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Background. In South Africa (SA), the Saving Mothers Reports have shown an alarming increase in deaths during or after caesarean delivery.
Objective. To improve maternal surgical safety in KwaZulu-Natal Province, SA, by implementing the modified World Health Organization
surgical safety checklist for maternity care (MSSCL) in maternity operating theatres.
Methods. The study was a stratified cluster-randomised controlled trial conducted from March to November 2013. Study sites were
18 hospitals offering maternal surgical services in the public health sector. Patients requiring maternal surgical intervention at the study
sites were included. Pre-intervention surgical outcomes were assessed. Training of healthcare personnel took place over 1 month, after
which the MSSCL was implemented. Post-intervention surgical outcomes were assessed and compared with the pre-intervention findings
and the control arm. The main outcome measure was the mean incidence rate ratios (IRRs) of adverse incidents associated with surgery.
Results. Significant improvements in the adverse incident rate per 1 000 procedures occurred with combined outcomes (IRR 0.805, 95%
confidence interval (CI) 0.706 - 0.917), postoperative sepsis (IRR 0.619, 95% CI 0.451 - 0.849), referral to higher levels of care (IRR 1.409,
95% CI 1.066 - 1.862) and unscheduled return to the operating theatre (IRR 0.719, 95% CI 0.574 - 0.899) in the intervention arm. Subgroup
analysis based on the quality of implementation demonstrated greater reductions in maternal mortality in hospitals that were good
implementers of the MSSCL.
Conclusions. Incorporation of the MSSCL into routine surgical practice has now been recommended for all public sector hospitals in SA,
and emphasis should be placed on improving the quality of implementation.
S Afr Med J 2017;107(3):248-257. DOI:10.7196/SAMJ.2017.v107i3.11320

There has been considerable debate on the effect of the World
Health Organization (WHO) surgical safety checklist (SSCL) on
surgical morbidity and mortality.[1] This follows a study that found
suboptimal outcomes when the SSCL was introduced in Ontario,
Canada.[2] There are varied opinions on the efficacy of the SSCL, with
some authors claiming that the sentinel trial commissioned by the
WHO had ‘inflated attributable benefits’.[3] Haynes et al.[4] showed
reductions in the death rate of between 1.5% and 0.8% in their
study in eight different hospitals globally. In addition, while many
investigators have demonstrated statistically significant reductions
in postoperative complications after implementation of the SSCL,[4-7]
others have not found the same benefits.[2,8]
Very few studies from low- and middle-income countries (LMICs)
have measured the impact of the SSCL on maternal mortality, despite
surgical mortality being reported to be five to ten times higher than
in high-income countries (HICs), and the rate of deaths due to
general anaesthesia being as high as 1 per 150 cases in some parts
of sub-Saharan Africa.[9] The experience of two investigators in
the present study (MN and JM), who are maternal death assessors
in KwaZulu-Natal (KZN) Province, South Africa (SA), is that the
SSCL is not being used despite being included in the National Core
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Standards framework for SA to improve patient safety in hospitals.[10]
Surgically related deaths made a significant contribution to the high
maternal mortality ratio in SA, with the 6th report of the National
Committee for Confidential Enquiry into Maternal Deaths in South
Africa,[11] spanning the period 2011 - 2013, placing the risk of a
woman dying during or after caesarean delivery (CD) at 185.8 per
100 000 live births, compared with 66.6 per 100 000 live births for
women delivering vaginally. Additionally, KZN has the highest CD
rate in SA,[11] and the effect of the SSCL on maternal outcomes is not
known.

Objective

Given the international aim to reduce maternal mortality to a
target of <70 deaths per 100 000 live births, one of the Sustainable
Development Goals,[12] the objective of this study was to evaluate
the effects of implementing a modified SSCL (MSSCL) on maternal
surgical outcomes in KZN.

Methods

We conducted a stratified cluster-randomised controlled trial using
a two-arm design. Public sector hospitals were stratified into dis-

