study 

period in the usual care group was 0 [0-1] compared with 3 [1-8] in the intervention group, where 

family members supplemented vital signs monitoring of patients after surgery (Incident rate ratio: 

12.4 [8.8 to 17.5], p=<0.001). My process evaluation identified both positive factors influencing the 

intervention such as the ‘relative advantage’, and negative factors such as the ‘available 

resources’, ‘culture’ and ‘compatibility’.  

 

Conclusions: Family supplemented patient monitoring results in significantly higher rates of vital 

signs monitoring for patients after surgery. This intervention was successfully implemented in a 

low-resource regional hospital in Uganda 
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Scientific summary  

Background 

Patients who have surgery in low-resource countries such as Uganda are twice as likely to die 

compared to those in high-resource settings, despite being younger and fitter, and despite similar 

rates of complications. In the majority of cases, ‘failure to rescue’ (death following a complication) 

happens on the postoperative wards. In this thesis, I describe available evidence for interventions 

to address failure to rescue in low- and middle-income countries (LMICs), outcomes after surgery 

at a regional hospital in eastern Uganda, the development of an intervention using family members 

to improve patient monitoring after surgery and its testing in a stepped wedge cluster randomised 

pilot trial with a concurrent process evaluation.  

 

Interventions to reduce failure to rescue after surgery in LMICs: a systematic review 

I conducted a systematic review of the literature following PRISMA guidelines to identify existing 

evidence using the search constructs [surgery] AND [LMIC] AND [failure to rescue]. A total of 99 

articles were identified which after title, full text and abstract screening left four articles to be 

included in my qualitative synthesis. Articles were appraised for quality using the mixed methods 

appraisal tool (MMAT). A narrative synthesis was conducted to assimilate the identified evidence. 

Three of the four articles described the same trial to improve postoperative surveillance after 

surgery in Africa. This trial did not ultimately lead to improved outcomes. The fourth described the 

impact of enhanced critical care services on failure to rescue in Kenya.  

 

Outcomes after surgery at Mbale Regional Referral Hospital 

I conducted a one-year cohort study of all patients undergoing surgery between October 2016 and 

September 2017 at Mbale Regional Referral Hospital in eastern Uganda. Demographic data, 

details of surgical procedures and in-hospital outcomes censored at 30 days were captured using 

an electronic database. Additional details were captured for a subset of patients undergoing 

caesarean section and laparotomy over a three-month period. Data were summarised descriptively 

using mean (SD) or number (%) as appropriate. The association between four covariates (gender, 
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ASA score, surgical specialty, and urgency of surgery) and 30-day, in-hospital mortality using a 

multivariable logistic regression model was also assessed. 4773 patients underwent 4878 

procedures. Patients missing hospital outcomes (8/4773, 0.2%) and re-operations were excluded 

from the final analysis. The commonest surgical procedure was caesarean section (2634, 55.3%) 

followed by laparotomy (304, 6.4%). A total of 93 (2.0%) patients died before hospital discharge, 

Children less than five years, patients with a higher ASA score and those undergoing emergency 

surgery were more likely to die. 73/83 (88%) of deaths happened after surgery on the 

postoperative wards.  

 

Family supplemented patient monitoring after surgery (SMARTER): a stepped wedge cluster 

randomised pilot trial 

I used an iterative approach to develop a complex intervention training family members to 

supplement patient monitoring after surgery. I then ran a stepped-wedge cluster randomised trial of 

an intervention training family members to support nursing staff to take and record patients’ vital 

signs every four hours after surgery. Adult inpatients across four surgical wards (clusters) at Mbale 

Regional Referral Hospital were included. Clusters crossed from routine care to the SMARTER 

intervention at monthly intervals. Primary outcome was frequency of vital signs from arrival on the 

postoperative ward to the end of the third postoperative day. We enrolled 1395 patients between 

April and October 2021. Mean age was 28.2 (SD 12.8) years and 85.7% were female. The 

commonest surgical procedure was caesarean section (74.8%). Median (IQR) frequency of vital 

signs over the three-day period increased from 0 (0-1) in control wards to 3 (1-8) in intervention 

wards (incident rate ratio, 12.4; 95% confidence interval (CI), 8.8-17.5; p=<0.001). 6/718 (0.84%) 

patients died in the usual care group versus 12/677 (1.77%) in the intervention group (Odds ratio, 

1.32; 95% CI, 0.1 – 14.7; p=0.821). There was no difference in length of hospital stay between the 

groups (usual care: 2 (2-3) days vs intervention: 2 (2-4) days (hazard ratio, 1.11; 95% CI, 0.84 - 

1.47, p=0.44)).  
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A mixed methods process evaluation of the SMARTER pilot trial 

I conducted a mixed methods process evaluation concurrent to the SMARTER pilot trial to provide 

contextual understanding of my intervention delivery. Data sources included field notes from a 

research team diary and focus group discussions. Deductive analysis used the consolidated 

framework for implementation research. Quantitative data evaluating the efficacy of family 

members recognising abnormal vital signs and reporting them to nursing staff were collected 

following a prespecified intervention review held after two months. Focus group discussions were 

conducted with 16 nurses and research assistants. Field notes included 88 episodes documented 

throughout the trial in a research team diary. Quantitative data were collected in the final 397 

patients following ethics amendments. Intervention facilitators included: relative advantage, inner 

context factors including tension for change and relative priority, and individual characteristics 

centred around knowledge and beliefs. Available resources, culture, and compatibility were 

identified as important barriers, with a smaller negative influence from self-efficacy and intervention 

complexity. Family members recognised 91.3% (42/46) of abnormal sets of vital signs and 

communicated 100% (42/42) of these to a member of the nursing or medical team. The team 

responded 90.5% (38/42) of the time.   

 

Summary 

Outcomes in eastern Uganda suggest there are gaps in warded-based postoperative care leading 

to the higher mortality rates seen following surgical complications in this setting. Published 

evidence describing effective interventions to reduce failure to rescue in low-resource settings is 

currently very limited. Complex interventions implemented in healthcare environments need to take 

into context the positive and negative influences that may affect effectiveness. I have shown that 

family member supplemented vital signs monitoring substantially increased the frequency of vital 

signs after surgery and that novel interventions such as this involving family members, have the 

potential to positively impact patient care.  
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Plain English summary  

Introduction 

Research has shown us that patients who have surgery in hospitals in Africa are younger and fitter 

than equivalent patients in countries with more resources, but despite this, they are twice as likely 

to die. Almost all of the patients who die after surgery, do so on the wards following development of 

a complication after their operation. In my thesis, I describe the patients undergoing surgery at a 

regional hospital in eastern Uganda and how my idea to involve family members in the care of their 

patients after surgery developed. I then share the results from my study testing whether this idea 

works and factors affecting its success.  

 

Do we already know how to reduce numbers of deaths after surgery in countries such as Uganda? 

I ran a detailed search of articles that have previously been published in scientific journals to 

identify any known ways to reduce the number of deaths after surgery. Out of the 99 articles I first 

identified, only four included information that I was looking for and of these, three described the 

same research project in Africa. This told me that there is currently very little evidence to guide us 

how to reduce deaths after surgery in countries such as Uganda. 

 

Outcomes after surgery at Mbale Regional Referral Hospital 

Between October 2016 and September 2017, I conducted a study of all patients undergoing 

surgery at Mbale Regional Referral Hospital in eastern Uganda. I collected data that allowed me to 

describe who the patients undergoing surgery in this hospital are, and what happens to them 

afterwards. Out of the 4773 patients who had surgery, the commonest operation was caesarean 

section for pregnant mothers (2634, 55.3%), followed by surgery on the abdomen (304, 6.4%). A 

total of 93 (2.0%) patients died before they were sent home from hospital. When I looked at 

characteristics that were more common in patients who died after surgery, I found that children 

less than five years and those undergoing emergency surgery were more likely to die. Most 73/83 

(88%) of the deaths happened on the wards after surgery.  
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Family supplemented patient monitoring after surgery (SMARTER): a stepped wedge cluster 

randomised pilot trial 

I developed a project to train family members to supplement the patient monitoring after surgery 

that is usually done by nurses. I then tested this with adult patients across four surgical wards at 

Mbale Regional Referral Hospital. The study design meant I introduced family supplemented 

monitoring to one new ward each month. I was testing to see how many times vital signs were 

taken in the three days after surgery and whether this changed when family members 

supplemented the nurses’ monitoring. We included 1395 patients between April and October 2021. 

The average age was 28.2 years and 85.7% were female. The commonest surgical procedure was 

caesarean section (74.8%). The number of vital signs over the three-day period increased from 0 

in wards before family supplemented monitoring, to 3 when family members supplemented the 

nurses monitoring. This was 12 times higher following the introduction of my intervention. There 

was no significant difference in the number or deaths, or length of hospital stay between the two 

groups. 

 

A mixed methods process evaluation of the SMARTER pilot trial 

Hospitals are complicated places, and patient care can be influenced by very many different things. 

Things that affect patient care can also affect studies and so when an idea is tested, like we did 

with the SMARTER pilot trial, it is usual practice to run another study at the same time. This study 

is called a process evaluation, and it looks at all of the factors that have had an influence on the 

success or failure of the main idea to improve quality of care. My process evaluation used 

interviews with staff and observations of things that happened to understand these influences. 

When we looked at this information, we saw that there were things that had both positive and 

negative effects on family supplemented patient monitoring. Factors that had a negative influence 

included the available resources, including staff, cultural beliefs and how complicated the 

intervention was. Positive factors included the desire of healthcare staff to change for the better, 

the benefits of the intervention for both staff and the patients, and the knowledge and beliefs of 

people regarding how family supplemented monitoring could help them. The second part of my 

process evaluation checked to see whether family members and staff were doing what we 
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expected of them regarding checking their patients, identifying when they were deteriorating and 

notifying the nursing or medical teams. In the smaller group of patients that we check this, we 

found that family members were behaving as we needed them to.  

 

Summary 

I have identified and developed a way for family members to help the regular nursing staff to 

monitor their patients after surgery. I have done this using a robust process that is recommended 

for the development and testing of ideas such as this. After checking for existing evidence and 

understanding more about outcomes after surgery at Mbale Regional Referral Hospital, I 

developed a method with family members and healthcare workers that could be used on the 

wards. I tested this in a formal pilot study and found significantly higher rates of monitoring patients 

after surgery when family members were involved. I learnt a lot about factors that influenced my 

intervention both positively and negatively. These results and everything that I have learnt during 

this process can now be used to further develop my idea to improve the recognition of patients who 

develop complications after surgery. If we can recognise the patients who are deteriorating earlier, 

we should be able to treat them and reduce the number who die from preventable causes.    
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Statement of contribution  

This thesis utilises several research methodologies to develop and test a complex intervention 

where family members supplement nursing staff vital signs monitoring of their patients after 

surgery. The thesis follows my research journey through this process, starting with an 

observational study looking at outcomes after surgery at Mbale Regional Referral hospital, through 

a literature review, development of the intervention and ending with the testing of that intervention 

in a single-centre stepped-wedge cluster randomised pilot trial and concurrent process evaluation.  

 

I led each of these components of my PhD in Uganda with support from my supervisors and my 

team. My systematic review looking at existing evidence to support interventions to reduce failure 

to rescue after surgery followed. I developed the review methodology including the search strategy, 

conducted the literature review, screened and appraised the results. Ryan Ellis performed the role 

of second reviewer, screening identified articles and performing critical appraisal of the evidence in 

order to validate my work. I wrote the chapter for my PhD including analysis and discussion of the 

results. For my one-year cohort study looking at surgical volumes and outcomes at Mbale Regional 

Referral Hospital, I designed the study and data collection tools. I supervised a research assistant 

who was responsible for collecting data on a daily basis and I validated his data entry. Statistical 

analysis was performed by Brennan Kahan and I, under the supervision of Rupert Pearse. I wrote 

the manuscript which was reviewed and edited by all authors before being published. 

 

I led all aspects of the development of my family supplemented patient monitoring after surgery 

intervention including audits to understand current vital signs monitoring on the wards and the 

iterative testing and revision of the intervention. I interacted directly with stakeholders, including 

family members and healthcare staff to further revise the process. Under the guidance of Rupert 

Pearse, I developed the trial protocol for the SMARTER pilot trial and applied for local and national 

ethics approvals in Uganda. I then ran the study as the local lead investigator with a team of 

research assistants. That team were responsible for the training intervention, data collection and 

data entry under my supervision. I validated the data entry. The statistical analysis plan was 
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developed with guidance from Akshaykumar Patel and Rupert Pearse. I performed the statistical 

analysis which was checked by Akshay. I wrote the manuscript under Rupert’s guidance which 

was reviewed and edited by all authors before publication. 

 

The SMARTER pilot trial process evaluation methods were developed by myself with Tim 

Stephens, who kindly taught me how to perform qualitative research including analysis. To ensure 

the analysis of my qualitative data was performed in accordance with standard practice, both Tim 

and I coded the data independently and then came together to discuss and amalgamate our 

findings. I wrote up the results and drafted the manuscript under Tim’s guidance which was 

reviewed by all authors before publishing as a pre-print. This has been submitted for publication. 
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CHAPTER 1 INTRODUCTION 

 

1.1 Global perioperative care 

2015 was a pivotal year for global surgery and anaesthesia. The World Health Assembly 

resolution 68.15 recognised surgery and anaesthesia as essential components of universal 

health coverage,1 one of the United Nation’s Sustainable Development Goals. In the same 

year, the Lancet Commission on Global Surgery highlighted glaring disparities across the 

world with an estimated 5 billion people lacking access to safe surgery and anaesthesia 

care.2 This focus has seen increasing efforts to document and understand the global burden 

of surgically treatable disease, but as access to accurate data is limited, this task should not 

be underestimated. 

 

1.1.1 The global burden of surgical disease 

Whilst efforts have been made to directly measure the surgical disease burden at a local 

level, with the prevalence of untreated surgical pathology as high as 25% in some 

countries,3 the scale of the global challenge facing us has only recently become apparent. 

The Global Burden of Disease Study is commonly used to quantify disease burden and 

influence policy and research agendas. It began in 1990 and has seen multiple revisions 

over the years with an increasing breadth of coverage. Despite this, surgical conditions or 

diseases that are amenable to surgical treatment have not been grouped together, nor listed 

independently because focus is placed on disease causes and not management needs. This 

has led to them being hidden within other disease categories such as infectious diseases 

and chronic health conditions. In 2006, an expert opinion was published describing 11% of 

the overall global burden of disease to be treatable by surgery but this is likely to be a 

significant underrepresentation.4 As part of the work by the Lancet Commission on Global 
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Surgery, surgeons, nurses, internists, anaesthesiologists and public health specialists were 

surveyed. 112/173 (64.8%) of the respondents worked full time or spent time working in low-

income countries. Surgical conditions were estimated to account for 28-32% of the global 

burden of disease.2,5 

 

1.1.2 Access to surgery and anaesthesia in LMICs 

A significant proportion of this burden of surgical disease is not currently being managed. 

Five billion people around the world do not have access to safe, affordable, surgery and 

anaesthesia care and an additional 143 million procedures are required to address unmet 

need each year.2 Access to surgery and anaesthesia care, when needed and with financial 

protection, is disproportionately limited in sub-Saharan Africa, (93% of the population do not 

have access) when compared to higher income regions (3.6%). The greatest unmet need 

exists in western (5625/100,000 population) and eastern (4935/100,000) sub-Saharan 

Africa.  It is estimated an additional 17.5 million additional cases are needed per year in 

eastern sub-Saharan Africa to resolve the unmet need for surgical care, save lives and 

prevent disability.2 Despite the large number, this may still be an underestimate. Global and 

regional estimations were calculated using surgical rates from New Zealand as a baseline. 

As New Zealand’s healthcare population coverage is good, diseases are less likely to 

progress to the stage where they require surgical care. This is in comparison to countries 

with weaker healthcare systems where patients commonly present with advanced disease.  

 

There is clear evidence that investing in systems to improve access to surgical care is cost 

effective.6 This argument has been further strengthened by the COVID pandemic that 

started in late 2019, with correlation between strong surgical services and better pandemic 

response preparedness.7 Disability adjusted life years (DALY) are commonly used to 

compare the economic benefit of interventions, including surgical procedures. One DALY is 

defined as the loss of the equivalent of 1 year of life at full health.8 In low- and middle-
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income countries (LMICs), including in Africa, median cost effectiveness ratios of caesarean 

sections ($315.12 per DALY) and orthopaedic surgery ($381.15 per DALY) are more 

favourable than those of medical treatment for ischaemic heart disease ($500.41 - $706.54 

per DALY) and HIV treatment with multidrug antiretroviral therapy ($453.74 – $648.20 per 

DALY).6 Of course, cost effectiveness is not the only argument that supports the case for 

investment in surgical services. As we move towards 2030, the global target of Universal 

Health Coverage includes the provision of emergency and essential surgical interventions. 

Without these, equitable healthcare coverage is not possible. In settings where patients are 

forced to make catastrophic out of pocket expenditure, equitable access to affordable 

surgical and anaesthesia care cannot be achieved.9  

 

Many countries have recognised the need to improve access to surgical and anaesthesia 

care. They have developed national surgical, obstetric and anaesthesia plans (NSOAP) with 

increased allocation of resources to implement improvements.10 The first plans from 

countries such as Ethiopia and Tanzania have now been reviewed and important lessons 

integrated into revised plans.11 Developing an NSOAP that is achievable and realistic 

requires a series of steps including a data driven situational analysis and baseline 

assessment.12 Better epidemiological data describing current surgical activity and patient 

outcomes is urgently needed to support these processes. In particular, it is increasingly 

recognised that improving access to surgical care alone is not enough. Surgery is invasive 

and despite what may be good intentions, the potential absence of tools and resources for 

safe surgery in low- and middle-income countries can lead to preventable deaths.13 
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1.1.3 Surgical care in Uganda  

Uganda is located in eastern sub-Saharan Africa. It is a landlocked country bordered by 

Kenya to the east, South Sudan to the north, Tanzania, Rwanda and Lake Victoria to the 

south and the Democratic Republic of Congo to the west.  Globally, countries are 

categorised into income levels by the World Bank14 and a country’s income level usually 

influences the availability of resources to spend on that country’s healthcare system. Uganda 

is classified as a low-income country and spends $44 per capita per year on healthcare. This 

compares to $5035 per capita per year in the United Kingdom. Table 1 illustrates other 

Figure 1: Map of Uganda 

Mbale located within red circle. GISGeography, 2024. https://gisgeography.com/uganda-map/#Physical-Map  
(Accessed 4 December 2024). 
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healthcare system level differences between the UK, a high-income country, Uganda and 

two other countries in east Africa, using commonly measured and reported health metrics. 

Specific metrics of surgical care are not routinely available to allow comparison at a country 

level due to a paucity of reported data. However, comparisons have been described in the 

scientific literature in association with specific surgical procedures, for example 

oesphagectomy,15 and entire surgical systems.16  In Uganda, healthcare is provided by a 

combination of government, private-not-for-profit (PNFP) and private facilities of differing 

Table 1. Comparison between health metrics from the United Kingdom (high-income), Uganda (low-
income), and other countries in east Africa including Rwanda (low-income) and Kenya (lower middle-
income). 
 

 United Kingdom Uganda Rwanda Kenya 

Current GDP per capita 
(2022, US$) 45,935.9 963.1 975,5 2,109.6 

Current health expenditure 
per capita (2022, US$) 5,035.2 44.2 76.9 90.4 

Current health expenditure 
(2022, % of GDP) 11.1 4.4 7.9 4.3 

Maternal mortality ratio (per 
100,000 live births) 13 189 234 155 

Under-5 mortality rate (per 
1000 live births) 5 41 41 41 

 

Figure 2. Health facility levels in Uganda 
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levels (Figure 2). Surgical care is provided at Health Centre IVs (HCIV), District hospitals 

(DH) and Regional and National Referral Hospitals. Previous published data captured data 

for public hospitals serving 64% of Uganda’s population and described an annual surgical 

volume of 144.5 cases per 100,000 people per year.17 The global target for the sustainable 

development goals, to be achieved by 2030, is 5000 procedures per 100,000 people.2 The 

volume of surgical procedures in the UK for comparison is >12,000 per 100,000 people per 

year.18  

 

1.1.4 Mbale Regional Referral Hospital 

Mbale is a city in eastern Uganda, approximately five hours drive away from the capital city 

Kampala (see Figure 1). The main government hospital in the city, Mbale Regional Referral 

Hospital, provides specialist care for a population of over 4.5 million people spread over 

three sub-regions - 16 districts and a city. The referral system sees the Regional Referral 

Hospital receiving patients from six district hospitals, 20 Health Centre IVs and many smaller 

health centres and private clinics.  

 
Figure 3. Mbale Regional Referral Hospital 
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The Regional Referral Hospital has 470 inpatient beds with surgical, maternity, psychiatry, 

paediatric, neonatal and internal medicine inpatient units. It has 16 specialists (11% of the 

official staffing norms) and 164 nurses. The surgical specialists include four general 

surgeons, two orthopaedic surgeons, one ophthalmologist and five 

obstetrician/gynaecologists. Surgical wards consist of open ‘nightingale style’ wards 

separated for males and females (Figure 4).   

 

Figure 4. General surgical ward at Mbale Regional Referral Hospital 
 

 

 

The limited human resources mean that it is not possible to access a surgical specialist for 

emergency surgical care 24/7. Anaesthesia care is provided largely by 5 employed non-

physician anaesthesia providers, supplemented by recently graduated anaesthesia students 

who cover six operating rooms across four separate locations. The obstetric theatre (1 room, 

Image redacted for confidentiality reasons 
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Figure 5) is staffed 24/7 but the main operating theatres (3 rooms) have no anaesthesia 

cover overnight. Anaesthesia cover for the private wing and ophthalmology units are 

provided when needed and available. Intensive care services are now provided as part of a 

surgical high dependency unit by a volunteer anaesthesiologist and two anaesthesiologist 

lecturers from the twinned teaching university, Busitema University.  

 

Figure 5. Obstetric operating theatre at Mbale Regional Referral Hospital 

 

Institutional barriers to the provision of surgical care are often complex. At Mbale Regional 

Referral Hospital, the supply of oxygen is very variable. A mix of oxygen concentrators and 

oxygen cylinders meet some of the hospital’s needs, but the oxygen plant used to fill 

cylinders commonly breaks down requiring the hospital to find scarce resources to pay for 

transport to take 200 cylinders to the capital city six hours away for filling. Essential 

equipment required for safe surgical and anaesthesia care is either absent or commonly 

develops faults that require biomedical engineering support to repair. The single biomedical 

engineering workshop in the region does not have the budget for the spare parts that are 
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required, resulting in equipment such as diathermy or patient monitors sitting unused in the 

corner of the operating rooms.  

 

These limited resources exist throughout the hospital. In Mbale Regional Referral Hospital, 

perioperative care is provided on four main surgical wards. Two are dedicated to general 

and orthopaedic surgery and two are mixed obstetric and gynaecology wards. As we have 

seen, Figure 4 illustrates a typical inpatient ward in the hospital. Nursing staff number a 

maximum of two nurses on duty during the day and one at night resulting in a patient to 

nurse ratio as high as 40:1 on the surgical wards. In other wards for example the neonatal 

unit the patient to nurse ratio can be double this at 80:1. Care in the hospital is free but there 

are frequent stock outs of almost all consumables and medicines. Patients and their family 

members have to buy supplies that are out of stock from private pharmacies in the town. 

This can include everything from surgical gloves and sutures to antibiotics and iv fluids. 

 

Figure 6. Main operating theatre, Mbale Regional Referral Hospital 
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1.2 Perioperative morbidity and mortality in Africa 

Despite the Lancet Commission on Global Surgery recommendation to use perioperative 

mortality rates as an indicator to describe the state of a country’s surgical system, routine 

reports detailing patient outcomes after surgery in low-income countries are limited in 

number. Globally, very few countries routinely report surgical volume and even less report 

mortality and complication rates.19 This is compounded by a lack of a standardised approach 

for reporting outcomes after surgery. In most reports from LMICs, the commonest definition 

uses in-hospital deaths following surgery as the numerator and the number of operative 

patients as the denominator but there is huge heterogeneity.20 

 

1.2.1 Complications after surgery in Africa 

Complications after surgery can have catastrophic consequences leading to long-term 

morbidity and impacting on recovery times and length and cost of stay in hospital. Each 

year, 33 million individuals globally face catastrophic health expenditure due to payment for 

surgery and anaesthesia and the majority of these are from LMICs.2 The role that 

complications play in defining outcomes after surgery in Africa is less clear. Their frequency 

varies, with differing rates described across the surgical disciplines and across country 

income groups. In the ASOS study, overall complication rates of 13.4% in African patients 

undergoing elective surgery were similar to those after surgery in a global cohort 

(International Surgical Outcomes Study in 27 low- middle- and high-income countries).21 

Other multi-centre, international cohort studies also report similar complication rates 

between HICs and LMICs.22 

 

This may be explained in part by the distribution of complications. Surgical site infections 

after gastrointestinal surgery occurred at significantly higher rates in countries with low 

human development index in a Global Surg multicentre cohort study including 12,539 

patients published in 2018.23 This finding is replicated across multiple studies and literature 
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reviews following neurosurgery, caesarean section and other surgical procedures.24-27 

Published literature on cardiovascular complications after surgery in Africa is very limited. In 

the ASOS cohort, they occurred in 1% of patients compared to 4% of patients in the global 

ISOS cohort.21,28 As patients in Africa who undergo surgery are younger and fitter, it is not 

surprising that cardiovascular complication rates are lower.  

 

1.2.2 Mortality after surgery in Africa 

The African Surgical Outcomes Study (ASOS) describes mortality rates following all surgical 

procedures in centres across 25 African countries. In 11,193 patients undergoing surgery in 

this prospective observational study, the first of its size and kind in Africa, the mortality rate 

after surgery was 2.1% (Figure 7).28  

A pragmatic study design allowed participation from 247 hospitals with a practical numerator 

of in-hospital mortality, censored at 30 days. The ASOS study combines all surgery types to 

generate an overall mortality rate after surgery but in most literature reports, mortality rates 

after surgery in Africa are procedure specific and display significant disparities between 

Figure 7. Surgical mortality following elective surgery in HICs, LMICs and African countries 
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countries. A systematic review of perioperative mortality rates in LMICs in 2018 found 

pooled, procedure specific mortality rates after surgery ranging from as low as 0.1% for 

appendicectomy and caesarean section to 20-27% for typhoid intestinal perforation.29 In 

countries with a low human development index, including from Africa, overall 30-day 

mortality after intraperitoneal surgery was 8.6%. This increased to 17.3% for midline 

laparotomies.30 The same group led a large prospective cohort study of patients undergoing 

surgery for primary breast, colon or gastric cancer in 2018 and 2019. In LMICs, their 

reported 30-day mortality rates were 0.4% for breast cancer, 7.0% for colorectal cancer and 

10.1% for gastric cancer.22 In a 14-day prospective observational cohort of paediatric 

surgical patients in South Africa, the in-hospital mortality rate was 1.1%.31 In comparison, a 

multicentre, international prospective cohort study of patients younger than 16 years 

presenting with congenital gastrointestinal abnormalities in low-income countries (LICs) 

shows that mortality rates can be as high as 40%.32  

 

The huge variability in mortality rates across different surgical disciplines makes direct 

comparison between countries and regions in the world difficult. Few published papers 

reporting surgical outcomes incorporate risk stratification into their analysis. Surgery in a 

neonate with gastroschisis, where mortality in LICs reaches 90%,32 is a very different 

statistic to report compared with elective hernia repairs in older children. Mortality rates after 

surgery are reported to be significantly worse in sub-Saharan Africa compared to high-

income settings, but until recently, there has been little published evidence to support these 

assumptions. We now know that patients in Africa who are undergoing surgery are younger 

and fitter than the global average, but despite this, they are twice as likely to die.28 These 

disparities in mortality rates between LMICs and high income countries (HICs) have now 

become clear across all specialties. Mortality after colorectal cancer surgery is three times 

higher in LMICs compared to HICs.22 In paediatric surgery, mortality rates can be as much 

as seven times higher but even this is dwarfed by mortality rates after caesarean section in 

Africa where mothers are fifty times as likely to die following surgery.33 
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1.3 Failure to rescue 

‘Failure to Rescue’ as a concept was first used by Silber and colleagues in 1992. They 

described an association between deaths in patients who developed postoperative 

complications and hospital characteristics, independently from the severity of a patient’s 

illness.34 This observation was reinforced by work looking at data from the American College 

of Surgeons National Surgical Quality Improvement Programme (NSQIP). In this cohort, 

rates of complications were similar in hospitals with both very high and very low mortality 

rates after general or vascular surgical procedures. In contrast, mortality after major 

postoperative complications was much higher in hospitals with higher mortality rates 

suggesting that failure to rescue has an important effect on overall mortality rates.35 In the 

United States of America, failure to rescue is routinely used as a quality of care indicator and 

in the most dramatic examples, for example after pancreatectomy, rates of failure to rescue 

can vary from as low as 4.0% in the lowest mortality hospitals to 50.8% in the highest 

mortality hospitals.36 In Africa, in the ASOS study, 95% of patient deaths following surgery 

occurred on the wards but it is unclear how failure to rescue contributes towards higher 

postoperative mortality rates in this setting.28 With experience from HICs, and knowing that it 

is not possible to prevent all surgical complications, it may be that shifting focus in Africa 

away from the prevention of complications, towards how they are managed, may provide an 

alternative approach to improve surgical outcomes.37,38  

 

1.4 What causes failure to rescue after surgery globally? 

A recent systematic review has described, in detail, the literature from HICs surrounding the 

root causes that lead to failure to rescue a deteriorating patient.39 A total of 52 studies were 

reported in the final qualitative analysis, with results grouped into three major stages that 

together, commonly lead to failure to rescue. These three critical steps in the pathway that 

may eventually lead to a patient’s death include: a failure to identify the deteriorating patient 

(recognise), a failure to communicate information about the patient’s deterioration (relay) and 
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a failure to react in a timely way (react).40-42 Figure 8 illustrates the ‘chain of survival’ 

involved in the failure to rescue pathway.  

The first two steps come under ‘recognise’ and the last two come under ‘react’. Whilst 

describing failure to rescue in the context of these three stages could be considered a useful 

approach to identify areas for intervention development, when taken in isolation, these three 

steps seem to place the blame for failure to rescue on the shoulders of the healthcare 

providers who are caring for their patients. The reality of course, is much more complex and 

variation in failure to rescue rates is also linked to better hospital structure and quality 

processes, allowing prompt recognition and treatment of severe complications.43  

 

In the following sections I describe factors that contribute to failure to rescue in more detail. 

These can be grouped into patient and hospital related factors. Most evidence comes from 

high-income countries but where possible I have applied this learning to an African context 

using my experience of working in Uganda. 

 

 

 

Figure 8. Failure to rescue 'chain of survival'. 
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1.4.1 Patient factors associated with failure to rescue 

Age 

Mortality, complication and failure to rescue rates are all higher in older patients.44 It may be 

that older patients have a lower physiological reserve to deal with the traumatic nature of 

postoperative complications. Or that older patients also commonly have more co-morbidities 

than their younger cohort. But age alone cannot explain variations in failure to rescue rates 

seen across hospitals caring for older patients. Some hospitals seem to be much better at 

caring for elderly patients who develop complications.44 In LMICs, patients undergoing 

surgery are younger than comparative populations in HICs and they generally have less co-

morbidities.21,28 If failure to rescue rates were directly and solely linked to age then we would 

expect to see less failure to rescue in LMICs. 

