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an interrupted time series analysis
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Abstract 

Background  In 2016, the WHO regional office for Europe prepared a manual for conducting routine facility based 
individual near miss case review cycle. This study evaluates the effectiveness of the individual near miss case review 
(NMCR) cycle in improving quality of emergency obstetric care and maternal outcome in Keren hospital.

Methods  An interrupted time series design was used to achieve the objectives of this study. Monthly data 
on women with potentially life-threatening conditions (PLTCs) admitted between April 2018 and October 2022 
(i.e. 33 months pre-implementation and 22 months post-implementation) were collected from medical records. 
Segmented regression analysis was used to assess the intervention’s effect on three process and outcome meas-
ures, namely, SMO, delayed care, and substandard care. The intervention was expected a priori to show immediate 
improvements without time-lag followed by gradual increment in slope. Segmented regression analyses were per-
formed using the “itsa’ command in STATA.

Results  During the entire study period, 4365 women with potentially life threatening conditions were identified. 
There was a significant reduction in the post-implementation period in the proportion of mothers with PLTC who 
experienced SMO (− 8.86; p <  0.001), delayed care (− 8.76; p <  0.001) and substandard care (− 5.58; p <  0.001) com-
pared to pre-implementation period. Results from the segmented regression analysis revealed that the percentage 
of women with SMO showed a significant 4.75% (95% CI: − 6.95 to − 2.54, p <  0.001) reduction in level followed 
by 0.28 percentage points monthly (95% CI: − 0.37 to − 0.14, p <  0.001) drop in trend. Similarly, a significant drop 
of 3.50% (95% CI: − 4.74 to − 2.26, p <  0.001) in the level of substandard care along with a significant decrease of 0.21 
percentage points (95% CI: − 0.28 to − 0.14, p < 0.001) in the slope of the regression line was observed. The propor-
tion of women who received delayed care also showed a significant 7% (95% CI: − 9.28 to − 4.68, p < 0.001) reduction 
in post-implementation level without significant change in slope.
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Introduction
During the past three decades, the proportion of insti-
tutional delivery increased in most low- and middle-
income countries [1]. However, increased coverage of 
delivery and perinatal care do not necessarily equate 
to better maternal and newborn outcomes [2]. Unless 
accompanied by evidence-based emergency obstetric 
care, the expansion of essential obstetric interventions 
will not be enough to improve maternal outcome [3]. 
The majority of maternal deaths occur during labour or 
in the early postpartum period [4] and are largely related 
to poor quality of care [5]. According to estimates from a 
recent multi-country analysis conducted in 81 low- and 
middle-income countries, the global sum of maternal 
deaths could have been reduced by 28% had there been 
high quality obstetric care provided in well-functioning 
health systems [5]. Hence, quality of care has gained 
increasing international recognition as an integral and 
critical aspect of the unfulfilled global health agenda of 
ending preventable maternal mortality [6].

The concept of obstetric audit and review has long 
been recommended as a quality improvement practice 
in tertiary facilities of developing countries [7]. Obstetric 
review is a cyclic and systematic analysis of obstetric care 
practices against predefined standards to optimize clini-
cal performance [8]. The review cycle begins by establish-
ing criteria of good practice, measuring current practice, 
providing feedback and setting targets, implementing 
indicated changes in practice, and finally re-evaluating 
practice and feedback before starting the review cycle all 
over again [8]. Findings from previously conducted sys-
tematic reviews indicated that obstetric reviews might 
have small to moderate effect in improving professional 
practice [9–11]. Since audits are more likely to have a sig-
nificant effect when the baseline quality of care is poor 
[10], they are more likely to be useful in resource-con-
strained settings of developing countries.

Criterion based audit and individual NMCR are the 
two most commonly used methods of review in obstet-
rics [11]. Individual near miss case review (NMCR) is a 
method of audit where structured meetings to review the 
management of individual near miss cases are regularly 
conducted using a checklist of standard processes of care 
[7]. It is different in principle from criterion-based audit 
although the two terms have been used interchange-
ably by some authors [11]. They are similar in that all 

methods of obstetric review try to make improvements 
in the quality of emergency obstetric care in accord-
ance with evidence-based standards of care. However, 
unlike criterion-based audits where limitations in care 
are discussed at the aggregate level, individual near-miss 
reviews emphasize on active involvement of the care pro-
viders through meetings held on regular bases, usually 
once a month. Its main advantages are that it is inexpen-
sive, simple and requires little external assistance or data 
analysis skills [8].