March 2017, Vol. 107, No. 3

RESEARCH

trict hospitals (DHs) or regional hospitals (RHs), with the DHs
being further classified as large or small based on the number of
CDs performed per month. Further geographical stratification
occurred based on the three demarcated health areas in the province
(Appendix 1). Central and tertiary hospitals were excluded, as they
are not found in all the three areas. The sites were then randomised
into intervention or control (where no intervention took place)
arms, with nine hospitals in each. A computerised system was used
to randomly select the hospital clusters for the intervention and
control arms. Surgical outcomes were estimated over a period of
9 months – 3 months before intervention (baseline) and 6 months
after intervention. Both rural and urban hospitals were included,
and they represented 18 (12 DHs and 6 RHs) out of 50 public hospitals in KZN. Information on the number of CDs and the number
of deliveries performed at various hospitals in KZN during 2011 was
obtained from the District Health Information System. As this was
a cluster-randomised control trial, the sample size was worked out
by first estimating the average number of CDs done in hospitals that
met the eligibility criteria. This was calculated as 85 CDs per month
per site. The intra-cluster correlation coefficient (ICC) was obtained
for maternal outcomes from a published WHO survey done in
2005.[13] However, the median ICC for maternal outcomes of 0.011
reported was applicable to all maternal outcomes and not just surgical outcomes.[13] Haynes et al.[4] reported inpatient complication rates
following surgery of 11% before and 7% after intervention, which
translates into a 36% overall reduction. A review investigating complication rates after CD over a 10-year period in The Netherlands[14]
reported a complication rate of 50.5%, which was adjusted when all
the minor postoperative complications were removed. This gave an
incident rate of 512 events among 2 647 CDs, which equated to a
complication rate of 19.3%, slightly higher than the WHO estimate
of 3 - 16%.
When the sample size for this study was calculated, the following
were taken into account:[15] (i) the sample size was calculated for
binary outcomes that were used in the study; (ii) the number of
clusters in each group was calculated with an 80% power; (iii) a
5% significance level was used; (iv) the average cluster size was
85 patients per month over a 6-month period (n=510 patients); (v)
the ICC used was 0.011; (vi) the complication rate in the control
group was estimated at 19.34%; and (vii) the complication rate
expected for the intervention group would be reduced by 36.36%,
giving a rate of 12.31%.
Sample size (regional and district hospitals) as well as the number
of hospitals in each arm (control and intervention arms) was
calculated using Stata: Release 13 Statistical Software (StataCorp,
USA). The sample size estimate for binary outcomes using an effect
size based on proportions in this experimental study was calculated
as 422 per group. This was multiplied by the design effect used in
cluster-randomised trials, i.e. 1 + (n – 1) p, where n is the sample
size per cluster (510) and p is the ICC.[15] This gave a sample size of
3 785. Divided by the average sample size of 510, this gave a figure of
six clusters for both the intervention and control groups. However,
because of the variability between district hospitals in terms of size
and geographical location, it was decided to stratify them further
based on geographical location and hospital size in relation to
maternal surgical workload. In total, nine clusters per arm of the
study (18 clusters) were selected.

The MSSCL

The intervention on the use of the MSSCL consisted of training by
the principal investigator (MN) of doctors and nurses working in
maternity operating theatres during May 2013. The MSSCL used was
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the SSCL adapted by the provincial health department of the Western
Cape Province of SA and further modified by us (we deleted an item
on scalp vein electrodes). The MSSCL consists of three sections, the
sign-in phase, the time-out phase and the sign-out phase.
Before induction of anaesthesia (sign in)
During this phase the identity of the woman, the procedure and
consent is confirmed. The anaesthetist and paediatrician/midwife
confirm that the anaesthetic and neonatal safety checks are complete
with no problems. A pulse oximeter is confirmed to be on the patient
and in working order. The surgeon and anaesthetist then confirm that
the patient has no allergies and does not have a difficult airway, and
that there is no risk of aspiration or excessive blood loss. This phase
should ideally take 30 - 60 seconds.
Before the skin incision (time out)
This occurs after induction of the anaesthetic. During this phase all
members would have introduced themselves. The patient identity
and procedure are again confirmed. The surgeon reviews whether
additional procedures are planned and whether there are concerns
about the placental site. The anaesthetist also states whether he/she
has any concerns about the patient, and the nursing team confirms
sterility of the instruments and that there are no equipment concerns.
The team confirms that prophylactic antibiotic/s, antacids and, if
applicable, antiretrovirals have been administered to the patient. This
process should also take about 30 - 60 seconds.
Before the patient leaves the operating room (sign out)
This occurs at the end of the operation. The nurse confirms that
the procedure has been recorded and that the instrument, swab and
needle count is correct. Specimens are confirmed to be appropriately
labelled. Blood loss is confirmed to have been recorded. If there
were any equipment concerns, these problems have to be addressed
before the next procedure. The baby/babies are correctly identified.
The surgeon, anaesthetist and recovery room nurse review the key
concerns for recovery and decide whether the patient needs further
management. This process should take 30 - 60 seconds.

