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Abstract

Background: Globally, in 2017, 810 women died
daily from pregnancy- or childbirth-related prevent-
able complications. Of these deaths, 94% occurred in
resource-poor countries, with the highest maternal
and perinatal mortality occurring in sub-Saharan
Africa (SSA). We conducted a systematic review and
meta-analysis of studies on the decision-to-delivery
interval (DDI) from the SSA to determine the mean
DDI, establish the maternal and neonatal outcomes
reported, and evaluate the obstacles to achieving the
gold standard DDI of <30 minutes.

Methods: We performed a systematic literature re-
view and meta-analysis of eligible studies between
January 1995 and December 2022, in seven databases
and grey literature. Studies of any design were in-
cluded if they reported obstetric emergencies de-
livered by cesarean birth and had information on the
DDI. Three independent reviewers applied eligibility
criteria, assessed the risk of bias, and extracted data.

The authors performed meta-analysis of mean DDI on
studies with adequate data.

Results: Thirty-nine studies with 41 datasets (12,835
participants), qualified for inclusion. In these studies,
only 6.34% of cesarean deliveries were performed in
under 30 minutes. A meta-analysis of 27 datasets
found an overall DDI mean of 2.81 hours (168.8
minutes, 95%CI 151.5 to 186.2)). The pooled perinatal
and maternal case fatality rates for the included stud-
ies were 61.2 in 1000 and 444.1 in 100,000 CDs, re-
spectively.

Conclusion: This review and meta-analysis found un-
acceptably high mean DDI, and perinatal and mater-
nal mortality following cesarean delivery in SSA.

Keywords: emergency cesarean section, decision-to-
delivery interval, decision-to-incision interval, mater-
nal mortality, perinatal mortality, sub-Saharan Africa

Introduction

In 2017, the World Health Organization (WHO) es-
timated that 810 women died daily from pregnancy or
childbirth-related preventable complications globally.
94% of these deaths occurred in low and middle-in-
come countries (LMICs) (1). In 2020, WHO reported
that a woman died from pregnancy or childbirth-re-

lated complications every two minutes (2). Although
maternal mortality rates (MMR) have fallen globally,
the sub-Sahara African (SSA) region continues to
struggle with the highest maternal morbidities and
mortalities, accounting for 70% of the total global
maternal deaths in 2020, with 545 maternal deaths
for every 100,000 births (2,3). Although access to re-
productive health services and emergency obstetric
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care (which could prevent up to 67% of maternal
deaths and 40% of intrapartum-related neonatal
deaths) may be considered a basic human right in
high-income countries (HICs), this is a luxury for
many in LMICs, reflected in the high perinatal and
maternal morbidities and mortalities (4,5).

Individuals and healthcare institutions within HICs
identified communication and poor teamwork across
disciplines involved in emergency obstetric care as the
primary drivers of adverse maternal and neonatal out-
comes (6-9). HICs proposed emergency obstetric
drills to build multidisciplinary communication and
teamwork (6,8,10) and cesarean delivery (CD) urgency
stratification (11-13) to help teams speak a common
language. Further, professional and regulatory bodies
in HICs adopted the 30-minute decision-to-delivery
interval (DDI) limit for emergency cesarean deliveries,
creating a gold standard for emergency surgical deliv-
eries (14). Dikete et al. conducted a review of sub-
Sahara African literature on CDs and concluded that
‘the risks incurred by the mother and fetus during a
cesarean birth are significantly greater than during a
vaginal delivery, and that therefore, cesarean delivery
was not a tool for reducing maternal and perinatal
mortality in this setting (15). Indeed, the risk of a wo-
man dying from a maternal cause in LMICs is 23 to 50
times higher than for a woman in an HIC (16,17). Fur-
ther, in 2017, SSA neonatal mortality contributed to
38% of the global neonatal mortality (3).

These realities point to the urgent need for strategies
to improve cesarean delivery outcomes in SSA. This
urgency is further highlighted by statistics that indic-
ate that CDs may account for up to 80% of the sur-
gical workload in some institutions in SSA (18). We
conducted a systematic review and meta-analysis of
sub-Sahara African studies on emergency cesarean
delivery with DDI as an outcome measure to determ-
ine the extent to which a DDI of 30 minutes or less
has been achieved in SSA studies, establish the impact
of the DDI on maternal and neonatal outcomes, and
evaluate the obstacles to achieving the gold standard
DDI. We also collated comments on the obstacles to
the realization of an acceptable DDI from included
studies.