Previous studies examining the effectiveness of audits 
in improving obstetric practice have produced inconsist-
ent findings that range from a seemingly negative effect 
to a strongly positive effect [9]. In addition, most stud-
ies focused on evaluating obstetric reviews that address 
specific obstetric complications such as obstructed 
labour [12, 13], obstetric haemorrhage [14, 15], uterine 
rupture [16] and hypertensive disorders of pregnancy 
[17, 18]. Moreover, the majority of them evaluated qual-
ity improvement processes that rely on explicit and pre-
specified criterion-based standards, giving little regard 
for pragmatic and empirical assessment of care.

In 2016, the WHO regional office for Europe prepared 
the first comprehensive manual with detailed guidance 
and instruction on how to conduct a routine facility-
based individual near miss case review [19]. The manual 
takes a bottom-up approach and addresses the factors 
that have been shown to act as barriers to effective and 
sustained functioning of NMCR [20]. It urges exclusive 
discussion of near-miss cases during review sessions, as 
near miss cases are more abundant than maternal deaths 
[21] and discussing them is less likely to instigate blame 
compared to discussing maternal deaths [22]. According 
to the manual, midlevel staff such as midwives and nurses 
take a central place in the individual NMCR sessions, as 
obstetric reviews tend to be more effective when con-
ducted by colleagues rather than external reviewers and 
researchers [10]. In line with the principle that women’s 
actual experience of care is as important as the effective-
ness of care provided in facilities [6], the manual also con-
tains detailed instructions on how to interview women 
and how to use the collected information to improve the 
quality of care from the mothers’ perspective [19].

A previous study at Keren hospital investigated the 
quality of emergency obstetric care and its associa-
tion with maternal outcome [23]. The study identified 

Conclusions  Our findings suggest that the WHO individual NMCR cycle was associated with substantial improve-
ments in quality of emergency obstetric care and maternal outcome. The intervention also bears a great potential 
for scaling-up following the guidance provided in the WHO NMCR manual.
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significant delays and deficiencies in quality of care, 
where only 59.4% of women with ruptured uterus under-
went laparotomy within 3 hours of hospital stay, and 69% 
of women having cesarean sections did not receive pro-
phylactic antibiotics. Following this baseline study [23], 
individual NMCR cycle was recommended as a quality 
improvement intervention in the hospital. The review 
cycle was implemented in compliance with the instruc-
tions and recommendations elucidated in the WHO 
NMCR manual. This study evaluates the effectiveness 
of introducing the individual NMCR as a cyclic process 
to improve the quality of emergency obstetric care and 
maternal outcome in the emergency obstetric care facil-
ity of Keren hospital.

Methods
Study design
We used an interrupted time series design to evaluate the 
association between the implementation of the individual 
NMCR cycle and improvements in the quality of emer-
gency obstetric care and maternal outcome.

Study setting and context
This study was conducted in Keren Regional Referral 
Hospital. Located in the town of Keren, the capital of 
Anseba Province, the hospital is the largest in the prov-
ince. It is the only referral hospital providing compre-
hensive and emergency obstetric care for women with 
maternal complications in the entire province. It is a 
public hospital that serves women referred by 3 com-
munity hospitals, 8 health centers, and 35 health stations 
in surrounding districts. In total, the hospital accommo-
dates 80 beds in the maternity ward. It provides repro-
ductive health, child health and emergency obstetric care 
services free of charge. On average, the hospital serves 
approximately 549,000 residents of the province. Twenty-
one health assistants, seven nurse midwives, two senior 
obstetricians, and two anesthetists operate the maternity 
unit of the hospital. Even though conducting maternal 
death review is a routine practice in the hospital, staff 
members had not had any experience related to near-
miss case review prior to the commencement of the indi-
vidual NMCR cycle in the hospital.

The intervention
The individual NMCR cycle was implemented as a 
routine quality improvement practice in Keren Hos-
pital starting in January 2021. The review cycle was 
introduced following a study conducted in the hos-
pital to identify deficiencies in the quality and timeli-
ness of emergency obstetric care [23]. Training was 
given to all members of the hospital who participate 