 

Advanced nature of disease 

Patients in LMICs tend to present to hospital with disease processes in their advanced 

stages. This is especially true for patients with cancer.33,45 In the GlobalSurg study looking at 

outcomes after cancer surgery there was a strong positive correlation between cancer stage 

and poor outcomes, with higher mortality, complication and failure to rescue rates in this 

population.22 Patients in more advanced stages of their disease are also more likely to 

present in an emergency and failure to rescue rates have been observed to be greater 

following emergency rather than elective surgery.46 

 

Ability of a patient to pay for their medical care 

There is correlation between patients in HICs who do not have health insurance and who are 

therefore unable to afford medical care, and patients in LMICs who are unable to access free 

or affordable health services. Patients from the USA who are uninsured are more likely to 

experience failure to rescue when compared with insured ones.47,48 These socioeconomic 
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disparities are exacerbated in LMICs where as many >31% of the population are likely to 

suffer catastrophic healthcare expenditure following a surgical admission.49 

 

1.4.2 Hospital factors related to failure to rescue (capacity to rescue) 

Healthcare worker to patient ratios 

We know that failure to recognise a deteriorating patient is one of the contributing stages to 

failure to rescue. Patients who end up being admitted to ICU rarely deteriorate suddenly. 

Their decline occurs over hours and in some, over days.50 The nursing and medical teams 

play a crucial role in detecting a patient who is developing a complication after surgery. In 

2007, a systematic review of the literature was conducted to investigate the association 

between registered nurse staffing levels and patient outcomes. Looking at data from 

hospitals in the US, pooled analysis demonstrated consistent evidence that greater nurse to 

patient ratios reduce mortality rates in hospital.51 Studies that were included varied in their 

design making direct association challenging, but the systematic review used statistical tests 

looking at sensitivity, heterogeneity and meta-regression to demonstrate consistency in the 

association they reported. In surgical patients in their cohort, the odds of failure to rescue 

were reduced by 16%. This means one additional registered nurse per patient registered day 

(this is the equivalent of an additional 8 hours of nursing time per patient day) would result in 

26 avoided cases of failure to rescue per 1000 hospitalised patients. There is of course a 

cost implication with this increased staffing ratio and in the US from the same review, this 

was estimated at almost $200 extra per patient day.51 

 

The correlation between nursing care and failure to rescue rates has led to failure to rescue 

bring proposed as a metric for the quality of nursing care.52 The role that staffing levels of 

doctors play in failure to rescue rates has not been studied in as much detail. Hospital 

administrative data from the UK looking at the association of failure to rescue with staffing 

levels including both nurses and doctors.53 Challenges with the way complications after 
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surgery are coded in the UK make traditional analysis of mortality after complications difficult 

to do with routine UK hospital administrative data and so surrogates have been used.54 A 

complication that is recognised late but that is then managed successfully will lead to 

extended lengths of stay (LOS) far outside the norm. Failure to rescue rates can therefore be 

calculated by using patients whose LOS exceeded the norm for their specific type of surgical 

case. In the UK, a larger healthcare workforce resulted in reduced failure to rescue rates 

using this surrogate measure.53 When the role that the ratio of nurses to doctors play on 

failure to rescue were analysed, a high ratio (less doctors per nursing staff) correlated with 

higher failure to rescue rates suggesting that a skill mix with a higher number of doctors may 

play an important role in reducing failure to rescue rates.53 

 

Hospital/surgical volume 

The relationship with mortality rates and surgical volumes is well established although this 

relationship is unlikely to be simple and directly causal.55,56 There is less data describing the 

relationship between failure to rescue rates and surgical volumes. In America, there is not 

much difference in complication rates between high- and low-volume hospitals but there are 

markedly higher failure to rescue rates in low-volume hospitals (30.3% vs 13.1%).57 For 

example, patients undergoing pancreatectomy were 3.2 times more likely to die after 

developing a complication in low-volume hospitals when compared to very high-volume 

hospitals.57 Vascular registry data from Australia, New Zealand, Hungary and the USA have 

shown that failure to rescue rates after intact abdominal aortic aneurysm repair are 

significantly associated with operative volume. Hospitals in the top operative quartile achieve 

the lowest failure to rescue rates.58 This trend is also seen in multiple other surgical 

specialties including neurosurgery,59 liver surgery60 and gastric cancer surgery.61 
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Teaching hospital status 

The impact of the long-standing recognition of failure to rescue in the US as a quality metric 

has led to a significant volume of scientific literature published from data in this region. 

Analysis of almost 2 million Medicare beneficiaries undergoing one of six high risk vascular 

or general operations from the US was conducted by Ghaferi and his colleagues with the 

specific aim of determining the effect of hospital characteristics on failure to rescue. There 

was a significant variation in failure to rescue rates between very high and very low mortality 

hospitals. Hospitals with teaching status were noted to result in lower failure to rescue 

rates.44 This replicates findings by the same team when looking at failure to rescue rates 

after complications following pancreatectomy.62 This factor has also been identified in other 

countries such as Sweden where university hospitals had lower failure to rescue rates 

compared with non-university hospitals63 and the Netherlands.64 

 

Intensive care 

In the Netherlands, intensive care units are classified into levels depending on their staffing, 

capacity and resources. This makes it easy to analyse the impact of these different levels of 

critical care on failure to rescue rates after surgery. In a large study, Henneman et al looked 

at data derived from the Dutch Surgical Colorectal Audit, which prospectively collects a large 

number of variables as part of an ongoing national quality improvement project. This study, 

including more than 25,000 patients from 92 hospitals describes failure to rescue rates that 

were significantly higher in facilities with the lowest level of ICUs (19% vs 16%).64 In his 

analysis of 2 million Medicare patients from the US, Ghaferi and colleagues showed 

hospitals with ICUs of <20 beds were associated with higher failure to rescue rates.44 In 

LMICs, access to critical care facilities is often extremely limited.65 The GloablSurg 

collaborative included consistent access to critical care services as a component of the 

postoperative care infrastructure that they used to compare rates of failure to rescue 

between income country groups.22 They showed an association between these hospital level 

factors, including access to ICU, and failure to rescue.22 Further evidence to support the role 
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that access to ICU facilities plays in failure to rescue rates comes from a recent paper 

published from Kenya. Implementation of a critical care service in a rural hospital resulted in 

a reduction in failure to rescue rates despite an increase in patient complexity and the 

severity of critical illness.66  

 

1.4.3 Workplace dynamics and their impact on recognise, relay and react 

Most of the hospital level factors described so far would be considered as macro-level 

system factors that are often a direct result of the resources available to countries and 

healthcare systems. It is likely however that these factors do not account for all the 

differences in failure to rescue rates that are seen between countries and healthcare 

facilities. Patient factors will certainly play a role but there are also more subtle workplace 

environment dynamics that are likely to influence outcomes.  

 

Recognise 

I have previously described the three stages that contribute to the process of failure to 

rescue. The first, recognition of the deteriorating patient, is usually triggered in hospital by 

the identification of abnormal vital signs, and often using early warning scores based on 

these vital signs.67 Other triggers have also been suggested such as ‘worried or concerned’ 

criteria that allow staff to escalate care even if a patient’s vital signs are normal.68 It is 

commonly nursing staff who spend most of their time on the wards with patients who initially 

recognise a complication. There have been multiple qualitative descriptions of the factors 

that influence nurses’ detection of the deteriorating patient, including several reviews.69-71 

Massey et al describe factors influencing recognition of the deteriorating patient within four 

themes. These include patient assessment, knowledge of the patient, education and the 

environment.69 Vital signs form an integral part of patient assessment and allow nursing staff 

to have an objective measure of the deteriorating patient.72 Variability in a nurse’s level of 

training and patient assessment skills also played a role in influencing detection of 
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deterioration.70 Patient familiarity can result in staff recognising very subtle changes in 

patients. This ‘sixth sense’ or intuition helps nursing staff to recognise deterioration whilst not 

knowing a patient acts as a barrier.72,73 Education has been identified as playing an 

important role in the detection of the deteriorating patient. Nurses who have completed four 

years of training were able to recognise patient deterioration significantly quicker than those 

from a 2-year training programme.74 Ongoing clinical education and skills training also 

enabled nurses to recognise deterioration more quickly.73 The influence of teamwork and 

microsystem factors such as workplace dynamics have been discussed above. Other 

environmental factors such as the availability of patient monitoring equipment is often 

described as an influencing factor, although whether this is in a positive or negative way is 

debated. Some feel that too much reliance on equipment can lead to a failure to carry out a 

holistic assessment of a patient and that staff are hindered by the presence of equipment 

they have not been trained on.73 Chua et al also describe staff that can become 

overwhelmed with workload and fixate on specific parameters as reasons for deterioration 

instead of seeing the ‘bigger picture’.70  

 

Relay 

For a health system to react to complications that occur, information must be relayed. This is 

traditionally from the nursing team to the medical team who are going to respond. Non-

technical skills play an important role during this interaction. Staff with strong leadership 

abilities are more confident responding to the deteriorating patient,75 and delays in 

communication can occur when ward nurses do not know other team members.72 Negative 

emotional responses are one theme that influence how nurses respond to the deteriorating 

patient.69 Fear of being reprimanded, looking stupid or having your credibility threatened can 

all lead to delayed escalation of care.76 Effective communication relies on good working 

relationships with colleagues. The reality is that unequal relationships still exist within a 

healthcare setting where previously, diagnosis and prescribing was limited to the doctors 

alone and nurses were seen as subservient.77 Several studies identify hierarchical barriers 
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such as these as a leading cause of failure to communicate.68,78 Access to support is also 

important. If junior nurses can seek help from their peers or senior colleagues easily, they 

are more likely to respond quickly.  

 

Other reasons affecting the relay of information about deteriorating patients include 

difficulties reaching the intended recipient, for example a doctor on call who needs to be 

phoned in order to deliver the message. In Uganda there are rarely hospital telephone 

systems and hospital budgets for airtime for mobile phones is often very limited. Staff are 

forced to use their personal mobile phones and a commonly a lack of airtime leads to delays 

in making phone calls. Following effective communication, the third stage in the process is 

the response of the appropriate team. This needs to be both timely and effective. In African 

countries, where staffing levels are often very low, it is not uncommon for the senior doctor 

to be caught up in other clinical duties such as in the operating theatre or a clinic when their 

assistance on the ward is needed. This finding is also replicated in HICs such as the UK.79  

 

React 

Following the recognition and relay of information relating to the deteriorating patient, the 

response should be both timely and appropriate. The responding clinical team should 

include staff of appropriate experience and seniority, and the choice of management should 

be correct and implemented effectively within the constraints of the healthcare setting. A 

good example of this process would be the development of an infectious complication such 

as a surgical site infection. Appropriate selection of antibiotics and administration within 

specific time windows has been shown to significantly improve outcomes in patients like this 

who are septic.80 In LMICs, all resources are usually constrained. This includes human 

resources. The Lancet Commission on Global Surgery recommend a density of 20 surgical, 

obstetric and anaesthesia specialists per 100,000 people in the public sector.2 The reality in 

many countries is that specialist workforce densities are very far from this. In Uganda, in 

2016, there were 0.3 per 100,000, just 1.5% of the recommended target.17 From personal 
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experience in eastern Uganda, this lack of specialist workforce leaves a large proportion of 

care delivery on the wards to very junior members of staff with either no or remote 

supervision. These gaps and a lack of leadership leads to a poor quality of care.81 In Burke’s 

review of failure to rescue, the capability of the team responding to a deteriorating patient 

was identified as a barrier to an appropriate response.39  

 

1.5 Interventions to address failure to rescue in HICs 

The literature currently available that describes failure to rescue in LMICs, does not address 

potential interventions to reduce failure to rescue rates. At best it describes some of the 

components that are likely to contribute such as patient factors and hospital factors (for 

example, limited postoperative care infrastructure - consistently available critical care 

services and access to a functional CT scanner).22 Identifying potential interventions relies 

on personal experience and the extrapolation of interventions that have been implemented 

in HICs. In this next section I will describe some of these interventions with a focus on their 

applicability to LMICs. In the Globalsurg paper described above, that looked at global 

variation in postoperative mortality and complications after cancer surgery, it was estimated 

that patient factors contributed towards 60% of the excess mortality seen in LMICs.22 These 

patient factors included variables such as age, sex, performance status, operative risk (ASA 

grade) and urgency of surgery. As these variables are often fixed or very difficult to change, I 

will not discuss them further. National healthcare systems that influence the availability of 

infrastructure resources (access to CT scanners for example) require huge amounts of 

investment to improve at scale. They also fall outside the scope of this review and will not be 

discussed further. Instead, I will focus on potential interventions that may be appropriate to 

help address the 3Rs. 
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1.5.1 Interventions to improve the recognition of the deteriorating patient 

Complications that occur after surgery include infectious complications such as surgical site 

infections, pneumonia and urinary tract infections, cardiovascular complications such as 

myocardial infarctions or arrhythmias and other complications such as bleeding, acute 

kidney injury or anastomotic breakdown. Identifying these early, means they are usually 

more amenable to treatment and have not yet resulted in the severe physiological 

derangement that requires intensive care to correct. In LMICs, intensive care is commonly 

unavailable, especially at a district hospital level where a large proportion of emergency 

surgery occurs.65 This means patients who develop complications that are in their advanced 

stages are often unable to access the resources they need to be treated. An example would 

be a patient developing an acute kidney injury who requires renal replacement therapy. In 

Uganda, renal replacement therapy is unavailable outside the capital Kampala.82 For this 

reason, identifying complications early in these settings is extremely important. Early 

recognition often means before a complication is obviously visible to the untrained eye and it 

is for this reason that monitoring of vital signs should be routine for most patients in hospital, 

particularly in the early period after surgery. Vital signs include monitoring a patient’s 

conscious level, respiratory rate, heart rate, blood pressure, oxygen saturations and 

temperature and in most healthcare settings it is the responsibility of the ward nursing team 

to regularly check, review and document these.83 It is also considered a professional 

responsibility of a nurse to be able to understand the significance of the observations they 

have recorded and if necessary to escalate this.83,84 Despite this, failure to monitor vital signs 

or failure to recognise the significance of these vital signs is one of the contributing factors to 

failure to rescue and may be caused by factors such as clinical inexperience, high workload 

or over confidence.41,85,86 
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There is some evidence that higher rates of nursing surveillance result in significantly 

reduced rates of failure to rescue. In California, increases in numbers of nursing staff, after 

implementation of minimum staffing legislation, led to reductions in failure to rescue rates.87 

Shever et al demonstrated reductions in failure to rescue rates when comparing high rates of 

surveillance (>12 times a day) and low rates of surveillance (<12 times a day).88 This 

proposed level of surveillance however, is unrealistic in LMICs where critical gaps in the 

healthcare workforce exist. In 2014, it was estimated by the WHO that there was a global 

shortage of 9 million nurses and midwives, with this set to reduce only slightly by 2030 to 7.6 

million.89 This shortage is particularly apparent in public hospitals in LMICs where published 

patient to nurse ratios can be as high as 45:1.90 From personal experience on paediatric and 

neonatal wards, this ratio can be much higher with a single nurse covering an overcrowded 

ward alone at night. High patient to nurse ratios inevitably leads to staff prioritising their 

workload. This means patients who need resuscitating come first followed by the delivery of 

regular medications and intravenous fluids. Routine surveillance or vital signs monitoring is 

often completely absent. One way to overcome this is to use remote monitoring systems.91 

In an LMIC setting however, outside a research project, the costs and associated necessary 

infrastructure to support this is likely to be prohibitive and so alternative approaches need to 

be explored. It may make sense to simply plan for an increase in the healthcare workforce 

but improvements in this direction have been very slow and significant changes are unlikely 

to happen within the next 5-10 years.89 One alternative is to use someone else except the 

nursing staff to monitor vital signs on our patients and I discuss this in more detail below. 

 

One of the commonest strategies to try and improve recognition of the deteriorating patient 

by nursing staff is the use of early warning scores (EWS). Evidence of clinical deterioration is 

often present for many hours before a serious adverse event such as a cardiac arrest or 

intensive care admission occurs.92,93 The EWS concept was developed by Morgan et al in 

1997 and is a simple scoring tool based on the vital signs, that can be utilised at the 

bedside.94 In general, there has been a positive trend in patient outcomes following the 
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introduction of EWS systems in hospital although the evidence is mixed. Studies looking at 

patient outcomes in this context have heterogeneous populations and there is conflicting 

evidence on the impact of EWS on cardiac arrests.95 What is clear however is that all 

authors feel an EWS is an appropriate way to identify patients who are deteriorating. They 

acknowledge that, in addition to recognising the deteriorating patient, many other factors 

play a role in the ultimate patient outcome.96,97 Since their original conception in 1997, EWS 

have been utilised in many different formats, including the Modified EWS (MEWS) and 

National EWS (NEWS). Disease process specific scores have also been proposed such as 

the qSOFA score in sepsis. Many comparisons of EWS have been undertaken to try and 

identify the best scoring system for predicting in hospital mortality but consensus has not yet 

been reached.98-100 These comparisons have also been conducted in LMICs such as 

Rwanda. MEWS, qSOFA and a third EWS called the Universal Vital Assessment (UVA) 

score all showed a modest ability to predict mortality in a prospective study of inpatients with 

suspected infection at a Rwandan tertiary hospital.101 

 

From as early as 2009, EWS have been proven to predict mortality in patients in 

Tanzania.102 In this first evaluation of EWS in this setting, Rylance and his team also 

measured the predictive value of single abnormal vital signs. Hypotension, tachycardia and 

reduced conscious level were all strong prognosticators of mortality.102 This concept was 

explored further, when a medical records observational study identified common, severely 

deranged vital signs but a lack of acute treatment modifications in the ICU.103 The team went 

on to develop a vital sign directed therapy protocol and evaluate its implementation using a 

prospective before and after study design. The introduction of this vital signs directed 

therapy protocol resulted in improved acute treatment of abnormal vital signs in an ICU in a 

low-income country. In patients admitted with hypotension, mortality was lower post-

implementation (69.2% vs 92.3%, p=0.02) but overall in-hospital mortality was unchanged.104 

There are two particularly interesting points that arise from this series of publications from 

Baker and his team. The first is the journey of understanding and improvement that is 
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documented, confirming that an intervention from a high-income setting is relevant and 

applicable in a low-income setting. We can learn from this process. The second is that an 

early warning system is likely to play an important role in detecting deteriorating patients 

allowing us to trigger an appropriate response.  

 

Other methods of implementing vital signs based EWS have also been studied. In an 

increasingly technological world, the use of information technology systems and even 

artificial intelligence have been proposed as ways to overcome the challenges of human 

error and shortfalls that inevitably occur.105-107 In the Republic of Korea, an automated alert 

and activation of the emergency medical team led to reduced median time from patient 

deterioration to MET activation and decreased risk of death.105 Implementation of a similar 

automated early warning scoring system in a surgical ward in the Netherlands resulted in 

large improvements in quality of MEWS reporting and adherence to the hospital MEWS 

protocol but in this study, did not result in improved clinical outcomes.108 There is a paucity of 

literature relating to the use of automatic EWS in LMICs, this does not mean these systems 

will not be effective but is likely to reflect the lower availability of the resources required for 

such a system.  

 

1.5.2 Interventions to improve information relay about a deteriorating patient 

Relaying information about a deteriorating patient often involves interprofessional 

communication, for example between a nurse and doctor. Hierarchies still exist that can 

negatively influence the relay of potential concerns68,78 but there are many proven strategies 

that can overcome these barriers. These include strategies that foster constructive conflict 

resolution, the maintenance of professional standards and the use of multidisciplinary 

rounds.109 In the UK, a qualitative study was conducted with a diverse range of both senior 

and junior surgical team members. Despite reported proactive efforts by the senior team 

members to encourage escalation, the junior members of the teams still feared criticism, 
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intimidation and humiliation.40 This can be overcome with a flattened hierarchy110 which can 

be achieved, to some extent by using standardised communication protocols.111 Mackintosh 

et al describe an interesting concept. Traditionally the interface between nursing and medical 

teams has been seen as a barrier. With the implementation of standardised communication 

tools such as ‘SBAR’ (an acronym for Situation, Background, Assessment and 

Recommendation), the interface can instead be used to facilitate better communication.111 

SBAR as a tool can enable nursing staff to package information in a format colleagues are 

used hearing and interpreting. This improved delivery of information can enhance the 

experience of the interaction for both junior and senior members encouraging 

communication in the future.  

 

1.5.3 Interventions to improve how teams react to the deteriorating patient 

The third ‘R’ involves the response to the identification and communication of a deteriorating 

patient. The most described intervention to improve this reaction is the development of a 

specific rapid response system. These can be rapid response teams, medical emergency 

teams (MET) or critical care outreach teams. There are multiple single centre reports of the 

benefit of rapid response systems in terms of reduced length of hospital stay, reduced 

deaths and cardiac arrests.112,113 Consensus from a panel of experts agreed that this 

evidence was probably enough to implement such a system in a hospital, provided 

implementation did not incur an excessive cost or face many barriers.96 The differing names 

reflect the heterogeneity in makeup of the team members. Some are led by nurses, some by 

physicians and some by intensivists. When outcomes from teams led by nurses have been 

compared to teams led by physicians, no significant difference has been seen.114 Williams 

and colleagues use an expert panel design to describe an approach to setting up a nurse let 

critical care outreach service.115 They identify five key areas that should be considered to 

establish a successful service. These include 1) education and training 2) organisational 

engagement 3) approaches to service delivery 4) clinical governance and 5) monitoring and 
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evaluation. In the real-world setting, interchangeable terms and multiple different models for 

rapid response systems make implementation difficult. This modified Delphi technique that 

combined clinical judgement, evidence and experience provides a practical guide to anyone 

who wishes to implement a successful critical care outreach service.115  

 

In a low-income country such as Uganda, there is huge variety in clinical practice. Whilst 

national clinical guidelines exist, their guidance for the management of surgical conditions is 

not evidence based and would be considered harmful by many. An example is fluid 

management in a patient with suspected peritonitis. Their recommended fluid regime is ‘1L 

of crystalloid every 1-2 hours until their BP is normal, then 1L every 4-6 hours when the BP 

is normal’ This would result in a stable patient receiving between 4-6 litres of iv fluids in 24 

hours regardless of their overall fluid status.116 With limitations in the specialist surgical, 

obstetric and anaesthesia workforce, junior clinicians are often left to provide hands on care 

to patients on the wards without supervision. We know that protocol driven care after surgery 

can improve outcomes. There are many examples of enhanced recovery after surgery 

protocols that have significantly reduced mortality rates.117,118 Protocol driven care has also 

improved outcomes after surgery in LMICs. Examples include adoption of a care protocol for 

patients with gastroschisis in Mexico that resulted in survival rates increasing from 71% to 

92.7%119 and adoption of enhanced recovery after surgery protocols in Uganda leading to 

reduced lengths of hospital stay.120 Protocol driven care has also seen improvements in 

outcomes across the medical spectrum. In intensive care, bundles of interventions are 

implemented in accordance with protocols (‘care bundles’) and have reduced the incidence 

and therefore associated morbidity of central venous line bloodstream infections and 

ventilator associated pneumonia.121,122 In eastern Uganda, implementation of a protocol to 

drive improvements in care of neonates with tetanus resulted in a significant impact on 

mortality.123 
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Access to intensive care influences failure to rescue rates. In many LMICs, the majority of 

hospitals do not have established intensive care services despite Many et al demonstrating 

that implementation of a surgical critical care service in Kenya could result in reduced failure 

to rescue rates.65,66 Critical care in HICs often requires advanced technology and very 

expensive resources however, in this setting, it’s value for money in adults is comparable to 

other commonly used health interventions.124 It is not clear whether this is also true in an 

LMIC setting but traditionally strengthening critical care services has been low on the priority 

list of Ministries of Health.  

 

A fairly new concept is now emerging that considers different levels of emergency and 

critical care. Essential emergency and critical care (EECC) is defined as ‘care that all 

critically ill patients should receive in all hospitals in the world’.125 There is significant 

crossover between the concepts that are required to implement EECC and those that are 

Figure 9. The single intensive care bed at Mbale Regional Referral Hospital 
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required to reduce failure to rescue. EECC is suggested as a unifying concept for initiatives 

that we have previously discussed including early warning scores, rapid response teams and 

treatment protocols.125 EECC involves simple concepts and interventions that should be 

available to hospitals around the world regardless of their resources. Examples include 

administering oxygen in hypoxia and intravenous fluids in shock. A delphi panel with 269 

experts reached consensus on 40 clinical processes and 67 requirements that should be 

enabled to implement EECC and it is likely that this package of care will form an integral part 

in any complex intervention designed to address failure to rescue in LMICs.126 

 

1.6 Failure to rescue after surgery in Africa 

In Africa, up to 18% of patients who undergo surgery are likely to develop a postoperative 

complication.28 Some of those will undergo continued physiological deterioration and if 

unrecognised, this will eventually result in death. This failure to rescue has been proposed 

by Biccard and colleagues to play a significant role in the excess mortality after surgery that 

we see in LMICs when compared to HICs.127 There seems to be a paucity of literature about 

failure to rescue in LMICs however the important role that it plays in safe surgical and 

anaesthesia care in these settings is increasingly recognised.128 One of the first articles 

describing failure to rescue after surgery in LMICs was an international prospective cohort 

study looking at complications after elective surgery.21 The ISOS study described 15,806 

patients undergoing surgery in LMICs as part of a larger global cohort. 11.1% of those 

patients developed complications and of those patients, mortality was 3.3%. The authors 

highlighted the need for a more effective treatment response for those patients who develop 

complications after surgery.21 Further analysis of this dataset was published in 2017 to 

assess the utility of using failure to rescue as a quality measure for perioperative care. Data 

from LMICs was incorporated into the analysis but hospitals were ranked into five groups 

depending on the volume of surgery they performed, not on the income status of the 

countries themselves. There was a greater than two-fold variation in failure to rescue rates 
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between the best and worst performing hospitals, with lower failure to rescue rates in the 

highest volume hospitals.129 Interestingly, hospitals with the highest complication rates did 

not have the highest failure to rescue rates suggesting that the ability of a hospital to identify 

and escalate care for patients who develop complications is not directly linked to their 

surgical volume.  

 

Santhirapala and colleagues describe a global perspective on quality perioperative care and 

analyse the system contributors to the excess mortality rates seen in LMICs. Factors that 

impact on perioperative care were identified in the literature and added to the traditional 

three delays model that has been used successfully to describe avoidable maternal 

mortality.130 Three additional phases in the pathway of perioperative care were identified 

when a healthcare system collectively ‘fails to deliver quality care’: 

 

• Failure to provide timely access to surgical and anaesthesia services 

• Failure to deliver safe anaesthesia and surgical care 

• Failure to rescue patients who develop complications postoperatively 

 

Using a modified delphi method, broad reaching strategies were developed to address areas 

within this ‘critical failures model’ including failure to rescue.128 

 

In the last couple of years, a series of papers have been published that start to describe 

failure to rescue in LMICs in the context of specific diseases or surgical procedures. Cardiac 

surgery programmes in LMICs are generally poorly developed and in most low-income 

countries, capacity for this type of surgery has not yet been established.131 Polivenok and 

colleagues work in one of the few LMICs in Europe and have described perioperative 

complications in their paediatric cardiac surgery programme that is set within a more general 

adult cardiac surgery service. When compared to HICs, overall complication rates were 
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lower (24.7%), likely due to a patient cohort with lower complexity, but failure to rescue rates 

were more than twice as high (23.3%).132 The African Surgical Outcomes Study led by 

Biccard and his team in South Africa which has been mentioned earlier does not specifically 

mention failure to rescue but the discussion provides some insight into the authors train of 

thought.28 In their cohort of patients, 9.5% of those that developed a postoperative 

complication ended up dying. This failure to rescue rate is almost three times as high as 

failure to rescue in the global cohort of the ISOS study. They hypothesise that scarce 

workforce resources and poor early warning systems to detect physiological deterioration of 

patients who develop complications may be the contributing factors to this high mortality 

rate.28 The ASOS study design was repeated in Nigeria and published a year later. 

Complications after elective surgery in 1425 patients across 79 hospitals were reported. The 

failure to rescue rate in this elective surgery cohort was 6.0% (compared to 4.8% in ASOS 

and 2.8% in ISOS) and the authors attribute this to better postoperative care but do not go 

into any details about the aspects of postoperative care that may be different.133 An 

international prospective cohort study in 137 hospitals across 41 countries looked at 90-day 

mortality after oesophagectomy for oesophageal cancer, comparing outcomes between 

HICs and LMICs.134 Patients in HICs were older with more comorbidities and tumours that 

were more advanced however, complication rates in this cohort, including anastamotic 

breakdown, were similar between HICs and LMICs. Despite this, mortality rates were three 

times higher in LMICs. The authors suggest this is likely to reflect a failure to rescue patients 

following a complication.134 Interestingly this message is also identical to the comparison of 

complications and outcomes in postoperative patients in the original ASOS study.28 

 

The Globalsurg collaborative network involves over 5000 clinicians across 100 countries. 

They have published several papers looking at outcomes after surgery including in adult 

patients undergoing surgery for primary gastric, breast or colorectal cancers. This 

prospective patient cohort included almost 16,000 patients from 428 hospitals in 82 

countries.33 They were able to show that 30-day postoperative mortality is four times higher 
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in LMICs when compared to HICs despite patients experiencing similar major complication 

rates.33 This study went further than some of the others to try and identify the reasons 

behind these excessive mortality rates in LMICs. Patients in LMICs presented with more 

advanced disease, probably due to reduced access to safe, affordable surgical services in a 

timely manner, however, this only partly explained the excess mortality seen. The team 

describe the capacity of health facilities to rescue their patients following the development of 

complications. They looked at the presence of infrastructure to support postoperative care in 

the health facilities. This included resources such as an available and working CT scanner, 

designated postoperative recovery areas and consistently available critical care services. 

