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A B S T R A C T

Objective: To explore the variation and quality of the outcomes reported using descriptive analysis and interactive 
network visualisation of CS outcomes of comparative studies conducted in low-and middle-income settings.
Study Design: Systematic review of comparative studies to reduce caesarean section complications in low- and 
middle-income countries and outcome assessment using the modified Harman questionnaire, assessing for the 
presence of a clear primary outcome, an explanation of how the outcomes were analysed and a description of the 
methods used to enhance the quality of these measures.
Results: 102 comparative studies were included. Studies of interventions to improve maternal and perinatal 
outcomes after caesarean section reported 466 outcomes with 15 % of these outcomes appearing only once across 
the outcomes reviewed (n = 73). The most common outcome categories reported were maternal death, disability 
and bleeding. Psychological and injury outcomes were less commonly reported. The overall quality of outcome 
reporting varied between studies but was particularly low for reporting on methods to improve outcome mea-
sures. Very few outcomes scored a maximum of three points when assessed according to the modified Harman 
score, with only 15 of the primary outcomes (16 %) achieving 3 points and 40 of the secondary outcomes (11 %) 
achieving 3 points. The median quality of reporting was 2 (range 0, 3) for all outcomes, for a maximum score of 
3. Quality of outcome reporting was associated with the type of outcome (primary or secondary), the region in 
which the study was conducted in, and journal characteristics such as impact factor and journal type.
Conclusions: There was wide variability in both the outcomes reported and the frequency in which they were 
reported. Overall, very few primary and secondary outcomes achieved the maximum score of three on the 
modified Harman score, highlighting the need for a core outcome set for caesarean section intervention trials to 
improve the consistency and synergy of future research outcome definition, measurement and synthesis.
Trial registration: The protocol was registered (PROSPERO CRD42022353939)
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Introduction

Background

There are growing concerns about the rise in caesarean section (CS) 
rates globally, with almost one in five (21 %) births being a caesarean 
birth. [1] CS can be a lifesaving operation when performed at right time 
and for the right indication, but the procedure is not without risk.[2–7]
The risk of maternal death and disability following caesarean section is 
disproportionately higher in low- and middle-income countries (LMIC), 
due to more limited access to timely, good quality comprehensive ob-
stetric care [2].

A wide range of surgical and medical interventions have been stud-
ied to reduce risks associated with caesarean section and improve 
maternal and perinatal outcomes such as skin cleansing, adhesive 
drapes, different types on incisions and surgical techniques and the use 
of different fetal extraction methods, closure materials and methods 
[8–11]. However, in the absence of an existing core outcome set for 
caesarean section, there is often wide variability in the outcomes that 
are reported and how these outcomes are measured in caesarean section 
trials around the world.

Appropriate selection of primary and secondary outcomes a priori, is 
an essential part of a well-designed clinical trial [12,13]. Consistency in 
how outcomes are defined, measured, and reported can facilitate 
appropriate comparison across studies, such as in meta-analysis [14]. 
Selective reporting of trial outcomes can increase bias within the results 
[13 15] and seriously impair the ability to synthesise such evidence and 
inform clinical practice [16].

We conducted a systematic review of comparative studies in LMICs 
focussing on caesarean section related mortality and morbidity, and 
interventions to reduce these outcomes in low- and middle-income 
countries. We explored the variation of outcomes that were reported 
across studies conducted in low- and middle-income countries and the 
quality of the primary and secondary outcomes that were reported.

Methods

Protocol registration

Our study followed the steps recommended in the Preferred 
Reporting Items for Systematic reviews and Meta-Analyses (PRISMA) 
checklist. The protocol was published in PROSPERO in August 2022 

(CRD42022353939).

Search strategy

EMBASE, MEDLINE, Scopus and Web of Science, and the WHO li-
brary, were searched without language restriction from October 1990 to 
February 2024 for studies set in healthcare settings in low and middle- 
income countries that focused on maternal mortality and morbidity 
and examined interventions to reduce these outcomes following 
caesarean section. Low and middle-income countries were defined ac-
cording to world bank regions. We used the key words combinations/ 
MeSH heading as: caesarean section, low-and middle-income country, 
LMIC, maternal, pregnancy, anaesthesia, caesarean interventions 
(supplementary file 1).