Data collection and statistical analysis

Institutional monthly data collection sheets contained count numbers of the various maternal operations performed, the total number
of births, and intraoperative complications such as airway problems, hypotension, haemorrhage, surgical complications and deaths.
Postoperative complications consisted of monthly count data of post
partum haemorrhage (PPH), shock, sepsis, deep-vein thrombosis
(DVT) or pulmonary embolus, referral to a higher level of care (an
RH in the case of DHs or an intensive care unit (ICU) for RHs),
unscheduled return to the operating theatre, postoperative deaths
and other postoperative complications not listed on the data sheet.
Patients who had operations at other hospitals and were subsequently
referred to an RH were excluded from the count data of that RH. Data
collection sheets were left with theatre staff, labour ward staff and
staff from the postoperative wards for them to complete, and these
were collected by the principal investigator. In addition, data were
extracted from the following sources: (i) operative theatre register;
(ii) adverse incident books/files; (iii) operative notes in theatre; (iv)
labour ward register; (v) admission books in the postnatal wards; and
(vi) high-care and ICU admission books. In addition, data relating to
sepsis after surgery were obtained from the infection control manager, and data on surgically related deaths were provided by the labour
ward operational manager and the obstetrician/medical officer in
charge. All the data were finally collated onto one monthly surgical
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outcome data collection tool. Data collection involved visiting the
hospitals monthly for the first 3 months and then every 2 months for
the next 6 months.
Data were verified by the principal investigator before being
entered as a valid event in the data collection tool. Compliance with
the MSSCL was evaluated by direct observation of an operative
practice and by focus group discussions at the end of the study.
Data were processed and analysed using Stata: Release 13 Statistical
Software. Complication rates were expressed as proportions of the
operative procedures before and after intervention. An incident rate
per 1 000 procedures was used for comparison of events at individual
hospitals before and after intervention. A random-effects Poisson
modelling approach was used to compare counts in hospitals in the
intervention and control arms of the study. A within-facility random
effect was incorporated to account for correlated (repeated) monthly
measurements in each hospital to correctly estimate the significance
when comparing pre- and post-intervention periods. This statistical
model took into consideration monthly baseline outcomes (March May 2013) and monthly intervention outcomes (June - November
2013) using count data, and factors the heterogeneity between the
individual hospitals. Furthermore, an adjustment for multiple testing
(given multiple outcomes) was performed to reduce the likelihood
of a type I error (increased false-positive finding rate) using the
Simes correction. Subgroup analysis involved comparing hospitals
that implemented the MSSCL (good or poor implementation)
with hospitals in the control arm. Observations on the quality of
implementation were done by the principal investigator during
visits to the institution when data were collected, and the quality of
implementation was confirmed when focus group discussions were
held at the hospitals that implemented the MSSCL. A very small
proportion of operations were observed directly.

Ethical considerations

Ethical approval was obtained from the Biomedical Research
Ethics Committee of the University of KwaZulu-Natal (UKZN)
(ref. no. BE216/12) and institutional permission was provided by
the KZN provincial Department of Health (ref. no. hrkm 146/12).
The trial was registered with Pan African Clinical Trails Registry
(PACTR201501000981262) retrospectively.