The presence of postoperative care infrastructure was associated with fewer deaths 

suggesting that these components of the surgical healthcare system are essential if excess 

mortality after cancer surgery in LMICs is to be reduced.33 

 

Excess mortality following surgery in LMICs is not only seen following complex operations 

such as cancer surgery. Acute appendicitis is an emergency condition requiring surgery 

worldwide yet outcomes following appendicectomy are poorly studied in LMICs.135 Williams 

and colleagues describe a cohort of patients undergoing appendicectomy at Kamuzu Central 

Hospital in Malawi between 2013-2020.136 The mortality rate of 5.6% is many times higher 

than a median global mortality rate of 0.4% reported by Weiser and colleagues in 2015.137 

The presence of a postoperative complication was the only independent predictor of 

mortality, and the authors suggest failure to rescue is a significant contributor to appendicitis 

related deaths in their hospital.136 Emergency gastrointestinal conditions requiring surgery 

commonly present to hospitals across LMIC settings, including Africa. Mortality and 

complication rates in this group of patients is often very high.30 In Malawi, Sincavage et al 

have described postoperative complications and the risk of mortality following laparotomy.138 

They describe intra-abdominal complication rates of 9.0% with a failure to rescue rate in 

those patients of 47.1%. Their almost three-fold increased risk of mortality in patients who 

developed an intraabdominal complication supports other literature that postoperative 
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surveillance and management may be critical in determining patient outcomes. A second 

interesting point from their study is that most patients died without a confirmed diagnosis of 

the complication leading to their death. The authors suggest this reflects a failure to 

recognise deterioration and life-threatening complications in their patients and they suggest 

interventions to optimise postoperative care may be the most valuable investment to improve 

surgical outcomes in their setting.138 In Kenya, a team at a tertiary teaching hospital also 

recognised the significant contribution of failure to rescue to their excess mortality rates 

following emergency gastrointestinal surgery. They describe a lack of data in this context in 

Africa and as part of a wider implementation project looking at the impact of critical care 

services on failure to rescue. failure to rescue rates in their hospital were as high as 36.8%.66   

 

1.7 Evidence supporting interventions to address failure to rescue 

after surgery in Africa 

During my scoping review looking at failure to rescue after surgery, I found virtually no 

articles that discussed interventions with evidence of implementation in Africa. Almost 

exclusively, the literature originates from HICs, and I have described this in section 1.4 

above. This is, in itself, an important lesson and mirrors the global disparity where research 

from Africa is underrepresented in academic literature.139 The reasons underlying this are 

outside the scope of this work but include a global research agenda that is largely set by 

HICs, and significant limitations in health research investments in Africa.139 Whilst healthcare 

systems globally have many similarities, we know we cannot just automatically apply 

evidence from one setting to another without considering the context.140 By their nature, 

healthcare systems are complex. Over time, we have increasingly learnt that developing and 

implementing an intervention to address gaps is not as simple as it sounds. There have 

been iterative efforts to provide guidance for teams that are looking to identify ways to 

improve healthcare systems and therefore reduce preventable mortality throughout the 

global context.141-144 This guidance now provides a robust framework on which to base 
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intervention development work and, if following carefully can lead to impactful results. If 

interventions to reduce failure to rescue rates after surgery in Africa are not widely 

described, this suggests there is a unique opportunity here for further exploration and scope 

for work that has potential for widespread impact.  

 

1.8 Family involvement in patient care in LMICs 

Involvement of patients and their family members in patient care is increasingly recognised 

as an important component of healthcare delivery and interventions that include family 

members are becoming more common.145-148 In LMICs, especially the settings with the least 

healthcare workers, patient’s families routinely accompany them to hospital and remain with 

their patient for the duration of their hospital stay. They provide all basic care needs such as 

feeding, bathing and helping with mobility. They are also the route through which patients 

can access supplies and medicines that are out of stock. Family members are given a 

‘shopping’ list and take it to private pharmacies outside the hospital. When they return, the 

healthcare workers are able to administer the medication. Involvement of family members in 

Figure 10. Family members involved in patient care in the neonatal ward at Mbale Regional 

Referral Hospital 

 
 

Image redacted for confidentiality reasons 
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this way tends to be informal and there is limited documentation of formal involvement of 

family members in healthcare delivery in LMICs.  

 

A qualitative study looked at family involvement in care provision across five hospitals in 

Bangladesh, Indonesia and South Korea. There was an expectation from healthcare workers 

in these settings that a family carer would be present, but no formal training for them during 

the admission. Family members were involved in procedures such as nasogastric tube 

feeding, suctioning, wound dressing, and body fluid exposure activities.149 In early 2023, 

Determeijer et al. published a systematic review assessing the effect and safety of family 

participation interventions in the case of hospitalised adults in resource limited settings. One 

of their aims was to try and assess whether this was a viable strategy to tackle shortages of 

healthcare workers in these settings. They included interventional studies only with six in 

their final analysis, four from Asia and two from Africa. Although the data was limited, they 

suggest that family participation can be safe and effective in specific contexts.150 The two 

studies from Africa were both from Uganda. Alupo et al. describe a quality improvement 

effort to improve inpatient medication adherence. Efforts focused on attendant education and 

involvement and led to overall medication adherence increasing from 46.5% to 92%.151 

Wong et al. also used a quality improvement approach to attempt to standardise caregiver 

and nursing perioperative care on gynaecology oncology wards in the national women’s 

specialised hospital. Although this report was for a very small group of patients (25 only), it 

demonstrates efforts to integrate caregivers as clinical care partners. More recently, and also 

in Uganda, Duby et al conducted a feasibility study looking at the adaption of family 

integrated care into a neonatal unit at Jinja Regional Referral Hospital in eastern Uganda.152 

Family integrated care had already been shown to be effective in improving infant and parent 

outcomes in HICs.153 Duby et al were interested to know if it was feasible in a low-resource 

setting and were able to show that Ugandan mothers were able to collaborate in the medical 

care of their hospitalised infant.152 Other, noninterventional work has also been previously 

published from Africa including in Malawi. Hoffman et al. describe family members who 
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provide support to their patients. They were primarily female family members, involved in 

daily tasks of patient care including wound care and advocacy.154 

 

1.9 Family involvement at Mbale Regional Referral Hospital 

At Mbale Regional Referral Hospital, inspiration for involving family members in patient care 

was drawn from the neonatal unit where a ‘mother centred model’ of care is used. Mothers 

provide warmth through kangaroo mother care, they feed their babies via nasogastric tube 

and monitor them, notifying nurses if they are worried or if the baby stops breathing.155 The 

neonatal unit also struggles with overwhelming nurse to patient ratios and relies on mothers 

to help with daily care tasks (Figure 11) and identify when their babies deteriorate. Family 

involvement in neonatal care is also routinely practiced in high resource settings.156 Given 

Figure 11. Family member involvement in patient care in the neonatal 
unit at Mbale Regional Referral Hospital. 

 

 
Photo credit: Born on the Edge/Kathy Burgoine 
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the success of family member involvement in patient care both in Mbale Regional Referral 

Hospital and described in other settings, extrapolating this to other wards and specialties 

seemed an easy step to take.  

 

1.10  Healthcare intervention development in complex environments  

Previous experience attempting to introduce healthcare interventions to improve outcomes 

have highlighted important lessons about the complexity of such initiatives. Two examples in 

particular looking at outcomes after surgery include the EPOCH trial and the ASOS-2 trial. 

The Enhanced Peri-Operative Care for High-risk patients (EPOCH) trial was a stepped 

wedge cluster randomised trial of a quality improvement initiative programme to improve 

survival for patients having emergency abdominal surgery in 93 hospitals in the UK.157 The 

ASOS-2 trial tested an enhanced post-operative surveillance programme to reduce 

postoperative mortality in hospitals across Africa.127 Neither intervention resulted in improved 

outcomes as hypothesised. Process evaluations conducted concurrently demonstrated the 

likely reasons behind this lack of expected effect with many similarities between the two 

trials. In particular, investigators across all countries faced difficulty delivering the 

interventions as planned in challenging contexts.158,159 Healthcare environments themselves 

are naturally complex due to multiple interacting systems, human factors and the high 

requirement for resources. The chances of a healthcare intervention being successful are 

significantly higher if an understanding of the context and its’ complexity are factored into the 

intervention development process. The Medical Research Council have recently updated 

their guidelines for the development and evaluation of complex interventions, providing a 

roadmap that can help researchers and improvement scientists ensure their work is more 

effective.142 It is this guidance that I have followed whilst developing my intervention to 

involve family members in patient monitoring after surgery.  
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1.11  Summary 

In sub-Saharan Africa, it is estimated that 93% of the population are unable to access safe, 

affordable surgical services. Despite similar complication rates after surgery, mortality rates 

are double those in HICs, in a population that is younger and with less comorbidities. 

Healthcare environments are naturally complex, and this is compounded by inadequate 

resources in low-income countries such as Uganda. Higher rates of preventable mortality are 

the result of limited capacity to rescue patients when they develop complications, and human 

behaviours that are influenced by workplace dynamics. 

 

Efforts to provide more surgical treatments to people across Africa are increasing in an 

attempt to address the current low surgical volumes across the continent. In Uganda, 

surgical volumes need to increase by 30 times to meet 2030 global targets. Studies looking 

at outcomes after surgery in Africa report outcomes that suggest surgical care is not as safe 

as it should be. There is a risk therefore that delivering higher surgical volumes will result in 

more preventable postoperative deaths. If we are to increase access to surgery and 

anaesthesia care, we must also ensure it is as safe as possible. This means developing 

concurrent improvements targeted at the surgical care pathway where there are the highest 

number of deaths.  

 

Failure to rescue describes the death of a patient following development of a surgical 

complication. Using experience from failure to rescue after surgery in HICs, it is reasonable 

to expect that there will be similarities in the root causes in Africa, despite limited evidence. 

Whilst a proportion of these causes can be expected to result from limited access to higher 

levels of healthcare services (for example intensive care), factors influencing staff 

behaviours will also play a role. Examples include delayed recognition of deteriorating 

patients, delays in relay of this information and gaps in the response that is required. These 

are areas that are amenable to an appropriate and low-cost intervention with opportunity for 
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high impact. It is important however that any intervention to reduce preventable 

postoperative mortality, that is also affordable and achievable in a low-resource setting, 

needs to be carefully developed within the complex system it is designed for. It needs to be 

formally evaluated, and this evidence used to guide further intervention development, 

change or scale up.  
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1.12  Research aims 

 
• To identify existing literature describing interventions to reduce failure to rescue after 

surgery in low- and middle-income countries 

• To investigate the current perioperative mortality rates at a regional referral hospital in 

eastern Uganda 

• To develop a complex intervention involving family members to increase vital signs 

monitoring of patients after surgery 

• To trial this complex intervention in a pragmatic pilot cluster randomised controlled trial in 

Uganda 

• To investigate contextual factors influencing intervention delivery through a concurrent 

process evaluation   
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CHAPTER 2 FAILURE TO RESCUE AFTER 

SURGERY IN LMICS: A SYSTEMATIC REVIEW  

 

2.1 Introduction 

We know that mortality after surgery across the African continent is on average, twice that in 

high-income countries (HICs), despite patients being younger with a lower risk profile.28 In 

some population groups, mortality rates can be as high as 22%.160 Deaths after a surgical 

procedure usually follow development of one of several common complications that have 

previously been well described both in HICs and LMICs, for example sepsis, major bleeding 

or myocardial injury.161,162 Death following development of a surgical complication is 

commonly described as ‘failure to rescue’ (Failure to rescue). As surgical complication rates 

are similar in both HICs and LMICs, the higher mortality rates in LMICs suggest higher rates 

of Failure to rescue.22 

 

Three critical steps in the pathway that may eventually lead to a patient’s death have been 

regularly reported to contribute to Failure to rescue. They include a failure to identify the 

deteriorating patient (recognise), a failure to communicate information about the patient’s 

deterioration (relay) and a failure to react in a timely way (react).40-42 When described in this 

way, Failure to rescue is often attributed to multiple failures that rest on the shoulders of the 

healthcare provider. The GlobalSurg collaborative described factors that contribute to failure 

to rescue in a different way, apportioning 40% to hospital or country level factors and 60% to 

patient factors.22 Hospital factors might include healthcare worker to patient ratios, access to 

intensive care and hospital surgical volume. Patient factors can include age, the advanced 

nature of disease processes and the ability of the patient to pay for aspects of their care.39,42 

These differing descriptions serve to highlight the complexity of Failure to rescue.  
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Failure to rescue has been used as a metric to measure quality of patient care in HICs such 

as the United States of America and there are review articles published in peer reviewed 

journals describing interventions to address these challenges.38,39 Identifying evidence based 

interventions that can be implemented to reduce failure to rescue in LMICs is much more 

difficult. Complex intervention research can be described as having four phases.142 Although 

a research programme can begin at any of these, in our context, with a paucity of evidence 

surrounding Failure to rescue in LMICs, the first development or intervention identification 

stage is incredibly important. A robust understanding of any existing evidence, describing 

interventions to address Failure to rescue after surgery in the scientific literature, even if it is 

limited, is the logical next step. The aim of my systematic review is to identify known 

interventions to address failure to rescue after surgery in LMICs. By summarising the 

existing literature, we will be able to identify effective improvement strategies in this area and 

contribute to efforts to lower postoperative mortality rates. 

 

2.1.1 PICO statement 

I used the PICO framework to help formulate a well-focused research question for my 

literature search.163 No comparator was used.  

 

In surgical patients in LMICs (population) what interventions (intervention) reduce failure to 

rescue (outcome)  

 

2.2 Objectives 

1. To identify interventions described in the scientific literature that reduce failure to 

rescue in LMICs so that we can understand what evidence exists to support activities 

to reduce mortality after surgery in this setting.  

2. To describe barriers and facilitators that influence implementation of these 

interventions in LMICs.  
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2.3 Methods 

A systematic review and narrative evidence synthesis was conducted according to the 

Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) statement 

and reported in accordance with PRISMA and synthesis without meta-analysis (SWiM) 

guidelines.164,165 

 

2.3.1 Eligibility criteria 

Inclusion criteria: 

Types of studies: All study types that considered interventions to reduce failure to rescue in 

LMICs were included.  

Types of participants: All patients in hospital 

Outcome measure: Any outcome measure was accepted.  

Setting: Hospital inpatients in an LMIC country.  

 

Exclusion criteria: 

Case reports, conference abstracts and narrative reviews were excluded. No exclusions 

were made based on outcomes or date. 

 

2.3.2 Information sources 

A search for articles was made using the following electronic databases: PubMed, EMBASE 

(OvidSP) and Global Indexus Medicus (GIM). To identify further relevant literature, reference 

lists and citations of the identified studies were reviewed, and any missed articles were 

included. 
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2.3.3 Search strategy 

The search was undertaken on 5th April 2022 and repeated on 1st June 2023 using the 

following search terms. 

 

Search constructs: [surgery] AND [LMIC] AND [failure to rescue]  

 

Search terms:  

Pubmed 

("Surgical patients"[All Fields] OR surgery[All Fields])  

AND  

("Low* income countries"[All Fields] OR "Middle* income countries"[All Fields] OR 

"Developing countries"[All Fields] OR "LMICs"[All Fields] OR Africa* OR Asia* OR South 

America* OR Central America*)  

AND  

("failure to rescue"[All Fields] OR "failure to rescue, health care"[Mesh]) 

 

Global Indexus Medicus 

(“surgical patients” OR surgery) 

AND  

“failure to rescue” 

 

Embase 

('surgical patients' OR 'surgery'/exp OR surgery)  

AND  

('low* income countries' OR 'middle* income countries' OR 'developing countries'/exp OR 

'developing countries' OR 'lmics' OR africa* OR asia* OR 'south america*' OR 'central 

america*')  



  

    
 

46 

AND  

('failure to rescue'/exp OR 'failure to rescue' OR 'failure to rescue, health care'/exp OR 

'failure to rescue, health care') 

 

2.3.4 Data selection process 

Selection: To manage the references through the different stages of the review process (title, 

abstract and full text reviews as appropriate), results from the search were imported into the 

Endnote reference manager. Endnote was used to identify and remove any duplicates. To 

reduce the risk of bias, I asked a second researcher to screen the records independently 

and record their inclusion decisions for comparison. The second researcher and I were 

blinded to each other’s decisions until all the articles have been screened. Disagreements 

that arose were resolved by discussion between the two of us. A third researcher was 

identified to resolve any remaining disagreements but was not needed.   

 

2.3.5 Data collection process 

Data from included articles were exported directly into a table in Microsoft Word: 

- author 

- year of publication  

- country(ies) of participating hospital(s) 

- facility type (1st-/2nd-/3rd- level hospital) 

- study design 

- type of surgery, clinical problem or population that the failure to rescue intervention 

attempts to address 

- brief description of the intervention 

- outcome measures and effectiveness 

- number of patients 



  

    
 

47 

2.3.6 Outcomes & measures 

Main outcome 

To identify interventions that can be used in LMICs to reduce failure to rescue after surgery. 

 

Additional outcome 

To identify barriers and facilitators during the implementation of interventions to reduce 

failure to rescue after surgery in LMICs. 

 

2.3.7 Effect measures 

Not applicable 

 

2.3.8 Study risk of bias assessment 

I used the Mixed Methods Appraisal Tool (MMAT, version 2018) to assess the quality of 

studies included in my review.166 The assessment was repeated independently by a second 

researcher and any disagreements were resolved through discussion until a consensus was 

reached. A third researcher to resolve any ongoing disagreements was not needed.  

 

2.3.9 Synthesis methods 

A narrative synthesis and descriptive statistics were used to summarise the data identified 

during the systematic review. This included the design of interventions to address failure to 

rescue and the setting of the studies. Outcomes were categorised according to the COMET 

(Core Outcome Measures in Effectiveness Trials) Initiative taxonomy,167 and strategies that 

were used to implement interventions were classified according to the ERIC (Expert 

Recommendations for Implementing Change) taxonomy.168,169 The Consolidated Framework 
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for Implementation Research (CFIR) will be used to synthesise any facilitators or barriers to 

implementation of the failure to rescue interventions identified.170,171 

 

2.3.10 Report bias assessment and certainty assessment 

Not applicable 

 

2.4 Results 

99 articles were exported into Endnote where 25 duplicates were removed. After a review of 

titles and abstracts, articles were filtered according to the inclusion criteria, in particular, only 

those containing data from LMICs were included. Figure 12 illustrates the reasons articles 

were excluded at this stage, including 35 because they were not about failure to rescue, 28 

that were from HICs, six that had no intervention and two that were systematic reviews. Five 

full-text articles were reviewed to assess suitability for inclusion and one article was 

excluded as it was a conference abstract. This left a total of four articles for inclusion in the 

literature review. 

 

2.4.1 Characteristics of sources of evidence 

Characteristics of the included studies are summarised in Table 2.  
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Figure 12 PRISMA flow diagram 
 

 

2.4.2 Critical appraisal of sources of evidence 

All four studies were appraised for quality using MMAT. Results are presented in full in Table 

2. Two studies scored 100% (5/5). Du Toit et al. scored 80% (4/5), losing one mark because 

divergences and inconsistencies between quantitative and qualitative results could have 

been addressed in more detail. The ASOS Investigators scored 60% (3/5) losing marks for 

incomplete outcomes data (primary outcome missing in 2.4% (680/28,892) of participants, 

the study was also stopped early due to the COVID-19 pandemic with 28,892 of the planned 

sample size of 64,200 recruited) and gaps in adherence to the intended intervention.   
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Table 2. Characteristics of included studies and failure to rescue interventions 
 

Source Country  Facility type 
(number) b  

Study design Study 
population 

Intervention Outcome 
measure  

Outcome 
effective? 

Number of 
patients 

Du Toit et al. 
2019172 

Benin, DRC, 
Kenya, Mali, 
Mauritius, 
Niger, Nigeria 
and South 
Africa  

1st (1) 
2nd (6) 
3rd (9) 

Mixed methods 
implementation 
pilot trial 

Adults 
undergoing 
surgery 

1. Risk 
identification 
2. Increased 
postoperative 
surveillance 

Data 
completeness 
Implementation 
fidelity 
Acceptability, 
feasibility of 
intervention of 
trial processes 
 

Yes 
 
No 
 
Yes 

803 

ASOS 
Investigators 
2021127 

28 African 
countries a  

1st (36) 
2nd (59) 
3rd (71) 
 
 

Two arm, open 
label, cluster 
randomised 
trial 

Adults 
undergoing 
surgery 

1. Risk 
identification 
2. Increased 
postoperative 
surveillance 

In-hospital 
mortality 

No 28,892 

Vickery et al. 
2021158 

Sierra Leone, 
South Africa, 
Uganda 

1st (2) 
2nd (3) 
3rd (3) 

Mixed methods 
process 
evaluation 

ASOS-2 study 
sites and study 
investigators 

Not applicable ASOS-2 
intervention 
fidelity 

Not 
applicable 

22 interviews 
from 10 sites 
Field notes 
from 19 sites 
96 
questionnaires 

Many et al. 
2023173 

Kenya 3rd  Before and 
after 
retrospective 
cohort study 

Adults 
undergoing 
emergency 
gastrointestinal 
surgery 

Implementation 
of surgical 
critical care 
service 

Failure to 
rescue 

Yes 484 

a) The 28 African countries included: Angola, Benin, Burkina Faso, Burundi, Democratic Republic of the Congo, Djibouti, Egypt, Eswatini, Ethiopia, The Gambia, Ghana, 
Kenya, Libya, Malawi, Mali, Mauritius, Morocco, Mozambique, Namibia, Niger, Nigeria, Sierra Leone, South Africa, Sudan, Tanzania, Togo, Uganda, and Zimbabwe. b) 1st = 
district hospital, 2nd = secondary or regional hospital, 3rd = tertiary hospital. Data from ASOS Investigators 2021 from 166 facilities, total facilities recruited = 332. c) Increased 
postoperative surveillance = provision of as many of the following package of interventions: admitting patient to higher care ward, increased frequency of postoperative 
observations, assigning patient to bed visible from nursing station, allowing family members to stay with patient, placing bedside guide next to bed. 
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Table 3. Mixed Methods Appraisal Tool (MMAT) quality ratings for each study 
 
Source MMAT Criteria (0, Can’t tell or no; 1, Yes) a Overall score 

1.1 1.2 1.3 1.4 1.5 3.1 3.2 3.3 3.4 3.5 5.1 5.2 5.3 5.4 5.5 

Du Toit et al. 2019172           1 1 1 0 1 * * * * 

ASOS Investigators 2021127 1 1 0 1 0           * * * 

Vickery et al. 2021158           1 1 1 1 1 * * * * * 

Many et al. 2023173      1 1 1 1 1      * * * * * 

a1. For quantitative randomized controlled trials  
1.1. Is randomization appropriately performed?  
1.2. Are the groups comparable at baseline?  
1.3. Are there complete outcome data? 
1.4. Are outcome assessors blinded to the intervention provided? 
1.5. Did the participants adhere to the assigned intervention? 
3. For quantitative non-randomized 
3.1. Are the participants representative of the target population? 
3.2. Are measurements appropriate regarding both the outcome and intervention (or exposure)?  
3.3. Are there complete outcome data? 
3.4. Are the confounders accounted for in the design and analysis? 
3.5. During the study period, is the intervention administered (or exposure occurred) as intended?  
5. For mixed methods 
5.1. Is there an adequate rationale for using a mixed methods design to address the research question? 
5.2. Are the different components of the study effectively integrated to answer the research question? 
5.3. Are the outputs of the integration of qualitative and quantitative components adequately interpreted? 
5.4. Are divergences and inconsistencies between quantitative and qualitative results adequately addressed? 
5.5. Do the different components of the study adhere to the quality criteria of each tradition of the methods involved 
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2.4.3 Interventions to reduce failure to rescue in LMICs 

Three of the included studies describe the same intervention. A pilot trial,172 a cluster-randomised 

controlled trial,127 and a process evaluation,158 test the effectiveness of an enhanced postoperative 

surveillance intervention among adult surgical patients in Africa. The studies hypothesise that 

failure to rescue was a major contributor to the high mortality rates seen in patients after surgery 

across the continent. In the African Surgical Outcomes Study, published in 2018, 95% of patients 

died on the wards after developing complications after surgery. We know that in LMICs, individual 

hospital capacities to rescue patients after they develop surgical complications is limited. The 

enhanced postoperative surveillance intervention was based on the premise that earlier 

identification of patients who develop complications would allow intervention before deterioration 

past the point of no return in this context. The intervention itself included two steps: 

 

1. Identification of patients after surgery at high risk of deterioration, based on an established and 

validated, setting appropriate risk score. (ASOS Risk Score174) 

2. High risk (ASOS Risk Score >10) patients receiving increased postoperative surveillance, 

including the following five components: 

- admission to a higher care ward than had been planned prior to risk stratification 

- an increase in the frequency of postoperative nursing observations, 

- ensuring that the patient is placed in view of the nursing station, and not in a remote 

location in the ward, 

- allowing family members to stay with the patient in the ward 

- placing a postoperative surveillance guide in a visible position at the bedside.  

 

Du Toit et al. piloted the intervention first, aiming to evaluate the adequacy of data produced, the 

fidelity of the intervention and understand the acceptability, appropriateness, and feasibility of the 

intervention. 803 patients were recruited from 16 hospitals across eight different African countries. 

Data from a post-trial survey showed that 73% of respondents felt they had provided increased 

postoperative surveillance to their high-risk patients during the trial, but intervention fidelity varied 

across the five components of the increased postoperative surveillance package. 60% of 
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participants received increased nursing observations but all other components were achieved in 

less than 50% of participants. In some cases, this was down to unavailability of that component (for 

example access to a higher care ward) however failure to comply with available components 

ranged from 27.5% to 54.3%. Despite this poor intervention compliance, feedback from teams 

participating in the trial was overwhelmingly supportive of the intervention. Alongside efforts to 

improve intervention fidelity, the manuscript’s conclusion was that this intervention was 

appropriate, acceptable and feasible in Africa.  

 

The main cluster-randomised controlled trial (ASOS-2) included 28,892 participants across 332 

hospitals in 28 African countries with a primary outcome of 30-day in-hospital mortality measured 

at the participant level. The intervention package, as delivered during the ASOS-2 trial did not lead 

to a reduction in postoperative mortality. In this main trial manuscript, there is some discussion 

about the reasons that may have led to the intervention not achieving the desired effect. Examples 

include the complexity of the intervention and its implementation, the need for behaviour change 

and involvement of multiple stakeholders, communication challenges and competing time 

pressures. The ASOS-2 process evaluation by Vickery et al. provides significantly more insight into 

these factors and is described in more detail below.  

 

The fourth paper identified during this systematic review is by Many et al.173 It describes a 

retrospective analysis of the impact of a dedicated surgical critical care service on the incidence of 

failure to rescue at a tertiary teaching hospital in Kenya. A total of 484 patients undergoing 

emergency gastrointestinal surgery were included and a significant reduction in failure to rescue 

was documented in the intervention group (36.8% to 21.8%, (odds ratio 0.48; 95% confidence 

interval: 0.24-0.96, p=0.037)). Critical care services already existed in the hospital. This 

intervention included enhancement of this care by providing an assigned critical care resident, 

dedicated critical care teaching and critical care attending surgeon oversight. The resident 

improved staffing levels leading to increased surveillance of high-risk patients. The level of training 

and education within the critical care unit increased and this may have led to changes around the 

culture of safety although this was not specifically measured. 
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2.4.4 Barriers and facilitators that influenced implementation of interventions to 

reduce failure to rescue in LMICs. 

Papers by Du Toit et al. and Vickery et al. included specific process evaluation methodology that 

identified barriers that were encountered during the implementation of the bundled interventions to 

reduce failure to rescue. Du Toit et al. used a post-pilot trial electronic survey that included open 

questions to help them understand acceptability, appropriateness, and feasibility of their trial. 

Vickery et al. used site visits and interviews in addition to quantitative data from a post-trial 

questionnaire. There are common themes across the two papers that influenced intervention 

delivery and success. These factors can be described as facilitators or barriers depending on 

whether they are present or not. For this reason, I have described them as influences rather than 

solely describing their positive or negative impact. They can be summarised under the headings of 

resource constraints, stakeholder engagement, knowledge and beliefs about the intervention, and 

others.  

 

Resource constraints identified as influences included the small numbers of ward nurses who may 

not have time to take on new responsibilities in addition to their usual workload, even if these are 

seemingly small. The additional burden of increasing the monitoring of high risk patients was a 

specific example and whilst one or two high risk patients may be manageable, three or more at a 

time represents a significant change to workload. Many et al. increased surveillance by increasing 

available human resources and this lead to a positive impact on failure to rescue rates. Bed 

capacity, particularly availability of higher care beds (for example high dependency or intensive 

care) where enhanced monitoring would be a routine part of care, access to monitoring equipment 

itself, and structural limitations in terms of the ward layout were also described as important factors 

that influenced the successful intervention delivery.  

 

The important role that effective stakeholder engagement played was emphasised. Du Toit et al. 

list nursing management approval as a potential barrier and Vickery et al. saw that hospitals with 

effective leadership and management involvement in the ASOS-2 trial were more likely to have 
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successful intervention delivery. Knowledge and beliefs about the intervention impacted delivery of 

the ASOS-2 trial. The ASOS risk calculator174 was used to identify patients at high risk of 

postoperative complications however some clinicians felt that it was not always accurate. This 

mistrust in the tool may have led to a negative attitude that undermined nursing buy in on the 

wards. Influences such as this, that would likely have been addressed and corrected during a 

longer implementation trial were identified as potential barriers after ASOS-2 because of its short 

duration and design as a cluster-randomised trial.  

 

2.5 Discussion 

This review identified four papers that describe interventions to reduce failure to rescue in LMICs. 

All four papers were based in Africa and three of them describe the same package of interventions 

that were tested through a pilot trial and then a large cluster-randomised controlled trial (ASOS-2). 

The ASOS-2 trial did not show a reduction in mortality, and therefore failure to rescue, after 

surgery. Its’ accompanying process evaluation provides valuable insights into the reasons that are 

likely to have led to the lack of observed benefit, despite an intervention that was expected to have 

a positive impact by clinical teams on the ground. The only successful intervention to reduce failure 

to rescue in LMICs that was described in the literature, improved critical care capacity by 

enhancing the human resource available with a dedicated surgery resident and improved training. 

They hypothesise that this is likely to have led to increased surveillance and therefore early 

recognition and management of deterioration.  

 

The limited number of publications related to failure to rescue in LMICs is likely to be a result of 

several factors. Firstly, the volume of publications from LMICs is much lower than from higher 

income countries (HICs).175 Whilst failure to rescue is a term that has been used to describe care 

processes in HICs for over 30 years,34 its use to compare postoperative care globally, including in 

low-income settings, was first reported less than 10 years ago in 2016 in the International Surgical 

Outcomes Study.21 Since then, the term has increasingly been used to describe the higher 

mortality rates observed in LMICs in patients who develop complications after surgery,22,129,136,138 
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but the metric has not been utilised as an outcome measure in research or to benchmark quality of 

care across regions and countries. In order to identify evidence supporting interventions that 

reduce rates of failure to rescue, currently, we need to look to HICs. In 2022, Burke et al. published 

a systematic review of the root causes and improvement strategies for failure to rescue in adult 

patients.39 Interventions were categorised into those that improve recognition of the deteriorating 

patient, those that improve the relay of this information to appropriate teams and those that 

improve the response. We know that earlier recognition of patients who are deteriorating, for 

example with conditions like sepsis, leads to better outcomes.176 Adequate minimum staffing 

levels,87,177,178 improved working environments for healthcare staff,179 nursing staff with 

postgraduate training,180 and the implementation of minimum review times all lead to improved 

recognition of deteriorating patients.181 Other interventions with evidence include formal teaching 

on effective utilisation of early warning scores,182 and the implementation of medical emergency or 

rapid response teams.183 To improve the relay of information, the implementation of agreed 

escalation protocols and handover tools have evidence to support their use.184 To improve the 

reaction and response to a deteriorating patient, evidence supports agreeing on response times 

that reflect the severity of the patient illness and the use of team-based training using simulation.185     

 

The limitations of this systematic review include the small number of articles that are available in 

the published literature from LMICs. The inclusion of the term ‘failure to rescue’ may in itself have 

limited the identification of interventions that have potential to support improvements of care in this 

scenario. In order to address this limitation, I would recommend a second more inclusive literature 

review utilising terms from interventions that have been shown to be effective in HICs, for example 

‘early warning score’ or ‘rapid response team’. The review by Burke et al. described above 

provides a list of improvement strategies that have some evidence to support their use in HICs. It is 

possible that evidence of their use exists in LMICs but has not been specifically described in 

connection with failure to rescue. The downside of using more inclusive search terms is that the 

search results are likely to end up including many thousands of results. However, having learnt that 

inclusion of the term ‘failure to rescue’ is likely to have limited valuable evidence, a more 

exhaustive literature review is needed to capture all existing evidence. Other limitations of our 
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review process itself includes the search strategy we used to limit the geographical area and limit 

the patient population to surgical patients. We utilised general terms such as ‘low-income 

countries’ or ‘Africa’ but did not specifically include individual country names such as ‘Uganda’ that 

may fall into this group. A future search strategy could also include the individual names of all 

countries that fit the definition of an LMIC. Failure to rescue is also a concept that is commonly 

used in patient populations outside of surgery. Examples include recent publications 

recommending use of Failure to rescue as a quality measure for sepsis,186 investigating nursing 

interventions to reduce rates of Failure to rescue across multiple general hospital wards,187 and 

describe the association between nursing staffing levels and Failure to rescue in paediatric and 

neonatal acute and critical care wards.188 In the United Kingdom, Martha’s rule now stipulates the 

right of all patients and their families to escalate care as a way to improve safety and reduce 

incidences where deterioration is unrecognised and Failure to rescue occurs.189 It is appropriate to 

assume interventions to reduce Failure to rescue in one clinical area are likely to be effective in a 

difficult specialty in the same hospital or similar setting. In order to identify interventions to reduce 

Failure to rescue after surgery, the search net can be widened to include all inpatient populations.  