Methods
Study design

The authors conducted a systematic review and meta-
analysis of the mean DDI of emergency CD studies in
sub-Sahara Africa with DDI as the primary outcome
measure. We also abstracted data on maternal and/ or
perinatal morbidities and mortalities, as well as re-
ports on the challenges encountered in attempts to
achieve the DDI gold standard in the included studies.

Search strategy

A compound search strategy using a comprehensive
list of search terms that included exploded Medical
Subject Headings (MESH terms) with the following
search terms: ‘decision to delivery interval’, ‘decision-
to-delivery interval’, ‘decision to incision’, ‘decision-
to-incision’, ‘DDI’, ‘DTI’, ‘emergency cesarean sec-
tion or delivery’, and ‘sub-Saharan Africa’, including
all the countries within the sub-Sahara Africa region,
with synonyms for each search concept, was used to
search PubMed, Medline, Embase, AJOL, and Bioline
databases. We also searched grey literature using sim-
ilar phrases and keywords.

Inclusion and exclusion criteria

All studies conducted in SSA and published in English
between January 1995 and December 2022, that repor-
ted the decision-to-delivery interval (DDI), or de-
cision-to-incision (DTI) of CD conducted on obstetric
emergencies were eligible. Studies were also included
if they reported on either DDI or DTI, but only
provided data on perinatal and/or maternal outcomes
following cesarean delivery. Studies reporting on CD,
but that did not include DDI or DTI as an outcome,
were excluded.

Data extraction and quality control

Three independent reviewers applied eligibility cri-
teria, extracted data and assessed the risk of bias. Any
discrepancies were discussed amongst the reviewers
and agreed on. These reviewers also abstracted data
on perinatal and maternal mortality, as secondary out-
come measures. In addition, the authors reviewed
obstacles and challenges to achieving a desirable DDI,
as reported in the included studies, and grouped these
into themes identifying obstacles. Data that were not
reported was assumed to be ‘zero’ for purposes of
analysis. The authors performed a risk of bias assess-
ment of the studies included in the meta-analysis us-
ing the ROBINS-E tool (19).

We conducted a systematic review of literature and
meta-analysis of included studies, according to the
Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) and the Meta-analysis of
Observational Studies in Epidemiology (MOOSE)
guidelines (20,21). Descriptive statistics were reported
for data for which meta-analysis could not be per-
formed. The study was registered with PROSPERO
(CRD42023394874).

Data analysis

We used STATA version 18 (StataCorp LLC, College
Station, TX), to calculate the meta-analysis of the DDI
means of all the included studies. Where the DDI was
reported as a median, the authors calculated the
sample mean and standard deviation from the repor-
ted median using the webpage: https://smc-

grath.shinyapps.io/estmeansd/. The webpage com-
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bines the quantile estimation (QE) method and the
Box-Cox (BC) method of McGrath et al (22), with the
Method for Unknown Non-Normal Distributions
(MLN) approach of Cai et al. (23). A random effects
model assuming a different underlying effect for each
study was used to calculate pooled means, along with
95% confidence intervals, using STATA version 17
(StataCorp LLC, College Station, TX). We used the
Shapiro-Wilk Test to test for mean DDI normality.

The studies by Onah et al. (24) and Tucker et al. (25),
although reported as single studies, were split into
two each for purposes of analysis in this meta-ana-
lysis. While Onah et al. compared data from two hos-
pitals, Tucker et al. reported a before-and-after study,
hence each generating two sets of separate data.

Statements from studies that included obstacles that
prevented them from meeting the desired DDI were
collected into an EXCEL® sheet, from which themes
were developed. Themes were abstracted directly
from these statements, and the total number of times
an obstacle was mentioned determined its position-
ing in the hierarchy of challenges.