Selection Criteria

We included comparative studies of clinical interventions set in low- 
and middle-income countries, delivered to reduce maternal mortality 
and morbidity following caesarean section. Case series and non- 
comparative studies were excluded. Studies set-in high-income coun-
tries were excluded.

The study selection was performed in a two-stage process using 
Covidence [17]. Titles and abstracts of studies were screened by at least 
two independent reviewers (AAH, HK, BM). In the second stage, full 
texts of those deemed suitable for inclusion were assessed independently 
for eligibility by at least two reviewers (AAH, HK, BM), any disagree-
ments were resolved by discussion with a third reviewer (AW).

Data extraction

A standardised, pre-piloted form was used to extract data from the 
included studies for assessment of study quality and evidence synthesis. 
Extracted information included: study design, study setting, study pop-
ulation/maternal characteristics and demographics, caesarean section 
rate, number of caesarean section deaths and reasons, details of the in-
terventions, type of journal, impact factor and the outcomes reported. 
The journals were classified as general or specialist, and as obstetrics- 
focused or other. Where possible, we tried to retrieve the journal 
impact factor in the publication year. The outcomes reported were 
grouped into either maternal, perinatal or resource categories; they were 
then further grouped by outcome type such as infection, wound 

Fig. 1. Modified Harman questionnaire.
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Fig. 2. PRISMA.
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Table 1 
Table of study characteristics.

Author, Year Intervention type Delivery Country Region Income group Journal type Impact 
factor

Kanwal 2020 Clinical During Birth Pakistan South Asia. Lower-middle General 0
Okucu 2021 Clinical During Birth Turkey Europe & Central Asia Upper-middle specialist 

Other
1.052

Arif 2020 Nutrition, Other Before Hospital 
Discharge

Pakistan South Asia. Lower-middle General 0

Suliman 2020 Health system Health system Sudan Africa Low General 0.6
Thakur 2019 Lifestyle, Other Before Hospital 

Discharge
India South Asia. Lower-middle General 0

AlZubaidi 2022 Drug Before Hospital 
Discharge

Iraq Middle East & North 
Africa

Upper-middle Specialist 
Obs

2.48

Fahmy 2021 Drug During Birth Egypt Middle East & North 
Africa

Lower-middle specialist 
Other

0

Khatoon 2021 Health system Health system India South Asia. Lower-middle General 0.3
Kansouh 2019 Drug Before Hospital 

Discharge
Egypt Middle East & North 

Africa
Lower-middle General 0

Onu 2021 Clinical After Hospital 
Discharge

Nigeria Africa Lower-middle General 3.246

Cecilia 2018 Drug Before Hospital 
Discharge

India South Asia. Lower-middle specialist 
Other

2.833

MacDonald 2021 Health system Health system Haiti Latin America & 
Caribbean

Lower-middle Specialist 
Obs

0.96

Yousefi 2019 Lifestyle, Other Before Hospital 
Discharge

Iran Middle East & North 
Africa

Lower-middle Specialist 
Obs

1.298

Iqbal 2022 Drug During Birth Pakistan South Asia. Lower-middle General 2.26
Nautiyal 2020 Clinical During Birth India South Asia. Lower-middle General 0.1
Ahmed 2018 Lifestyle, Other Before Hospital 

Discharge
Egypt Middle East & North 

Africa
Lower-middle Specialist 

Obs
1.361

Kintu 2019 Drug Before Hospital 
Discharge

Uganda Africa Low General 1.987

Kabir 2019 Drug During Birth Bangladesh South Asia. Lower-middle General 0
Sengupta 2019 Surgery During Birth India South Asia. Lower-middle General 0.1
Onwudiwe 2021 Surgery During Birth Nigeria Africa Lower-middle General 0
Nooh 2018 Neonatal During 