 

Interventions are needed to reduce the high mortality rates after surgery in LMICs. To avoid 

duplication of effort and wastage of limited resources, it is important to identify existing 

interventions that can be implemented or adapted for a new context. This process is an important 

step in the development or evaluation of a complex intervention.142 Our systematic review provides 

important information that will guide future strategies to address failure to rescue in LMICs. Firstly, 

given our limited results, we would recommend a repeat systematic review that encompasses 

wider search terms to identify evidence from LMICs for some of the individual interventions that 

have been shown to reduce failure to rescue in HICs. Proven interventions that are identified could 

then be combined into a package or care bundle that can be developed and tested robustly. The 

studies identified during this review contain valuable lessons regarding the challenges faced during 

implementation research in a low resource context. These lessons should be incorporated into any 

future intervention development processes. This review also demonstrates that there is need to 
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invest in the systems and research capacity that generate evidence to improve perioperative care 

in LMICs.  

 

2.6 Conclusions 

There is limited published evidence from LMICs that provides guidance on effective interventions 

to be implemented to reduce failure to rescue after surgery in these settings. It is possible that my 

choice of search strategy, whilst technically correct, may have missed relevant literature, especially 

from across other inpatient disciplines, that can appropriately be applied to the surgical population. 

I would recommend the literature review is run a second time using a more comprehensive search 

strategy. This is currently being done by our research group. I have been involved in the 

development of the updated search terms which are included as appendix 1, screening of identified 

articles and assimilation of the results. Due to limitations in existing evidence describing 

interventions to reduce Failure to rescue after surgery, development of new interventions should be 

planned with appropriate resources that prioritise the generation of robust evidence. This can then 

be widely disseminated, and interventions scaled to maximise their impact in these regions.  
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CHAPTER 3 SURGICAL OUTCOMES IN EASTERN 

UGANDA: A ONE-YEAR OBSERVATIONAL COHORT 

STUDY 

 

3.1 Introduction 

Across sub-Saharan Africa, it is estimated that almost 900 million people (93% of the population) 

do not have access to safe, affordable, surgical and anaesthesia care.190 However these estimates 

are based on mathematical models and, whilst useful at a global level, they do not describe 

country level variations in surgery and anaesthesia care. Accurate data describing current national 

surgical activity and patient outcomes should be used to ensure interventions are appropriate in 

that setting and not scaled blindly.191 We need greater understanding of the factors contributing to 

the higher mortality rates after surgery in Africa before strategies to improve access to safe 

anaesthesia and surgical care are developed.  

 

Despite the Lancet Commission on Global Surgery recommendation to use perioperative mortality 

as an indicator to describe the state of a country’s surgical system, literature reports detailing 

patient outcomes after surgery in low-income countries, including across Africa, are limited in 

number.2 There are also few national reporting systems in place in African countries that are able 

to track surgical volumes and outcomes despite the fact that these data are routinely documented 

in paper-based theatre and ward logbooks.192 Mortality rates in this setting have been described 

between 0.2% and 6.5%, but significant heterogeneity also exists between the definitions of 

surgical outcomes used in these studies making interpretation between datasets difficult.30,193-195  

Pragmatic approaches to these definitions, for example in the ASOS study that used a 7-day 

cohort design, have resulted in limitations when generalising data to individual hospitals and 

countries.28,196  
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Uganda does not routinely report national surgical volume rates or surgical outcomes. Reports are 

limited to individual research efforts, often in single centres or specific patient populations. 

Examples include mortality after laparotomy in adults at Mulago National Referral Hospital reported 

to be 10.6%,197 and postoperative mortality rates as high as 36% in a 5-year cohort of neonatal 

surgical patients and 34% in a cohort of non-traumatic gastroduodenal perforations at a regional 

hospital in western Uganda.198,199 If we compare this to the 2% mortality reported in the ASOS 

study, it is obvious there is large variation across different patient populations. Of note in the three 

postoperative outcome papers I have described, none include caesarean sections which usually 

form the majority of surgeries in Uganda and have an associated lower risk of mortality compared 

to emergency laparotomies.200,201 

 

Given the lack of overall surgical volumes and outcomes data across Uganda, I started by 

understanding and describing the surgical population at Mbale Regional Referral Hospital in 

eastern Uganda in detail. In this one-year cohort of patients undergoing surgical procedures, I 

describe the demographics and surgical outcomes. Data collection for the original ASOS study was 

conducted during this prospective one-year cohort and this allowed me to generate a comparison 

between the outcomes described.  

 

3.2 Methods 

This was a single centre, one-year observational cohort study at Mbale Regional Referral Hospital 

in eastern Uganda.  

 

3.2.1 Setting 

Mbale Regional Referral Hospital has been described in detail in the introduction (Chapter 1). It is 

a 470-bed hospital that serves 17 districts and a population of more than 4.5 million people in the 

east of Uganda. It is the busiest of Uganda’s 17 regional referral hospitals. At the time of data 

collection for this study, there were close to 10,000 maternal deliveries and 55,000 in-patient 

admissions each year.202 At that time, the hospital had one physician and nine non-physician 
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anaesthesia providers, three obstetricians and three surgeons. It had four functioning operating 

theatres but no intensive care unit. Patients of any age undergoing either elective or emergency in-

patient surgery at Mbale Regional Referral Hospital between 1st October 2016 and 30th 

September 2017 were eligible for inclusion. Patients undergoing surgery within the hospital’s 

private wing were excluded. Ethics approval to conduct a prospective audit of in-hospital, post-

operative outcomes was granted by the Mbale Regional Referral Hospital Research and Ethics 

Committee.  

 

3.2.2 Data collection 

Data describing all surgical procedures and ward admissions are routinely collected at Mbale 

Regional Referral Hospital using paper logbooks. Theatre logbooks contain demographic 

information, details of surgical procedures, anaesthesia type and staff involved in the patient’s 

care. Ward logbooks duplicate basic demographic data and also contain information about patient 

outcomes (discharge, referral etc). We designed an electronic case report form that allowed us to 

collate data from logbooks using a simple spreadsheet (Numbers, Apple Inc.). Data were 

anonymised before exporting for further analysis. A single research assistant supported 

department staff in data collection. Additional data were collected for patients undergoing 

laparotomy and Caesarean section for shorter periods. This extended dataset was not collected for 

the entire duration of the study period during to the additional burden of data capture and limited 

human resources. 

 

3.2.3 Outcome measures 

The primary outcome measure was in-hospital mortality censored at 30 days for patients that 

remained in hospital. Secondary outcome measures were 30-day in-hospital, post-operative 

complications among patients undergoing laparotomies and Caesarean section during the 

supplemental data period. 
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3.2.4 Statistical analysis 

We aimed to recruit all eligible patients over a one-year period. No formal sample size calculation 

was performed. Data were summarised descriptively using mean (SD) or number (%) as 

appropriate. The association between four covariates (sex, ASA score, surgical specialty, and 

urgency of surgery) and 30-day, in-hospital mortality using a multivariable logistic regression model 

was also assessed. These variables were chosen because of their routine availability in the 

patients’ medical records. Other variables that are often included in surgical risk scoring systems 

such as P POSUM,203 for example laboratory tests and physiological parameters, were not 

routinely available. Multiple imputations to account for missing data in the covariates were used. 

Patients with missing outcome data were excluded from the analysis. The imputation model 

included the four covariates, as well as the outcome (30 day in-hospital mortality). Imputations 

were performed using chained equations, and 10 imputations were used.204 Results from each 

imputed dataset were combined using Rubin’s Rules. These results are reported in Table 5 as 

adjusted odds ratio with associated p-values and 95% confidence intervals. In order to compare 

the impact of our multiple imputation model, a separate analysis was run excluding patients without 

a complete record. This comparison is presented in Table 8. My findings are presented in 

accordance with the STROBE guidelines for reporting of cohort studies.205 
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3.3 Results 

3.3.1 Demographics 

Data describing 4773 patients were collected at Mbale Regional Referral Hospital between 

October 2016 and September 2017. This represented 100% of surgical procedures conducted and 

recorded in theatre logbooks within the hospital’s main operating theatres and obstetric theatre 

during the one-year study period. 3754 (79.0%) patients were women, and the mean (SD) age of 

all patients was 27.9 (15.3) years. 773 (16.2%) patients were children under 18 years of age, 266 

(5.6%) were under five years of age and 24 (0.5%) were neonates. Three quarters of surgical 

procedures were emergency cases (3501, 73.8%) and the majority were ASA class I and II (4259, 

89.4%). Demographic data is represented in Table 5.  

 

Figure 13. STROBE flow chart describing inclusion criteria 
 

 

4773 patients underwent 4878 surgical 
procedures

105 secondary surgical procedures 
excluded

4773 patients considered for inclusion 

4765 patients included in the final analysis

Outcome data missing for 8 patients 
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3.3.2 Data completeness 

8 (0.2%) patients were missing outcomes and were therefore excluded from the data analysis. The 

number of patients missing data for additional individual variables included in the main analysis 

ranged from 5 (0.1%, surgical procedure) to 97 (2.0%, ASA score) (see Table 4 below). To 

evaluate the impact of the multiple imputation approach, 110 patients with any missing variable 

were excluded from an analysis of complete cases.  These results are available in Table 8. There 

was no difference in significance levels and variation of the reported odds ratios was minimal.  

 

 

Table 4. Surgical outcomes cohort - missing data 
 
 Missing data – n (%) 
Gender 12 (0.25) 
ASA Score 97 (2.04) 
Surgical specialty 2 (0.04) 
Urgency of surgery 20 (0.42) 
Number of patients excluded from complete 
case analysis 110 (2.31) 

 

 

3.3.3 Surgical procedures 

A total of 4878 surgical procedures were conducted on 4773 patients, with an average of 397 per 

month (see Figure 14). The busiest department was obstetrics and gynaecology conducting 3158 

surgeries (66.3%), followed by general surgery who conducted 1044 procedures (21.9%). The 10 

commonest surgical procedures are described in Table 3. Caesarean section was the most 

common procedure (2634, 55.3%) followed by laparotomy (304, 6.4%) and hernia surgery (142, 

3.0%).  
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3.3.4 Clinical outcomes 

A total of 93 (2.0%) patients died before hospital discharge. Mortality was more common in 

children less than five years (7.1%) compared to older children (5 – 18 years, 0.8%) and adults 

(1.8%). Patients with an ASA score of IV were over 100 times more likely to die than ASA I patients 

but with such a small dataset, this estimate may be imprecise. (See Table 5). 12/1244 (1.0%) 

patients undergoing elective surgery died before hospital discharge compared to 81/3501 (2.3%) 

undergoing emergency surgery. In-hospital mortality for the commonest surgical procedures varied 

between 0.3% (caesarean section) and 22.4% (laparotomy). When I looked at hospital outcomes in 

more detail (Table 6), in addition to those that died, 4653 (95.5%) were discharged home alive, 14 

(0.3%) patients were still alive in hospital at 30 days and 4 (0.1%) patients were referred to the 

national referral hospital in Kampala. 104 (2.1%) surgical procedures that took place were re-

operations. Of the patients that died, 10 (12.0%) died in theatre and 73 (88.0%) died on the 

postoperative wards. A third of these (31.5%) occurred in the first 24 hours after surgery. 10 

patients in this cohort were missing data on the timing of their death.  
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Table 5. Baseline patient characteristics and in-hospital 30-day mortality.  
 
 No. of patients 

 
Patients who 
survived 

Patients who died 
 

All patients 4765 (100.0) 4672/4765 (98.0) 93/4765 (2.0) 
Age    
Age, years, mean (SD) 27.9 (15.3) 27.7 (15.0) 33.5 (25.6) 
Age, years, median (range) 25.0 (0.0 – 96.0) 25.0 (0.0 – 96.0) 30.0 (0.0 – 92.0) 
< 29 days 24 (0.5) 21 (87.5) 3 (12.5) 
29 days – 5 years 242 (5.1) 226 (93.4) 16 (6.6) 
5 – 18 years 507 (10.6) 503 (99.2) 4 (0.8) 
 
Common surgical procedures  
Caesarean section 2634 (55.3) 2626 (99.7) 8 (0.3) 
Laparotomy 304 (6.4) 236 (77.6) 68 (22.4) 
Hernia operations 142 (3.0) 140 (98.6) 2 (1.4) 
Open reduction & internal 
fixation 87 (1.8) 86 (98.9) 1 (1.1) 

Hysterectomy 79 (1.7) 78 (98.7) 1 (1.3) 
Incision and drainage 60 (1.3) 58 (96.7) 2 (3.3) 
Salpingectomy 40 (0.8) 40 (100.0) 0 (0.0) 
External fixation 40 (0.8) 40 (100.0) 0 (0.0) 
Primary wound closure 39 (0.8) 39 (100.0) 0 (0.0) 
Sequestrectomy 34 (0.7) 34 (100.0) 0 (0.0) 

Data presented as n (%) unless otherwise stated. Patients with data incomplete for that category were 
excluded. 
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Table 6. Time of death after surgery and in-hospital outcomes. 

 
 No. of patients 

n (%) 
Time of death after surgery  
Died in theatre 10 (12.0) 
Died on ward (<24 hours) 23 (27.7) 
Died on ward (>24 hours) 50 (60.2) 
Total deaths 83 (100.0) 
  
Missing data 10/93 (10.8) 
  
In-hospital outcomes  
Discharge 4652 (97.6) 
Referral 4 (0.1) 
Alive in-hospital at 30 days 14 (0.3) 
Death 93 (2.0) 
Total 4765 (100.0) 
  
Surgical procedures that were re-
operations 

104/4878 (2.1) 
 

 

Patients with missing data for time of death were excluded from that analysis
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Figure 14. Trends in monthly surgical procedure rates and monthly mortality rates at Mbale Regional Referral Hospital. Dashed lines represent yearly 

average rates for procedure volume and mortality respectively. 
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Figure 15. Comparison of in-hospital post-operative mortality data from Mbale Regional Referral Hospital with mortality following emergency and 

elective surgery across Africa. ASOS = African Surgical Outcomes Study. 
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Table 7. Factors associated with 30-day, in-hospital mortality (multiple imputation model).  

 

 Alive Died Odds ratio (95% CI) p-value 

Men 950/999 (95.10) 49/999 (4.90) Reference - 
Women 3710/3754 (98.83) 44/3754 (1.17) 0.65 (0.36 to 1.18) 0.16 
 
ASA score 
I 1918/1922 (99.79) 4/1922 (0.21) Reference - 
II 2313/2337 (98.97) 24/2337 (1.03) 5.94 (2.02 to 17.50) 0.001 
III 314/353 (88.95) 39/353 (11.05) 28.66 (9.72 to 84.57) <0.001 

IV 35/56 (62.50) 21/56 (37.50) 116.79 (35.60 to 
383.16) <0.001 

Surgical specialty 
Obstetrics 2860/2878 (99.37) 18/2878 (0.63) Reference - 
General 980/1044 (93.87) 64/1044 (6.13) 4.34 (2.02 to 9.30) <0.001 
ENT 140/141 (99.29) 1/141 (0.71) 0.61 (0.08 to 5.04) 0.65 
Gynaecology 272/280 (97.14) 8/280 (2.86) 3.90 (1.51 to 10.04) 0.005 
Orthopaedics 418/420 (99.52) 2/420 (0.48) 0.71 (0.14 to 3.49) 0.67 
 
Urgency  
Elective 1232/1244 (99.04) 12/1244 (0.96) Reference - 
Emergency 3420/3501 (97.69) 81/3501 (2.31) 1.52 (0.74 to 3.15) 0.26 

ASA = American Society of Anesthesiologists; ENT = Ear, Nose and Throat. n/N (%) unless otherwise stated 
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Table 8. Surgical outcomes cohort - complete case and multiple imputation comparison 
 
 Complete case Multiple imputation 

 Odds ratio (95% CI) p-value Odds ratio (95% CI) p-value 

Women 0.62 (0.34 to 1.14) 0.13 0.65 (0.36 to 1.18) 0.16 

ASA score     

     II 6.26 (2.10 to 18.67) 0.001 5.94 (2.02 to 17.50) 0.001 

     III 28.57 (9.37 to 87.17) <0.001 28.66 (9.72 to 84.57) <0.001 

     IV 113.80 (33.62 to 385.27) <0.001 116.79 (35.60 to 383.16) <0.001 

Surgical specialty    

     General 5.48 (2.44 to 12.31) <0.001 4.34 (2.02 to 9.30) <0.001 

     ENT 0.80 (0.10 to 6.64) 0.84 0.61 (0.08 to 5.04) 0.65 

     Gynaecology 5.24 (1.97 to 13.91) 0.001 3.90 (1.51 to 10.04) 0.005 

     Orthopaedics 0.94 (0.19 to 4.71) 0.94 0.71 (0.14 to 3.49) 0.67 

     Emergency 

surgery 
1.70 (0.80 to 3.58) 0.17 1.52 (0.74 to 3.15) 0.26 
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3.3.5 Complications following laparotomy 

Complications data were collected over a period of three months for all patients undergoing 

laparotomies (n = 107). Data are presented in Table 7. The mean (SD) age of these patients 

undergoing laparotomy was 32.0 (18.6) years. 81.7% (58/71) of laparotomies were conducted by 

doctors without any specialist training in surgery. Anaesthesia for 90.2% (74/82) of these cases 

was provided by non-physician anaesthesia providers. 85/107 (79.4%) were conducted under 

general anaesthetic and the remainder under spinal anaesthesia. Antibiotics were given in theatre 

for 55/107 (51.4%) of cases and the surgical safety checklist was used during 19/107 (17.8%). A 

total of 18 (16.8%) patients undergoing laparotomy developed post-operative complications. There 

were 10 (9.4%) infectious complications and 10 (9.4%) cardiac arrests. Mortality following cardiac 

arrest was 100%.  

 

3.3.6 Complications following Caesarean section 

Complications data were collected over a period of two months for all patients undergoing 

caesarean section (n = 412). Data are presented in Table 9. The mean (SD) age of these patients 

undergoing caesarean section was 25.4 (6.3) years. 84.7% (349/412) of caesarean sections were 

conducted by doctors without any specialist training in surgery. Anaesthesia for 99.2% (359/362) of 

these cases was provided by non-physician anaesthesia providers. 391/412 (94.9%) were 

conducted under spinal anaesthesia and the remainder under general anaesthesia. Antibiotics 

were given in theatre for 138/412 (33.5%) of cases, and the surgical safety checklist was used 

during 150/412 (36.4%). A total of 24 (6.1%) patients undergoing caesarean section developed 

post-operative complications. There were 23 (5.6%) infectious complications and 2 (0.5%) 

cardiovascular complications (one pulmonary embolus and one cardiac arrest). Mortality following 

cardiac arrest was 100%.  
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Table 9. Additional baseline characteristics collected for subsets of patients following laparotomy 
and caesarean section and in-hospital postoperative complications.  
 

 Laparotomy Caesarean Section 
Total patients 107/304 (35.2) 412/2634 (15.6) 
Age, mean (SD) 31.96 (18.6) 25.43 (6.3) 
 
Senior surgeon present 
Consultant 3/71 (4.2) 3/360 (0.8) 
Medical Officer Special Grade 10/71 (14.1) 8/360 (2.2) 
Medical Officer 52/71 (73.2) 41/360 (11.4) 
Intern 6/71 (8.5) 308/360 (85.6) 
 
Senior anaesthesia provider present 
Physician anaesthetist 8/82 (9.8) 3/362 (0.8) 
Anaesthetic Officer (non-
physician) 74/82 (90.2) 359/362 (99.2) 

 
Anaesthetic technique 
General anaesthetic 85/107 (79.4) 21/412 (5.1) 
Spinal anaesthetic 22/107 (20.6) 391/412 (94.9) 
Endotracheal tube 67/67 (100.0) 4/21 (19.1) 
Antibiotics given (Yes) 55/107 (51.4) 138/412 (33.5) 
Surgical Checklist Used (Yes) 19/107 (17.8) 150/412 (36.4) 
 
Complications 
Complications 18/107 (16.8) 24/412 (5.8) 
Mortality 10/107 (9.4) 1/412 (0.2) 
Death following a postoperative 
complication 10/18 (55.6) 1/24 (4.2) 

 
Infectious complications 
Surgical site 5/107 (4.7) 19/412 (4.6) 
Body cavity 3/107 (2.8) 2/412 (0.5) 
Pneumonia 1/107 (0.9) 0/412 (0.0) 
Blood 1/107 (0.9) 2/412 (0.5) 
Total 10/107 (9.4) 23/412 (5.6) 
Cardiovascular complications 
Pulmonary embolus 0/107 (0.0) 1/412 (0.2) 
Cardiac arrest 10/107 (9.4) 1/412 (0.2) 
Total 10/107 (9.4) 2/412 (0.5) 
Other complications 
Unplanned return to theatre 2/107 (1.9) 0/412 (0.0) 

Data presented as n (%) unless otherwise stated 
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3.4 Discussion 

In this cohort of surgical patients treated at a regional hospital in eastern Uganda, overall in-

hospital postoperative mortality was 2.0%. Mortality rates were more than three times higher 

among children under five. Patients with higher ASA scores were more likely to die and one-fifth of 

patients who underwent a laparotomy died. In patients undergoing laparotomy or caesarean 

section, the overall number of post-operative complications was small, however, mortality following 

cardiac arrest was 100%. Notably, almost 90% of patients who died, did so after surgery on the 

postoperative wards, suggesting that improvements in postoperative care may result in a 

significant reduction in the mortality associated with surgical procedures in this setting.  

 

Mortality rates from this one-year cohort of patients are remarkably consistent with ASOS data, 

both in all patients and those undergoing elective surgery (Figure 15). Mbale Regional Referral 

Hospital contributed to ASOS, collecting data over seven days during the same study period. This 

cohort therefore serves to validate the reliability of the ASOS outcomes. We describe mortality in 

accordance with the recommendations of the Lancet Commission on Global Surgery, including all 

patients within our hospital who underwent a surgical procedure in an operating theatre. 60% of all 

our surgical procedures were obstetric. Although this is likely to be a representative statistic for 

many hospitals in low-income countries, it is higher than many published rates. A systematic 

review from 2023 describes an average of 30.1% of total surgeries being caesarean sections 

across 26 published articles.206 However, this raises difficulty when directly comparing our 

postoperative mortality with published literature in other hospitals in similar settings. Postoperative 

mortality at a regional referral hospital in western Uganda has been reported as 2.4%. Although 

data collection there was limited to a four-week period, the overall figure is comparable.192 A 

teaching hospital in Rwanda describes their perioperative mortality rate as 6.5%, three times 

higher than ours, but only included procedures involving surgical residents in their study.194 If 

obstetric patients are excluded from our cohort, our mortality rate doubles to 4%. This is analogous 

to mortality rates following elective and emergency surgery in Europe (4%),207 but less than a 

cohort of over 10,000 patients in 58 high, middle and low-income countries undergoing emergency 
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abdominal surgery who had an overall mortality rate at 30 days of 5.4%.30 In a population of 45,000 

patients undergoing elective surgery in high, middle and low-income countries the in-hospital 

mortality rate was lower at 0.5%.208 In comparison, following elective surgery in our hospital, 

patients are twice as likely to die despite, on average, being 30 years younger. This reinforces the 

recently published African Surgical Outcomes Study (ASOS) where patients in Africa were twice as 

likely to die after surgery when compared with the global average for postoperative deaths.28 A 

major deficit exists in the specialist surgical workforce in many parts of the world.209 At Mbale 

Regional Referral Hospital, seven obstetric, surgery and anaesthesia specialists cover a catchment 

population of 4.5 million. Over 84% of laparotomies and caesarean sections are conducted by 

doctors without specialist training in surgery and over 97% of anaesthetics were performed by non-

physician anaesthesia providers. Although safe surgical and anaesthesia care has only recently 

come into focus at a global level, previous interventions aimed at improving outcomes have 

focused on making operative procedures safer.210,211 Almost 90% of the postoperative deaths in 

our hospital occurred on the postoperative wards after surgery. In the African Surgical Outcomes 

Study, more than 95% of patients who died did so in the postoperative period.28 It is known that 

poor patient outcomes commonly result from a failure to promptly recognise deteriorating patients 

on the wards.212 It has also been suggested that failure to rescue patients following the 

development of postoperative complications may be a better measure of the quality of 

perioperative care within a health facility.129 In our cohort, no patients survived following a cardiac 

arrest. In the International Surgical Outcomes Study, conducted mainly in high and middle-income 

countries, 40% of cardiac arrest patients survived.213 This suggests that post-operative care in our 

setting, in particular ward care, should be a focus for future interventions. This data strengthens the 

case for interventions in this area to help reduce preventable mortality.  

 

Patients given an ASA classification of III or IV in this cohort are more likely to die. 75% of the ASA 

IV patients underwent an emergency laparotomy and were given an ASA IV classification based on 

their acute illness rather than underlying chronic disease like the score is designed to be used. 

Whilst this is not strictly accurate, it may have served as a crude risk assessment tool. Since this 

period of data collection, the ASOS dataset has been used to generate a simple risk calculator that 
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can now be used to more accurately identify patients who are at greater risk of post operative 

complications and mortality.174 Following completion of this analysis, data was presented to 

hospital staff and has been used to inform interventions to improve patient care. One example is 

the establishment of a high dependency unit for surgical patients. The ASOS surgical risk score is 

used to identify high risk patients after surgery (ASOS Risk Score >10) and these patients are 

admitted to a separate ward that has a nurse-to-patient ratio of 1:5 and access to additional patient 

monitors and other equipment (for example oxygen concentrator and suction machine). There was 

a large monthly variation in our mortality rates. Figure 14 demonstrates on average, higher rates 

during the period November-February with a dramatic reduction during March and April. I did not 

set out to investigate seasonal variation in outcomes and am unable to clearly identify causal 

factors. More work would be needed to track this variation over time to see to see if this was 

natural variation or triggered by specific variables.  

 

This dataset has several strengths and limitations. Its major strength is that it is the first description 

of surgical volumes and outcomes in Uganda that describes a cohort over a period of one year. 

Most other datasets described in the literature have short periods of data collection which are then 

extrapolated to give representative figures. I also describe the entire surgical cohort at Mbale 

Regional Referral Hospital and do not focus on one specialist patient area. This paints an accurate 

picture of the surgical capacity at the hospital and also the distribution of surgical categories that 

currently take place. There is a huge burden of untreated surgical disease in Uganda, and we 

suspect a significant number of these patients never reach theatre because of delays seeking care, 

delays travelling to health facilities and delays between presentation to hospital and reaching 

theatre.213,214 One limitation is that looking at postoperative mortality alone has limited the data and 

means I was unable to measure these delays accessing care. I am likely to be missing a significant 

proportion of the mortality associated with overall surgical disease in this setting because we do 

not capture deaths that occur before the operating theatre. I also consider the low rates of 

postoperative complications in our cohort to be a limitation. In Mbale Regional Referral Hospital, 

like many low-income settings, documentation of postoperative reviews is often poor, 

complications are not sought after, and laboratory tests or radiology examinations are often 
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unavailable to confirm complications when they are suspected. I have relied on data collection from 

logbooks and patient medical records. If I had conducted routine reviews of all postoperative 

patients, I may have identified additional complications. This was not feasible at the time due to 

resource limitations for this study. A previous study in Uganda has also shown only 94% of surgical 

related deaths to be recorded in logbooks.192 It is possible that I may have missed some 

postoperative deaths. Paper based logbooks are routinely used in all health facilities in Uganda to 

help collate aggregate data to provide feedback to the Ministry of Health. This method of data 

collection is time consuming and places significant burden on staff who are already working in 

challenging conditions, for example nursing to patient ratios of 1:40 in the general surgical wards. It 

is also a barrier to the routine use of this data for quality improvement initiatives at health facility 

level. Although I successfully managed to collate this level of data for our patients, it was only with 

the assistance of a data assistant. A better alternative for future work would be to replace paper 

logbooks with an electronic registry. The often-reported challenges to this, of poor staff training, 

lack of regular power supply and inadequate infrastructure can all be overcome with appropriate 

and focused investment in time and suitable technology.215-217   

 

3.5 Conclusion 

I have successfully described a one-year cohort of patients undergoing surgery at Mbale Regional 

Referral Hospital, including in-hospital outcomes. These data are likely to be generalisable to 

similar health facilities in the region, and demonstrate that patients who die following surgery are 

more likely to do so on the hospital ward in the days following their operation, especially if they are 

higher risk (in this cohort, a higher ASA classification). I have demonstrated that, with the 

appropriate human resources, prospective longitudinal data collection is both feasible and provides 

useful data outputs that can be used to improve patient care. Mortality rates after surgery at Mbale 

Regional Referral Hospital are, like the ASOS study, twice that found in HICs despite a younger 

healthier population. This study provides important baseline data on which to base the 

development of an intervention to improve outcomes after surgery.  
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Future work following this cohort study should focus on two areas. The first is the routine collection 

and use of epidemiological data to understand trends over time. Such a registry should be 

electronic to improve access to data in near real time for clinicians on the front line. Electronic 

healthcare registries have previously been described as one solution to help improve quality of 

care in low-resource settings and I agree that this is an area that needs to be prioritised.218 The 

second area to focus on next should be the iterative development of a complex intervention, 

developed in accordance with existing intervention research guidelines, to reduce postoperative 

mortality rates. Given the complexity of healthcare systems found in LMICs, including Uganda, it is 

likely the intervention development will need to be a multistage process with an opportunity to pilot 

any interventions before they are tested in a large multi-site effectiveness trial.  
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CHAPTER 4 DEVELOPMENT OF A COMPLEX 

INTERVENTION TO REDUCE FAILURE TO RESCUE IN 

HOSPITALS IN UGANDA 

 
4.1 Introduction 

Interventions can be described as complex for several reasons. The intervention itself may have 

multiple components or require a high level of knowledge or skill to implement. Alternatively, the 

setting that the intervention is being introduced into may involve multiple interacting components 

that rely on human factors, systems and other resources to function effectively. Health facilities are 

good examples of a complex environment where even the simplest of interventions may be difficult 

to successfully introduce. Human factors are perhaps the dominant reason that make healthcare 

settings so complex and interventions to improve patient care often focus on this area.219 These 

human factors include human capabilities, needs and performance and they all affect patient care 

and outcomes. I have already described several in the context of failure to rescue, for example, the 

skill of recognising deteriorating vital signs, the communication of the deteriorating patient to the 

relevant teams and the workplace environment that can affect this, and an adequate and timely 

response.  