Results

The literature search identified 1180 papers, of which
43 were eligible for full-text screening. 39 papers, (of
which 2 had 2 different datasets each, totaling 41
datasets), with a total of 12,835 parturient women un-
dergoing emergency CDs, were included in the final
quantitative synthesis. However, only 25 (with 27
datasets) of these had sufficient data to be included in
the meta-analysis (24-46). Of the included studies, 14
had insufficient data on DDI means and were ex-
cluded from the meta-analysis. However, they con-
tributed robustly to the qualitative component of the
review (47-60). The studies by Onah et al. and Tucker
et al. were reported as two separate studies each, for
purposes of analysis, as explained in the methodo-

logy.

All the included studies were observational (17 retro-
spective, and 23 prospective, and one ambidirec-
tional). While only 15 studies (25-26,28,33-34,39-
41,47-48,51,58,61) reported maternal mortality,
82.5% of the included studies reported perinatal mor-
tality. Maternal and neonatal outcomes were not re-
ported in six studies (27,29,42,44,56,59). Of 24 stud-
ies that reported an Apgar score (3853 patients), 21%
had an Apgar score of <7 at 5 minutes; there was no
correlation between a 5-minute Apgar score of <7,
and perinatal mortality, as reported by the studies.
The studies were from 12 countries; 3 countries con-
tributed over 50% of the studies: 15 (37.5%) from Ni-
geria, 5 each from Kenya and Ethiopia. Orji et al. re-
ported an audit of the outcomes of CDs following
uterine rupture; this study (47), along with five others,
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were excluded from the meta-analysis, as they repor-

ted DTI as the primary outcome (25,48,51,53,61)
(Table 1). Six of the included studies were theses
(28,31,50,52,54,57); five other theses could not be ac-
cessed for data abstraction (Figure 1).

The Shapiro-Wilk W test for normal data gave a test
statistic of 0.865, with a p-value of 0.002, indicating
that the study DDI means were skewed. The 25 stud-
ies (with 27 datasets) included in the meta-analysis
had an overall low risk of bias on assessment using
the ROBINS-E tool (19,62) (Figure 2)

Synthesis of results

The 39 included studies (with 41 datasets) were from
twelve countries; of the total 12,835 patients, only
6.34% (841) had their CDs performed in under 30
minutes. A meta-analysis of 27 studies (8118 parturi-
ent women) that had sufficient data found an overall
DDI mean of 2.81 hours (168.8 minutes, 95%CI (151.5
to 186.2)); only 6.34% (556) of these patients had a
DDI of <30 minutes (Figure 3).

The pooled perinatal and maternal case fatality rates
(CFRs) for the included studies were 61.2 in 1000 and
444.1 in 100,000 CDs, respectively. While only 15
studies reported maternal mortality, 82.5% of the in-
cluded studies reported perinatal mortality. There was
no mention of the outcome of mothers and babies in
the remaining studies. Of the 24 studies that reported
an Apgar score (3853 patients), 21% had an Apgar
score of <7 at 5 minutes. Twenty-five studies reported
the causes of CD delays; approximately go% of these
were institutional; the rest were direct patient-attrib-
utable causes, involving delays in the consenting pro-
cess (Figure 4).
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Table 1: Results of included studies