in the provision of emergency obstetric care before 
the introduction of the review cycle. The training was 
15–18 hours long and was given over a period of 6 
days. The principal researcher along with two regional 
authorities of maternal and child health were respon-
sible for the training. A clear and detailed explanation 
was given regarding the purpose of the review. Par-
ticipants were also trained on how to conduct a quality 
individual NMCR and they practiced a simulation exer-
cise at the end of the training. The review cycle is con-
ducted in accordance with the recommendations given 
in the NMCR manual developed by the WHO regional 
office for Europe [19]. Review sessions are held monthly 
and each session usually lasts 1 hour to 1 hour and a 
half. Every session begins by revising the implemen-
tation status of the recommendations from previous 
meetings. Then, the facilitator presents a case summary 
of the case(s) selected for the day (usually one or two 
cases are selected per session), and the participants 
provide recommendations after discussing and analyz-
ing the quality of emergency obstetric care received by 
the case(s) selected for discussion. External evaluators 
visit the hospital once every 6 months to evaluate the 
quality of the individual NMCR cycle using the check-
list provided in the manual [19], and provide instant 
feedback. A detailed description of the intervention has 
been provided in the supplementary material using the 
template for intervention description and replication 
(TIDieR) checklist (Additional file 4) [24].

Study period
Since the individual NMCR sessions are conducted 
every month and new quality improvement recom-
mendations are proposed monthly, we opted to collect 
monthly data on the outcome variables for the purpose 
of this study. The entire study period for this study 
extended for 55 months (33 months pre-implementa-
tion and 22 months post-implementation). For the pre-
implementation period, monthly data were collected on 
the outcome variables beginning from April 2018 until 
December 2020. This duration of time is believed to 
provide us with enough data points to understand the 
trend in the pre-implementation period and to make a 
better approximation of the counterfactual. The post-
implementation period, on the other hand, comprises 
monthly data points starting from January 2021 (the 
month when the individual NMCR cycle started) to 
October 2022. The post-implementation period was set 
a priori based on the author’s assumption that a period 
of 2 years will be enough for the individual NMCR 
cycle to show its ultimate impact on quality of emer-
gency obstetric care and maternal outcome.
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Data source and outcome variables
Data for this study were collected from patient regis-
ters and medical records of the hospital. All women 
who were in labor, delivered or aborted, or within 
42 days postpartum, and admitted to maternity or 
emergency wards of this hospital were the source pop-
ulation for this study. Only women who experienced a 
potentially life-threatening condition (i.e. severe post-
partum hemorrhage, severe pre-eclampsia, eclampsia, 
sepsis/severe systemic infection, and ruptured uterus) 
as per the criteria provided in the WHO maternal near 
miss (MNM) tool [25] were considered eligible for this 
study. We decided to consider only women with PLTC 
to account for the month-to-month variation in the 
number of women who needed immediate and criti-
cal intervention. Two senior obstetricians identified all 
women who experienced PLTC from delivery wards, 
obstetric wards, and emergency wards of the hospital 
and collected data on the selected outcome variables.

We used the Donabedian model of quality assess-
ment to evaluate the impact of the individual NMCR 
cycle in improving the quality of obstetric care and 
maternal outcome [26]. Donabedian proposes gath-
ering information on three characteristics of care for 
making inferences about the quality of care, namely 
structure, process, and outcome of care. In this study, 
we collected data on variables related to timeliness and 
standard of care to evaluate the impact of the individ-
ual NMCR cycle on process of care. We also collected 
data related to maternal outcome to evaluate the inter-
vention’s effect on outcome of care. However, we were 
not able to collect data related to structural aspects of 
care as variables related to structural elements of care 
are hardly available as part of the routinely collected 
information in the hospital. Accordingly, data on the 
following categories of variables were collected from 
the medical records of each eligible woman using a 
structured checklist:

•	 Variables related to standards of care: whether 
a woman with PLTC received substandard care 
based on the list of standard process of care indi-
cators mentioned in the WHO MNM tool [25].

•	 Variables related to timeliness of care: whether a 
woman with PLTC experienced delay in receiving 
any of the critical medical interventions stated in 
the framework proposed by Edson et al. [27].

•	 Maternal outcome variable: whether a woman 
with PLTC experienced severe maternal outcome 
(SMO) as defined in the WHO MNM tool [25].