 

In 2000, the UK Medical Research Council first published a framework for researchers on the 

development and evaluation of complex interventions and this has been revised several times 

since then, most recently in 2021.141,142,144  The framework describes a common set of core 

elements illustrated in red in Figure 16 below. Regardless of the stage in the complex intervention 

research journey that one is in, incorporating these into the intervention development and 

evaluation will improve its effectiveness. I undertook a series of smaller research activities and 

tasks to inform the design of my complex intervention. In this chapter I describe each of these 

steps in turn, working through the design challenges in a sequential manner and incorporating this 

learning into my pilot trial.  
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4.2 Postoperative patient monitoring at Mbale Regional Referral 

Hospital 

‘The patient changed condition’ 

 

This phrase is synonymous with the moments before patients deteriorate and die on the wards at 

many health facilities across Uganda. Personal experience from my time working in the surgical 

wards at Mbale Regional Referral Hospital saw both family members and healthcare workers using 

the same way to describe events that led to them losing their patients. Despite the apparent 

sudden nature of these deaths, we know that patients do not usually suddenly drop dead. Instead, 

we see a gradual deterioration over time, that if not recognised, leads to death.220 Physiological 

deterioration is often not obviously visible and so vital signs monitoring of patients is a critical step 

in the early recognition of these deteriorating patients.  In many countries around the world, like the 

UK, hospitals use early warning scores that are effective at detecting this physiological 

deterioration. These scores, like the National Early Warning Score (NEWS) allocate weighted 

points to individual vital signs depending on their level of derangement. These are then aggregated 

to give a score and the score used to trigger a response.221  

 

 
Figure 16. Skivington’s framework for developing and evaluating complex interventions 
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Uganda has huge health workforce gaps manifesting at times in nurse-to-patient ratios of 1:50. 

There is often one single nurse on duty on the ward with responsibility for all duties. This includes 

administration of medications and treatment, admission of new patients, patient discharges, ward 

management duties for example ordering of stores and vital signs monitoring of patients. It does 

not take much imagination to realise this workload is overwhelming and therefore some aspects of 

care do not get completed.  

 

4.2.1 A clinical audit of baseline vital signs monitoring 

During our one-year cohort study of surgical patients, there were anecdotal reports of vital signs 

monitoring on the wards being rare. In order to understand whether this was a potential 

contributory factor to late recognition of deteriorating patients, I undertook a clinical audit of both 

rates of vital signs monitoring on the surgical and obstetric wards and staff to patient ratios during 

the different shifts.  

 

Methods 

The total number of inpatients on the four surgical wards at Mbale Regional Referral Hospital were 

documented for each shift (day, evening and night) by the nurses on duty. In addition, data on the 

number of nurses on duty for each shift was collated from the duty rota. For the rates of vital signs 

monitoring, a retrospective chart review was conducted for every patient who had surgery and was 

admitted to one of the postoperative wards during the data collection period (May 2018). Data was 

collected on the number of each of the vital signs (heart rate, blood pressure, respiratory rate, 

oxygen saturation, temperature and conscious level) that were taken and documented anywhere in 

the patients file during the first 48 hours after surgery. Data was recorded in an Excel spreadsheet 

and analysis conducted using R studio.  

 

Results  

A total of 244 patients were included in the clinical audit of which 86% (210/244) were female. The 

greatest proportion of patients were included from the postnatal ward following caesarean section. 
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Frequency of vital signs monitoring during the first 48 hours after surgery was generally poor. On 

the orthopaedic and ENT ward, no vital signs monitoring took place. Heart rate and blood pressure 

were documented most frequently but the median frequency was still only 2 documented vital signs 

on the gynaecology and postnatal wards. The other vital signs were rarely documented. Nurse to 

patient ratios ranged from 1:6 during the daytime on the gynaecology ward to 1:32 on the general 

surgery ward at night. The highest nurse to patient ratios were recorded on the general surgery 

ward with a ratio of 1:52. Table 10 shows the distribution of ratios across the inpatient surgical 

wards at Mbale Regional Referral Hospital.  

 
 
 
 
Discussion 

My audit of vital signs monitoring confirmed that there were significant gaps, in some instances, no 

vital signs monitoring took place. Following discussion with the nursing staff and documentation of 

the high nurse to patient ratios, the common reason for the lack of vital signs monitoring was the 

overwhelming workload. Of all the tasks the nursing staff had to do, vital signs monitoring was 

given the lowest priority. Ways to increase the frequency of vital signs monitoring were a priority for 

improvement so that deteriorating patients could be detected sooner. 
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Table 10. Baseline vital signs and staffing levels data at Mbale Regional Referral Hospital.  
 
 

Ward 
Orthopaedic 

& ENT 
General 
Surgery  

Gynaecology Postnatal 

Female n (%) 7/18 (39) 8/31 (26) 31/31 (100) 164/164 (100) 
Age 27 (5-74) 35 (0.25-87) 29 (19-46) 24 (14-38) 
 
Rates of vital signs monitoring 
Heart rate 0 (0-0) 0 (0-3) 2 (0-13) 3 (0-13) 
Blood pressure 0 (0-0) 0 (0-5) 2 (0-17) 3 (0-13) 
Respiratory rate 0 (0-0) 0 (0-1) 0 (0-1) 0 (0-0) 
Oxygen saturations 0 (0-0) 0 (0-0) 0 (0-0) 0 (0-1) 
Temperature 0 (0-0) 0 (0-1) 0 (0-1) 0 (0-0) 
Conscious level 0 (0-0) 0 (0-1) 0 (0-4) 0 (0-7) 
 
Trained staff on duty 
Day 1 (1-2) 2 (1-4) 3 (1-5) 3 (1-4) 
Evening 1 (1-1) 1 (0-2) 1 (1-2) 2 (1-2) 
Night 1 (1-1) 1 (1-2) 1 (1-1) 1 (1-2) 
 
Inpatients on ward 
Day 20 (14-30) 34 (19-50) 18 (9-28) 35 (18-52) 
Evening 19 (15-30) 34 (21-50) 18 (9-28) 39 (19-54) 
Night 21 (15-30) 33 (19-52) 18 (9-28) 48 (27-67) 
 
Patient to staff ratio 
Day 18:1 16:1 6:1 12:1 
Evening 20:1 31:1 12:1 23:1 
Night 21:1 32:1 18:1 37:1 

     Data presented as median (range) frequency over 48-hour period unless otherwise indicated. 
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4.3 Family supplemented patient monitoring: programme theory 

Following the decision to develop and test an intervention involving family members to improve 

rates of vital signs monitoring for patients after surgery, the next step involved the development of 

a robust programme theory. Programme theories are commonly used during the development and 

evaluation of healthcare interventions. They provide an overarching model or theory describing 

how the intervention is expected to work and allow comparison between expected and observed 

behaviours. Formal review of a programme theory following pilot studies can contribute to 

improved intervention design when tested at a larger scale.  

 

In implementation science, understanding that the context will influence the implementation 

outcome is very important. Study to study variations in outcomes are often the result of contextual 

variations.222-224 Across multiple implementation science frameworks and theories, several words 

are used interchangeably to describe this context. Alternatives to the word context include 

‘environment’ and ‘setting’.225 The Consolidated Framework for Interventional Research (CFIR) 

was developed to provide a pragmatic structure for approaching interacting, multi-level constructs 

that combined and consolidated existing implementation theories that often overlapped but were 

not consistent in what they included.171 This is the framework that I have used in my analysis of 

qualitative process evaluation data. The consolidated framework for interventional research uses  

the terms inner and outer setting. These are described alongside three other major domains that 

influence intervention effectiveness (intervention characteristics, characteristics of individuals and 

process).171 The outer setting includes the economic, political and social context whereas the inner 

setting usually describes culture, readiness, communications and structural characteristics.171 

Whilst this framework differentiates between these two domains, in reality, the line between these 

two contexts is not always clear.  
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A programme theory explains how an intervention is understood to contribute to a chain of results 

that produce the intended or actual results. There are different processes that can be used to 

develop a programme theory. Many logic models used in programme theory show a single, causal 

path that is linear. These often focus on five categories. An example is the simple logic model that 

was published by the Kellog foundation in 2004 and is illustrated in Figure 17 below.226 The 

challenge we face is that most processes in life are not simple and a programme theory that 

oversimplifies the reality on the ground is unlikely to be useful. For example, it is likely that for a 

simple logic model to work as expected, multiple other factors need to be in place first. Whilst 

these may be obvious, there may be huge heterogeneity across different settings, limiting the 

ability to extrapolate findings more generally or across countries and contexts.  

 

  

 

Figure 17. A simple logic model (W.K. Kellog Foundation, 2004) 
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To address this, a programme theory can take into account some of the contextual factors that 

may influence the success of any individual intervention. One approach to this is to use articulating 

mental models. This involves talking with key informants, either individually or in groups, to identify 

how they understand an intervention may work. Key informants can include anyone within the 

context of the proposed intervention. In my case this included the research team, the healthcare 

workers and the patients and their family members. A set of leading questions can be used to draw 

out ideas. Funnell and Rogers describe some examples in their book ‘Purposeful programme 

theory’ that I have adapted to my intervention. These include: What are the current barriers to 

monitoring of patients on the wards? How would you see this programme overcoming these 

barriers? What else needs to happen? Who else needs to be involved and how?227 Using this 

approach I developed my programme theory that is illustrated in Figure 18.  
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Figure 18. SMARTER programme theory 
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Provided conditions in the outer and inner contexts have been met and provided the family 

members we involved in the vital signs monitoring intervention do what we expect them to, then 

vital signs monitoring frequency should increase. This would then allow complications after surgery 

to be detected at an earlier stage and enable healthcare staff to intervene in a timely manner. This 

pathway would then result in a reduction in the number of deaths after surgery. Our outer context 

preconditions were based on our assumption that a robust evidence base was needed to influence 

change in a healthcare setting. We know that evidence-based practice leads to improved patient 

safety, quality of care and patient outcomes.228 We also know that healthcare workers respond 

more positively if they understand the rational, and therefore value a proposed change.229 Work by 

our colleagues across Africa and others provide the evidence to support our outer context 

preconditions,28,230,231 with local audit work described earlier in this chapter showing gaps in vital 

signs monitoring with our study setting.  

 

4.4 Intervention development, refinement and stakeholder engagement. 

Quality improvement (QI) interventions can be seen has having a ‘hard core’, the clinical processes 

or practices that are the focus of improvement, and a ‘soft periphery’, the improvement methods 

that enable change to occur.232 For implementation research to be most useful, it needs to take into 

account complexities from both the components of the intervention and how they interact with the 

surrounding settings. My intervention, to train family members to perform basic vital signs 

monitoring for their patient, identify when these are abnormal and communicate this to ward staff, 

grew out of the programme theory that family members were an underutilised resource in our 

hospital. It was however unknown whether family members would be willing and able to take and 

document simple vital signs.  

 

The intervention was developed using an iterative process with stakeholder engagement from 

medical and nursing teams in the hospital and family members themselves. Although I did not have 

a formal community engagement and involvement strategy, this stakeholder engagement was an 

informal approach to ensure all relevant stakeholders could contribute to the development of the 
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intervention. In particular, I met with nurses from the surgical wards, describing what I was 

planning to do and listened to their guidance and feedback, In the early stages I spoke with family 

members on the wards to see if they would be willing to assist with vital signs monitoring. Later 

during the intervention development, I also informally discussed use of the pulse oximeter with two 

groups of family members on the surgical high dependency ward to see whether they thought they 

would be able to use it and ask for feedback how best to train lay people in its use. Whilst 

healthcare workers undergo extensive training to enable them to take and make appropriate 

interpretations of vital signs such as blood pressure, heart rate and respiratory rate, in many 

countries auxiliary staff are employed to help with the increasing workloads of highly trained staff. 

Examples include nursing assistants in the UK. These staff have all the appropriate training to 

safely take patient vital signs but are empowered to ask for help from nursing staff to help interpret 

vital signs that are abnormal. Due to the large volumes of patients and high turnover, especially on 

wards such as the postnatal ward at Mbale Regional Referral Hospital, where the length of stay of 

patients is usually 1-2 days, during my intervention development I needed to be careful that the 

training component did not become an unnecessary and unmanageable burden.  

 

Figure 19. Examples of a patient monitor (left) and vital signs monitor (right) 
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Globally, a standard set of vital signs includes six parameters (respiratory rate, oxygen saturation, 

heart rate, blood pressure, temperature and conscious level). It is routine to have access to a vital 

signs monitor, or a patient monitor to enable healthcare staff to be able to take this full set of vital 

signs (See Figure 19). However, teaching a family member who has no previous knowledge or 

previous healthcare experience to use a vital signs monitor safely would have been significant 

training burden and require lots of supervised practice. I needed to adopt a pragmatic approach 

that enabled a balance between the use of vital signs to detect early deterioration but that did not 

create an unmanageable training burden on the training team. Ultimately if successful, nursing staff 

who are already on the wards would be expected to take on this training responsibility.  

I made the pragmatic decision to use only four vital signs that can be taken with minimal use of 

equipment. These were heart rate, respiratory rate, conscious level and arterial oxygen saturation 

(SpO2). I excluded blood pressure, which is usually a late sign of deterioration, is slightly more 

complicated to take with the need to position the blood pressure cuff in the right position without 

causing harm to the patient. I also excluded temperature. Temperature probes are vulnerable to 

damage and easily lost and if not positioned well can lead to inaccurate readings. I felt that the use 

of a simple pulse oximeter would be feasible for family members, would give a reading for oxygen 

saturations and the heart rate and would be a pragmatic balance between training burden and 

Figure 20. Pulse oximeter stand development and manufacture 
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benefit. Lifebox pulse oximeters (Model No. AH-M1; Acare Technology Co., Ltd, New Taipei City, 

Taiwan) were provided to all wards at the beginning of the study. As pulse oximeters are small and 

easily lost, they were fixed with their chargers to a mobile stand and a dedicated charging point on 

the wards identified with a sign. Detail during intervention development is important and the stands 

were custom designed for this trial. Pictures in Figure 20 show the stages of stand development. 

Design features included castors to enable easy movement around the wards, a smooth durable 

surface to enable easy cleaning, a tray for storage of the pulse oximeter probe and a stand with 

security attachment so that the pulse oximeter itself was easily visible and accessible but at the 

same time fixed and secure. Figure 21 shows the final product. 

 

Figure 21. Lifebox pulse oximeter and mobile stand 
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4.4.1 Feedback from families: literacy and language barriers 

In the intervention, family members were given practical training to assess the vital signs in 

accordance with standard operating procedures. Family members were taught to record they had 

taken the vital signs on a basic observation chart every 4 hours after surgery and how to interpret 

these results. Feedback from family members and patients during development of the intervention 

led to the identification of potential barriers to the implementation fidelity. Examples included 

language barriers and literacy rates. Mbale Regional Referral Hospital receives patients from a 

large geographical area with distinct cultural differences. Multiple languages are spoken that are 

distinct and not interchangeable. Some patients are unable to understand or read in the common 

languages of Luganda and English. In order to understand the language challenges more, a simple 

survey was undertaken at a single timepoint in September 2019. I asked all inpatients and their 

immediate family member present on inpatient surgical wards (general surgery and 

orthopaedic/ENT) at the time of the survey, what their first language was. We also asked whether 

they spoke a second or third language and whether they could read in their first or second 

languages.  

 

Results 

I interviewed 100 patients and family members. Two colleagues working with me provided local 

translation where needed. Three common first languages were described (Lugisu, Lugwere and 

Ateso) covering 82% of the patients and their family members. 37% were able to speak English 

and 44% were able to speak Luganda (one of the most widely spoken languages across Uganda). 

32% were unable to read or write in any language. Table 11 summarises these findings.  

 

This feedback was incorporated into the intervention by developing colour infographic guidelines 

that were simple to follow using pictures even if people could not easily read. My initial thoughts 

had been to develop a training guide that could be read and followed by family members however 

given the high rates of illiteracy I changed to a much simpler approach. Early versions of the poster 

also included text to explain each step for those family members who would be able to read but, 
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given the need to translate all text into Luganda as well as English, the space for the visual 

components of the poster became very constrained. The end result was a poster that was as 

simple as possible in design but conveyed the key messages. Figure 22 illustrates the final version 

of the poster that I used. These posters were displayed throughout each ward during the trial 

intervention. For simplicity, a single pragmatic cut off for vital signs was used, allowing family 

members to decide whether the result they achieved was ok or needed attention from a medical 

worker. This approach has previously been used successfully by healthcare workers in an 

intensive care setting.104 

 

Following stakeholder input from the nursing staff, they highlighted a concern about infection 

prevention and control. We therefore included a training component to ensure carers knew how to 

wash their hands before and after contact with their patients to reduce the risk of infection 

transmission. As further refinement of both the programme theory and the intervention may be 

needed during the testing of the intervention, an intentional specified time point was included in the 

process evaluation design to enable this to happen.  

Table 11. Languages spoken and illiteracy rates at Mbale Regional Referral Hospital 
 
 

 Number (%) 
n = 100 

First language  
 Ateso 17 (17) 
 Lugwere 19 (19) 
 Lugisu 46 (46) 
 Luganda 3 (3) 
 Other 15 (15) 
  
Second or third language  
 Luganda 44 (44) 
 English 37 (37) 
 Other or none 19 (19) 
  
Able to read or write in any language  
 Yes 68 (68) 
 No 32 (32) 
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Figure 22 Infographic colour poster 
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4.5 Conclusion 

In this chapter I have described the steps I took during the development of my intervention. This 

journey included describing current rates of postoperative vital signs monitoring, developing a 

programme theory, and a community engagement and involvement approach to ensure 

stakeholder input into the intervention. I developed a novel pulse oximeter stand to enable access 

and security for the small but user-friendly pulse oximeter available for use, and a poster that could 

be displayed clearly on the participating wards as a visual guide for family members to use when 

taking and identifying abnormal vital signs.  

 

During stakeholder engagement, particularly with family members and patients, I was able to 

explore the diversity of cultures that exist in the region served by Mbale RRH. This diversity is 

exemplified by the large range of languages spoken on the wards. Over 40 languages are routinely 

spoken in Uganda. The challenge this presents to any intervention that is planned involving 

community and family members should not be underestimated. This is often compounded by poor 

literacy rates and the need for appropriate strategies to provide information to participants in a way 

they can understand. A qualitative study in Uganda explored this in more detail in a cohort of 

pregnant and lactating mothers, highlighting the need for simple and clear communication in 

participants' own languages.233  

 

I opened this chapter by describing the complexity of health interventions, with their multiple 

interacting components that can influence intervention fidelity and effectiveness. Using the MRC 

guidance on intervention development and evaluation I have considered the core elements 

described in Figure 16 and explored them within the context of Mbale RRH. Where necessary I 

have used a data driven approach to understand the complexities in this specific setting in more 

detail. Following this intervention development, I am now ready to run a pilot trial to test the 

intervention. I have described this in chapter 5.  
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CHAPTER 5 FAMILY SUPPLEMENTED PATIENT 

MONITORING AFTER SURGERY (SMARTER): A PILOT 

TRIAL 

 

5.1 Introduction 

The African Surgical Outcomes Study (ASOS) provided, for the first time, robust surgical outcomes 

data from 25 nations across the continent. Compared to global averages, the typical surgical 

patient in Africa is twice as likely to die, despite being younger and with fewer comorbidities.28 For 

some surgical procedures, for example caesarean section, mortality rates in Africa are 50 times 

higher than in high-income countries.201 94% of deaths occur on the hospital wards after surgery.28 

Other outcomes studies across Africa have also demonstrated that the majority of deaths occurring 

after surgery happen during the postoperative period.160,234 These deaths therefore represent 

‘failure to rescue’ i.e., death of a patient following unrecognised physiological deterioration caused 

by a complication of surgery or anaesthesia.35,129  

 

As surgical complication rates are similar across low, middle and high-income settings, processes 

that lead to ‘failure to rescue’ are likely to be responsible for the higher mortality rates observed 

across Africa. The capacity of health facilities to rescue deteriorating patients is, in part, dependent 

on health system factors, for example access to critical care or advanced radiology services.22 

However, failure to appropriately monitor a patient, failure to recognise physiological deterioration, 

and failure to act when deterioration occurs also contribute to 'failure to rescue'.235  Workforce 

shortages across Africa can result in patient to nurse ratios of up to 60:1 making close 

postoperative monitoring difficult to achieve.236  

 

In many Ugandan hospitals, patients’ family members provide much of the personal care that 

nurses deliver in high-income countries.237 This practice is commonplace across Africa because of 
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the critical shortage of nurses. In many cases, family members will sleep beside or under the 

patient’s hospital bed throughout their in-patient stay. A few small studies have investigated how 

family members can contribute to other routine aspects of patient care. The involvement of trained 

family carers led to a two-fold increase in compliance with in-patient medication prescriptions at 

one hospital in Uganda.151 At Mbale Regional Referral Hospital, mothers are trained to provide 

basic nursing care for newborn babies including temperature monitoring, daily weights and 

nasogastric feeding. Together with other simple interventions, this ‘Mbale mother-centred model’ 

halved neonatal mortality in just 18 months.155 Given these successes, and the simplicity of vital 

signs monitoring, it seems likely that family carers could supplement the monitoring of patients by 

ward nurses, therefore contributing to post-operative surveillance and the prevention of deaths 

after surgery. 

 

I developed an intervention to teach family carers to monitor and document patients’ basic vital 

signs, in addition to the standard monitoring of patients by nursing staff, recognise when they are 

abnormal and communicate this to nursing staff. I hypothesised that if successful, this would 

contribute to improved post-operative surveillance, allowing early intervention when complications 

occur and the prevention of deaths after surgery. I tested this hypothesis in a stepped-wedge 

cluster randomised trial at Mbale Regional Referral Hospital.  

 

5.2 Methods 

5.2.1 Setting 

The trial took place at Mbale Regional Referral Hospital over six months in 2021.  As described in 

the introduction, Mbale Regional Referral Hospital is a 470-bed teaching hospital in eastern 

Uganda serving a population of 4.5 million people. Four independent inpatient wards in the hospital 

provide care for patients after they have undergone surgery. Two wards providing postoperative 

care are dedicated surgical wards and two for mixed obstetric/gynaecology patients. Each ward 

contains between 20-40 beds. Patient to nurse ratios on the inpatient surgical wards can routinely 

reach 40:1. Surgical and maternity high dependency units provide care for the sickest patients. At 
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the time of this trial the hospital did not have an intensive care unit and could not provide organ 

support (for example mechanical ventilation or renal dialysis). Medical and nursing teams provide 

care for patients on their wards only and movement of patients between wards is rare. 

 

 

5.2.2 Trial design 

SMARTER was a stepped-wedge cluster-randomised pilot trial. Each in-patient surgical ward in the 

hospital represented a cluster. The order in which the trial intervention was implemented through 

the clusters was determined by computer generated randomisation performed before the start of 

the trial, by an independent statistician at the Pragmatic Clinical Trials Unit at Queen Mary 

University of London. Only I, as the lead investigator in Uganda, knew the order of randomisation 

in advance. The study team and ward staff were informed two days before their transition to enable 

preparation. Each cluster had a usual care and intervention phase with the intervention being 

introduced into one cluster each month from months 2-5. (See Figure 23 below). Each cluster 

transitioned once from usual care to intervention at 8am on the first day of that month period. If the 

patient’s date of surgery fell after this time, they were recruited into the intervention arm. A 

concurrent process evaluation of the intervention was undertaken by the study team. This is 

reported in the next chapter.  

 

Figure 23. Intervention implementation timeline for clusters 1-4 
 

 = baseline   = intervention period 

Cluster 1   

Cluster 2   

Cluster 3   

Cluster 4   

 1 2 3 4 5 6 

Time (months) 
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5.2.3 The SMARTER trial intervention 

In the SMARTER pilot trial, during the intervention period, in addition to the nurses’ vital signs 

monitoring, family members were trained to perform basic vital signs monitoring for their patient 

and document the results. They were given clear guidance on when to alert staff to potential 

danger signs.238 In this trial, the soft periphery was the training programme and resources designed 

to assist staff to rapidly and effectively train these skills combined with ongoing maintenance 

strategies to ensure the compliance with the intervention was maintained throughout the 

intervention period.  

 

Family carers were given practical training by clinical research assistants to assess the following 

vital signs: heart rate, respiratory rate, level of consciousness (using the AVPU scale239) and 

arterial oxygen saturation (SpO2). This included ensuring carers knew how to wash their hands 

before and after contact with their patients to reduce the risk of infection transmission. In order to 

reduce the risk from nosocomial infections, the study team worked with the hospital administration 

to ensure that handwashing facilities are always available on the ward for use. Family members 

were taught to record vital signs on a basic observation chart every four hours after surgery (Figure 

24). They were taught how to interpret these results with the aid of colour posters displayed 

throughout each ward, as described in the previous chapter (Figure 22). For simplicity, a single 

pragmatic cut off for vital signs was used, allowing family members to decide whether the result 

they achieved was acceptable or needed attention from a medical worker. Family members had 

access to a simple pulse oximeter that was shared between all patients in their room of the ward 

during the trial. They also had access to analogue wall clocks, pens and clipboards throughout the 

trial. Training was conducted by the research team on a one-to-one basis or in small groups if 

multiple participants were recruited at the same time either before or immediately after their 

patient’s surgical procedure. The intervention period lasted from arrival on the post-operative ward 

after surgery until the end of the third postoperative day, although family members were allowed to 

continue monitoring after this period if they wished. Each day started at 8am and ended at 8am the 

following day. The day of surgery was counted as day 0. Patients were followed up daily until 
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discharge from hospital and if needed family members received refresher training during these 

follow up visits.  

 

Nursing and medical teams looking after the patients on the wards retained full responsibility for 

patient care throughout all phases of the trial. The nursing team were provided with observation 

charts for all their ward patients at the beginning of the trial and were given training on how to use 

them and how to respond to deteriorating vital signs. During the intervention phase of the trial, 

when a carer identified an abnormal vital sign and informed the nursing team, the nurse was 

expected to repeat the observation and document their finds and actions in the patient’s medical 

record in line with standard care. The set of observations taken by the nursing staff was regarded 

as the gold standard.  
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Figure 24.Family member vital signs chart 
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5.2.4 Participants 

All patients who underwent surgery and were admitted to one of the four post-operative surgical 

wards during the trial period were screened for eligibility. Patients or a carer needed to speak one 

of five commonly used languages. Written informed consent was provided by patients during the 

usual care phase and, during the intervention phase, by both the patient and their family member 

acting as their main carer. Additional inclusion and exclusion criteria included the following:  

 

Inclusion criteria  

Patients: Patients ≥5 years of age undergoing surgery at Mbale Regional Referral Hospital, 

who receive post-operative care in one of four main surgical wards, with a family 

carer prepared to participate in the trial intervention. 

Carers: All carers were included in the trial if they felt they were capable of performing and 

documenting the basic vital signs provided they agree to participate. 

The ability to speak English, Luganda, Lugisu, Ateso or Lugwere 

The ability to read a digital or analogue clock (to measure vital signs) 

the ability to read numbers from the pulse oximeter and the ability to document on 

an observation chart that the vital signs had been taken 

 

Exclusion criteria  

Patients:  Refusal of informed consent. 

Identification of potential participant >24hours after operative procedure has taken 

place 

Patients discharged on the same day as surgery 

Patients < 5 years of age 

Carers:  Refusal of informed consent.  
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5.2.5 Recruitment and screening 

Potential participants were screened by research staff having been identified from operating 

theatre lists and by communication with the relevant nursing and medical staff. Potential 

participants were identified and approached by a member of the research team either pre- or 

postoperatively. Wherever possible, the patient was approached at least 24 hours prior to surgery 

to allow time for any questions. However, by the nature of the inclusion criteria for this trial, many 

patients arrived in hospital on the day of surgery. Provided that all reasonable efforts have been 

made to identify a potential participant 24 hours in advance of surgery, they were still eligible for 

recruitment within this shorter time frame. 

 

5.2.6 Informed consent 

For patients receiving care on a ward during the baseline period, the research team took informed 

consent for data use only. For patients receiving care on a ward during the intervention period, 

informed consent was sought from both patients and their participating family member(s). 

Broadcasting signs were clearly displayed throughout wards participating in the trial intervention. 

Patients were visited on the ward by a member of the trial team to take consent. A trial information 

leaflet was provided at the beginning of each carer training session, and consent taken from carers 

at this point. Patient and carer participants were free to leave the trial at any point. All participant 

facing trial materials including posters were provided in Luganda and English. Information sheets 

and consent forms were available in English and translated into the local languages Luganda, 

Lumasaba and Ateso. Patients who were unable to read the patient information leaflets themselves 

had them read to them verbatim. Trial research assistants underwent training in the taking of 

consent before the trial began. 
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5.2.7 Outcome measures 

Primary outcome measure  

The primary outcome measure was the frequency of a completed set of vital signs performed per 

patient during the intervention period. A patient who arrived on the postoperative ward early on day 

0 and who was monitored at the standard frequency (six sets of vital signs documented every 24-

hour period) would have a total of 24 sets of vital signs during the intervention period. A set of vital 

signs was defined as three or more of the four vital signs: heart rate, respiratory rate, level of 

consciousness and arterial oxygen saturation.  

 

Secondary outcome measures 

• All cause in-hospital mortality, censored at 30 days after surgery 

• Length of hospital stay 

• All-cause mortality at 30-days 

• Postoperative complications  

 

5.2.8 Follow-up procedures 

Participants were followed up until discharge from hospital. Medical records were reviewed to 

collect data on the secondary outcomes including length of hospital stay. Participants were also 

contacted by phone at 30 days after surgery if they are no longer in hospital, in order to determine 

30-day mortality.  

 

5.2.9 Blinding and procedures to minimise bias 

Due to the nature of the intervention, it was not possible to blind patients, carers or hospital staff. 

Randomisation was performed by an independent statistician allowing data quality checks. Data 

monitoring was undertaken by an independent researcher from the UK who was blind to the 

intervention status of the wards. To ensure data capture on 100% of eligible patients, research 
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staff screened operating theatre lists twice each day. Trial data was analysed on an intention to 

treat basis including all eligible patients.  

 

5.2.10 Data collection 

Data was collected on paper case record forms for all eligible patients who underwent surgery 

during the trial. Patients were followed up until hospital discharge. Paper records were stored in a 

locked filing cabinet in a locked office. Data were entered into a bespoke password protected 

online database by members of the research team. The online database was stored on secure 

servers at Queen Mary University of London in accordance with strict UK Data Protection Laws. 

The data we collected included the following variables (see Appendix 1 for full case report form): 

 

Demographic data Intra-operative data Post-operative data 

Age 

Gender 

ASA physical status score  

Chronic co-morbid disease 

Surgical procedure category 

Start time of surgery 

Urgency of surgery 

Severity of surgery 

Primary indication for surgery 

Duration of surgery  

Grade of surgeon 

Grade of anaesthetist 

Number of postoperative 

observations 

Number of vital signs 

recorded in each set 

Post-operative complications 

Days in hospital after surgery 

Status at hospital discharge 

 

5.2.11 Confidentiality 

Information related to participants was kept confidential and managed in accordance with the Data 

Protection Act 2018 and General Data Protection Regulation (GDPR) (UK), NHS Caldecott 

Principles (UK), UK Policy Framework for Health and Social Care Research (UK), guidelines from 

the Uganda National Council for Science and Technology and the conditions of Research Ethics 

Committee Approval in Uganda. Personal data recorded on all documents was regarded as 
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confidential. All patient related trial documents were confidential and were stored securely (e.g. 

patients' written consent forms). As the lead investigator in Uganda, I ensured the patient's 

confidentiality was maintained at all times.  