Results

Fig. 1 summarises the trial outline using the Consolidated Standards
of Reporting Trials (CONSORT) flow diagram for cluster-random
ised controlled trials.
Ten hospitals implemented the MSSCL, with one small district
hospital (DH1) from the control arm also implementing it despite not
having any formal training on its use. Four hospitals implemented
the checklist well. Characteristics of the hospitals in terms of the
volume of obstetrics, site and obstetric surgical load for the 9 months
of data collection in 2013 from each arm of the study are presented as
supporting information in Appendix 2. The maternal surgery consisted
of CDs, laparotomies for ectopic pregnancies, uterine evacuations,
manual removal of placentas and unplanned returns to theatre.
CDs comprised 81.6% of all the operations reviewed (74.5% of
all maternal surgery performed at the DHs and 83.8% at the RHs).
The CD rate was 26.9% at the DHs and 39.7% at the RHs. There
were 41 maternal deaths, the main causes of death being PPH (n=12,
29.3%), advanced HIV infection (n=7, 17.1%), pregnancy-related
infection (n=5, 12.2%) and intraoperative haemorrhage (n=3, 7.3%).
The adverse incident rates per 1 000 procedures for intervention and
control hospitals, representing combined number of adverse incidents
occurring intraoperatively and postoperatively (PPH, shock, sepsis,
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unscheduled return to the operating theatre, DVT, pulmonary embolus
and deaths), are shown in Fig. 2.
The numbers of events in the different arms, as well as the event
rates per 1 000 procedures, are set out in Table 1.
Referral to a higher level of care (ICU, RH or tertiary hospital) was
not regarded as an adverse event, as it indicated awareness on the
part of the healthcare worker (HCW) that the patient required closer
monitoring and more intensive postoperative care. Table 2 reflects
the change in combined and individual adverse outcomes from base
line in the intervention and control arms.
Combined outcomes (p=0.013), postoperative sepsis (p=0.017)
and unscheduled return to the operating theatre (p=0.017) showed
significant improvements when the MSSCL was implemented, with
referral to higher levels of care (p=0.052) showing marginal significance.
Incidence rate ratios (IRRs) for the intervention arm v. the control
arm from baseline to post intervention as per three sensitivity analysis
scenarios ((i) as per protocol; (ii) one hospital in the control arm that
incorrectly implemented intervention allocated to the intervention arm;
and (iii) one hospital in the control arm that incorrectly implemented
intervention excluded) showed significant improvements in the relative
risk in all three scenarios for combined outcomes, unscheduled return
to the operating theatre and sepsis (Fig. 3).
Owing to the confounding effect of the intervention having good
implementation in some hospitals and poor implementation in others, the
subgroup analysis was performed based on the level of implementation at
each of the intervention sites, and these were compared with the control
arm. Table 3 lists IRRs of hospitals with good and poor implementation
of the MSSCL compared with the control arm. For this analysis, DH1
was included in the hospitals that had good implementation.
There were greater reductions in postoperative deaths and total
maternal deaths and significant reductions in combined outcomes
(p<0.05) in hospitals that were good implementers of the MSSCL
compared with the control arm.
In six of the nine hospitals the MSSCL was poorly implemented.
Poor implementation ranged from almost no implementation to just
ticking off the checklist without engaging with the process. Results
from the focus group discussions are summarised below.

Reasons for poor implementation of
the MSSCL

• Poor teamwork between doctors and nurses. Nurses complained
that doctors refused to fill in the forms. Surgeons only arrived in
the operating theatre when the anaesthetic had been administered.
Doctors stated that they saw nurses filling in the form and assumed
that this was part of the nurses’ duties.
• Lack of support from senior HCWs and management. Some of the
staff complained that they did not feel supported by senior HCWs, so
they were not motivated to implement the MSSCL.
• Personal motivation. It emerged that personal motivation on
the part of the HCWs was key to effective implementation. Most
hospitals where the MSSCL was poorly implemented demonstrated
a very low motivation to improve surgical safety.

Reasons for good implementation of
the MSSCL

• Personal motivation. The emergence of checklist champions at
four of the sites was key to implementation of the MSSCL at these
hospitals. These champions took it upon themselves to personally
ensure that the MSSCL was implemented and also monitored its
use in the operating theatre. The champions at these four sites were
an anaesthetist, a scrub sister, an anaesthetic medical officer and an
obstetric medical officer.

March 2017, Vol. 107, No. 3

RESEARCH

• Support from management. The hospitals with good imple
mentation of the MSSCL had greater support from senior clinicians
and management than hospitals with poor implementation. In
one hospital, the medical manager and the quality assurance
manager were actively involved in monitoring and evaluation of
the MSSCL.

Enrolment

Discussion
Main findings

The main study findings were significant improvements in combined
adverse outcomes, postoperative sepsis and unscheduled return to
the operating theatre in the intervention compared with the control
arm, with referrals to a higher level of care showing marginal signifi-

Assessed for eligibility (N =50 clusters)

Excluded (n=3)
Not meeting inclusion criteria (n=3)

Stratiﬁed and then randomised (n=47)

Allocated to NO intervention (n=9)

Allocated to intervention (n=9)
Received allocated intervention (3 small district
hospitals, 3 large district hospitals, 3 regional
hospitals) for 1 month

Received NO intervention (2 small district
hospitals, 3 large district hospitals, 3 regional
hospitals)
Implemented MSSCL well (n=1) (1 small district
hospital)

Implemented MSSCL well (n=3) (1 small district
hospital, 1 large district hospital, 1 regional
hospital)

Allocated to NO intervention (n=9)

Implemented MSSCL poorly (n=6) (2 small district
hospitals, 2 large district hospitals, 2 regional
hospitals)

Received NO intervention (2 small district
hospitals, 3 large district hospitals, 3 regional
hospitals)
Implemented MSSCL well (n=1) (1 small district
hospital – moved to intervention arm for subgroup
analysis)

Analysed (n=9):
5 418 operations at baseline, 10 479 operations
post intervention

Analysed (n=9):