pregnancy
Egypt Middle East & North 

Africa
Lower-middle Specialist 

Obs
1.493

Gupta 2022 Clinical Health system India South Asia. Lower-middle Specialist 
Obs

0

Abbas 2022 Drug During Birth Egypt Middle East & North 
Africa

Lower-middle Specialist 
Other

2.217

Sweed 2018 Drug During Birth Egypt Middle East & North 
Africa

Lower-middle Specialist 
Obs

2.11

Sammour 2019 Nutrition, Other Before Hospital 
Discharge

Egypt Middle East & North 
Africa

Lower-middle Specialist 
Obs

2.1

Ogah 2021 Infection During Birth Nigeria Africa Lower-middle Specialist 
Obs

4.544

Bansal 2018 Drug Before Hospital 
Discharge

India South Asia. Lower-middle Specialist 
Obs

0

Walker 2020 Health system Health system Kenya Africa Lower-middle Specialist 
Other

27.427

Tahir 2020 Surgery During birth Pakistan South Asia. Lower-middle General 0.48
Sadiq 2019 Neonatal During 

pregnancy
Pakistan South Asia. Lower-middle General 0

Yilmaz 2019 Education, Other During 
pregnancy

Turkey Europe & Central Asia Upper-middle Specialist 
Obs

0

Ozovali 2022 Education, Other Before Hospital 
Discharge

Turkey Europe & Central Asia Upper-middle General 0

Bahadur 2019 Drug Before Hospital 
Discharge

India South Asia. Lower-middle Specialist 
Obs

0.79

Nyamtema 2021 Health system Health system Tanzania Africa Lower-middle Specialist 
Other

1.211

Boriboonhirunsarn 
2022

Health system Health system Thailand East Asia & Pacific Upper-middle Specialist 
Obs

1.226

Jyothi 2019 Infection During Birth India South Asia. Lower-middle General 0.51
Ali 2020 Surgery During Birth Egypt Middle East & North 

Africa
Lower-middle Specialist 

Other
1.108

Sudjai 2022 Drug Before Hospital 
Discharge

Thailand East Asia & Pacific Upper-middle General 0.15

Kabore 2019 Health system Health system Burkina Faso Africa Low Specialist 
Other

8.775

Metogo 2021 Surgery During birth Cameron Africa Lower-middle Specialist 
Other

2.217

Berna Aslan 2019 Clinical During birth Turkey Europe & Central Asia Upper-middle Specialist 
Obs

1.674

(continued on next page)
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Table 1 (continued )

Author, Year Intervention type Delivery Country Region Income group Journal type Impact 
factor

Puchakala 2022 Surgery, Clinical, 
Drug

During birth India South Asia. Lower-middle Specialist 
Other



Wei 2020 Clinical During birth China East Asia & Pacific Upper-middle General 1.889
Kwikiriza 2019 Surgery, Drug Before Hospital 

Discharge
Uganda Africa Low Specialist 

Other
6.955

ShiqinXu 2019 Surgery, Drug During birth China East Asia & Pacific Upper-middle General 1.1
Elkhouly 2021 Surgery, During birth Egypt Middle East & North 

Africa
Lower-middle Specialist 

Obs
2.729

Mohta 2018 Drug During birth India South Asia. Lower-middle Specialist 
Other

6.955

Ibrahim 2020 Drug During birth Egypt Middle East & North 
Africa

Lower-middle Specialist 
Obs

1.192

Mangala 2021 Drug During birth India South Asia. Lower-middle Specialist 
Obs

0.552

Ahmadi 2018 Drug During birth Iran Middle East & North 
Africa

Lower-middle Specialist 
Other



Ralhan 2022 Clinical During birth India South Asia. Lower-middle General 0.261
Nur Şahin 2018 Surgery, During birth Turkey Europe & Central Asia Upper-middle Specialist 

Other
1.727

Buthelezi 2020 Clinical During birth South Africa Africa Lower-middle Specialist 
Other

12.893

Faiza 2021 Surgery, During birth Pakistan South Asia. Lower-middle General 2.26
Sanad 2020 Drug During birth Egypt Middle East & North 