 

5.2.12 Data ownership, sharing and storage 

Data was transcribed on to the paper CRF prior to entry on to a secure SMARTER data entry web 

portal. Submitted data was reviewed by myself for completeness and consistency. Submitted data 

was stored securely against unauthorised manipulation and accidental loss. Only authorised users 

in Uganda, or at Queen Mary University of London had access. Desktop security was maintained 

through usernames and passwords. Data back-up procedures were in place. Storage and handling 

of confidential trial data and documents was in accordance with both the Data Protection Act 2018 

and GDPR (UK) and the Data Protection and Privacy Act, March 2019 edition available 

at https://ulii.org/ug/legislation/act/2019/1 (Uganda). All source data and CRFs were kept securely 

in the Trial Master File, which was kept in a locked cabinet with restricted access in the 

Department of Anaesthesia & Critical Care at Busitema University Faculty of Health Sciences. A 

data ownership and transfer agreement between Busitema University and Queen Mary University 

of London was in place before the start of the trial.  

 

Archiving 

Paper CRFs are archived at the Department of Anaesthesia & Critical Care, Busitema University 

Faculty of Health Sciences. Electronic data is archived by Queen Mary University of London. 

 

5.2.13 Statistical analysis 

The trial was designed to provide greater than 90% power (two-sided p-value < 0.05) to detect a 

change in the rate of vital signs monitoring from 1 per patient per 24 hours to 3 per patient per 24 

hours relative to a locally agreed standard of six sets of vital signs documented per patient per 24-

hour period. Prior audit data had shown the current rates of vital signs monitoring on the surgical 

https://ulii.org/ug/legislation/act/2019/1
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wards at Mbale Regional Referral Hospital to be as low as 0. Sample size calculations 

demonstrated that even a very small sample size of >20 would have provided adequate statistical 

power for the primary outcome. A time bound recruitment period of six months was therefore 

chosen to allow sequential activation of the four clusters, one new cluster per month.  

 

Analyses followed the intention to treat principle including all patients with a recorded outcome, 

analysed according to the allocated intervention group. Missing data for baseline covariates that 

were included in the analysis model were accounted for using mean imputation for continuous 

variables and the missing indicator approach for missing data for categorical variables. Analysis 

was conducted using R Statistical Software (v4.1.2; R Core Team 2021)240 and R Studio241 and 

checked by Akshay Patel using STATA 17.242 Primary outcome analysis used the number of 

documented sets of vital signs performed per patient from arrival on the post-operative ward to the 

end of the third post-operative day. A repeated measures negative binomial mixed effects model 

with a random intercept for patient was used. The model was adjusted for the intervention, period, 

cluster, surgical risk (calculated using the ASOS Risk Score174), and the number of days after 

surgery as fixed effects. The treatment effect is presented as an incidence rate ratio (95% CI). 

 

The secondary outcome of all cause, in-hospital mortality censored at 30 days, was analysed using 

a logistic regression model. The duration of hospital stay was analysed using a cox proportional 

hazards model with fixed effects for period and cluster. A hazard ratio (95% CI) from this model 

would measure the relative probability of hospital discharge between treatment groups with a HR 

of >1 indicating a higher probability of hospital discharge after the introduction of the intervention. 

Postoperative complications were summarised for each treatment group by using number (%). 

Complications that were included are listed below: 
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Infectious Cardiovascular Others 
Superficial surgical site 

Deep surgical site 

Body cavity 

Pneumonia 

Urinary tract 

Bloodstream 

Myocardial infarction 

Arrhythmia 

Pulmonary oedema 

Pulmonary embolism 

Stroke 

Cardiac arrest 

Gastrointestinal bleed 

Acute kidney injury 

Postoperative bleed 

Acute respiratory distress 

syndrome 

Anastomotic breakdown 

Others 

 

5.3 Results 

Between 13th Apr 2021 and 12th Oct 2021, 1710 participants underwent surgery and were 

screened for eligibility with 1395 participants enrolled across four clusters (Figure 25). The 

commonest reasons for exclusion were literacy and children <5 years (Figure 25). 2.9% (49/1710) 

of patients who were screened declined to participate. There were 718 participants in the usual 

care group and 677 in the intervention group. The trial was conducted during the second wave of 

coronavirus disease 19 (COVID-19) in Uganda. This affected the patient population presenting to 

Mbale Regional Referral Hospital with the earlier, usual care phase seeing a larger proportion of 

maternity patients. As a result, control patients were younger and included more women (Table 12) 

The commonest surgical procedure by a long way was caesarean section (74.8%) with the second 

commonest being laparotomy (6.9%).  82.3% of surgical procedures were emergencies. Table 13 

describes patient demographics by cluster. Patients in cluster 2, general surgery were older with a 

mean age of 42 years. This compares to cluster 3, postnatal, where the mean age of patients was 

25 years. Demographic information on the family members who participated in the study were not 

collected. Patients in cluster 2, general surgery, were at the greatest risk of postoperative 

complications, including death with a median ASOS risk score of 11. Cluster 2, postnatal, had the 

lowest risk of postoperative complications with a median ASOS risk score of 5. There were no 

patients with missing primary or secondary outcome data.  
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The median (IQR) number of sets of vital signs monitoring per 3-day study period in the usual care 

group was 0 [0-1] compared with 3 [1-8] in the intervention group (Incident rate ratio: 12.4 [8.8 to 

17.5], p=<0.001) (Figure 26 and Table 14). 6/718 (0.84%) patients died in-hospital in the usual 

care group versus 12/677 (1.77%) in the intervention group (Odds ratio: 1.32 [0.1 – 14.7], p=0.821) 

(Table 14). There was no difference between groups in length of hospital stay (usual care: 2 [2-3] 

days vs intervention: 2 [2-4] days. (Hazard ratio: 1.11 [0.84 - 1.47], p=0.44) (Table 14). Clusters 1 

and 2 (orthopaedics/ENT and general surgery) saw the biggest increases in the number of sets of 

vital signs taken per 3-day study period from arrival on the surgical ward to the end of the third 

postoperative day (Table 16). The greatest number of deaths occurred in cluster 2 (general 

surgery) with the monthly mortality rate ranging from 3.0% to 15.4% (Table 15). Cluster 1 

(orthopaedics/ENT) had the longest lengths of stay (Table 17). 

 

Outcomes at 30 days after surgery in any location are reported as a sensitivity analysis. 30-day 

outcomes are available for 1,080 participants reflecting a 22.6% loss to follow up rate. 12/511 

(2.3%) died in the usual care group versus 19/569 (3.3%) in the intervention group (Odds ratio: 

0.79 [0.13 – 4.89], p=0.804, Table 14). 

 

Although not a primary or secondary outcome, I also followed patient complications after surgery 

reported during the SMARTER pilot trial. These are reported in Table 18. The commonest causes 

were infectious in nature, with 79% (108/137) of these being surgical site infections. There were no 

reported cases of myocardial infarction, arrhythmias or gastrointestinal bleeds. Mortality after 

cardiac arrest was 100%. 
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Figure 25. Inclusion of patients in the SMARTER trial. 
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Table 12. SMARTER pilot trial - baseline patient characteristics.  

 Overall 
n=1395 

Usual Care 
n=718 

Intervention 
n=677 

Age, mean (SD) 28.2 (12.8) 26.8 (10.5) 29.7 (14.8) 
Gender 
Male 
Female 

 
200 (14.3) 
1195 (85.7) 

 
55 (7.7) 
663 (92.3) 

 
145 (21.4) 
532 (78.6) 
 

Co-morbid disease 
Hypertension; 
HIV/AIDS; 
Diabetes mellitus;  

 
66 (4.7) 
33 (2.4) 
27 (1.9) 

 
28 (3.9) 
17 (2.4) 
10 (1.4) 

 
38 (5.6) 
16 (2.4) 
17 (2.5) 
 

ASA grade 
I 
II 
III 
IV 

 
134 (9.6) 
1171 (83.9) 
81 (5.8) 
9 (0.6) 

 
49 (6.8) 
629 (87.6) 
36 (5.0) 
4 (0.6) 

 
85 (12.6) 
542 (80.1) 
45 (6.6) 
5 (0.7) 
 

Surgical procedure category 
Caesarean Section 
Laparotomy 
Orthopaedic 
Hernia Repair 
Gynaecology 
Plastics/cutaneous 
Ear, Nose & Throat 
Neurosurgery 
Other 

 
1043 (74.8) 
96 (6.9) 
101 (7.2) 
9 (0.6) 
20 (1.4) 
7 (0.5) 
20 (1.4) 
16 (1.1) 
83 (5.9) 

 
610 (85.0) 
34 (4.7) 
19 (2.6) 
5 (0.7) 
14 (1.9) 
5 (0.7) 
4 (0.6) 
4 (0.6) 
23 (3.2) 

 
433 (64.0) 
62 (9.2) 
82 (12.1) 
4 (0.6) 
6 (0.9) 
2 (0.3) 
16 (2.4) 
12 (1.8) 
60 (8.9) 
 

Urgency of surgery 
Elective 
Urgent 
Emergency 

 
134 (9.6) 
113 (8.1) 
1148 (82.3) 

 
49 (6.8) 
24 (3.3) 
645 (89.8) 

 
85 (12.6) 
89 (13.1) 
503 (74.3) 
 

Severity of surgery 
Minor 
Intermediate 
Major 

 
6 (0.4) 
1182 (84.7) 
207 (14.8) 

 
4 (0.6) 
636 (88.6) 
78 (10.9) 

 
2 (0.3) 
546 (80.7) 
129 (19.1) 
 

Primary indication for surgery 
Infection 
Non-communicable disease 
Trauma 
Caesarean Section 

 
65 (4.7) 
168 (12.0) 
113 (8.1) 
1049 (75.2) 

 
26 (3.6) 
56 (7.8) 
24 (3.3) 
612 (85.2) 

 
39 (5.8) 
112 (16.5) 
89 (13.1) 
437 (64.5) 
 

ASOS Risk Score, median (IQR) 5 (5 - 6) 5 (5 - 6) 5 (5 - 8) 
Data presented as n (%) unless otherwise stated. ASA - American Society of Anesthesiologists, ASOS - 
African Surgical Outcomes Study
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Table 13. SMARTER pilot trial – baseline demographics by cluster 

 Cluster 1 Cluster 2 Cluster 3 Cluster 4 
 Control 

N = 15 
Intervention 
N = 95 

Control 
N = 71 

Interventio
n 
N = 134 

Control 
N = 595 

Intervention 
N = 426 

Control 
N = 37 

Intervention 
N = 22 

Age, mean (SD) 31.7 
(20.3) 

31.0 (21.3) 41.1 (20.1) 42.4 (20.2) 24.8 (6.2) 25.6 (6.9) 29.8 (11.5) 26.7 (6.9) 

Gender 
Male 
Female 

 
9 (60.0) 
6 (40.0) 

 
62 (65.3) 
33 (34.7) 

 
46 (64.8) 
25 (35.2) 

 
83 (61.9) 
51 (38.1) 

 
0 (0.0) 
595 (100.0) 

 
0 (0.0) 
426 (100.0) 

 
0 (0.0) 
37 (100.0) 

 
0 (0.0) 
22 (100.0) 
 

Co-morbid disease: 
Hypertension; 
HIV/AIDS; 
Diabetes mellitus;  

 
0 (0.0) 
0 (0.0) 
0 (0.0) 

 
8 (8.4) 
2 (2.1) 
1 (1.1) 

 
4 (5.6) 
3 (4.2) 
6 (8.5) 

 
17 (12.7) 
4 (3.0) 
10 (7.5) 

 
21 (3.5) 
14 (2.4) 
4 (0.7) 

 
13 (3.1) 
10 (2.3) 
6 (1.4) 

 
3 (8.1) 
0 (0.0) 
0 (0.0) 

 
0 (0.0) 
0 (0.0) 
0 (0.0) 
 

ASA grade 
I 
II 
III 
IV 

 
8 (53.3) 
6 (40.0) 
1 (6.7) 
0 (0.0) 

 
50 (52.6) 
40 (42.1) 
5 (5.3) 
0 (0.0) 

 
30 (42.3) 
25 (35.2) 
13 (18.3) 
3 (4.2) 

 
26 (19.4) 
66 (49.3) 
37 (27.6) 
5 (3.7) 

 
10 (1.7) 
568 (95.5) 
16 (2.7) 
1 (0.2) 

 
8 (1.9) 
415 (97.4) 
3 (0.7) 
0 (0.0) 

 
1 (2.7) 
30 (81.1) 
6 (16.2) 
0 (0.0) 

 
1 (4.5) 
21 (95.5) 
0 (0.0) 
0 (0.0) 
 

Surgical procedure category        
Caesarean Section 
Laparotomy 
Orthopaedic 
Hernia Repair 
Gynaecology 
Plastics/cutaneous 
Ear, Nose & Throat 
Neurosurgery 
Other 

 
0 (0.0) 
0 (0.0) 
13 (86.7) 
0 (0.0) 
0 (0.0) 
0 (0.0) 
2 (13.3) 
0 (0.0) 

 
0 (0.0) 
1 (1.1) 
77 (81.1) 
0 (0.0) 
0 (0.0) 
0 (0.0) 
14 (14.7) 
0 (0.0) 

 
0 (0.0) 
26 (36.6) 
6 (8.5) 
5 (7.0) 
0 (0.0) 
5 (7.0) 
2 (2.8) 
4 (5.6) 

 
0 (0.0) 
56 (41.8) 
5 (3.7) 
2 (1.5) 
0 (0.0) 
2 (1.5) 
2 (1.5) 
12 (9.0) 

 
594 (99.8) 
1 (0.2) 
0 (0.0) 
0 (0.0) 
0 (0.0) 
0 (0.0) 
0 (0.0) 
0 (0.0) 

 
420 (98.6) 
1 (0.2) 
0 (0.0) 
2 (0.5) 
1 (0.2) 
0 (0.0) 
0 (0.0) 
0 (0.0) 

 
16 (43.2) 
7 (18.9) 
0 (0.0) 
0 (0.0) 
14 (37.8) 
0 (0.0) 
0 (0.0) 
0 (0.0) 

 
13 (59.1) 
4 (18.2) 
0 (0.0) 
0 (0.0) 
5 (22.7) 
0 (0.0) 
0 (0.0) 
0 (0.0) 
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0 (0.0) 3 (3.2) 23 (32.4) 55 (41.0) 0 (0.0) 2 (0.5) 0 (0.0) 0 (0.0) 
 

Urgency of surgery 
Elective 
Urgent 
Emergency 

 
7 (46.7) 
4 (26.7) 
4 (26.7) 

 
31 (32.6) 
53 (55.8) 
11 (11.6) 

 
31 (43.7) 
12 (16.9) 
28 (39.4) 

 
34 (25.4) 
34 (25.4) 
66 (49.3) 

 
6 (1.0) 
2 (0.3) 
587 (98.7) 

 
17 (4.0) 
1 (0.2) 
408 (95.8) 

 
5 (13.6) 
6 (16.2) 
26 (70.3) 

 
3 (13.6) 
1 (4.5) 
18 (81.8) 
 

Severity of surgery 
Minor 
Intermediate 
Major 

 
1 (6.7) 
8 (53.3) 
6 (40.0) 

 
0 (0.0) 
40 (42.1) 
55 (57.9) 

 
3 (4.2) 
23 (32.4) 
45 (63.4) 

 
2 (1.5) 
59 (44.0) 
73 (54.5) 

 
0 (0.0) 
583 (98.0) 
12 (2.0) 

 
0 (0.0) 
426 (100.0) 
0 (0.0) 

 
0 (0.0) 
22 (59.5) 
15 (40.5) 

 
0 (0.0) 
21 (95.5) 
1 (4.5) 
 

Primary indication for surgery        
Infection 
Non-communicable disease 
Trauma 
Caesarean Section 

6 (40.0) 
2 (13.3) 
7 (46.7) 
0 (0.0) 

8 (8.4) 
17 (17.9) 
70 (73.7) 
0 (0.0) 

17 (23.9) 
37 (52.1) 
17 (23.9) 
0 (0.0) 

30 (22.4) 
82 (61.2) 
19 (14.2) 
3 (2.2) 

0 (0.0) 
0 (0.0) 
0 (0.0) 
595 (100.0) 

0 (0.0) 
5 (1.2) 
0 (0.0) 
421 (98.8) 

3 (8.1) 
17 (45.9) 
0 (0.0) 
17 (45.9) 

1 (4.5) 
8 (36.4) 
0 (0.0) 
13 (59.1) 
 

ASOS Risk Score, median 
(IQR) 

8  
(6.5 - 9.0) 

8  
(6.0 - 11.0) 

10  
(7.0 - 14.0) 

12  
(7.0 - 14.0) 

5  
(5.0 - 6.0) 

5  
(5.0 - 6.0) 

7  
(5.0 - 11.0) 

6  
(5.0 - 7.0) 
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Table 14. SMARTER pilot trial - primary and secondary outcomes. 
 

 

Number of patients with available 
data - no. (%) Summary Measure Treatment effect 

(95% CI) p- value 
Control 
(N=718) 

Intervention 
(N=677) Control Intervention 

Primary outcome: Median 
number of sets of vital 
signs  

718 (100.0) 677 (100.0) 0 (0-1) 3 (1-8) 12·4 (8·8 - 17·5) * <0·001 

Secondary outcome: in-
hospital mortality 
 

718 (100.0) 677 (100.0) 6 (0.8) 12 (1.8) 1.32 (0.1 – 14.7) ** 0.821 

Secondary outcome: 
median duration of 
hospital stay (days) 
 

718 (100.0) 677 (100.0) 2 (2 - 3) 2 (2 - 4) 1·1 (0·8 - 1·5) *** 0·440 

Sensitivity analysis: 
mortality at 30 days after 
surgery (in any location) 

511 (71.2) 569 (84.0) 12 (2.3) 19 (3.3) 0.79 (0.13 – 4.89)** 0.804 

Data presented as n (%), mean (SD) or median (IQR) unless otherwise stated. * Incident rate ratio, ** Odds ratio, *** Hazard ratio, CI = confidence 
interval 
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Figure 26. Number of documented vital signs in usual care and intervention groups. 
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Table 15. SMARTER pilot trial - Number of documented sets of vital signs for each cluster in each period 
 

 Number of documented sets of vital signs 
Period 1 Period 2 Period 3 Period 4 Period 5 Period 6 

Cluster 1 
(Orthopaedics & ENT) 

0 (0-1) 
[15] 

8 (2-19) 
[18] 

18 (13.5-21.5) 
[16] 

16 (11-18) 
[15] 

15 (6-18) 
[27] 

6 (4-15) 
[19]  

Cluster 2 
(General Surgery) 

1 (0-4) 
[39] 

1 (0-2.5) 
[32] 

13 (5-19) 
[33] 

9.5 (6-18) 
[26] 

7 (5-16) 
[42] 

11 (5-17) 
[33]  

Cluster 3 
(Postnatal) 

0 (0-1) 
[214] 

0 (0-1) 
[167] 

0 (0-0) 
[214] 

3 (1-5) 
[117] 

2 (1-4) 
[155] 

2 (1-4) 
[154]  

Cluster 4 
(Gynaecology) 

0 (0-0) 
[8] 

0 (0-0.5) 
[8] 

0 (0-0) 
[9] 

0 (0-0) 
[12] 

1 (1-2) 
[9] 

1 (1-3) 
[13] 

Number of documented vital signs per participant per postoperative monitoring period from time of arrival on the postoperative ward to hospital discharge or 
the end of the third postoperative day, whichever is sooner. Intervention period shaded grey. Median (IQR). [N] = number of participants in each group 

Table 16. SMARTER pilot trial - Mortality for each cluster in each period 
 

 Mortality 
Period 1 Period 2 Period 3 Period 4 Period 5 Period 6 

Cluster 1  
(Orthopaedics & ENT) 

0/15 (0.0) 0/18 (0.0) 1/16 (6.3) 0/15 (0.0) 0/27 (0.0) 0/19 (0.0) 
 

Cluster 2 
(General Surgery) 

2/39 (5.1) 2/32 (6.3) 3/33 (9.1) 4/26 (15.4) 2/42 (4.8) 1/33 (3.0) 
 

Cluster 3 
(Postnatal) 

1/213 (0.5) 0/167 (0.0) 0/214 (0.0) 0/117 (0.0) 1/155 (0.6) 0/154 (0.0) 
 

Cluster 4 
(Gynaecology) 

0/8 (0.0) 0/8 (0.0) 1/9 (11.1) 0/12 (0.0) 0/9 (0.0) 0/13 (0.0) 

       Intervention period shaded grey. n (%) 
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Table 17. Duration of hospital (days) for each cluster in each period 
 

 Duration of hospital stay (days) 
Period 1 Period 2 Period 3 Period 4 Period 5 Period 6 

Cluster 1  
(Orthopaedics & ENT) 

6 (3-11) 
[15] 

4.5 (2-7) 
[18] 

10 (4-15) 
[16] 

5 (4-9) 
[15] 

6 (4-14) 
[27] 

6 (2-7) 
[19] 

 
Cluster 2 
(General Surgery) 

5 (4-7) 
[39] 

4 (2-6) 
[32] 

6 (3-7) 
[33] 

5.5 (3-13) 
[26] 

5 (2-10) 
[42] 

5 (2-7) 
[33] 

 
Cluster 3 
(Postnatal) 

2 (2-3) 
[214] 

2 (2-3) 
[167] 

2 (2-3) 
[214] 

2 (2-3) 
[117] 

2 (2-3) 
[155] 

2 (2-3) 
[154] 

 
Cluster 4 
(Gynaecology) 

2 (2-2.5) 
[8] 

2 (2-4) 
[8] 

2 (2-2) 
[9] 

2.5 (2-4) 
[12] 

2 (2-3) 
[9] 

3 (2-3) 
[13] 

Intervention period shaded grey. Median (IQR). [N] = number of participants in each group 
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Table 18. Complications after surgery. 

Complication – no. (%) Complication severity 
Number of deaths for all 
patients who developed 

complications 
 Mild Moderate Severe  
 Control 

N = 718 
Intervention 
N = 677 

Control 
N = 718 

Intervention 
N = 677 

Control 
N = 718 

Intervention 
N = 677 

Control Intervention 

Infectious complications 
Superficial surgical site 
Deep surgical site 
Body cavity 
Pneumonia 
Urinary tract 
Bloodstream 
Total 

 
18 (2.5) 
2 (0.3) 
0 (0.0) 
0 (0.0) 
1 (0.1) 
0 (0.0) 
20 (2.8) 

 
5 (0.7) 
2 (0.3) 
0 (0.0) 
1 (0.1) 
0 (0.0) 
0 (0.0) 
8 (1.2) 

 
25 (3.5) 
12 (1.7) 
4 (0.6) 
1 (0.1) 
0 (0.0) 
2 (0.3) 
44 (6.1) 

 
5 (0.7) 
2 (0.3) 
0 (0.0) 
0 (0.0) 
0 (0.0) 
0 (0.0) 
7 (1.0) 

 
20 (2.8) 
13 (1.8) 
1 (0.1) 
2 (0.3) 
1 (0.1) 
5 (0.7) 
42 (5.8) 

 
4 (0.6) 
4 (0.6) 
1 (0.1) 
6 (0.9) 
1 (0.1) 
0 (0.0) 
16 (2.4) 

 
4/63 (6.3) 
4/26 (15.4) 
0/5 (0.0) 
1/3 (33.3) 
0/2 (0.0) 
2/7 (28.6) 

 
2/14 (14.3) 
2/8 (25.0) 
1/1 (100.0) 
6/7 (85.7) 
1/1 (100.0) 
0/0 (0.0) 

Cardiovascular complications 
Myocardial infarction 
Arrhythmia 
Pulmonary oedema 
Pulmonary embolism 
Stroke 
Cardiac arrest 
Total 

 
0 (0.0) 
0 (0.0) 
0 (0.0) 
0 (0.0) 
0 (0.0) 
- 
0 (0.0) 

 
0 (0.0) 
0 (0.0) 
0 (0.0) 
0 (0.0) 
0 (0.0) 
- 
0 (0.0) 

 
0 (0.0) 
0 (0.0) 
0 (0.0) 
0 (0.0) 
0 (0.0) 
- 
0 (0.0) 

 
0 (0.0) 
0 (0.0) 
0 (0.0) 
0 (0.0) 
0 (0.0) 
- 
0 (0.0) 

 
0 (0.0) 
0 (0.0) 
1 (0.1) 
2 (0.3) 
0 (0.0) 
12 (1.7) 
15 (2.1) 

 
0 (0.0) 
0 (0.0) 
0 (0.0) 
0 (0.0) 
2 (0.3) 
19 (2.8) 
21 (3.1) 

 
0/0 (0.0) 
0/0 (0.0) 
1//1 (100.0) 
2/2 (100.0) 
0/0 (0.0) 
12/12 
(100.0) 

 
0/0 (0.0) 
0/0 (0.0) 
0/0 (0.0) 
0/0 (0.0) 
1/2 (50.0) 
19/19 
(100.0) 

Other complications 
Gastrointestinal bleed 
Acute kidney injury 
Postoperative bleed 
ARDS 
Anastomotic breakdown 
All others 
Total 

 
0 (0.0) 
0 (0.0) 
- 
- 
0 (0.0) 
1 (0.1) 
1 (0.1) 

 
0 (0.0) 
0 (0.0) 
- 
- 
0 (0.0) 
0 (0.0) 
0 (0.0) 

 
0 (0.0) 
2 (0.3) 
6 (0.8) 
1 (0.1) 
1 (0.1) 
4 (0.6) 
14 (1.9) 

 
0 (0.0) 
0 (0.0) 
0 (0.0) 
0 (0.0) 
0 (0.0) 
2 (0.3) 
2 (0.3) 

 
0 (0.0) 
1 (0.1) 
9 (1.3) 
1 (0.1) 
0 (0.0) 
4 (0.6) 
15 (2.1) 

 
0 (0.0) 
1 (0.1) 
5 (0.7) 
0 (0.0) 
1 (0.1) 
3 (0.4) 
10 (1.5) 

 
0/0 (0.0) 
1/3 (33.3) 
2/14 (14.3) 
1/2 (50.0) 
0/1 (0.0) 
2/7 (28.6) 
 

 
0/0 (0.0) 
1/1 (100.0) 
1/5 (20.0) 
0/0 (0.0) 
1/1 (100.0) 
2/5 (40.0) 
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5.4 Discussion 

The principal finding of this pilot cluster trial is that training family members to assist in vital signs 

monitoring of patients on hospital wards after surgery is highly feasible, leading to a 12-fold 

increase in the rate of vital signs measurement. There was no significant difference in the number 

of patients dying in-hospital after surgery and no change in the length of hospital stay between the 

normal care and intervention groups. In terms of intervention fidelity, we achieved one set of vital 

signs per participant per day compared to the three sets of vital signs per participant per day we 

had aimed for. There was a trend towards reduced mortality rates in the intervention group at 30 

days after surgery but there were high loss to follow rates. The findings from this trial add to the 

growing evidence base that family member involvement in patient care can effectively support the 

limited numbers of healthcare workers in low-resource settings. Our novel approach to 

postoperative monitoring is one that warrants further investigation. 

 

There is increasing evidence in the published literature of efforts to involve family members in 

healthcare settings around the world.146,147,150,153,189 The specific question, whether family 

participation can enhance care and tackle healthcare shortages in resource limited hospitals, was 

discussed in a systematic review, concluding was that in specific contexts, family participation can 

be safe and effective, although evidence was limited.150 Family members are commonly present at 

the hospital bedside in low-income settings and are an underutilised resource. Multiple publications 

describe the ability of family members to recognise sick patients in the community, especially 

children with danger signs.243-245 Despite family members wanting to be empowered to participate 

more actively, evidence to support their involvement in aspects of inpatient care that are 

traditionally reserved for healthcare staff is limited.246,247 In some medical specialties such as 

neonatology, family members are increasingly involved in elements of patient care that have a 

direct impact on clinical outcomes, for example thermoregulation using kangaroo mother 

care.155,248 In Uganda, other published examples of direct involvement of family members in 

inpatient care include the national referral cancer centre where almost half of family members 

interviewed reported being involved in providing direct patient care, including giving medication249 
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and a quality improvement project on the internal medicine wards at the National Referral Hospital 

in Kampala that was able to double adherence to prescribed inpatient medications by involving 

family members.151  

 

Interventions using family members to help monitor a patient’s illness and identify when they are 

deteriorating are more novel. At the time, I was only able to identify one interventional study from 

Africa in the general paediatric wards of Kenyatta National Hospital, Kenya, where family member 

involvement in the recognition of clinical deterioration among acutely ill children in a low-resource 

setting was a feasible approach to help prioritise professional clinical assessment during 

hospitalisation.250 This study taught caregivers to display colour coded severity of illness flags 

based on three perceived signs of clinical deterioration, including level of consciousness, capillary 

refill time and presence of chest retractions (the ‘FASTER’ tool). The FASTER intervention was 

anticipated to trigger an increased frequency of clinician reassessment. Although the study was not 

powered to detect the impact of the intervention on mortality, 82% of clinicians and 100% of 

caregivers agreed that the FASTER monitoring tool would improve the care of sick paediatric 

inpatients in their setting.251 Since this there have been other publications recognising the role of 

family members in monitoring their patients to detect deterioration. In 2024, Mwale et al published 

some qualitative work looking at monitoring of critically ill children in their paediatric high 

dependency unit. One of their conclusions was to need to support caregivers to play a more formal 

role in escalation of care following deterioration.252  

 

The numbers of reported complications after surgery in the SMARTER pilot trial were seemingly 

very low. The ability for healthcare teams to make formal diagnoses of complications at Mbale 

Regional Referral hospital is complicated by limited access to diagnostic tests. An example would 

be the lack of access to a CT scanner preventing the formal diagnosis of pulmonary embolism 

using CT Pulmonary angiography. During times of reagent and film stock outs, even access to 

seemingly simple investigations such as a chest x-ray to diagnose pneumonia or a blood test to 

support the diagnosis of an infection can be dependent on a patient or their family’s ability for pay. 

The 100% mortality rate after cardiac arrest was unsurprising and likely a reflection of the 
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healthcare system and resources available to respond in a timely manner. Like many other studies 

reporting surgical complications from similar settings, infectious complications were the 

commonest.28,127 23 When compared to international cohort studies129 that include more patients 

from HICs, the low rates of cardiovascular complications I saw is likely a reflection of the younger, 

healthier population (mean age 28.2 years vs 55.3 years).  

 

The strengths of this trial include the iterative development of a pragmatic intervention to improve 

postoperative monitoring for surgical patients utilising available resources in a low-income setting 

and a carefully planned cluster randomised trial study design to avoid the risk of contamination. 

The step-wedge approach enabled the intervention to be introduced into an entire ward at the 

same time and therefore avoided the potential for confusion between intervention and usual care 

patients who may have been in adjacent beds under the care of the same nurse.   