Subgroup analysis: analysed (n=10)
Implemented MSSCL well (n=4) (2 small district
hospitals, 1 large district hospital, 1 regional
hospital): 1 618 operations pre intervention, 5 084
operations post intervention
Implemented MSSCL poorly (n=6) (2 small district
hospitals, 2 large district hospital, 2 regional
hospitals): 3 338 operations pre intervention,
6 332 operations post intervention

3 731 operations at baseline, 7 357 operations post
intervention
Subgroup analysis: analysed (n=8)
Received NO intervention (2 small district
hospitals, 3 large district hospitals, 3 regional
hospitals): 10 613 operations

Fig. 1. Outline of the trial using the CONSORT flow diagram for cluster-randomised controlled trials.
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Table 1. Summary counts and event rates per 1 000 procedures at baseline and after intervention in the intervention and
control groups
Summary counts

Rates/1 000

Baseline,
control

Post int.,
control

Baseline,
intervention

Intraoperative airway
complications

0

1

Hypotension

2

Intraoperative
haemorrhage

13

Surgical complications*

28

Event

Post int.

Baseline,
control

Post int.,
control

Baseline,
intervention

Post int.,
intervention

1

2

0

0.1

0.2

0.2

8

2

7

0.5

1.1

0.4

0.7

35

13

35

3.5

4.8

2.4

3.3

26

12

18

7.5

3.5

2.2

1.7

Intraoperative deaths

0

0

0

5

0

0

0

0.5

Other intraoperative
complications†

7

11

10

21

1.9

1.5

1.8

2

Postpartum haemorrhage

60

84

100

162

16.1

11.4

18.5

15.5

Shock

2

1

3

3

0.5

0.1

0.6

0.3

Sepsis

42

64

54

65

11.3

8.7

10

6.2

DVT or pulmonary
embolus

0

1

0

0

0

0.1

0

0

Postoperative deaths

4

8

14

10

1.1

1.1

2.6

1

Return to OT

42

66

52

72

11.3

8.97

9.6

6.9

Combined outcomes

200

305

261

400

53.6

41.5

48.2

38.2

Referral to higher level
of care

33

42

40

108

8.8

5.7

7.4

10.3

Total deaths

4

8

14

15

1.1

1.1

2.6

1.4

Post int. = post intervention; OT = operating theatre.
*Surgical complications included cuts to the fetus, uncontrolled tears of the uterus, damage to bladder or ureter, and damage to bowel.
†
These included hysterectomy following intraoperative haemorrhage during a CD, high spinal anaesthetic, hysterectomy following a retained placenta, hysterectomy following evacuation of
the uterus, packs left in the abdomen following intraoperative bleeding, hysterectomy for intraoperative bleeding in a patient with an ectopic pregnancy, hysterectomy on finding a morbidly
adherent placenta, not performing a tubal ligation because the surgeon did not check consent, B-Lynch procedure for intraoperative bleeding, hysterectomy for a ruptured uterus, cardiac arrest
on the table, a patient with an ectopic pregnancy who developed pulmonary oedema, spinal needle breaking, and failed intubation in an obese patient with an ectopic pregnancy.

cance. In addition, significant improvements
in total and postoperative deaths occurred in
hospitals where the MSSCL was well imple
mented compared with hospitals where the
programme was poorly implemented.

70
60
50
40
30
20
10

Control

DH6

DH3

DH8

DH2

RH24

DH7

DH5

RH21

RH22

DH12

DH10

DH4

DH11

RH22

DH9

RH26

RH25

0
DH1

No significant reductions in surgically related maternal deaths were observed. However,
hospitals that implemented the MSSCL well
showed a greater reduction in maternal mortality than hospitals with poor implementation, which supports the argument that
outcomes may be dependent on the quality
of implementation.[16] To date only Haynes
et al.[4] have shown significant reductions
in mortality, other studies having failed to
do so.[2,5-8]
The overall complication rates in our
study were lower than those reported by
others.[4,5,7] This may be because previous
studies were done in tertiary, central or
specialised teaching hospitals on highrisk patients, and we specifically excluded
such hospitals. Most women in our study
were of low preoperative risk. However, the

80

Rate/1 000 procedures
(95% confidence interval)