Aggregate outcome measures
Using the categories of variables related to timeliness 
of care, standard of care and SMO, we created three 
aggregate outcome measures. These aggregate outcome 
measures were used as a proxy to measure the improve-
ments made in the hospital with regard to the process of 
care and maternal outcome. They were calculated on a 
monthly basis starting from the first month of the pre-
implementation period. The first outcome measure is the 
proportion of women with PLTC who experienced severe 
maternal outcome (SMO), which is defined as the total 
number of SMO cases in a given month (numerator) 
divided by the total number of women with PLTC identi-
fied in that particular month (denominator). The second 
assesses the fraction of all women with PLTC (denomi-
nator) who experienced substandard care (numera-
tor). Since our study was underpowered to fit a separate 
regression model for each substandard care indicator, we 
decided to calculate the aggregate coverage of the process 
indicators on a monthly basis. Finally, the third outcome 
measure is the proportion of women with PLTC admitted 
to the hospital (denominator) who encountered delays in 
receiving critical interventions (numerator). Operational 
definitions of all outcome variables and the methods used 
to calculate aggregate outcome measures have been pro-
vided as supplementary material (Additional file 2).

Data collection process and data quality assurance
The entire data for this study were collected over 2 
months period between January, 52,023 and March, 
092023.Two senior obstetricians conducted screening 
in all relevant medical registers of the hospital to find 
cases who met the criteria of PLTC based on the MNM 
tool proposed by the WHO. Once all eligible women 
were identified, the data collectors retrieved the patient 
card of each qualified woman to fetch more detailed 
information. Additional data sources, such as labora-
tory registers (to gather data on the types of laboratory 
investigations ordered, when they were ordered and the 
results) and individual patient records (to get detailed 
information regarding the physician’s impression of the 
case), were also referred to when necessary. The obstetri-
cians who collected data for this study were intentionally 
blinded to the starting date of the intervention to miti-
gate the occurrence of observer bias during data collec-
tion (Additional file 5). Although most outcome variables 
used in this study are objective, we were aware that vari-
ables related to timeliness of care might heavily depend 
on the subjective judgement of the data collectors. 
Hence, both data collectors assessed 10% of all eligible 
women at the beginning of the data collection process to 
ensure that there was substantial agreement between the 
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two reviewers. Cohen’s kappa statistic was then used to 
evaluate the inter-observer agreement, and its value was 
above 0.9, indicating a near perfect concordance between 
the two data collectors. There was no difference in the 
source or methods of data collection between the pre-
implementation and post-implementation periods. The 
hospital’s data handling and management practice was 
excellent, and therefore, data collected from medical reg-
isters and patient cards were complete without substan-
tial missing information.

Statistical analysis
Interrupted time series analysis was employed to assess 
the effectiveness of the individual NMCR cycle. The 
intervention was anticipated a priori to follow a step and 
slope change model. A step change model was hypoth-
esized since interventions intended for quality improve-
ment, which are proposed in the monthly individual 
NMCR sessions, are expected to be implemented imme-
diately in the following month, and thus lead to instan-
taneous improvements in quality of emergency obstetric 
care and maternal outcome. A slope change model, on 
the other hand, was anticipated based on the assumption 
that new recommendations generated in the subsequent 
months will continue to make gradual improvements 
in the quality of emergency obstetric care and maternal 
outcome.

All statistical analyses were performed using Stata 14. 
The proportion of each outcome measure was calculated 
for the pre and post-implementation periods using sum-
mary statistics. Equality of the pre and post-implemen-
tation proportions was then assessed using the “prtest” 
command. All interrupted time series analyses were per-
formed using the user-written “itsa” command in Stata 
[28]. The presence of autocorrelation was then assessed 
using the “actest” command. Whenever autocorrelation 
was identified, the model was re-estimated, specifying 
the lag that correctly accounted for the autocorrelation. 
Similarly, the augmented Dickey-Fuller test was used to 
check whether the time series data were stationary. The 
differencing approach was then used to correct non-
stationary time series data. Seasonality was also assessed 

by conducting the Durbin Watson test and adjusted for 
using differencing technique whenever applicable.

A number of additional analyses were performed to 
ensure that the model was best fit, including descriptive 
statistics and scatter plots of the time series to identify 
any underlying trends, seasonal patterns and outliers. The 
pre-implementation period was also checked for linearity 
and autocorrelation. Likewise, several sensitivity analyses 
were carried out, including specifying varying interrup-
tion points and fitting a regression model for the monthly 
number of women with PLTC. We also opted to evaluate 
the impact of the COVID-19 lockdown on the outcome 
measures in our sensitivity analyses. There is some evi-
dence in the academic literature that the COVID-19 pan-
demic may be associated with an increased incidence of 
adverse maternal events, including maternal deaths and 
severe maternal morbidities [29, 30].

Reporting
The study is reported as per the TREND statement for 
improving the reporting quality of nonrandomized evalu-
ations of interventions (Additional file 5).