5-minute Apgar DDI and
Study Identification Year Country Center Study design Total DDI<30 score <7 PNM MM | PNM/MM
Bello 2015' 2015 Nigeria Single Prospective 235 5 . 12 .
Chukwudi 2014? 2014 Nigeria Single Retrospective 352 20 . 0 . X
Shorunmu 2015° 2015 Nigeria Single Retrospective 577 0 18 42 15 N
FInyang-Etoh EC N
2010* 2010 Nigeria Single Prospective 150 0 . 11
"Mwangi 2012° 2012 Kenya Single Retrospective 502 27 20 51 . X
tKamotho 2018° 2018 Kenya Single Retrospective 330 10 . 24 1 .
THabib 2010’ 2010 Kenya Two Cross-sectional 251 1 14 7 X
TBuowari 2018° 2018 Nigeria Single Retrospective 522 22 ] 0 ] ]
*Orji 2002° 2002 Nigeria Single Retrospective 102 6 182 5 X
$Onah 2009a" 2009 Nigeria Single - UNTH | Prospective 164 0 14 X
$Onah 2009b" 2009 Nigeria Single - NH Prospective 60 0 0
Adewunmi 2014" 2014 Nigeria Single Prospective 359 0 . .
Yakasai 2011 2011 Nigeria Single Prospective 350 43 8 22 1 X
Onuoha 2015a" 2015 Ghana Single Prospective 581 0 39 X
Onuoha 2015b" 2015 Ghana Single Prospective 574 1 27 3 X
*Harfouche 2015™ 2015 Malawi Single Prospective 513 0 39 .
Hirani 2017 2017 Tanzania Single Cross-sectional 598 73 7 X
tOrji 2007'° 2007 Nigeria Single Cross-sectional 50 3 8 1 .
Temesgen 2020" 2020 Ethiopia Single Prospective 163 32 4 1 X
Hughes 2020 2020 Uganda Single Retrospective 344 0 ] 48 3 X
Njekwa S 2014 2014 Zambia Single Cross-sectional 216 0 34 13 .
Onwudiegwu V] N
1999%° 1999 Nigeria Single Prospective 134 0 . 28 4
Oppong 2014*' 2014 Ghana Single Retrospective 495 8 148 26 N
Degu Ayele 2021% 2021 Ethiopia Single Retrospective 510 89 . . X
Kitaw 2021a* 2021 Ethiopia Single Cross-sectional 325 66 . .
Kitaw 2021b* 2021 Ethiopia Single Prospective 182 26 46 3 .
Ayeni 2021%® 2021 Nigeria Single Cross-sectional 205 0 . 15 N
Owonikoko 2018% 2018 Nigeria Single Retrospective 232 2 . 33 X
Igwe 2021% 2021 Nigeria Single Retrospective 522 6 447 18 . X
$Tucker 2021a% 2021 Sierra Leone Single Retrospective 213 18 . 10 11
$Tucker 2021b* 2021 Sierra Leone Single Retrospective 327 129 . 12 8
*Mungai 2021% 2021 Kenya Single Prospective 130 4 13 14 . .
tKanario 2021 2021 Kenya Single Ambidirectional 419 4 . 6 2 N
Nakintu 2016* 2016 Uganda Single Cross-sectional 297 2 40 1 . X
Andisha 2019% 2019 South Africa Single Retrospective 153 8 2 0 0 X
TKumoyo 2015% 2015 Zambia Single Cross-sectional 355 1 . . .
"Tebeu 2022 2022 Cameroon Four Prospective 165 33 .
le Riche 2005° 2005 South Africa Single Prospective 178 28 22 .
"Niyitegeka 2017°° 2017 Rwanda Three Retrospective 338 50 ) 13 .
TFesseha 2011% 2011 Ethiopia National Retrospective 267 97 ) 74 2
Khumalo 2022° 2022 South Africa Single Retrospective 395 0 36 3 .

finsufficient data, excluded from meta-analysis. §Onah compared data from two hospitals; $Tucker reported a before-and-after study. Each generated two
complete sets of separate data. "’ stands data not reported, presumed zero, for purposes of analysis
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%
STUDYID Effect (95% CI) Weight
Onwudiegwu U 1999 ' A 264.00 (221.02,306.98) 327
le Riche 2005 A | 59.80 (55.15, 64.45) 4.09
Onah 2009A . =B 511.00(394.07,627.93) 143
Onah 2009B - 201.00 (138.24, 263.76)  2.67
Yakasai 2011 A 137.51 (105.78, 169.24)  3.60
Chukwudi 2014 A 106.30 (97.99, 114.61)  4.06
Adewunmi 2014 . A 401.00 (368.41,433.59)  3.58
Njckwa S 2014 A 202.50 (181.41,223.59)  3.87
Oppong 2014 A 241.32(212.70,269.94)  3.69
Bello 2015 A 119.20 (107.07, 131.33)  4.02
Shorunmu 2015 : 120.35 (117.06, 123.64)  4.09
Onuoha 2015A ' A 344.21 (308.72,379.70)  3.50
Onuocha 2015B ; 251.93 (229.88,273.98)  3.84
Nakintu 2016 A 92.00 (86.98, 97.02) 4.09
Hirani 2017 ; 96.83 (82.68, 110.98) 3.99
Owonikoko 2018 A 145.30 (136.40, 154.20)  4.06
Andisha 2019 A 86.59 (74.20, 98.98) 4.02
Temesgen 2020 A 42.00 (38.71, 45.29) 4.09
Hughes 2020 ; —A— 523.00(429.25,616.75)  1.86
Degu Ayele 2021 A ! 63.40 (60.07, 66.73) 4.09
Kitaw 2021a ﬁ ; 44.61 (42.24,46.98) 4.10
Kitaw 2021b | 43.73 (42.20, 45.26) 4.10
Ayeni 2021 A 233.99(215.84,252.14)  3.92
Igwe 2021 A 189.00 (178.36, 199.64)  4.04
Tucker 2021a A 95.67(87.28, 104.06)  4.06
Tucker 2021b A 55.99 (47.88, 64.10) 4.06
Khumalo 2022 v A 411.00(387.15,434.85)  3.80
Overall, DL (I’ = 99.6%, p = 0.000) ) 168.83 (151.51, 186.15) 100.00
| |
-500 0 500