Africa
Lower-middle General 0

Kanza Gul 2021 Lifestyle, Other Before Hospital 
Discharge

Turkey Europe & Central Asia Upper-middle Specialist 
Obs

1.25

Weerasinghe 2022 Lifestyle, Other During 
pregnancy

Sri Lanka South Asia. Lower-middle Specialist 
Other

0

Li 2022 Drug Before Hospital 
Discharge

China East Asia & Pacific Upper-middle Specialist 
Other

1.143

Bakker 2020 Health system Health system Malawi Africa Low General 2.96
Arora 2021 Drug Before Hospital 

Discharge
India South Asia. Lower-middle General 0

Shi 2019 Clinical Before Hospital 
Discharge

China East Asia & Pacific Upper-middle Specialist 
Other

1.785

Sallam 2019 Surgery, During birth Egypt Middle East & North 
Africa

Lower-middle Specialist 
Other

2.323

Prajith 2020 Clinical, During birth India South Asia. Lower-middle Specialist 
Other

0.869

Onur 2021 Clinical, During birth Turkey Europe & Central Asia Lower-middle General 0.11
Mohamed 2022 Neonatal During 

pregnancy
Egypt Middle East & North 

Africa
Lower-middle General 0

Sweed 2019 Drug During birth Egypt Middle East & North 
Africa

Lower-middle Specialist 
Obs

0.64

Hosni 2021 Drug During birth Egypt Middle East & North 
Africa

Lower-middle General 0

deHolandaAraujo 
2020

Drug Before Hospital 
Discharge

Brazil Latin America & 
Caribbean

Upper-middle Specialist 
Other

3.161

Bagga 2022 Infection During 
pregnancy

India South Asia. Lower-middle General 0

Yan 2021 Drug Before Hospital 
Discharge

China East Asia & Pacific Upper-middle General 4.22

Ogah 2022 Drug During birth Nigeria Africa Lower-middle General 0.948
Kamel 2018 Clinical During birth Egypt Middle East & North 

Africa
Lower-middle Specialist 

Obs
1.569

DiketeEkanga 2022 Health system Health system Democratic Republic of Congo Africa Low General 3.24
Singh 2020 Surgery, During birth India South Asia. Lower-middle Specialist 

Obs
0

Sunda 2020 Drug During birth India South Asia. Lower-middle Specialist 
Obs

0

Ghaffari 2018 Surgery, During birth Iran Middle East & North 
Africa

Lower-middle General 0

Elbohoty 2020 Neonatal During 
pregnancy

Egypt Middle East & North 
Africa

Lower-middle General 0

Gentilotti 2020 Health system Health system Tanzania Africa Lower-middle Specialist 
Other

4.887

Lumbiganon 2020 Surgery, During birth LMICs Various LMICs across 
Africa, South Asia

Lower-middle 
and Low

Specialist 
Other

4.38

Wurdeman 2022 Health system Health system Tanzania Africa Lower-middle Specialist 
Other

3.282

Esthiet 2003 Surgery, During labour Mali Africa Low General 
Diawara 2014 Health system During labour Nigeria Africa Lower-middle General 0.169
Rukewe 2014 Surgery During labour Nigeria Africa Low Specialist 

Obs
2.27

(continued on next page)
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complications, perinatal morbidity, guided by the CS core outcome sets 
on infectious morbidity [18] and systematic review on pregnancy and 
childbirth core outcome sets [19].

Data were extracted by two reviewers independently (HK, AAH, BM). 
Any differences were clarified through discussion with a third reviewer.

Outcome assessment

Study outcome assessment was undertaken by two reviewers. The 
quality of describing and reporting outcomes were evaluated using the 
modified Harman-questionnaire [20,21]. The points were assigned as 
indicated out of a total score of three; Fig. 1: primary outcome clearly 
stated (one point), an explanation of the use of the outcome in the sta-
tistical analysis (one point) and a description of methods to enhance 
quality of measures (one point). We had defined the quality of outcome 
reporting score as the proportion of points out of three, as all studies 
were assessed for each criterion. Studies were grouped by outcome 
score, with scores of 0 or 1 classed as low quality, and scores of 2 or 3 
classed as high quality. If a study did not clearly state which outcomes 
were primary and which were secondary, they were assessed as sec-
ondary outcomes.