Results
In this study, we reviewed medical records of 17,342 
women who delivered in the hospital or admitted to the 
hospital for obstetric emergency reasons. Overall, 4365 
women with PLTC were identified during the entire 
study period. The proportion of mothers with PLTC who 
experienced SMO (13.39% pre-implementation vs. 4.53% 
post-implementation; p < 0.001), delayed care (59.06% 
pre-implementation vs. 50.84% post-implementation; 
p < 0.001) and substandard care (29.96% pre-implemen-
tation vs. 24.38% post-implementation; p < 0.001) was 
significantly higher in the pre-implementation period 
compared to the post-implementation period. SMO was 
the outcome measure that showed the largest difference 
in proportion between the two study periods. Substand-
ard care, on the other hand, showed the lowest reduction 
in proportion in the post-implementation period com-
pared to the pre-implementation (Table 1).

Table 1  Comparison of primary outcome measures between pre-implementation and post-implementation periods

* prtest for the equality of the proportion of outcome measures between pre- and post-implementation periods

Outcome variables Pre-implementation count (% 
of PLTC)

Post-implementation count (% 
of PLTC)

Overall count (% of PLTC) p-value *

SMO 345 (13.39) 81 (4.53) 426 (9.76) < 0.0001

Delayed care 1536 (59.60) 909 (50.84) 2445 (56.01) < 0.0001

substandard care 772 (29.96) 436 (24.38) 1208 (27.67) < 0.0001

Total PLTC 2577 1788 4365
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Changes in the proportion of SMO cases
Table  2 presents the results of the regression coeffi-
cient of all parameters for the three outcome measures 

estimated using the interrupted time series analysis. As 
shown in the table, the starting level of the percentage of 
SMO among women with PLTC was estimated at 14.16% 
(95% CI: 12.74 to 15.58; p < 0.001). The results also 
showed that the proportion of SMO cases decreased by 
0.05 percentage points (95% CI: − 0.14 to 0.05; p = 0.337) 
monthly before the introduction of the intervention, 
even though the reduction was statistically insignifi-
cant. During the first month of the post-implementation 
period, the percentage of women with SMO significantly 
decreased by 4.75% (95% CI: − 6.95 to − 2.54; p < 0.001). 
The observed immediate drop in level was followed by 
a significant decrease in the monthly trend of the SMO 
rate (relative to the pre-implementation trend) of 0.28 
percentage points (95% CI: − 0.37 to − 0.14; p < 0.001) per 
month. The regression table further shows that the pro-
portion of women with SMO decreased by 0.36 percent-
age points (95% CI: − 0.60 to − 0.12; p < 0.001) per month 
in the post-implementation period (Fig. 1).

Changes in the proportion of delayed care
The regression model fitted for the second outcome 
measure (delayed care) showed a 7% (95% CI: − 9.28 to 
− 4.68; p < 0.001) decrease in the proportion of delayed 
care in the first month of the intervention compared to 
the pre-implementation level. The underlying trend in 
the pre-implementation period was a slight but statisti-
cally significant decrement of 0.06 percentage points 
(95% CI: − 0.13 to − 0.01; p = 0.041) per month. In the 
post-implementation period there appeared to be a sig-
nificant increase in the monthly trend of 0.02 percent-
age points (95% CI: − 0.11 to 0.15; p = 0.805) per month 

Table 2  Changes in the level and trend of primary outcome 
measures following the introduction of NMCR cycle

S.E standard error, p-value cut-off point – 0.05

Outcome measure Effect S.E. p-value 95% CI

Severe maternal outcome (SMO)
Pre-implementation level 14.16 0.71 < 0.001 12.74 to 15.58