 

Limitations include those influenced by the COVID-19 pandemic, areas of intervention fidelity we 

did not test and limitations associated with the trial design itself. Uganda was affected by two 

waves of coronavirus disease 2019 (COVID-19), with the second wave in late April 2021, just after 

the trial started recruitment. Limited numbers of clinical COVID-19 cases and a strict lockdown 

across the country allowed us to continue recruitment into the trial during this period. However, it 

led to reduced access to healthcare services across the country. Priority was commonly given to 

maternal care resulting in higher proportions of females and caesarean sections during the usual 

care phases of the trial. The median total number of documented vital signs in these wards was 

much lower than the general surgical and orthopaedic wards and so it is possible this may have 

had an impact on our primary outcome. Our intervention was intentionally designed to be as simple 

as possible, for example by excluding blood pressure measurement from our family member vital 

signs. We also excluded family members who were unable to read numbers from the pulse 

oximeter (114, 7% of potential screened screened). We recognise these choices may have led to 

higher intervention fidelity, however our approach was a pragmatic balance between an 

intervention that 100% of family members could manage and one that included vital signs that 

have a higher chance of detecting deterioration.253 We did not look at the accuracy of the individual 
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vital signs that were taken by family members. We encountered challenges ensuring robust follow 

up of our patient’s at 30 days after surgery. This is reflected in the >20% loss to follow up rates. 

This compares to in-hospital mortality rates where all study patients had an outcome. We followed 

up patients using phone calls but often found phones were switched off or no longer available. We 

improved our processes during the trial, ensuring we always had a minimum of two phone 

numbers, reducing our loss to follow up rates from 28.8% to 16%. Improving rates of follow up 

would require collection of additional phone numbers (for example for the local community leaders 

who would be able to connect the team with the patient and their family) or would require in person 

visits to the community. This latter approach, whilst highly effective, also requires significant 

financial resources for transport and staff time. I chose a cluster trial design because the 

SMARTER intervention is a local, system level intervention and cannot be implemented at a 

patient level without risk of contamination between patients in the same ward. There are however 

limitations with this approach. There is still a risk of contamination between the clusters. The effect 

of time on the analysis needs to be considered and when improvements are seen, it is always 

possible they may have been caused by confounders that have not been controlled for. Examples 

of these may include variability in implementation of the intervention between clusters because of 

differences in staffing or infrastructure and, as in my trial, with a small number of clusters, 

important co-variates may not be balanced evenly across clusters.  

 

5.5 Conclusions 

In the SMARTER pilot trial, family member supplemented monitoring for patients after surgery 

resulted in a rate of vital signs monitoring that was 12 times greater than usual care. Failure to 

rescue patients who develop complications after surgery is common in LMICs and innovative 

solutions to address this are needed in the short term to help reduce preventable deaths after 

surgery. We have demonstrated that family members can be involved in patient care to 

supplement the routine monitoring of patients on the postoperative wards. Two areas of work could 

follow on from this pilot trial. The first would be to evaluate the accuracy of family member 

supplemented vital signs and investigate the utility of each of the vital signs. I chose to exclude 
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blood pressure and temperature but there may be some utility in understanding whether family 

members are also capable of accurately measuring these parameters and what the training burden 

would be. For us to understand the clinical effectiveness of family supplemented vital signs 

monitoring after surgery, the intervention needs testing on a larger scale. This would allow us to 

determine its impact on mortality outcomes or similar clinically relevant patient outcomes.  
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CHAPTER 6 FAMILY SUPPLEMENTED PATIENT 

MONITORING AFTER SURGERY (SMARTER): 

PROCESS EVALUATION OF A COMPLEX 

INTERVENTION IN UGANDA 

 

6.1 Introduction 

Family supplemented patient monitoring after surgery (SMARTER): a pilot trial 

The SMARTER pilot trial was a single centre cluster randomised trial looking at the effect of 

family supplemented monitoring on the frequency of vital signs for patients who had 

undergone surgery. Conducted over a period of six months, there were twelve times more 

vital signs in patients whose family members supported the nursing staff to perform 

postoperative monitoring. The pilot trial was conducted at a regional hospital in eastern 

Uganda, a low-income country in sub-Saharan Africa. I developed the intervention using an 

iterative approach, following guidelines on the development and evaluation of complex 

interventions from the Medical Research Council.142 Whilst the SMARTER pilot trial has 

demonstrated that family supplemented monitoring is feasible and results in increased vital 

signs, it doesn’t provide enough detail about the implementation of the intervention or about 

the context in which it was tested. This chapter completes this picture and provides valuable 

information that can be used to inform further testing and development. The SMARTER pilot 

trial methods and results are described in detail in the previous chapter. 

 

Healthcare settings are complex  

Healthcare delivery, with its multiple interacting components is naturally complex. Patients 

depend on many people doing the right things at the right time. This system complexity is, 
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amongst other things, due to: the variety of tasks involved in patient care, the diversity of 

healthcare workers and their patients, the natural dependency of healthcare providers on 

each other, variations in clinical environments, variability or lack of regulations, diversity of 

different care pathways across different institutions, the vulnerability of patients and the 

introduction of new technologies.254-256 This is particularly true in low-income settings where 

resource constraints lead to unpredictable limitations in infrastructure, supplies and human 

resources. Interventions to improve healthcare delivery need to be tested and understood 

within the complex contexts into which they are being introduced.  

 

Intervention effectiveness 

A research trial that tests an intervention with a single primary outcome and demonstrates a 

significant difference (or no significant difference) may do so because of the intervention 

itself or because of multiple interacting components that contribute to the observed effect. 

These are often referred to as confounders. An intervention that is effective in one setting 

may fail to display similar results in another setting, because of differences in the way the 

intervention was delivered, differences in the targeted groups or differences in the wider 

context. For this reason, randomised controlled trials that are run in complex settings without 

an evaluation of the underlying processes that lead to an intervention working or not, can be 

easily criticised. Process evaluation data is key to enable effective translation of evidence 

generated from randomised trials into day-to-day clinical practice.  

 

Complex intervention evaluations can provide useful information for decision making 

A process evaluation is a study that runs alongside or after an intervention trial to help 

understand the processes underlying the intervention’s impact. In comparison to previous 

UK Medical Research Council guidance, there are stronger recommendations that 

intervention evaluation needs to go beyond simply asking whether an intervention works 

(achieves its intended outcome). Evaluation must ask ‘a broader range of questions 

including identifying what other impacts it has, theorising how it works, taking account of how 
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it interacts with the context in which it is implemented, how it contributes to system change, 

and how the evidence can be used to support decision making in the real world’.142 From the 

point of view of clinicians working in healthcare settings, whose overall goal is to develop 

and test interventions that will lead to improved quality of care and reductions in mortality 

rates, perhaps the most important shift in focus of this MRC guidance is the move from 

primarily focusing on obtaining estimates of effectiveness that are unbiased, to the 

prioritisation of information that is useful for decision making.142  We can use the ASOS-2 

trial as an example of this. An intervention to improve surveillance of high risk patients after 

surgery was designed and tested in a cluster randomised trial of hospitals across Africa but 

did not show any reduction in 30-day in-hospital mortality.127 This result alone suggests that 

increased postoperative surveillance is not an effective strategy to reduce deaths after 

surgery in this population, contrary to other published reviews.39,41 Importantly, the study 

team also undertook a concurrent evaluation to understand the process of intervention 

delivery.158 The main finding was that poor intervention fidelity across the ASOS-2 sites was 

the likely cause of the lack of effect on mortality. This puts the lack of benefit into context and 

allows future work to think about the implementation science needed to introduce such an 

intervention effectively before testing its effect on outcomes.  

 

Cluster randomised controlled trials are best evaluated using a mixed methods approach 

A recognised framework (Figure 16) to be used both in the design of cluster randomised 

controlled trial process evaluations and their reporting was developed in 2013.257 Previous 

literature describing evaluation approaches tended to focus on individual elements in-depth, 

which, while useful, did not provide a comprehensive framework for researchers to 

follow.258,259 Whilst, naturally, there is a need to make choices about the research questions 

that are appropriate for an individual study, the framework allows teams to be clear about 

what they are (or aren’t) evaluating. The focus of many process evaluations has traditionally 

been on the use of qualitative research methods,260,261 but many of the elements described 

in this framework can be assessed using quantitative data. An example would be data on the 
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recruitment of clusters or participants. This is often routinely reported in the main trial data 

using a flowchart following the Consolidated Standards of Reporting Trials (CONSORT) 

guidelines.262 In this case, it may not be considered a specific part of the process evaluation 

despite a deeper understanding of the recruitment processes being useful to inform trial 

generalisability. A mixed methods approach can enhance data quality through a better 

understanding of the context in which indicators have been used. The potential 

disadvantage of a mixed-methods approach to process evaluations is the need for greater 

planning and organisation (for example integration of process data points into the case 

report form, in addition to the data points needed for the main trial) but this is easily 

outweighed by the advantages.  

 

 

Figure 27. Grant et al.'s framework model for designing process evaluations of cluster 
randomised controlled trials 
 

 



  

    
 

129 

 

The SMARTER Pilot Trial process evaluation 

Innovative interventions are needed to reduce the high burden of mortality after surgery in 

low-income countries such as Uganda. In eastern Uganda, postoperative mortality rates 

mirror those of the wider original ASOS study.160 A lack of monitoring on the postoperative 

wards, in part due to high patient to nurse ratios was identified as a significant contributing 

factor. The SMARTER Pilot Trial tested a complex intervention to train family members to 

perform basic vital signs monitoring of their patients after surgery. The objectives of this 

process evaluation were: a) to understand the contextual factors that influenced the 

frequency of family member supplemented vital signs monitoring in this low-resource setting 

and b) evaluate whether our programme theory accurately reflected the processes that 

occurred in the hospital.  

 

6.2 Methods 

6.2.1 Process evaluation 

We undertook a process evaluation using the framework for the evaluation of complex 

interventions tested using cluster randomised trials.257 A mixed-methods approach was 

used, including during and post intervention focus group discussions, analysis of field 

journals and evaluation of quantitative data from a subset of participants to assess 

intervention effectiveness. Process evaluation data collection was completed without 

knowledge of the trial results. The trial design included a predetermined point (two months 

into the trial) for a formal evaluation of the intervention.  

 

6.2.2 Data sources and data collection 

Qualitative and quantitative data were collected for the process evaluation from the following 

data sources: 1) field notes kept by the research team during the pilot trial, 2) transcripts of 
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focus group discussions held with the research team and nursing staff from the wards, and 

3) quantitative data on a subset of patients (described in more detail below).  

 

Following the prespecified review of the intervention after two months, I realised that I was 

not collecting quantitative data to measure whether the intervention resulted in the 

anticipated effect (recognition of abnormal vital signs, notification of staff and a staff 

response). An amendment was made to the patient CRF and submitted for approval by the 

Mbale Regional Referral Hospital Research and Ethics Committee (see Figure 28). 

Following implementation of this data collection tool, during their routine daily follow up of the 

patients, the research team would review the previous 24 hours of the vital signs chart. If in 

the previous 24 hours an abnormal vital sign was documented, the research team asked the 

family member whether they had done anything about it. If the family member answered no, 

it was marked as ‘not recognised’ and the following two fields were marked as not 

applicable. If they recognised it, they were asked whether they had communicated it to a 

member of the nursing or medical team and if so if someone had responded. If multiple 

abnormal vital signs were noted in the previous 24 hours, the first abnormal set was used. 

Quantitative data were entered into REDCap electronic data capture tools hosted by the 

Association of Anesthesiologists of Uganda. REDCap (Research Electronic Data Capture) is 

a secure, web-based software platform designed to support data capture for research 

studies, providing 1) an intuitive interface for validated data capture; 2) audit trails for 

tracking data manipulation and export procedures; 3) automated export procedures for 

seamless data downloads to common statistical packages; and 4) procedures for data 

integration and interoperability with external sources.263,264 
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Figure 28 Quantitative process evaluation case report form. 
 

 

 

6.2.3 Data analysis 

Data from the field notes and focus group discussions was analysed by Tim Stephens (TS) 

and I using a framework approach.265 This approach includes several well described steps 

that ensure rigor in the analysis process. Thematic coding was based upon the constructs 

defined in the Consolidated Framework for Implementation Research (CFIR).171 The CFIR 

provides a mutual language that can be used across different complex environments to help 

organise and understand common constructs. It focuses on five areas, the inner and outer 

context, the implementation, individuals involved and the intervention itself. These constructs 

present a framework that can be used to understand the key influences on the 

implementation of the SMARTER intervention. Throughout the analysis process, manual 

coding of data was undertaken separately by TS and I using a deductive approach.266 Data 

sources were initially read from start to finish to familiarise ourselves with the content as a 

whole. Data was then re-read to identify text that corresponded to identified constructs from 

within the CFIR. Regular meetings were held to discuss and agree on the coding decisions. 

Quantitative data were analysed using Microsoft Excel (Microsoft Corporation, 2018) and is 

presented using descriptive statistics.  
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6.3 Results 

6.3.1 Process evaluation dataset 

Two focus group discussions were held at the prespecified review point and at the end of the 

SMARTER intervention. A total of six research assistants and eight members of nursing staff 

were included in the focus group discussions. Field notes were collated from a diary filled on 

a daily basis by the research team and from comments documented on the process 

evaluation section within the pilot trial case report form.   

 

6.3.2 Quantitative process evaluation results 

Quantitative process evaluation data was collected for a total of 397 patients over 783 days. 

46/783 (5.9%) abnormal sets of vital signs were documented during this time. Of these, 

91.3% (42/46) were recognised by family members, 100% (42/42) were communicated to a 

member of the nursing or medical team and the team responded 90.5% (38/42) of the time 

(Figure 29).  

Figure 29. Family member and staff response to abnormal vital signs during the 
SMARTER intervention.* 

 
*Green = yes. 

0% 20% 40% 60% 80% 100%

Did the nursing or medical team
respond?

Did family members notify a member
of the nursing or medical team?

Were abnormal vital signs recognised
by family members?
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6.3.3 What were the factors that influenced the delivery of the intervention? 

Delivery of the SMARTER intervention during the pilot trial was influenced by factors that 

can be categorised into two major groups, facilitators (those with a positive influence) and 

barriers (those with a negative influence). These factors, and the influence they had on the 

SMARTER intervention have been summarised under their corresponding CFIR constructs 

in Table 19.  

 

6.3.3.1 Facilitators 

Tension for change [inner setting] is a driving force that often leads to changes in practice. 

Healthcare settings in low-income countries commonly face significant human resource 

shortages. Nursing staff in hospital wards can be overwhelmed with competing pressures 

that force them to prioritise what they spend their time doing. This tension for change was 

evident during the SMARTER Pilot Trial where a single nurse on the postnatal ward had 

responsibility for helping with the ward round, delivering prescribed treatment, writing 

discharges for patients after vaginal deliveries, teaching mothers about post discharge care, 

collecting new admissions from labour suite theatre and monitoring patients after surgery.  

 

“In all the charts they had written ‘monitor vitals’ [doctors’ orders] - how can she monitor 

vitals for all those”. [RA, FGD 1]  

 

Staff on the wards know they need to monitor their patients closely after surgery but when 

they are alone there is simply not the time.  

 

“When a patient has just come from theatre, we need to first take vitals, they have requested 

half hourly…..when you are alone on the ward with many patients, you will hardly meet that 

because you can’t just be on one patient. Observing half hourly becomes somehow a 
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challenge, maybe they are calling you to pick another patient. Those first vitals …….are 

somehow a challenge.” [Nurse, FGD 2] 

 

‘Relative advantage’ [Characteristics of the Intervention] was the construct most commonly 

coded across all data sources. Healthcare workers, research staff, patients and their families 

shared the perception that the SMARTER intervention offered a significant advantage over 

the alternative of changing nothing. Nursing staff on the wards saw first-hand how the 

intervention helped to relieve them of some of their workload and at the same time 

contributed to improving the quality of care.  

 

“I feel the programme has relieved us of some work, if the attendant is in position to come 

and tell you something has gone wrong, that means they have really helped you, than 

coming back in the morning after some rest and find when the patient is either deteriorated, 

you have to resuscitate or the patient has passed on.” [Nurse, FGD 2]   

 

This perception had a strong positive influence on how the nursing staff engaged with the 

intervention.  

 

“…there was one girl there who was so keen but the attendants would chase her to go and 

do other things, to cook, so we had to stress to them that we want her there so that I know 

as a nurse I have someone there who can help me.” [Nurse, FGD 2]  
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Table 19. Major CFIR constructs influencing the SMARTER intervention. Short descriptions 
taken from Damschroder et al’s original publication.171 
 
Category Construct Short description of construct 

Facilitators (positive influences)  

Inner setting Tension for 

change 

The degree to which stakeholders perceive the 

current situation as intolerable or needing change.  

Relative priority Individuals’ shared perception of the importance of 

the implementation within the organization  

Characteristics 

of individuals 

Knowledge and 

beliefs about the 

intervention 

Individuals’ attitudes toward and value placed on the 

intervention as well as familiarity with facts, truths, 

and principles related to the intervention.  

Other personal 

attributes 

A broad construct to include other personal traits 

such as tolerance of ambiguity, intellectual ability, 

motivation, values, competence, capacity, and 

learning style.  

Intervention 

characteristics 

Relative 

advantage 

Stakeholders’ perception of the advantage of 

implementing the intervention versus an alternative 

solution  

Barriers (negative influences) 

Inner setting  Available 

resources 

The level of resources dedicated for implementation 

and on-going operations, including money, training, 

education, physical space, and time.  

Culture Norms, values, and basic assumptions of a given 

organization.  

Compatibility The degree of tangible fit between meaning and 

values attached to the intervention by involved 

individuals, how those align with individuals’ own 

norms, values, and perceived risks and needs, and 

how the intervention fits with existing workflows and 

systems.  

Intervention 

characteristics 

Complexity Perceived difficulty of implementation, reflected by 

duration, scope, radicalness, disruptiveness, 

centrality, and intricacy and number of steps 

required to implement  

Characteristics 

of individuals 

Self-efficacy Individual belief in their own capabilities to execute 

courses of action to achieve implementation goals.  
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The nursing staff trusted the ability of the family members to monitor the vital signs and alert 

them when there was a problem.  

 

“It actually improved, because now say for instance you are one nurse on the ward, when 

the caretaker is able to record the vitals and she knows when she or he [has to] come to the 

nurse, it gives me time to attend to other patients knowing that by the time the other 

attendant comes that means there is a problem there. And if I am to check you find they 

have already recorded.” [Nurse, FGD 2] 

 

Relative priority [inner setting] and individuals’ knowledge and beliefs [characteristics of 

individuals] were the next most commonly coded constructs displaying a positive influence 

on the intervention. Patients and their family members in particular, recognised the 

importance of close monitoring.  

 

A family member who had finished day 3 [of the] intervention the previous day requested to 

continue close monitoring on his patient since the results were so useful in the management 

of the patient. [Field notes]  

 

At times during the trial, patients who did not meet the inclusion criteria also wanted to be 

closely monitored and made special requests to be trained.  

 

One of the patients who was operated on was not recruited…today one of his attendants 

approached us and said he should be trained, consented, and included in the study. I 

explained to him why he could not be included in the study, but he still insisted. [Field notes] 

 

One of the nurses reported “there was a time when they asked me to train the whole male 

side.” [Nurse FGD 2] 
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The impact of an intervention that involves members of the family or community is often 

further reaching than initially expected. Increased positive community awareness of work in 

the hospital encourages patients to attend earlier and improves community engagement in 

their care.  

 

“……there is some knowledge being spread in the community. I am sure those people who 

have learnt to do something on the ward, they are already telling others, when you go to 

hospital you do not only go to look after your patient but there is also some knowledge 

imparted in you by the nurses.” [Nurse, FGD 2]  

 

Variation in behaviours and attitudes of the general public in a hospital is expected. Patients 

and their families come from many different backgrounds. Even when some family members 

were hesitant to take on the extra responsibility of monitoring their patients closely, the 

patients themselves were enthusiastic.  

 

“the perception of the patients is very good, very positive because this is a person who is 

very eager to know his physiology is running. The attendants whose duty it is to monitor, at 

times, they feel it is an added duty for them” [RA, FGD 1]  

 

This idea of patients themselves supporting the intervention was also seen when their family 

members were illiterate and unable to participate.  

 

On postnatal ward, some patients are requesting to be taught how to take vitals themselves, 

simply because the patient is learned and is able to understand everything taught efficiently 

yet the caretaker is unlearned and unwilling to even try. [Field notes] 
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Other personal attributes [characteristics of individuals] of family members facilitated use of 

the intervention in unexpected ways. Neighbouring patients and their families would assist 

others who were facing difficulty.  

 

One patient had an illiterate attendant stay overnight. However, a neighbouring attendant 

had just finished [the] intervention for his patient so he was willing to help the attendant to do 

vitals for his patient. [Field notes]  

 

Family members took pride in their ability to help with the responsibility of monitoring. This 

encouraged them to do what they were asked.  

 

“…..they knew each other, so she was very proud, she said ‘you hurry, I take your 

observations, hurry hurry position yourself.’ She was saying ‘now I am going home when I 

think I am now also a nurse’ she was very proud” [Nurse, FGD 2] 

 

6.3.3.2 Barriers 

Self-efficacy [characteristics of individuals] describes an individual’s belief in their own 

capabilities to perform the necessary actions to achieve the tasks set out in the intervention. 

Family members supporting their patients in hospital come from a large range of 

backgrounds. Some are educated with professional jobs and others are illiterate and unable 

to read and write. Almost half of the 315 participants excluded from the trial were due to 

illiteracy. The impact of this on the ability of family members to be involved was described 

clearly during the focus group discussions.  

 

“…they fear they are going to do work they don’t understand, some of them have never been 

to school so what they do is just ignore the pen…….i think the issue is about reading and 

understanding” [RA, FGD 1]  
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However, despite this, other family members demonstrated willingness to learn and be 

involved because they recognised the importance of monitoring their patients closely.  

 

“I got one and she couldn’t write, but she could interpret so was taught that if the oxygen 

levels are ok put a tick, if they are not ok put a cross. She was able to count the breathing 

but writing the real figure was a challenge.” [RA, FGD 1] 

 

A second identified barrier was the challenge presented by the available resources [inner 

setting]. In a low-income setting there are usually less staff available and less access to 

equipment and supplies within the hospital. Patients were deemed sick enough to require 

continuous monitoring, preventing use of the pulse oximeter by family members for routine 

monitoring of their postoperative patients.  

 

Nursing staff were approached and asked to take the machine in the general ward but they 

refused giving a reason that they have a right to every equipment and the pulse oximeter 

should be on that patient for close observation [Field notes]  

 

After identifying abnormal vital signs, family members were trained to notify a member of 

staff so that they can intervene however, limited human resources meant that at times there 

were no members of staff available on the wards. An example would be a single nurse on 

duty who may be required to carry out duties off the ward, for example collecting supplies 

from stores.  

 

While taking vital signs, a caretaker recorded oxygen levels less than 40% so she tried to 

look for a nurse on duty but couldn’t see her. She had to just look on to see what happened 

to her patient.  [Field notes]  
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Nursing staff available to respond appropriately to communication from family members was 

an assumption that we made in our programme theory. Necessary absence from the ward 

was one example when this assumption failed. A second example were the cultural attitudes 

[inner setting] identified in some members of staff, patients and their family members. With 

low salary scales and poor remuneration for work, it is common for staff to work more than 

one job. Staff on duty at night routinely sleep and family members were reluctant to wake 

them.  

 

The carers who identify abnormal vital signs at night do not alert the medical team because 

according to them ‘we fear waking up the nurses at night to destroy their sleep’. [Field notes]  

 

This potentially creates a barrier preventing family members from seeking help when they 

need to, however this was not identified within the quantitative data we have presented 

above.   

 

Two or three times, the attendants have notified the nurses about abnormal signs and been 

told to wait “me I am tired, I am going to rest”. [Field notes]  

Other cultural norms within the context of the hospital site for the pilot trial were also noted to 

create barriers to use of the intervention. Research in Uganda is commonly associated with 

incentives for participants who are recruited. This has created a culture of expectation.  

 

Family members who do the vital signs, think the organisation should give them ‘something’, 

probably cash or incentives for the work they are doing. [Field notes]  

 

It is well known that the complexity [intervention characteristics] of an intervention plays a 

large role in its ease of implementation. During our iterative intervention design, we 

deliberately attempted to keep it as simple as possible. A pre-planned review at 2 months 

was incorporated into the pilot trial to enable further intervention refinement and adaption 
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based on identified challenges (changes summarised in Table 20). We identified the 

respiratory rate as a specific vital sign that was challenging for family members to measure.  

Respiratory rate is the most sensitive sign of a patient condition and the best early predictor 

of patient deterioration but globally it is also the vital sign that is most frequently missed 

out.267 Measuring a respiratory rate accurately requires several steps. Recognition of each 

individual breath a patient is taking, counting the number of breaths and simultaneously 

watching the clock. The identified challenges included difficulty coordinating both time 

keeping and counting at the same time and for those that chose to use their phones instead 

of the clock to keep time. 

 

“….attendant complaining that they have to look at the clock and then also breathing….” 

[RA, FGD 1]  

 

“for those who use the small phones, the button ones that have no stopwatch, its hard for 

them to count the breathing rate in one minute.” [RA, FGD 1] 

 

Feedback gained during our pre-planned review identified three areas of complexity that 

were able to be resolved through amendments and resubmission and approval by the local 

research and ethics committee. Differences in the order of documenting vital signs on the 

chart compared to the numbers visible on the pulse oximeter led to incorrect documentation 

of vital signs. (Figure 30) 

 

[I] noted that our vital signs chart is giving some headache to our participants. Why? 

Because on the monitors, oxygen level comes first then heart rate yet on our vital signs 

sheet heart rate comes first the oxygen last. Therefore, you find that some patients may end 

up recording the oxygen level figures on the heart rate. [Field notes]  
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Table 20. Summary of changes made to the intervention following the pre-specified 
evaluation at two months. 
 
Intervention 
area 

Original 
intervention 

Amended 
intervention Reason for change 

Training of 
family 
members 

Training planned 
twice a day in 
groups 

Training conducted 
when family members 
available, individually 
or in groups 

Family members never 
available on the ward at the 
same time, scheduling for 
surgery at chaotic at times 
 

Family 
member 
documentation 
of vital signs 

Time of day listed 
as 12-hour clock 
using numbers 
only 

Times of day as 
understood in local 
culture included (e.g. 
breakfast) 

In the local culture, the day 
begins at 6am and so 8am 
(‘8 hours after the 
beginning of the day’) 
would equate to 2pm. Local 
language incorporated to 
avoid confusion 
 

Family 
member 
documentation 
of vital signs 

Use of > and < 
signs to mean 
greater or less 
than 
 

Words used instead of 
symbols 

Family members and 
patients did not understand 
the symbols 

Family 
member 
documentation 
of vital signs 

Choice of four 
ranges when 
documenting 
respiratory rate 
and heart rate  

Simplified to three 
ranges, above the 
upper limit, below the 
lower limit and normal 

No added benefit to two 
options within the specified 
‘normal range’, additional 
options led to some 
confusion 
 

Family 
member 
documentation 
of vital signs 

Heart rate above 
respiratory rate in 
the observation 
chart 

Order changed round 
to match the numbers 
visible on the pulse 
oximeter with 
respiratory rate above 
the heart rate 

This simplification enabled 
more accurate 
differentiation between 
heart rate and respiratory 
rate 

 

  



  

    
 

143 

 

The second amendment involved the use of symbols instead of words (Figures 31 and 32). 

 

< and > signs are confusing some participants. (Maybe in future put ‘less than’ for < and 

‘greater than’ for >). [Field notes]  

 

Lastly in the local language the times of day are described differently. Version 1 of the 

observation chart listed the times of day using the 12-hour clock leading to confusion. The 

day locally begins at 6am. 11am in the 12-hour clock would be interpreted as 5pm in the 

local language. To overcome this, the times of day were described using common activities 

e.g. breakfast or lunch and the local translations of these times were used. (Figures 31 and 

32) 

 

“Here, if you say 8[am] they will think you mean 2pm. That’s when you say the time in the 

local language…..there is one TV station that reads time in the local way, if it is 8am they will 

say 2 hours and many people watch that TV. If you count 1 [hour] it is 7am.” [RA, FGD 1] 

 

Figure 30. Images of the first version of the family member observation chart and 
the pulse oximeter used. 
 
 

 
 
Figure illustrates the discrepancy between positioning of heart rate (bottom, in green on the 
pulse oximeter) and oxygen level (top, in pink on the pulse oximeter) 
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Other aspects of the routine workflow in the regional hospital where the SMARTER pilot trial 

was conducted commonly led to challenges in the intervention implementation. These 

barriers are coded under compatibility [inner setting]. Examples include exclusion of family 

members from the entire clinical areas to allow medical student examinations to take place.  

 

 

Figure 31. Version 1.4 of the family member observation chart, before 
amendments were made. 
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Figure 32. Version 1.5 of the family member observation chart following the 
prespecified intervention review. 

 

Changes incorporated include clarity on time of day, replacing < and > signs, and switching the 
oxygen level and heart rate to match the pulse oximeter 

 

 

Attendants were asked to stay outside. They were unable to do vitals, and this also affected 

our training for new participants. [Field notes]  

 

The flow of patients to theatre and back to the wards was also not always straightforward 

with patients unexpectedly going home despite being recruited and having family members 

trained.  

 

Patients are meant to be discharged through the ward but after theatre recovery, they just 

leave for home. [Field notes]  

 

In the obstetric department, particularly on the postnatal wards the high throughput of 

patients led to continuous movement around the ward disrupting the recording of vital signs.  
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When patients are so many on the ward, they are shifted to the side…so they have nowhere 

to keep the vital [signs] charts other than to put them in their bags. [Field notes]  

 

There were also common changeovers of family members. Patients who undergo their 

operations at night often have different caretakers the following day. This was particularly 

true for the obstetric patients.  

 

Some caretakers bring in their mothers or sisters to give birth, they are learned and willing to 

enrol in the study, so they consent. However, in the morning, the consented caretaker 

disappears and leaves [an] elderly grandmother or mother-in-law to take care of the patient. 

The grandma or mother-in-law can’t write her name and…..only speaks a local language. 

[Field notes] 

 

6.3.4 SMARTER programme theory  

Our inner context preconditions were tested within the SMARTER process evaluation. In the 

majority of cases, staff responded appropriately to communications from family members. 

Formal assessment of staff knowledge and skills around the management of surgical 

complications and the capacity of local leadership to drive improvement was not conducted. 

However, during the SMARTER pilot trial, we saw active participation from both nursing, 

medical and administrative leadership suggesting that in our setting, the wider hospital team 

had the capacity to embrace improvement work and contributed to the success of the pilot 

trial. At the beginning of this chapter, we describe how the core SMARTER programme 

theory assumptions that we made have been tested and found to be largely accurate. We 

have not made changes to our programme theory following our pilot trial. During the process 

of evaluating the intervention, there are additional assumptions that we have made that 

would be relevant to test during a larger formal trial of the intervention. These include the 
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accuracy of the individual vital signs that family members take in comparison to the 

experienced healthcare staff, and assumptions that staff possess the knowledge, skills and 

resources to respond appropriately to complications when they occur.  

 

6.4 Discussion 

I piloted an intervention to improve monitoring of patients after surgery by involving family 

members more directly in the process, supplementing the usual monitoring of patients by 

healthcare workers on the wards. At Mbale Regional Referral Hospital, there is a tension 

between the implementation climate, illustrated by the healthcare worker’s recognition of 

gaps in postoperative monitoring and their desire to change; and the ability of the teams on 

the ground to put this into practice (implementation readiness). My mixed-methods process 

evaluation of the SMARTER Pilot Trial identified both facilitators and barriers influencing 

delivery of the family supplemented vital signs monitoring intervention. Positive influences 

included the clear ‘relative advantage’ of the intervention, factors within the inner context 

including ‘tension for change’ and ‘relative priority’, and individual characteristics centred 

around ‘knowledge and beliefs’. Major constructs that had a negative influence sat largely 

within the inner context, including ‘available resources’, ‘culture’ and ‘compatibility’. ‘Self-

efficacy’ and ‘complexity’ also had a negative influence. Quantitative data provided evidence 

to support our original programme theory without major revisions.  