Data analysis

We analysed the data using descriptive statistics to summarise the 
frequency of the outcomes reported in the studies and their associated 
quality by primary and secondary outcomes.

We developed an interactive network visualisation of outcomes 
using the R programming language (version 4.3.1). Specifically, we 
harnessed the capabilities of the visNetwork package (version 2.1.2), 
which relies on the JavaScript library vis.js (version 4.21.0). This 
powerful combination is well-suited for handling extensive datasets, 
enabling dynamic data manipulation and interaction [22].

Our approach involved defining data frames using the dplyr package 
(version 1.1.3) and the tidyverse package (version 2.0.0) [23]. We 
created these data frames to represent unique identifiers (ID) as network 

Table 1 (continued )

Author, Year Intervention type Delivery Country Region Income group Journal type Impact 
factor

Zongo 2015 Clinical, Drug, 
Neonatal

After hospital 
discharge

Taiwan East Asia & Pacific Upper-middle Specialist 
Obs

8.661

Chang 2011 Surgery During labour Mozambique Africa Low Specialist 
Obs

4.663

Pereira 1996 Surgery, During birth Tanzania Africa Lower-middle Specialist 
Obs

2.938

Nelissen 2013 Health system Health system Nigeria Africa Lower-middle Specialist 
Obs

8.661

Gori 2007 Surgery During labour Burkina Faso Africa Lower-middle Specialist 
Obs

4.447

Riachard 2008 Health system, 
Clinical, Drug,

During labour Malawi Africa Low General 3.192

Chilopora 2007 Health system, During labour Chad Africa Low General 0
Madoue 2015 Health system, During labour Burkina Faso Africa Low General 3.192
Hounton 2009 Health system, During labour Indonesia, Malaysia, The 

Philippines and Thailand
East Asia & Pacific Lower-middle Specialist 

Obs
2.938

Nwafor 2014 Surgery, Clinical, During labour Nigeria Africa Lower-middle General 0.294
Fyaneface-Organ 

2008
Surgery, Clinical, During birth Nigeria Africa Lower-middle General 0.25

Adisso 2006 Surgery, Clinical, During birth Benin Africa Low General 0
Sørbye 2007 Health system, During birth Tanzania Africa Low Specialist 

Obs
3.105

Briand 2012 Health system, During labour Mali and Senegal Africa Low Specialist 
Obs

3.752

Festin 2008 Infection, Clinical During labour Indonesia, Malaysia, The 
Philippines and Thailand

South Asia. Lower-middle Specialist 
Obs

3.85

Ali 2017 Surgery, Clinical, During labour Pakistani East Asia & Pacific Lower-middle Specialist 
Other



Asefa A2020 Health system, During labour Ethiopia Africa Low Specialist 
Other

0.287

Meng 2019 Health system, Health system, China East Asia & Pacific Upper-middle Specialist 
Other

4.545

Al Husban 2021 Clinical Before Hospital 
Discharge

Jordan Middle East & North 
Africa

Upper-middle General 0

Table 2 
Differences in the total quality score by variables of interest.

Outcomes / 
studies

Median (p25- 
p75)

P-value *

Type of outcome   
Primary 92 / 72 2 (1–2) <0.001
Secondary 368 / 82 1 (1–2) 
Region   
Africa 122 / 32 2 (1–3) <0.001
East Asia & Pacific 72 / 11 2 (1–2) 
Europe & Central Asia 31 / 8 1 (1–2) 
Latin America & 

Caribbean
7 / 2 2 (2–2) 

Middle East & North 
Africa

93 / 21 2 (1–2) 

South Asia 133 / 27 1 (0–2) 
Income   
Low 61 / 16 2 (1–3) 0.014
Lower-middle 290 / 66 1 (1–2) 
High / Upper-middle 107 / 19 2 (1–2) 
Journal type   
General 225 / 43 1 (0–2) <0.001
Specialist Obs 138 / 32 2 (1–2) 
Specialist Other 103 / 27 1 (1–2) 
Impact factor 459 /98 2 (1–2) <0.001 (rho =