Pre-implementation trend −0.05 0.05 0.337 −0.14 to 0.05

Change in level after implemen-
tation

−4.75 1.10 < 0.001 −6.95 to −2.54

Change in trend after imple-
mentation

−0.28 0.07 < 0.001 −0.42 to − 0.14

Post-implementation trend −0.36 0.05 < 0.001 −0.60 to − 0.12

Delayed care
Pre-implementation level 60.65 0.46 < 0.001 59.72 to 61.57

Pre-implementation trend −0.06 0.03 0.041 −0.13 to − 0.01

Change in level after implemen-
tation

−6.91 1.15 < 0.001 −9.28 to −4.68

Change in trend after imple-
mentation

0.02 0.07 0.805 −0.11 to 0.15

Post-implementation trend 0.05 0.06 0.516 −0.18 to 0.21

Substandard care
Pre-implementation level 29.77 0.38 < 0.001 29.01 to 30.52

Pre-implementation trend 0.01 0.02 0.642 −0.03 to 0.05

Change in level after implemen-
tation

−3.50 0.62 < 0.001 −4.74 to −2.26

Change in trend after imple-
mentation

−0.21 0.04 < 0.001 −0.28 to − 0.14

Post-implementation trend −0.20 0.09 < 0.001 −0.23 to − 0.17

Fig. 1  Interrupted time series analysis evaluating the effect of the NMCR cycle on the monthly proportion of severe maternal outcome (SMO) cases
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relative to the pre-implementation trend. The observed 
increase in slope did not prove to be statistically signifi-
cant. The results further indicated that after the initiation 
of the individual NMCR cycle in January 2021, the trend 
showed a non-significant monthly increase at a rate of 
0.05 percentage points (95% CI: − 0.18 to 0.21; p = 0.516) 
per month (Table 2 and Fig. 2).

Changes in the proportion of substandard care
Changes in the level and trend of the proportion of 
women with PLTC who received substandard care fol-
lowing the introduction of the individual NMCR cycle 
are presented in Table 2 and Fig. 3. In the first month of 
the post-implementation period, a statistically signifi-
cant decrease in level equivalent to 3.50% (95% CI: − 4.74 
to − 2.26; p < 0.001) was observed. Similarly, there was 
a marked decline in the slope of the time series follow-
ing the intervention. In the pre-implementation period, 
the trend was flat with insignificant month-to-month 
increase of 0.01 percentage points (95% CI: − 0.03 to 0.05; 
p = 0.642). After the intervention, however, this trend 
significantly dropped by 0.21 percentage points (95% 
CI: − 0.28 to − 0.14; p < 0.001) per month relative to pre-
implementation trend. Consequently, after the initiation 
of the individual NMCR cycle, the time series decreased 
at a rate of 0.20 percentage points (95% CI: − 0.23 to 
− 0.17; p < 0.001) monthly.

Sensitivity analyses
To ensure the robustness of the final regression model, 
we carried out a number of sensitivity analyses in this 
study. First, we fitted an interrupted time series model 
to the monthly number of women with PLTC to look 
for any sign of abrupt or gradual change in the monthly 
count. The fitted model failed to generate any statisti-
cally significant change in the level or trend of PLTC 
count (see Supplementary table S1 in Additional file 3), 
which can be taken as an important indication of the 
absence of external factors (occurring alongside the 
intervention) that affect the monthly number of women 
who require emergency obstetric interventions. More-
over, additional regression models were fitted for all 
outcome measures using the data collected on absolute 
counts instead of computed proportions. The findings 
were concordant with those obtained from the main 
analysis in terms of magnitude, direction, and statistical 
significance (see Supplementary table S2 in Additional 
file 3). We also fitted another regression model by mov-
ing the intervention point to April 2020 (the time when 
the lockdown was officially declared in Eritrea). Nev-
ertheless, the results did not show any change in level 
for all outcome measures following the announcement 
of the lockdown in the country (see Supplementary 
table S3 in Additional file 3).

Fig. 2  Interrupted time series analyses evaluating the effect of the NMCR cycle on the monthly proportion of delayed care
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Discussion
In this study, we used an interrupted time series design 
to investigate the impact of the facility-based individual 
NMCR cycle in improving maternal outcome and the 
quality of emergency obstetric care. Our hypothesis 
was that conducting routine individual NMCR, follow-
ing the recommendations outlined in the WHO manual, 
would result in improved quality of emergency obstetric 
care and favorable maternal outcome in Keren hospital. 
Concordant with our hypothesis, we observed marked 
improvements in the outcome measures subsequent to 
the implementation of the intervention. SMO and sub-
standard care showed a significant drop in level and slope 
in the regression model following the initiation of the 
individual NMCR cycle, while delayed care showed a sig-
nificant change in level only.