 

The relative advantage of innovations to improve monitoring of patients has also been 

described in several other countries. In West Africa, clinicians recognised the added 

advantage of wearable sensor technology in paediatric patients, especially on wards where 

current levels of monitoring equipment were limited.268 In HICs, improved postoperative 

monitoring using novel technology has shown benefit both in the community and before 

hospital discharge.269,270 Implementing technology driven innovations in low resource 

settings in a sustainable way is however, much harder, facing significant challenges within 
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the enabling environment, existing infrastructure and integration with existing systems.271 

Whilst the SMARTER Pilot Trial did not focus on the use of technology to improve 

postoperative monitoring, the barriers that affect implementation readiness for a new 

innovation cut across health system innovations. In 2020, a systematic review of barriers 

and facilitators to implementing health innovations in LMICs was published.272 Although a 

different conceptual framework was used to assimilate the results from the systematic review 

(compared to the CFIR we have used) it is easy to identify cross-cutting themes that match 

those identified in our process evaluation and that contribute to a facility’s implementation 

readiness. Examples include resource limitations (for example human, physical and time) 

and contextual factors such as socio-cultural influences.272 Four main factors and ten sub-

factors that contribute to an organisation’s innovation readiness have been described.273 

Innovation readiness in this context can be considered synonymous with implementation 

readiness. Whilst these small differences in nomenclature exist, the overarching theme 

remains. A lack of facility or institution readiness for innovation will act as a barrier to 

implementation success.  

 

The complexity of a healthcare system necessitates a formal process evaluation to run 

alongside any intervention research in this setting. One of the biggest strengths of our pilot 

trial has been the recognition of this complexity in the early stages of study conception, and 

the robust co-design of our formal process evaluation alongside the main pilot trial. We have 

followed established guidance for the evaluation of complex interventions and therefore 

provided robust context to support future efforts to test the SMARTER intervention on a 

larger scale. We have highlighted important themes that influence implementation work in 

low-resource environments that can be used by others during the design phases of their 

implementation development. Weaknesses of our process evaluation include limited 

stakeholder involvement in the design of the process evaluation itself. If we had the 

opportunity to start the whole process again from conception and design of the study idea, 

we would want to involve patients and their carers directly in the very early phases. Whilst 
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we conducted useful engagement during the intervention design and testing phases, this did 

not fulfil the potential benefits of two-way involvement between our community and the 

research team. Patient researcher led focus group discussions with patients and their family 

members would be one way to address this gap in the future. Implementation research in a 

healthcare setting is also influenced by stakeholders at a policy level, for example in the 

Ministry of Health. Novel ideas are often avoided because they do not fit within the structures 

and systems policy makers are used to. Understanding these concerns and expectations 

can improve acceptability of any future scale up activities and so early engagement at this 

higher level is equally important. Although the research team have informally addressed this 

following the conduct of the SMARTER pilot trial, it was not a prespecified objective and is 

therefore a gap in our process evaluation strategy. The process evaluation was based on a 

relatively small pool of qualitative data. Although field notes were kept by the research team 

throughout the six-month duration of the trial, only two focus group discussions were held. 

The process evaluation and main pilot trial occurred during the COVID-19 pandemic and 

gatherings of groups of people was limited. Whilst we believe we reached thematic 

saturation by combining data from the field notes and focus group discussions there is a risk 

that this may not be the case.  

 

6.5 Conclusions 

My mixed-methods process evaluation of the SMARTER pilot trial has provided valuable 

insight into the context within which it was tested. I been able to validate my original 

intervention programme theory and make improvements to the intervention. I identified both 

positive and negative factors that influenced the success of the trial and it will be important to 

take these into consideration when deciding on the next steps. I am aware that each health 

facility and country has slightly different contexts and the success of family supplemented 

patient monitoring in Mbale Regional Referral Hospital may not necessarily mean it is 

successful across Uganda or Africa. One area of focus before implementing a new 
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intervention is to prepare the ground for improvement. Does the right environment exist that 

will support changes in care and focus the team on patient centred outcomes. Developing an 

intervention itself is often the easier part. Understanding how to implement it within the 

complexity of health settings in low-resource countries is much more challenging. My 

SMARTER pilot trial process evaluation will provide crucial learning to support the 

development of a larger intervention, including the use of family members, to reduce 

preventable deaths after surgery and its testing in a larger trial across multiple settings in 

Africa.  
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CHAPTER 7 CONCLUSIONS AND FUTURE WORK 

This thesis describes the development of an intervention that may help to reduce the high 

rates of failure to rescue, and therefore mortality after surgery, in Africa. The intervention 

was designed to improve vital signs monitoring of patients after surgery and was piloted at a 

regional referral hospital in eastern Uganda. A concurrent process evaluation provided a 

more detailed understanding of the context in which the intervention was piloted and 

identified important components of the implementation process that would need to be 

considered during future work. Now that the involvement of family members in patient care 

after surgery has been shown to be feasible, future work needs to focus on further 

development and testing of the intervention and how this can be integrated into routine 

workflows in different settings. In this chapter I provide an overview of my results and reflect 

on some of the strengths and weaknesses of my PhD. I also discuss family members 

supporting improvements in care, and integration of more frequent vital signs monitoring 

within the entire failure to rescue pathway (recognition of the deteriorating patient, relay of 

information and appropriate response). 

 

7.1 Summary of results 

Surgical care in Mbale Regional Referral Hospital is very different from the UK. It is the only 

government hospital with specialist surgical capabilities (e.g. orthopaedic surgery) serving a 

population of 4.5 million people in eastern Uganda. It is one of the busiest hospitals in the 

country in terms of annual surgical volume with almost 5000 operations per year but like 

many centres in low-income countries, where priority is often given to emergency obstetric 

care, the greatest proportion of surgical procedures are caesarean sections (55%), and 75% 

of all procedures are emergencies. Mortality rates after surgery in Mbale are double those in 

high income countries, mirroring mortality rates after surgery across the continent. In some 

subgroups, for example after laparotomy surgery, mortality rates were as high as 22%.  
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With the majority of post-surgical deaths happening on the wards after surgery following 

development of complications, and audits of vital signs monitoring demonstrating rates well 

below what would be expected, informal discussions with the nursing staff highlighted the 

overwhelming workload as the main causative factor resulting in this gap. With family 

members always present on the wards and already informally involved in patient care I 

developed an intervention to train family members to supplement the monitoring of patients 

on the surgical wards. 

 

The centre of a complex intervention, usually the clinical processes or practices that are the 

focus of improvement, can be described as the core. The SMARTER core intervention 

involved family members taking, documenting and interpreting basic vital signs in order to 

supplement the work of the nursing staff, to monitor their patients after surgery. An 

intervention implementation also has a ‘soft periphery’, which describes the improvement 

methods that enable change to occur. In SMARTER, this was the training package that 

enabled the family members to perform the intervention, the change in practice by the 

nursing and medical staff who responded when receiving an alert from the family members, 

and the adoption of the intervention as a whole by the relevant departments. I tested the 

intervention during a cluster-randomised controlled trial using the hospital postoperative 

wards as the clusters, using a stepped wedge approach to introduce the intervention one 

ward at a time.  

 

The SMARTER intervention resulted in more than 12 times as many sets of vital signs for 

participants enrolled in the intervention arm. There was no significant difference in the length 

of hospital stay for our patients nor the mortality rate. However, the study sample size was 

not powered for these outcomes and so this finding was not unexpected. Higher overall 

numbers of deaths in the intervention group likely reflected the different demographics of the 

usual care and intervention groups. Recruitment during the COVID pandemic led to a great 

proportion of obstetric patients in the usual care group. The group of surgical patients with 
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the highest mortality rates fall in the general surgery category and the proportion of general 

surgery patients in the intervention group was higher.  

 

I ran a process evaluation of the SMARTER trial intervention alongside the main step wedge 

pilot cluster randomised trial. The mixed methods process evaluation allowed me to answer 

questions beyond the effectiveness of the pilot trial. These included mechanisms of change, 

contextual influences and acceptability of the intervention. Following analysis of qualitative 

data from focus group discussions and field notes, I identified both facilitators and barriers 

influencing delivery of the SMARTER intervention. Coded in accordance with the 

consolidated framework for intervention research, positive influences I identified included the 

clear ‘relative advantage’ of the intervention, inner context factors including ‘tension for 

change’ and ‘relative priority’, and individual characteristics centred around ‘knowledge and 

beliefs’. Those factors that had a negative influence sat largely within the major constructs 

within the inner context. These included ‘available resources’, ‘culture’ and ‘compatibility’, 

although ‘self-efficacy’ and ‘complexity’ also resulted in a negative influence. 

 

7.2 Strengths and weaknesses 

Robust intervention development and testing can be challenging, especially within the added 

complexity of a resource limited setting such as Uganda. I have been able to develop and 

test an intervention that resulted in higher rates of vital signs monitoring for patients after 

surgery. I have done this using established and recognised guidance for the development of 

complex interventions published by the Medical Research Council and others. I have not 

presumed that I know the right intervention but have used an iterative approach with 

feedback from all relevant stakeholders, making adaptions as necessary along the way. This 

approach has resulted in an effective intervention that can be utilised in a low resource 

setting and that may have applicability within other healthcare systems globally. I have also 

used recognised and well described approaches for my systematic review and process 
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evaluation. This ensures transparency, allows my findings to be interpreted by the reader 

within the context that the research has been conducted and provides robust evidence that 

can easily be replicated in the future if needed.  

 

Another strength of this thesis is the first description of a year-long cohort of surgical patients 

in Uganda. Detailed data on surgical volumes and postoperative outcomes is limited from 

low resource settings. Many published works rely on small sample sizes that are often 

collected by visitors during short term trips and then extrapolated to give representative 

population data. In Uganda, examples include work by Anderson et al in western Uganda192 

and Albutt et al.17  

 

Reflection following completion of my systematic review identified that the search strategy I 

had chosen to use may in itself have led to limitations in the evidence I was able to report. 

This is an important lesson, and to me, clear evidence of the powerful learning opportunities 

made available during my PhD pathway. Interventions used to detect deteriorating patients 

may have been published without explicitly mentioning failure to rescue. These interventions 

may also have been tested in non-surgical patient groups. Whilst my intervention focused on 

increasing rates of vital signs monitoring, learning suggests that for an intervention to be 

sustainable it is likely to need to include components that address each of the steps in the 

Failure to rescue pathway. For this reason, there is need to repeat the systematic review 

with a more inclusive search terminology. I have been involved in developing this new 

search strategy and have attached it as appendix 1. The strategy expands on the 

geographical limitations of my previous search terms by including all LMIC country names. It 

also includes more inclusive terms to capture any of the tools commonly used to address 

failure to rescue in HICs for example ‘early warning scores’ or ‘systems’. Although I am not 

leading the updated systematic review, my roles have also included screening some of the 

38,340 studies identified papers and performing full text reviews to decide on eligibility of 

papers for inclusion.  
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The COVID-19 pandemic saw varied country responses around the world. Uganda was 

affected by two waves, the first during late 2020 and the second in late April 2021. Extremely 

strict lockdowns resulted in restricted movement of all people and patients, limiting 

movement across district boundaries and access to healthcare.274 Although the direct impact 

of the lockdown on care at Mbale Regional Referral Hospital was not measured, increased 

surgical delays were seen at a nearby regional referral hospital,275 there was a significant 

drop in patients accessing primary healthcare services in Masaka district in western 

Uganda,276 and reports of difficulty accessing maternity services throughout the country277 

with increased risks for obstetric complications and immediate neonatal death.278 Due to my 

timelines of approvals and funding, we continued with the planning and setup of the 

SMARTER pilot trial in early 2021 and started recruitment in mid-April. The second 

pandemic wage started unexpectedly at the end of the month. Due to low numbers of cases 

in Mbale and robust infection control practices in the hospital, the decision was made to 

continue recruitment. The trial used a stepped wedge cluster trial design meaning that the 

intervention was introduced to the clusters (wards) in a set wise manner. Patients recruited 

in the first half of the trial were largely included in the usual care arm whereas the majority of 

patients recruited during the second half were in the intervention arm. Differences in the 

demographics of the two patient populations reflect that, with usual care patients being 

younger, with more females and a higher proportion of obstetric patients. These differences 

can be considered a weakness of the trial, and the findings interpreted in light of these 

differences.  

 

During qualitative research, it is often challenging to estimate the number of respondents 

that are needed to ensure all valuable data has been collected and to enable effective and 

meaningful analysis. A common approach is to analyse data as it is collected and when 

thematic saturation is reached, the study team can confidently agree their sample size is 

appropriate. The COVID pandemic affected my ability to bring groups of research staff and 
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healthcare workers together to run focus group discussions. I utilised another technique to 

generate additional qualitative data, through the use of a field journal that was filled on a 

regular basis by the research team following their observations of family, patient or staff 

interactions. The small number of focus group discussions is a limitation in my process 

evaluation data.  

 

I have previously described the chain of failure to rescue. It can be compared with the chain 

of survival following cardiac arrest that was first described in 1991.279 There are multiple 

steps in a pathway that together, can result in a patients survival. The chain can be broken 

at any one of these stages with the same ultimate outcome that results in deterioration and 

death. In failure to rescue, the steps in the chain include recognition of the deteriorating 

patient, relay of that information to the right teams who can then respond in an appropriate 

manner, provided they have the resources they need. The SMARTER intervention considers 

gaps only in the first link in the chain, the early recognition of the deteriorating patient. This 

could also be considered as a weakness in the overall intervention. I have made 

assumptions that the remaining links in the chain will function correctly and that patients will 

be rescued. I discuss this in more detail in the section below as I describe my ideas for 

future work that builds on the SMARTER intervention.  

 

7.3 Future work 

The SMARTER pilot trial and process evaluation add to the growing body of evidence that 

family members can be used effectively to support safe, high quality healthcare delivery. I 

have utilised robust methodology to develop an intervention to address failure to rescue after 

surgery however, during my PhD journey I have also learnt a huge amount about 

implementing healthcare improvement, especially in a low-resource environment. I have also 

seen that there are many more similarities than one might think between improvement work 

in healthcare settings across different country income levels. Examples of this include the 
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competing priorities for an individual’s time and human factors affecting behaviour. Using 

this learning, I believe an intervention that addresses rates of vital signs monitoring alone is 

unlikely to lead to significant reductions in mortality. To improve outcomes after surgery, an 

integrated intervention is needed that includes components for each step in the chain of 

failure to rescue. Some of these potential components are outlined in Figure 33 below and, 

in addition to improved vital signs monitoring, include prioritisation of limited time to focus on 

the patients most at risk of complications, an early warning system for deteriorating patients, 

standardised responses to deterioration and a form of reflection. 

 

Healthcare settings across Africa can be very varied. Uganda is a low-income country where 

resource limitations are at their most extreme. Many countries in Africa invest more in their 

health systems and as a result, whilst still resource limited, often have access to more 

human resource. In this scenario health facilities often limit access for family members to 

specific visiting times. There can be significant resistance to the idea of bringing family 

members into the hospital full time to support a task (monitoring) that is traditionally seen as 

one that should be done by a healthcare worker. If we are to scale an intervention that uses 

family members to support task sharing, these varied contexts need to be taken into 

account.  
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In many low-resource settings, one of the biggest challenges facing health systems are the 

huge human resource gaps. Long term solutions at a national level are needed to address 

these gaps. In the meantime, strategies have to be adopted that allow the current healthcare 

staff to focus their valuable time where it is most needed. One solution that may allow this 

would be to identify patients who are at higher risk of deterioration and death after surgery 

and to focus any interventions on this patient group. My experience is that this often 

happens on an informal basis but is based on whether a patient looks ‘sick’ and ignores 

groups of patients who appear to be ok from the end of the bed but perhaps have underlying 

complications, for example acute kidney injury. There are multiple surgical risk scoring tools 

in routine use around the world, including P-POSSUM,203 SORT280 and ACS-NSQIP281 

however, they tend to be complicated and require variables such as laboratory test values 

that are often not routinely available in low-resource settings. Following the original ASOS 

study, a simple risk score was developed to identify adult patients in Africa who are more 

Figure 33. Proposed components of future ‘enhanced’ intervention to reduce failure to 
rescue after surgery 
 
 

 
 
Figure 34. Proposed components of future ‘enhanced’ intervention to reduce failure to 
rescue after surgery 
 
 

 

• Identification of patients at higher risk of postoperative complications using 
standardised scoring system

• Improved frequency of vital signs monitoring using family members where 
numbers of healthcare workers are inadequate

• Use of a 'track and trigger' system or early warning score to improve 
recognition of deteriorating patient

• Use of protocols to standardise response and management of deteriorating 
patients

• Routine after action reviews to learn from failure to rescue 
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likely to develop complications, including death, after surgery. The ASOS surgical risk 

calculator174 includes six variables that are commonly available before surgery. These 

include age, ASA physical status, surgery timing, surgery severity, indication for surgery and 

surgery type. A cut-off score of >10 is commonly used to describe patients who are at 

greater risk of postoperative complications, including death. We have used this score as a 

simple tool to guide admission to our surgical high dependency unit with good success. If 

implemented widely, this simple score would allow identification of high-risk patients and 

therefore allow prioritisation of available resources where they are likely to be most needed.  

 

During the SMARTER pilot trial, I developed a simple ‘trigger’ system to enable family 

members to easily recognise when they needed to call for help. Systems like this, with 

varying degrees of complexity, have been utilised for many years in other settings. Examples 

range from composite early warning scores such as the National Early Warning Score used 

in the UK221 to single vital signs triggers such as the Vital Signs Directed Therapy solution 

tested in intensive care in Tanzania.104 They are effective at improving recognition of the 

deteriorating patient, rather than relying on an individual’s ability to recognise patterns from 

the observation chart. A broader failure to rescue intervention should include some kind of 

early warning or trigger system for both the healthcare workers and family members.  

 

In hospitals in many low-resources settings, alongside shortages in permanent healthcare 

workers, it is common to find large numbers of training programmes. Although usually 

officially regulated, the net result is large numbers of junior staff providing the majority of 

care. Protocol driven care, whilst not without challenges, in general can lead to more 

consistent care, improve efficiency, reduce errors and lead to better resource utilisation and 

improved patient outcomes. Examples of improved outcomes include in sepsis 

management,282 after surgery using enhanced recovery after surgery protocols,283 and in the 

management of acute myocardial infarction.284 It is reasonable to extrapolate this to the 

recognition and management of patients who develop complications after surgery. The use 
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of standardised protocols to guide hospital systems, including their healthcare staff in this 

scenario is likely to lead to improvements in care and this component should be included in 

any intervention aimed at addressing failure to rescue after surgery.  

 

Reflection is a tool that can be used by healthcare teams to turn unspoken, experience-

based knowledge into explicit knowledge that can be shared with others. Systems for 

reflection, such as after-action reviews, are commonly used as a formal method to 

incorporate learning into health system improvements. Efforts to reduce maternal mortality 

are one area where this approach has been successful, including in Africa.285  The benefits 

of after-action reviews include fostering open communication among team members and 

promotion of a culture of transparency and trust. They help break down silos within teams, 

leading to better collaboration and more cohesive team dynamics. They can also be used to 

learn from errors and if implemented effectively, can generate a culture of safety where 

lessons are learned, and mistakes are less likely to be repeated. Reflection or after-action 

reviews have been shown to be effective ways to improve patient outcomes and should form 

an important component of failure to rescue interventions.  

 

Future work needs to consider each of these components in turn, identify whether evidence 

for their use already exists from low resource settings and if not decide whether evidence 

generation is needed for each component before they are put together into a complex 

intervention. A large component of any intervention is likely to be the implementation 

approach and the development of a local culture of positive learning and improvement. A 

good understanding of each context will be needed to enable successful implementation. 

Assumptions that all healthcare facilities are the same should not be made and where 

necessary, local adaptions to the intervention may be necessary.  
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Appendices 

Appendix 1 – Extended search terms for failure to rescue literature 

review  

1 ((((((Hospital Rapid Response Team[MeSH Terms]) OR (postoperative care[MeSH 
Terms])) OR (Failure to Rescue, Health Care[MeSH Terms])) OR (early warning 
score[MeSH Terms])) OR (clinical deterioration[MeSH Terms])) OR (Postoperative 
Complications[MeSH Terms])) OR (Preceptorship[MeSH Terms]) 

2 ("MEWS"[Title/Abstract] OR "hospital rapid response team"[Title/Abstract] OR "aggregate 
weighted track and trigger systems"[Title/Abstract] OR "single parameter track and trigger 
systems"[Title/Abstract] OR "post-operative monitoring"[Title/Abstract] OR "escalation of 
care"[Title/Abstract] OR "failure to rescue"[Title/Abstract] OR "rapid 
response"[Title/Abstract] OR "early warning score"[Title/Abstract] OR "critical care 
outreach"[Title/Abstract] OR "calling for help"[Title/Abstract] OR "patient 
deterioration"[Title/Abstract] OR "Clinical Deterioration"[Title/Abstract] OR "medical 
emergency team"[Title/Abstract] OR "postoperative care"[Title/Abstract] OR "postoperative 
mortality"[Title/Abstract] OR "failure to escalate"[Title/Abstract] OR "postoperative 
complication"[Title/Abstract] OR "resident supervision"[Title/Abstract] OR "clinical 
supervision"[Title/Abstract] OR "trainee supervision"[Title/Abstract] OR "requesting 
help"[Title/Abstract] OR "requesting support"[Title/Abstract]) 

3 #1 OR #2 
4 ("Deprived Countries"[Title/Abstract] OR "Developing Countries"[Title/Abstract] OR 

"Developing Country"[Title/Abstract] OR "Developing Economies"[Title/Abstract] OR 
"Developing Economy"[Title/Abstract] OR "Developing Nation"[Title/Abstract] OR 
"Developing Nations"[Title/Abstract] OR "Developing Population"[Title/Abstract] OR "Low 
Income Countries"[Title/Abstract] OR "Low Income Country"[Title/Abstract] OR "Low 
Income Economies"[Title/Abstract] OR "Low Income Economy"[Title/Abstract] OR "Low 
Income Nations"[Title/Abstract] OR "Low Income Population"[Title/Abstract] OR "Low 
Income Populations"[Title/Abstract] OR "Lower GDP"[Title/Abstract] OR "Lower Income 
Countries"[Title/Abstract] OR "Lower Income Country"[Title/Abstract] OR "Lower Income 
Nations"[Title/Abstract] OR "Lower Income Population"[Title/Abstract] OR "Lower Income 
Populations"[Title/Abstract] OR "Middle Income Countries"[Title/Abstract] OR "Middle 
Income Country"[Title/Abstract] OR "Middle Income Economies"[Title/Abstract] OR "Middle 
Income Nation"[Title/Abstract] OR "Middle Income Nations"[Title/Abstract] OR "Middle 
Income Population"[Title/Abstract] OR "Middle Income Populations"[Title/Abstract] OR 
"Poor Countries"[Title/Abstract] OR "Poor Country"[Title/Abstract] OR "Poor 
Economies"[Title/Abstract] OR "Poor Economy"[Title/Abstract] OR "Poor 
Nation"[Title/Abstract] OR "Poor Nations"[Title/Abstract] OR "Poor 
Population"[Title/Abstract] OR "Poor Populations"[Title/Abstract] OR "Third 
World"[Title/Abstract] OR "Transitional Countries"[Title/Abstract] OR "Transitional 
Country"[Title/Abstract] OR "Transitional Economies"[Title/Abstract] OR "Transitional 
Economy"[Title/Abstract] OR "Under Developed Countries"[Title/Abstract] OR "Under 
Developed Country"[Title/Abstract] OR "under developed nations"[Title/Abstract] OR 
"Underdeveloped Countries"[Title/Abstract] OR "Underdeveloped Country"[Title/Abstract] 
OR "underdeveloped economies"[Title/Abstract] OR "underdeveloped 
nations"[Title/Abstract] OR "underdeveloped population"[Title/Abstract] OR 
"Africa"[Title/Abstract] OR "Asia"[Title/Abstract] OR "South America"[Title/Abstract] OR 
"Central America"[Title/Abstract] OR "Afghanistan"[Title/Abstract] OR 
"Albania"[Title/Abstract] OR "Algeria"[Title/Abstract] OR "American Samoa"[Title/Abstract] 
OR "Angola"[Title/Abstract] OR "Armenia"[Title/Abstract] OR "Azerbaijan"[Title/Abstract] 
OR "Bangladesh"[Title/Abstract] OR "Belarus"[Title/Abstract] OR "Belarus"[Title/Abstract] 
OR "Belorussia"[Title/Abstract] OR "Belize"[Title/Abstract] OR "Benin"[Title/Abstract] OR 
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"Bhutan"[Title/Abstract] OR "Bolivia"[Title/Abstract] OR "Bosnia"[Title/Abstract] OR 
"Botswana"[Title/Abstract] OR "Brazil"[Title/Abstract] OR "Bulgaria"[Title/Abstract] OR 
"Burma"[Title/Abstract] OR "Burkina Faso"[Title/Abstract] OR "Burundi"[Title/Abstract] OR 
"Cabo Verde"[Title/Abstract] OR "Cape Verde"[Title/Abstract] OR 
"Cambodia"[Title/Abstract] OR "Cameroon"[Title/Abstract] OR "Central African 
Republic"[Title/Abstract] OR "Chad"[Title/Abstract] OR "China"[Title/Abstract] OR 
"Colombia"[Title/Abstract] OR "Comoros"[Title/Abstract] OR "Comores"[Title/Abstract] OR 
"Comoro"[Title/Abstract] OR "Congo"[Title/Abstract] OR "Costa Rica"[Title/Abstract] OR 
"Côte d'Ivoire"[Title/Abstract] OR "Cuba"[Title/Abstract] OR "Djibouti"[Title/Abstract] OR 
"Dominica"[Title/Abstract] OR "Dominican Republic"[Title/Abstract] OR 
"Ecuador"[Title/Abstract] OR "Egypt"[Title/Abstract] OR "El Salvador"[Title/Abstract] OR 
"Equatorial Guinea"[Title/Abstract] OR "Eritrea"[Title/Abstract] OR "Ethiopia"[Title/Abstract] 
OR "Fiji"[Title/Abstract] OR "Gabon"[Title/Abstract] OR "Gambia"[Title/Abstract] OR 
"Gaza"[Title/Abstract] OR "Georgia"[Title/Abstract] OR "Georgia Republic"[Title/Abstract] 
OR "Ghana"[Title/Abstract] OR "Grenada"[Title/Abstract] OR "Grenadines"[Title/Abstract] 
OR "Guatemala"[Title/Abstract] OR "Guinea"[Title/Abstract] OR "Guinea- 
Bissau"[Title/Abstract] OR "Guyana"[Title/Abstract] OR "Haiti"[Title/Abstract] OR 
"Herzegovina"[Title/Abstract] OR "Hercegovina"[Title/Abstract] OR 
"Honduras"[Title/Abstract] OR "India"[Title/Abstract] OR "Indonesia"[Title/Abstract] OR 
"Iran"[Title/Abstract] OR "Iraq"[Title/Abstract] OR "Ivory Coast"[Title/Abstract] OR 
"Jamaica"[Title/Abstract] OR "Jordan"[Title/Abstract] OR "Kazakhstan"[Title/Abstract] OR 
"Kenya"[Title/Abstract] OR "Kiribati"[Title/Abstract] OR "Democratic People’s Republic of 
Korea"[Title/Abstract] OR "Kosovo"[Title/Abstract] OR "Kyrgyz"[Title/Abstract] OR 
"Kirghizia"[Title/Abstract] OR "Kirghiz"[Title/Abstract] OR "Kyrgyzstan"[Title/Abstract] OR 
"Lao PDR"[Title/Abstract] OR "Laos"[Title/Abstract] OR "Lebanon"[Title/Abstract] OR 
"Lesotho"[Title/Abstract] OR "Liberia"[Title/Abstract] OR "Libya"[Title/Abstract] OR 
"Macedonia"[Title/Abstract] OR "Madagascar"[Title/Abstract] OR "Malawi"[Title/Abstract] 
OR "Malay"[Title/Abstract] OR "Malaya"[Title/Abstract] OR "Malaysia"[Title/Abstract] OR 
"Maldives"[Title/Abstract] OR "Mali"[Title/Abstract] OR "Marshall Islands"[Title/Abstract] 
OR "Mauritania"[Title/Abstract] OR "Mauritius"[Title/Abstract] OR "Mexico"[Title/Abstract] 
OR "Micronesia"[Title/Abstract] OR "Moldova"[Title/Abstract] OR "Mongolia"[Title/Abstract] 
OR "Montenegro"[Title/Abstract] OR "Morocco"[Title/Abstract] OR 
"Mozambique"[Title/Abstract] OR "Myanmar"[Title/Abstract] OR "Namibia"[Title/Abstract] 
OR "Nepal"[Title/Abstract] OR "Nicaragua"[Title/Abstract] OR "Niger"[Title/Abstract] OR 
"Nigeria"[Title/Abstract] OR "Pakistan"[Title/Abstract] OR "Palau"[Title/Abstract] OR 
"Papua New Guinea"[Title/Abstract] OR "Paraguay"[Title/Abstract] OR 
"Peru"[Title/Abstract] OR "Philippines"[Title/Abstract] OR "Principe"[Title/Abstract] OR 
"Romania"[Title/Abstract] OR "Ruanda"[Title/Abstract] OR "Rwanda"[Title/Abstract] OR 
"Samoa"[Title/Abstract] OR "Sao Tome"[Title/Abstract] OR "Senegal"[Title/Abstract] OR 
"Serbia"[Title/Abstract] OR "Sierra Leone"[Title/Abstract] OR "Solomon 
Islands"[Title/Abstract] OR "Somalia"[Title/Abstract] OR "South Africa"[Title/Abstract] OR 
"South Sudan"[Title/Abstract] OR "Sri Lanka"[Title/Abstract] OR "St Lucia"[Title/Abstract] 
OR "St Vincent"[Title/Abstract] OR "Sudan"[Title/Abstract] OR "Surinam"[Title/Abstract] OR 
"Suriname"[Title/Abstract] OR "Swaziland"[Title/Abstract] OR "Syria"[Title/Abstract] OR 
"Syrian Arab Republic"[Title/Abstract] OR "Tajikistan"[Title/Abstract] OR 
"Tadzhikistan"[Title/Abstract] OR "Tajikistan"[Title/Abstract] OR "Tanzania"[Title/Abstract] 
OR "Thailand"[Title/Abstract] OR "Timor"[Title/Abstract] OR "Togo"[Title/Abstract] OR 
"Tonga"[Title/Abstract] OR "Tunisia"[Title/Abstract] OR "Turkey"[Title/Abstract] OR 
"Turkmen"[Title/Abstract] OR "Turkmenistan"[Title/Abstract] OR "Tuvalu"[Title/Abstract] 
OR "Uganda"[Title/Abstract] OR "Ukraine"[Title/Abstract] OR "Uzbek"[Title/Abstract] OR 
"Uzbekistan"[Title/Abstract] OR "Vanuatu"[Title/Abstract] OR "Venezuela"[Title/Abstract] 
OR "Vietnam"[Title/Abstract] OR "West Bank"[Title/Abstract] OR "Yemen"[Title/Abstract] 
OR "Zambia"[Title/Abstract] OR "Zimbabwe"[Title/Abstract]) 

5 #3 AND #4  
 
Filters: English 
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Appendix 2 – SMARTER Case Report Form 
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