0.296)

* The association between categorical and continuous variables was analysed 
using the U-Mann Whitney test or the Kruskal-Wallis test according to the 
number of categories. The association between two continuous variables was 
measured with Spearman’s correlation, the value of Spearman’s rho is also given 
in this case.
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nodes, while a separate data frame was used to define the interactions 
between these nodes. The network’s structure was carefully crafted to 
incorporate various dimensions, including trial outcomes, study author 
and publication year, the intervention being studied, world geograph-
ical region, and the income level of the country. The result is an inter-
active representation where the outermost nodes of the network 
correspond to the outcomes of the trials, facilitating the extraction of 
insights guided by the stratification factors.

Results

From 14,948 potential citations identified, 102 comparative studies 
were included (Fig. 2); Table 1 provides details of these included studies. 
Ninety percent of the studies were published after the 2010 CONSORT 
update (n = 92). Half of studies were randomised controlled trials (n =
51/102), four were quasi-randomised controlled trials, five were cross- 
sectional studies and 42 were cohort studies; of which 18 were retro-
spective and 24 were prospective, with a total of 608,437 birthing 
people. Over half of the studies were conducted in low-middle income 
countries (n = 66), with the majority set in Africa (n = 32); this is 
demonstrated in the first column of Table 2. Most studies included were 
published by authors in low-income countries (n = 90) and were pub-
lished in general medical journals (n = 43) such as the British medical 
journal rather than specialist obstetrics and gynaecology journals (n =
32) such as the European journal of obstetrics & gynecology and 
reproductive biology, or other specialist journal (n = 27) such as the 
Journal of anesthesia. The median impact factor of this cohort of studies 
was 2 (IQR 1, 2).

All studies examined the effect of interventions to improve maternal 
and perinatal outcomes after caesarean section, but there was a wide 
range of interventions being examined across the studies. The most 
common type of intervention included in these studies were uterotonic 
drugs (n = 19 studies) and anaesthetic techniques (n = 14 studies), and 
the most common time of administration (time that the intervention was 
delivered) was during birth (n = 45 studies), after birth and before 
hospital discharge (n = 21 studies).

Variation in outcome reporting

Studies of interventions to improve maternal and perinatal outcomes 
after caesarean section reported over 400 outcomes (n = 466). Seventy- 

two studies reported 92 primary outcomes, and 82 studies reported 368 
secondary outcomes. Fifteen percent (n = 72) of the outcomes reported 
appeared only once across the 466 outcomes reviewed.

There was wide variability in both the outcome and the frequency of 
which it was reported. The most common outcome category reported 
was maternal death and disability (n = 109, 23 %). However, this 
category was heterogeneous with 21 different outcomes. Bleeding was a 
commonly reported outcome category, containing 20 % of all outcomes 
(n = 95). Compared to maternal death and disability, this outcome 
category was less heterogeneous, with eleven different outcomes. 
Outcome categories less commonly reported were psychological (n =
1;), injury (n = 2) and neonatal feeding (n = 3). Fig. 3 describes the 
distribution of the main categories of the outcomes.

Quality of outcome reporting

A total of 466 outcomes were assessed for quality from 102 different 
studies. Only 51 % (n = 236) of the included outcomes clearly defined 
which outcome was the primary outcome among all other outcomes 
reported. Only half of the total outcomes (n = 238: 51 %) were assessed 
as reproducible by the clear definition of the measurement provided, 64 
% (n = 298) of the total outcomes reported were mentioned in the 
statistical analysis and described how the outcome would be analysed, 
but less than a quarter of outcomes (n = 111; 24 %) reported a 
description of methods to enhance the quality of measures (such as 
averaging repeated measures or using validation procedures). Only 20 % 
(n = 97/466) of all outcomes reported the outcomes in a published study 
protocol, many did not publish a study protocol.