In this study, the process indicators proposed in the 
WHO MNM tool were used to assess whether the indi-
vidual NMCR cycle improved compliance with evidence-
based standards of care. The WHO MNM approach has 
been previously recommended as a useful quality assess-
ment tool [22]. It has been used to measure the coverage 
of key process indicators of obstetric care in a number of 
previous studies [31–33]. Our findings revealed that the 
initiation of the review cycle resulted in a significant drop 
in the level and trend of the proportion of women who 
received substandard care. We attribute this reduction to 

the critical analysis of the appropriateness of care based 
on available guidelines and protocols during the monthly 
sessions of individual NMCR [19]. Here, participants 
carefully scrutinize the different factors that compro-
mise the quality of emergency obstetric care and try to 
get to the root cause by repeatedly asking the question 
“why, but why?” Furthermore, the regular preparation 
of SMART (i.e. specific, measureable, achievable, realis-
tic and time-bound) recommendations and continuous 
follow-up of their implementation ensures that improve-
ments made in standards of care are sustained over a long 
period. Although not directly comparable to ours, previ-
ous studies also reported similar findings where obstet-
ric review resulted in improved compliance with agreed 
standards of care for several life-threatening obstetric 
complications such as obstructed labor [12, 13], obstet-
ric hemorrhage [14], uterine rupture [16] and severe pre-
eclampsia [18]. A study by Lumala et al. [14], for instance, 
reported that obstetric review improved adherence to 
seven of 10 predetermined standards of care for ecamp-
sia. Similarly, a study from Tanzania [12] stated that the 
percentage of women who received standard manage-
ment of care for obstructed labor increased significantly 
in the post-audit period.

Timeliness of care is another important dimension of 
quality of care that should be an integral part of any qual-
ity improvement effort [6]. In this study, the proportion 

Fig. 3  Interrupted time series analysis evaluating the effect of the NMCR cycle on the monthly proportion of substandard care
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of women who received delayed care showed the larg-
est percentage point reduction in the post-implementa-
tion period compared to other outcome measures. This 
finding is most likely due to the meticulous and rigor-
ous analysis of delayed care during the “door-to-door” 
analysis step of the individual NMCR session [19]. Dur-
ing this step of the NMCR session, the participants thor-
oughly discuss the causes of all delays that occurred from 
the time of the mother’s admission to her discharge, and 
suggest feasible solutions to remedy them. The multi-
disciplinary nature of the review cycle also fosters com-
munication among staff, possibly contributing to the 
reduction of delays that occur due to poor communica-
tion. Consistent with our findings, a number of studies in 
the literature also reported improvements in the timeli-
ness of critical interventions subsequent to initiation of 
near-miss case review including time from admission to 
specialist review [18, 34], time from indication of caesar-
ean section to delivery [12] and time from diagnosis to 
treatment [18]. However, it should be noted that delayed 
care was the only outcome measure that failed to show a 
significant downward trend during the post-implementa-
tion period in this study. Furthermore, the percentage of 
women who experienced a third delay remained unrea-
sonably high in the months following the introduction of 
the individual NMCR cycle. Shortage of senior obstetri-
cians and frequent stock outs of important medical sup-
plies and equipment in the hospital [23] are the most 
plausible explanations for this finding. Such factors are 
beyond the control of the facility and are less likely to be 
improved through quality improvement initiatives from 
hospital members.

The proportion of women with PLTC who experienced 
SMO was the third primary outcome measure consid-
ered for this study. Our findings indicate a significant 
drop in the SMO proportion following the introduc-
tion of the review cycle. Since improvements in the pro-
cess and timeliness of care are usually expected to lead 
to better maternal outcome, this finding is most likely 
due to the observed improvements in quality of care. 
Even though it is difficult to directly compare these find-
ings to those reported in previous studies due to differ-
ences in study design and outcome measures, the results 
from previous similar studies are generally in line with 
ours. Most importantly, a recently conducted systematic 
review reported a 23% reduction in maternal mortality 
after the implementation of the individual NMCR cycle 
using a meta-analysis of data pooled from eight studies 
[11]. Another study from Malawi reported that the quar-
terly rate of maternal mortality and severe acute maternal 
morbidity monotonically decreased following the imple-
mentation of the obstetric review cycle compared to the 
baseline rate [35].

Strengths and limitations
The fact that we used the Donabedian model of quality 
assessment [26] to measure the impact of the individual 
NMCR cycle is the main strength of this study. It is dif-
ficult to define and operationalize quality of care, let 
alone decide on how to measure it. However, the model 
proposed by Donabedian offers the most comprehensive 
approach to quality assessment since it focuses on the 
three most important dimensions of care (i.e., structure, 
process and outcome). This study also benefitted from 
using standard indicators of process and outcome of care 
proposed by the WHO [25]. Although these standards 
do not give an exhaustive list of all possible indicators 
of quality of care, they allow objective assessment of the 
most fundamental aspects of emergency obstetric care 
and maternal outcome. The fact that we used an inter-
rupted time series design to evaluate the effectiveness 
of our intervention is another positive attribute of this 
study that merits discussion. Prior evidence on the effec-
tiveness of near miss audits was mainly generated using 
study designs prone to high risk of bias (mainly uncon-
trolled before-after design) [9, 11]. Interrupted time 
series studies are among the most robust observational 
study designs and can address various threats to internal 
validity including regression to the mean, secular trends, 
and unmeasured confounders [36, 37]. Well-designed 
interrupted time series studies can generate evidence 
concordant with randomized controlled trials [38], and 
properly constructed interrupted time series graphs are 
effective means of communicating results to people with 
limited technical knowledge [39].