NOTE: Weights are from random-effects model

FIGURE 3: META-ANALYSIS OF THE DECISION-TO-DELIVERY INTERVAL MEANS

This review found high perinatal and maternal CFRs fol-
lowing CD in SSA; the perinatal mortality rate was al-
most two times that reported in SSA (61.2 in 1000 CD,
compared to 34.7 in 1000 total births, while the mater-
nal mortality rate was near-equivalent (444.1 in 100,000
CDs, compared to 534 in 100,000 live births (63,64).
Perinatal and maternal mortalities may have been un-
derestimated in our analysis because studies that did
not report on these statistics were assumed to have had
no mortalities, which may not have been the case. While
maternal and perinatal outcomes in SSA are worse fol-

lowing CDs than vaginal deliveries (65), emergency CDs
result in even poorer outcomes when compared to elect-
ive CDs (17). In this review, for every 200 CDs per-
formed, approximately 16 babies and one mother died.
These statistics are extremely worrisome, especially
considering that CDs are intended to be life-saving for
both the baby and mother (66); no wonder Dikete et al.
observed that a ‘CD is not a tool for reducing maternal
and perinatal mortality’ in SSA (15). These sentiments
indicate the need for urgent action to make this right
and use CDs as life-saving and life-giving tools, as in-
tended.

95
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HIERARCHY OF DELAYS
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FIGURE 4: HIERARCHY OF CAUSES OF DDI DELAYS IN SUB-SAHARA AFRICA

It was not possible to perform a meta-analysis on DDI
data outcomes because only two papers (4147) reported
perinatal outcomes stratified by DDI; none stratified
maternal outcomes by the DDIs. It was notable though,
that in general, DDIs of more than 6o minutes resulted
in adverse neonatal outcomes. Amongst studies report-
ing DDIs, a DDI<30 minutes was achieved in only
6.34% of total CDs performed. Most studies did not
achieve a DDI<30 minutes even for the direst obstetric
emergencies. The mean DDI for included studies was
168.8 minutes 95% CI (151.5 to 186.2); at 2.81 hours,
this is more than five times the gold standard of 30
minutes. Many authors reported that with the hurdles
faced in the SSA region, a DDI of <30 minutes was an
unreasonable goal.

This review identified multiple causes of delays in
achieving safe CDs in SSA, which present serious chal-
lenges to achieving safe CDs. Nevertheless, in identify-
ing these problems, these authors make it possible for
solutions that could improve maternal and perinatal
outcomes to be crafted, and so make CD safe. Out-of-
pocket payments required before CDs were identified as
a major hindrance to good outcomes in two studies. The
patient/family was also required to purchase essential
supplies and pay for blood screening before hospital ad-
mission. Lack of money and prehospital delays were the
only hurdles not under the direct control of health care
institutions (55,67-70). However, governments can en

act laws that prohibit health care institutions from with-
holding emergency medical and surgical care, as is the

case in Kenya (71). The government should also be re-
quired to ensure that CD-capable hospitals are CD-
ready, with the necessary resources.