Other findings

90

Intervention

Fig. 2. Adverse event incidence rate per 1 000 procedures (95% confidence interval) at baseline in
control (lighter blue) and intervention (darker blue) hospitals.
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complication rates we observed in hospitals where the MSSCL was
being well implemented were slightly higher than those found in a
large study by Urbach et al.[2] The significant reduction in overall
complication rates in the intervention hospitals in the current
study is supported by other studies,[4,7] but this has not been
consistently demonstrated.[2,17]
Infection rates in the intervention arm of our study were lower
than reported in the literature, with De Vries et al.[5] reporting an
infection rate of 4.8% before and 3.3% after intervention, compared
with 6.8% before and 6.3% after intervention in the control arm of
our study. Similar rates in general surgical patients were reported
by Haugen et al.[7] Our low sepsis rate may be due to most patients
being of low risk, and the practice of routine preoperative use of
prophylactic antibiotics. The marginally significant improvement in
sepsis rates in the intervention arm is an important finding in our
study, as non-pregnancy-related sepsis and pregnancy-related sepsis
feature as two of the top five causes of maternal deaths in SA.[11] Some
authors have reported similar findings when using the SSCL,[5,7,17]
while others failed to show any significant differences in surgical site
infection, sepsis and septic shock.[2,8]
Referrals to a higher level of care increased marginally in the
hospitals that implemented the MSSCL, which is considered a posi

tive outcome, as potential problems were identified in the inter
vention group and action was taken to correct them. The checklist
item ‘Surgeon, anaesthetist and recovery sister review the key
concerns for recovery and management of this patient’ serves as a
cognitive aid in planning postoperative management. Lubbeke et
al.[8] also reported that unplanned admission to the ICU improved
significantly. Checklist implementation in previous studies occurred
in hospitals where patients had high preoperative risks, requiring
ICU monitoring as part of the normal standard of care, and this may
account for the reduced reporting of this outcome measure in some
studies.[4-7]
Unplanned return to the operating theatre was significantly
reduced in the intervention arm, and this was also demonstrated
by Urbach et al.[2] However, other studies[8,17] did not show similar
benefits. Of note, however, is that the Canadian study[2] and our
study had similar patient and health service profiles, as the majority
of patients received operative care from HCWs working in district or
community hospitals.
In a systematic review of 21 studies, Borchard et al.[18] concluded
that the overall compliance rate ranged from 12% to 100%. Key areas
that facilitated good implementation were the presence of a checklist
champion, effective communication and teamwork, and training of

Table 2. Change in incidence rate (from baseline) per 1 000 procedures, intervention group v. control from baseline to
post intervention
IRR (95% CI),
intervention v.
control

p-value

p-value (adjusted
for multiple
testing)

0.001

0.013

Outcome variable

IRR (95% CI), control arm

IRR (95% CI),
intervention arm*

Combined outcomes†

–12.148 (–9.498 - –15.191)

–10.001 (–7.983 - –12.284)

0.805 (0.706 - 0.917)

Intraoperative
deaths

0 (0 - –0.487)

0.477 (0.155 - 0.433)

NC

Postoperative
deaths

0.015 (0.177 - –0.602)

–1.63 (–0.955 - –2.581)

0.434 (0.105 - 1.806)

0.251

0.544

Total deaths

0.015 (0.177 - –0.602)

–1.153 (–0.612 - –1.975)

0.655 (0.221 - 1.938)

0.444

0.722

Airway
complications

0.136 (0.003 - –0.231)

0.006 (0.018 - –0.339)

1.746 (0.259 - 11.792)

0.567

0.787

Hypotension

0.551 (0.405 - 0.206)

0.299 (0.224 - 0.043)

1.062 (0.504 - 2.24)

0.874

0.874

Intraoperative
haemorrhage

1.273 (1.458 - 0.658)

0.941 (1.049 - 0.542)

1.062 (0.504 - 2.24)

0.874

0.874

Surgical
complications

–3.971 (–2.678 - –5.668)

–0.497 (–0.126 - –1.154)

0.592 (0.323 - 1.085)

0.090

0.234

Other
intraoperative
complications

–0.381 (–0.008 - –1.19)

0.158 (0.355 - –0.331)

1.154 (0.8 - 1.664)

0.443

0.722

Postpartum
haemorrhage

–4.664 (–3.165 - –6.564)

–2.998 (–1.847 - –4.417)

0.916 (0.656 - 1.279)

0.605

0.787

Shock

–0.4 (–0.061 - –1.179)

–0.267 (–0.055 - –0.782)

0.799 (0.078 - 8.15)

0.850

0.874

Sepsis

–2.558 (–1.414 - –4.108)

–3.764 (–2.701 - –5.098)

0.619 (0.451 - 0.849)

0.003

0.017

 eferral to higher
R
level of care

–3.136 (–1.974 - –4.705)

2.924 (2.39 - 3.18)

1.409 (1.066 - 1.862)

0.016

0.052

Unscheduled
return to the OT

–2.286 (–1.175 - –3.803)