However, our study has some limitations. First, we were 
not able to measure the magnitude of structural improve-
ment in quality of care associated with the intervention 
since structural elements of care are not routinely col-
lected in medical registers. Second, our study failed to 
assess whether the individual NMCR cycle resulted in 
better care from the mothers’ perspective. The data we 
collected were secondary data from medical registers, 
preventing us from directly assessing changes in moth-
ers’ experience of care resulting from the intervention. 
Third, our study design (single group interrupted time 
series design) cannot exclude factors occurring concomi-
tantly with the intervention that can affect the observed 
changes in the outcome measures [40]. However, we 
took all reasonable precautions to rule out interventions 
aimed at the outcomes of interest that come into force at 
or around the time of the individual NMCR implementa-
tion. In addition, we carried out several sensitivity analy-
ses based on different scenarios to ensure the robustness 
of the final model. Finally, this study was conducted in a 
regional referral maternity hospital that predominantly 
admits women who need sophisticated emergency 
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obstetric care. To that end, the results from this study 
may not necessarily be generalizable to all hospitals pro-
viding emergency obstetric care, and therefore, our find-
ings should be interpreted with caution in light of this 
limitation.

Practice recommendations
To our knowledge, this is the first study to evaluate 
improvements in quality of emergency obstetric care and 
maternal outcome associated with the implementation 
of the individual NMCR cycle developed by the WHO 
European region. Based on our findings, we strongly rec-
ommend its adaptation for use in emergency obstetric 
facilities in developing countries. One of the most impor-
tant attributes of the WHO individual NMCR cycle is 
that only a few cases are evaluated in each session using 
a qualitative approach [19]. This helps the audit team 
ensure high quality of the review process and allows 
highly individualized assessment of care that can easily 
be tailored to the characteristics of each case. In addi-
tion, conducting the individual NMCR cycle addresses 
several limitations inherent in the traditional meth-
ods of obstetric review. First, unlike the criterion-based 
audit, the individual NMCR does not rely on a narrow 
list of predefined, explicit standards of care developed 
for specific categories of cases; therefore, it readily lends 
itself to variability among cases within and between cat-
egories. Second, a few cases are discussed on a regular 
basis in the individual NMCR cycle, which increases the 
chances of its sustainability, especially in the context of 
limited financial and professional resources. Third, since 
it encourages self-criticism and exchange of views among 
health professionals, it has the potential to reveal pitfalls 
in quality of emergency obstetric care that are not usually 
reported in medical records.

Future research and policy implications
Despite the insight this study provides into the effect 
of the individual NMCR cycle in improving quality 
of emergency obstetric care and maternal outcome, 
there remains a need for further investigation. Addi-
tional research is required with special consideration 
to address the main limitations identified in this study. 
Further investigations are desirable to establish whether 
the individual NMCR cycle leads to better patient judg-
ment of care using suitable study designs, preferably 
qualitative or mixed methods study designs. In addition, 
it is important to assess whether the impact of the inter-
vention can be further extended by introducing it along 
with other quality improvement interventions. Indeed, 
prior evidence indicates that audits tend to have higher 
effect when provided as part of a multifaceted interven-
tion than when provided alone [10]. Additional research 

is also recommended to assess the feasibility of introduc-
ing the individual NMCR cycle at the national level and 
to identify the potential barriers and enablers associated 
with the implementation process.

Conclusion
Taken together, our intervention resulted in significant 
improvements in quality of emergency obstetric care and 
maternal outcome among women with PLTC. Although 
the intended beneficiaries of the WHO individual NMCR 
manual are countries from the WHO European region, 
our study demonstrates that it can be equally applicable 
in obstetric facilities of developing countries. The inter-
vention also bears great potential for scaling up, as the 
WHO manual contains a systematic guide on how to 
implement the individual NMCR cycle at the national 
level.
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