Emergency cesarean delivery

Cesarean delivery, the most performed major surgical
procedure in SSA (18,72), is an important indicator of
the quality of emergency obstetric care provided by an
institution. When performed judiciously, CD is a critical
tool for averting complications during labor and deliv-
ery (73). Emergent CD is required in situations in which
prompt delivery is needed to reduce risk to the mother,
fetus, or both (74,75). Although lifesaving, CD in-
creases maternal and newborn risks and costs, espe-
cially in resource-constrained settings (15,73,76). Ma-
ternal and neonatal complication rates are higher in
emergency CDs than in elective CDs. In LMICs, emer-
gency CDs may be associated with a 10-fold increase in
the odds of surgical site infection, compared with elect-
ive procedures (17). In South Africa, mothers who un-
dergo CD may have three times the mortality rates of va-
ginal delivery (65). Additionally, the proportion of
mothers dying after CD in LMICs is 100 times higher
than that in HICs (77). This review reported that one
maternal death occurred for every 200 CDs.

Emergency CDs are major surgical interventions that in
LMICs are often performed under intense stress, in gen-
erally high-risk patients, and frequently by underquali-
fied, poorly trained, and poorly motivated staff (65).
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Safe obstetric anesthesia in SSA is a critical component
of safe surgery. This study found that anesthesia-related
delays in the current review were among the top causes
of CD delays. Consistent with this finding, Bishop et al.
found that 10% of post-CD deaths in their study were re-
lated to anesthesia (17), while Leung et al. identified
training in teamwork and communication, availability
of anesthetists, and operating room (OR) as the main
factors needed to achieve quick CDS in Hong Kong (73).
These same factors were identified as causes of delays in
achieving short DDIs in this review. Multidisciplinary
team practice for emergency CD is therefore both ra-
tional and prudent from a quality improvement per-
spective (8,10). Chang et al. proposed multidisciplinary
four-level triage categories, based on the Lucas classific-
ation for the degree of urgency for cesarean delivery
(11), to delineate the communication and action plan for
CDs based on acuity and coded by colors, along with the
staff that needs to be informed, and when, at each level
of urgency (79). Significant reductions in the decision-
to-incision time after the introduction of color-coded
cesarean delivery urgency classification have been re-
ported (11-13). Obstetric drills in the SSA are the subject
of a subsequent manuscript.

Decision-to-incision and decision-to-delivery interval

Lipman et al. divided the tasks needed to perform an
emergency CD into three categories: tasks to be com-
pleted initially, tasks to be completed once the decision
to move from the labor ward to the OR has been made,
and tasks to be completed upon entering the OR (8).
Once the decision to perform a CD has been made, a
team of providers is immediately mobilized; this team
must communicate effectively and efficiently, provide
timely safe care to the expectant mother and her new-
born (80). The 8" Edition of the Guidelines for Perinatal
Care (2017) recommends that the “decision-to-incision
interval should be based on the timing that best incor-
porates maternal and fetal risks and benefits” and that
“it is reasonable to tailor the time to delivery based on
local circumstances and logistics”. This requires effect-
ive communication between the obstetrics, anesthesia,
and pediatric specialties, and the OR staff (81).

To ensure the provision of safe maternal and perinatal
care in HICs, professional and regulatory bodies have
adopted the 30-minute DDI limit for emergency CD, al-
beit in the absence of supporting evidence (14). Tolcher
et al. found that the 3o0-minute DDI rule was not
achieved in a substantial proportion of cases included in
their review, although there was no convincing evidence
to suggest that neonatal morbidity was worse when the
DDI was more than 30 minutes either (74), a finding
also reported elsewhere (82-84). Furthermore, achiev-
ing the DDI <30 minutes is a tall order that many believe
is difficult to achieve, irrespective of resource setting

(78,85). Paradoxically, some authors have reported
poorer neonatal outcomes for babies delivered under 30
minutes, with many attributing this to the fact that
emergent CDs performed for fetal distress are more
likely to have poor Apgar scores at 5 minutes (74,36-
87). Following a quality improvement program, De Regt
et al. reduced their DTI time. They concluded that indic-
ation-based standards that address an institution’s staff
and structural capacity are needed to evaluate the DTI.
These authors identified five areas for improvement to
help achieve a DTI<30 minutes: situation (indication
and urgency), staff (availability of OR nurses, surgeons,
and anesthesiologists), facility (OR availability),
scheduling (time of day and volume of cases), and pa-
tient (preparedness to apprehend and accept CD) (88).