Primary and secondary outcomes

Overall primary outcomes received a higher score (median 2, IQR 
1,2), than secondary outcomes (median 1, IQR 1,2) when assessed using 
the adapted Harman scale; this is demonstrated in Table 2. Almost 
double the number of primary outcomes were assessed as reproducible 
(n = 74;80 %) when compared to secondary outcomes (n = 164; 44 %). 
Seventy three percent (n = 67) of the primary outcomes reported were 
mentioned in the statistical analysis (how the outcome would be ana-
lysed), compared to 62 % (n = 231) of secondary outcomes. Even fewer 
primary and secondary outcomes reported a description of methods to 
enhance the quality of measures (such as averaging repeated measures 

Fig. 3. Distribution of the main categories of the outcomes.
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or using validation procedures) (19 %; 18 primary outcomes; and 25 %; 
93 secondary outcomes). Very few outcomes scored a maximum three 
points when assessed for quality according to the modified Harman 
score, with only 15 of the primary outcomes (16 %) and 40 of the sec-
ondary outcomes (11 %) achieving a maximum of 3 points. When out-
comes were assessed for selective reporting bias; over 80 % of primary 
outcomes (n = 73) and 63 % of secondary outcomes (n = 296) reported 
either did not publish a study protocol or did not state within the pub-
lished protocol the outcome reported in study results.

When outcomes were grouped and analysed by the pre-defined 
variables of region, income group and journal characteristics, there 
was an association with outcome score and the region in which the study 
was conducted, the journal type, and the impact factor (p < 0.001). 
There was no association with the income group in which the study was 
conducted (0.014). This is demonstrated in Table 2. When studies were 
grouped by quality, these associations continued to be observed; this is 
demonstrated in Table 3.

Discussion

Main findings

Studies of interventions to improve outcomes from caesarean section 
in low and low to middle income countries report a variety of different 
outcomes. Outcomes that were grouped into the death and disability 
category and the bleeding category were reported more often that other 
outcomes, this may be due to these complications being the most com-
mon causes of mortality and morbidity in caesarean section [2]. Out-
comes that were grouped into the psychological, feeding or injury 

Table 3 
Differences in the total quality score (grouped) by variables of interest.

Type of outcome
Low quality (N ¼
225)

High quality (N ¼
241)

P- 
value*

Type of outcome   
Primary 29 (12.9 %) 63 (26.8 %) <0.001
Secondary 196 (87.1 %) 172 (73.2 %) 
Region   
Africa 48 (21.3 %) 74 (31.8 %) <0.001
East Asia & Pacific 23 (10.2 %) 49 (21.0 %) 
Europe & Central Asia 23 (10.2 %) 8 (3.4 %) 
Latin America & 

Caribbean
0 (0.0 %) 7 (3.0 %) 

Middle East & North 
Africa

39 (17.3 %) 54 (23.2 %) 

South Asia 92 (40.9 %) 41 (17.6 %) 
Income   
Low 30 (13.3 %) 31 (13.3 %) 0.33
Lower-middle 149 (66.2 %) 141 (60.5 %) 
High / Upper-middle 46 (20.4 %) 61 (26.2 %) 
Journal type   
General 127 (56.4 %) 98 (40.7 %) <0.001
Specialist Obs 46 (20.4 %) 92 (38.2 %) 
Specialist Other 52 (23.1 %) 51 (21.2 %) 
Impact factor N ¼ 221 N ¼ 238 
 0.95 (0.10–2.32) 1.78 (0.29–3.10) <0.001

*The association between categorical variables was analysed using the Chi- 
square test. The association between categorical and continuous variables was 
analysed using the U-Mann Whitney test.

Fig. 4. Visualisation outcomes by intervention type. The node and spoke colours denote the type of study intervention or study setting.
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categories were rarely reported within these studies. The overall quality 
of outcome reporting varied between studies but was particularly low 
for reporting on methods to improve outcome measures. The quality of 
reported outcomes was influenced by type of outcome (if primary or 
secondary), region and journal-specific factors such as impact factor or 
journal type.

Interpretation

The included figures are an interactive network visualisation of 
outcomes. These figures demonstrate the grouping of outcomes with 
different elements of interest in our analysis: the intervention being 
studied, world geographical region, and the income level of the country.