–2.727 (–1.792 - –3.933)

0.719 (0.574 - 0.899)

0.004

0.017

Primary outcomes

Secondary outcomes

CI = confidence interval; NC = not calculable; OT = operating theatre.
*As per protocol/intention to treat (DH1 retained in control arm despite implementing intervention).
†
Combined outcomes exclude referrals to higher level of care.
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the surgical team. Borchard et al.[18] reported
that most studies were done in HICs. Haynes
et al.[4] had four sites in LMICs, and six of the
safety indicators had compliance rates of 0%,
18.1%, 92.1% and 56.7% at the four hospitals.
This translated into mean compliance with
all six aspects of the SSCL of 40.5% in LMICs
compared with 66% in HICs.[4] We handled
non-compliance or poor compliance with use
of the MSSCL as a confounder and therefore
factored it into the subgroup analysis.

Combined outcomes

*Referral to a higher level of care

Study strengths and limitations

Surgical complications

Sepsis

Unscheduled return to the
operating theatre

0

0.1

0.2

0.3 0.4

0.5

0.6 0.7

0.8

0.9

1

1.1

Relative risk (intervention v. control)
Excluding DH1

DH1 on intervention side

As per protocol

Fig. 3. Relative risk of intervention v. control according to three defined scenarios. (*Referral to a higher
level of care was inverted to show a reduced incidence of referrals in the control arm relative to the
intervention arm, as this was regarded as a positive outcome.)

One of the strengths of the study was the
emergence of ‘checklist champions’. Limit
ations were that compliance with the MSSCL
was not measured and the quality of implementation was based on its correct use, which
was esta
blished by convenient observation
of surgical practice and focus group discussions. For this study, the principal investigator
relied on information sourced from operating
theatres, postnatal wards, labour wards, highcare units and ICUs. However, a tendency of
staff to under-report adverse events may have
led to information bias, because this was not
included in the final analysis. In addition,
we did not take into account the American
Society of Anesthesiologists rating of patients,
and this could have had an impact on some of
the outcomes observed, especially in regional
hospitals.

Table 3. IRRs comparing adverse events in hospitals with poor or good implementation of the MSSCL with the control group
Poor implementers v. controls
Outcome

IRR (95% CI)

p-value

p-value (adjusted
for multiple testing)

Combined outcomes*

0.91 (0.78 - 1.06)

0.209

0.764

Good implementers v. controls
IRR (95% CI)

p-value

p-value (adjusted
for multiple testing)

0.65 (0.53 - 0.8)

0.001

0.011

Primary outcomes
Intraoperative deaths

NC

NC

Postoperative deaths

0.44 (0.09 - 2.25)

0.324

0.764

0.09 (0.01 - 0.72)

0.023

0.084

Total deaths

0.71 (0.15 - 3.36)

0.668

0.816

0.09 (0.01 - 0.72)

0.023

0.084

Secondary outcomes
Airway complications

NC

NC

Hypotension

2.6 (0.18 - 38.23)

0.486

0.764

2.96 (0.21 - 42.5)

0.424

0.643

Intraoperative haemorrhage

1.03 (0.38 - 2.78)

0.951

0.951

1.02 (0.38 - 2.72)

0.975

0.975

Surgical complications

2.11 (0.81 - 5.51)

0.128

0.704

0.69 (0.24 - 1.96)

0.487

0.643

Other intraoperative
complications

1.43 (0.39 - 5.31)

0.592

0.814

1.27 (0.29 - 5.57)

0.755

0.831

PPH

1.17 (0.76 - 1.78)

0.476

0.764

0.84 (0.49 - 1.44)

0.526

0.643

Shock

NC

Sepsis

0.8 (0.48 - 1.32)

0.375

0.764

0.76 (0.39 - 1.48)

0.417

0.643

Referral to higher level of care

1.87 (0.98 - 3.58)

0.059

0.649

1.77 (0.99 - 3.18)

0.054

0.149

Unscheduled return to the OT

0.92 (0.54 - 1.56)

0.756

0.832

0.75 (0.38 - 1.48)

0.41

0.642

NC

CI = confidence interval; NC = not calculable; OT = operating theatre.
*Combined outcomes exclude referrals to higher level of care.
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Conclusions

Significant improvements in complications associated with maternal
surgery were observed in this study, and when the MSSCL was implemented correctly there was also an increased reduction in maternal
deaths. The relevance of this in an LMIC is substantial, as the maternal mortality ratio is a reflection of the quality of healthcare rendered
by the government to its citizens. Recommendations would be to
ensure that the SSCL is individually championed in each healthcare
institution.
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Appendix 1