In this review, 18 studies did not report on the relation-
ship between DDI and perinatal outcomes
(25,27,29,31,33,35,44-45,51,54-55,57,59-61), whereas
12 studies did not find any associations (24,28,32,38-
42,46,50,52). A further 12 studies found a positive asso-
ciation between prolonged DDI and perinatal morbidity
and mortality (26,30,34,36-37,43,47-49,53,56,58) with
DDI >60 minutes in general, resulting in poorer out-
comes. Bello et al. reported that patients and relatives
were required to purchase their own OR supplies when
a decision for CD was made, leading to DDI delays (35).
Several authors reported frustration at not being able to
run a full-time emergency obstetric service, despite
working at resourced hospitals (32,34,48-49). Orji et al.
reported their experience with 102 uterine ruptures in
which only 6 had a DDI <30 minutes; however, there
were no maternal or fetal deaths in these patients (47).
Adekanle et al. noted that despite an institutionally high
CD rate, there was no corresponding reduction in peri-
natal deaths (89).

Even when the diversity of healthcare across SSA is con-
sidered, poor maternal and perinatal outcomes demand
action (go). This action could include a standardization
of CD protocols and institutionalized referral systems
with state monitoring (50). Given the heterogeneity of
indications for CD, and the lack of data to support a
DDI <30 minutes for every emergent CD, it would ap-
pear reasonable to adopt the proposal made by some
authors: that the DDI of 30 minutes be maintained for a
defined group of maternal and fetal indications, rather
than for all emergent CDs (27,34,37,49,81,84). Fuhr-
mann et al. reported their experience in Denmark,
where emergency CD DDIs are stratified by indication:
DDI <15 minutes where there is an immediate maternal
or neonatal threat, while a 6o-minute DDI is indicated
for urgent CDs in which there is no maternal or
neonatal threat (91). Furthermore, several authors from
SSA have concluded that it is impossible to achieve a
DDI<30 minutes in their settings, given the systemic
delays, and the lack of evidence for improved perinatal
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or maternal outcomes with expedited CDs (32,34-35).
Landry et al. audited CD record-keeping across a range
of referral facilities in five LMICs and identified the fol-
lowing shortcomings: lack of documentation from re-
ferring facilities, inadequate use of the partograph, non-
standardized terminology for CD indications, and poor
documentation of the DDI (92). These deficiencies lead
to poor inter- and intra-professional and institutional
communication and are likely to lead to delays in the
provision of care, resulting in poor maternal and/or
perinatal outcomes. Although CD audit tools, if well-
implemented, can improve decision-making and har-
monize practice among care providers, specific stand-
ardized tools appropriate for the resource environment
would be more effective and sustainable in the long
term. Standardization of terminology and programs will
make it easy for adoption, credentialing, and scaling up

(93-94).

Strengths and limitations

The elevated mean DDI and unacceptable high perinatal
and maternal CFRs following CD, reported in this re-
view, demand an urgent need for innovative solutions to
improve maternal and perinatal outcomes in SSA. This
review collected, analyzed, and developed themes per-
ceived by authors as the drivers of delays to the provi-
sion of lifesaving CDs, thereby providing institutional
and government administrators the basis for introdu-
cing the changes required to improve outcomes. All in-
cluded studies in this systematic review were of low
quality. Besides mean DDIs, there was insufficient data
to perform any other analyses. Data that were not repor-
ted was assumed to be ‘zero’ for purposes of analysis;
we recognize that this may potentially have led to the
finding of lower perinatal and maternal mortalities, by
using higher denominators. Additionally, although the
mean DDI was not normally distributed, the study find-
ings are based on the assumptions of a normally distrib-
uted effect size.

Conclusions and implications

This review found a prolonged DDI (2.81 hours), and
high perinatal and maternal mortalities following CD in
SSA. Given the varied, multiple causes of DDI delays re-
ported in this review, as well as the fact that go% of the
delays were caused by institutional inefficiencies, the
authors recommend that healthcare institutions provid-
ing CD in SSA audit their institutional processes to re-
duce the DDI, as well as reducing the attendant com-
plications.
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