When outcomes are visualised by the types of interventions (Fig. 4), 
we can see a concentration of studies examining pharmacological in-
terventions (denoted by the blue nodes and spokes) reporting maternal 
bleeding outcomes. A less linear concentration of outcomes can be seen 
with surgical interventions (denoted by brown nodes and spokes), 
reporting maternal death and disability related outcomes, perinatal 
outcomes such as death and disability, condition at birth and, and 
resource outcomes.

When outcomes are visualised by the region of study conduct 
(Fig. 5), we can see a diverse spread of studies conducted in South Asia, 
the Middle East and North Africa, Africa, and East Asia and the Pacific 
(denoted by the yellow, green, blue and red nodes and spokes respec-
tively) reporting bleeding outcomes. Similar diversity can be seen with 
death and disability outcomes, however, there appears to be substan-
tially more of these outcomes visualised in studies conducted in Africa. 
Similarly, infection outcomes appear to be concentrated in studies 
conducted in Africa, with a small proportion in East Asia and the Pacific. 
The outcomes can be visualised via this link Core Outcome Set 
(shinyapps.io) (publicly available).

Strengths and limitation

Our work assesses the variation and quality of outcome reporting in 
studies of interventions to improve outcomes after caesarean section. 
We used existing literature to support the groupings of the outcomes and 
followed the established standards for evidence synthesis [18,19]. This 
systematic review was conducted with no language limits and gives a 
thorough overview of global research. Although we limited the studies 
included to those published after 1990, most studies exploring the effect 
of interventions to improves outcomes after caesarean section were 
published in the last decade.

We used an adapted version of Harman et al.’s questionnaire to 
assess the quality of outcome reporting, which has been used in other 
reviews to assess variation and quality of outcomes [1420,21].

Implications for research

Reproducibility is a fundamental principle of any scientific research. 
The rationale behind the CONSORT requirement for the reporting of 
primary and secondary outcomes is to allow other researchers to use the 
same outcomes [24,25]. Based on the reporting of the outcomes, it 
would not be possible to reproduce the primary outcome for more than 
16 % of cases and secondary outcomes for more than 11 % of cases. The 
weakest component of outcome reporting was the infrequent availabil-
ity of information about the description of methods used to enhance 
quality of measurement. This might not affect outcomes such as 
maternal or perinatal death but may reduce the reliability of outcomes 
where a consistent measurement is vital to determine the outcomes 
presence or absence, such as blood loss measurement in postpartum 
haemorrhage or psychological assessment using a postnatal depression 
scale interpretation. Issues identified in our study are not limited to 
caesarean section studies or obstetrics and gynaecology research. Vari-
ation in outcome reporting and the use of multiple measures are 

Fig. 5. Visualisation outcomes by region. The node and spoke colours denote the type of study intervention or study setting.
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highlighted as a hindrance to research informing clinical practice, 
regardless of medical specialities [13,21,26–29].

This variability in outcome reporting makes it challenging to syn-
thesise the evidence from trials on the same topic and highlights the 
urgent need for the development of core outcome measures. The COMET 
Initiative has been promoting the development of core outcome sets 
since it was launched in 2010. The crown initiative [30] was also set up 
in response with fifty-six of the top journals in obstetrics and gynae-
cology leading an international effort to encourage researchers to collect 
and report core outcome sets in studies of key conditions in women’s 
health. The Grade group, World Health Organization, and the Cochrane 
Collaboration are also committed to supporting, developing and 
implementing core outcome sets [13]. This work further highlights the 
importance of this and is the first step in developing a minimum data set 
to be selected, collected, and reported in all future clinical trials on in-
terventions to reduce poor maternal and perinatal outcome following 
caesarean section.

Conclusion

Our systematic review has highlighted the disparity within and 
scarce reporting of outcomes in studies on caesarean section in-
terventions. The quality of outcome reporting drastically needs to be 
improved. Development of a core outcome set to be reported in studies, 
with standardised measurements is vital to facilitate reliable and useful 
evidence synthesis.
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