RHs
1. Addington (1)
2. Mahatma Gandhi Memorial (1)
3. Port Shepstone (1)
4. Prince Mshiyeni Memorial (1)
5. RK Khan(1)
6. Stanger (1)
7. Edendale (2)
8. Ladysmith (2)
9. Newcastle (2)
10. Lower Umfolozi War Memorial (3)

Intervention arm hospitals
Prince Mshiyeni Memorial (1)
Edendale (2)
Lower Umfolozi War Memorial (3)
Control arm hospitals
Mahatma Gandhi Memorial (1)
Newcastle (2)
Stanger (1)*

DHs doing >50 CDs/month
1. GJ Crooke (1)
2. Murchison (1)
3. Osindisweni (1)
4. St Andrew’s (1)
5. St Mary’s (1)
6. Charles Johnson Memorial (2)
7. Christ the King (2)
8. Church of Scotland (2)
9. Estcourt (2)
10. Northdale (2)
11. Benedictine (3)
12. Eshowe (3)
13. Hlabisa (3)

Intervention arm hospitals
GJ Crooke (1)
Northdale (2)
Hlabisa (3)

Control arm hospitals
Murchison (1)
Church of Scotland (2)
Eshowe (3)

DHs doing 50 CDs/month
1. Umphumulo (1)
2. Wentworth (1)
3. Montebello (1)
4. Untunjambili (1)
5. Appelsbosch (2)
6. Dundee (2)
7. EG Usher Memorial (2)
8. Emmaus (2)
9. Greytown (2)
10. Niemeyer Memorial (2)
11. St Apollinaris (2)
12. Rietvlei (2)
13. Bethesda (3)
14. Catherine Booth (3)
15. Ceza (3)
16. Itshelejuba (3)
17. KwaMagwaza (3)
18. Manguzi (3)
19. Mbongolwane (3)
20. Mosvold (3)
21. Mseleni (3)
22. Nkandla (3)
23. Nkonjeni (3)
24. Ekhombe (3)

Intervention arm hospitals
Montebello (1)
Niemeyer Memorial (2)
Nkonjeni (3)

Control arm hospitals
Wentworth (1)
Dundee (2)
Bethesda (3)

Stratification and randomisation of study sites. (Health areas in brackets. *Only one RH in area 3. Stanger Hospital situated geographically closest to area 3.)
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Appendix 2
Characteristics of hospitals (represented by codes)

Hospital

Site

Total CDs, n

Average CDs
per month,
n (SD)

Total
deliveries, n

CD rate/
100 deliveries

Total
maternity
operations, n

CDs/total, %

Intervention arm
Hospitals implementing the MSSCL well
DH1*

Rural

325

36.1 (3.6)

1 283

25.3

475

68.4

DH3

Rural

214

23.8 (3.3)

627

34.1

233

91.8

DH6

Urban

1 417

157.4 (22.3)

4 473

31.7

1 932

73.3

RH21

Rural

3 726

414.0 (25.1)

7 234

51.5

4 062

91.7

Hospitals implementing the MSSCL poorly
DH8

Rural

971

107.9 (9.7)

2 627

37.0

1 077

90.2

DH5

Rural

742

82.4 (17.6)

2 915

25.4

994

74.6

DH2

Rural

397

44.1 (5.7)

2 098

18.9

529

75.1

DH7

Rural

128

14.2 (3.3)

499

25.6

178

71.9

RH23

Urban

2 855

317.2 (24.9)

5 713

50.0

3 362

84.9

RH24

Urban

3 213

357.0 (15.0)

9 413

34.1

3 530

91.0

Control arm (hospitals that did not implement the MSSCL)
DH11

Rural

521

57.9 (15.7)

2 495

20.9

681

76.5

DH10

Rural

238

26.4 (4.1)

1 704

14.0

409

58.2

DH4

Rural

700

77.8 (15.3)

2 320

30.2

898

77.9

DH12

Urban

157

17.4 (9.7)

1 626

9.7

194

80.9

DH9

Rural

861

95.7 (7.5)

2 127

40.5

1 064

80.9

RH26

Urban

2 301

255.7 (19.5)

5 864

39.2

2 895

79.5

RH25

Rural

1 766

196.2 (10.6)

5 786

30.5

2 619

67.4

RH22

Rural

1 489

165.4 (17.3)

4 682

31.8

1 853

80.4

22 021

2 446.78

63 486

34.7

26 985

81.6

Totals

SD = standard deviation.
*DH from control arm that implemented the MSSCL.
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