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RESEARCH ARTICLE
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María del Rosario Alsina a, Aliki Christou b, Phillip Wanduru c, Bianca Kandeya d, Muzdalifat Abeid e, 
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ABSTRACT
Background: To reduce perinatal deaths, identification of their causes is paramount. ‘The 
WHO application of ICD-10 to deaths during the perinatal period’ (ICD-PM) was developed to 
improve the quality of perinatal death data.
Objectives: To determine stillbirth and very early neonatal death rates across 16 hospitals in 
Benin, Malawi, Tanzania, and Uganda, examine causes of death and associated maternal 
conditions applying the ICD-PM, and assess how a clinical perinatal e-registry performed 
when applying the ICD-PM.
Methods: We used cross-sectional data collected between 1st July 2021 and 29th February 
2024 of babies weighing ≥1000 g or ≥28 weeks of gestational age, born to women aged 13– 
50 years in the participating hospitals.
Results: After analyzing 143,105 births, the stillbirth rate was 36.9 per 1,000 births and very 
early neonatal death rate was 7.7 per 1,000 live births. Nine in ten antepartum stillbirths could 
not be assigned a cause of death. Among intrapartum stillbirths, the most common cause of 
death was ‘disorders of fetal growth’ and for very early neonatal death it was ‘complications 
of intrapartum events’. The e-registry provided information to report on 17 out of the 24 ICD- 
PM categories.
Conclusions: Collecting high-quality clinical data through an e-registry allowed the identifica
tion of a cause of death for most intrapartum stillbirths and very early neonatal deaths. A 
specifically designed clinical questionnaire and simple diagnostic procedures could enable the 
application of the ICD-PM in settings with limited diagnostic resources and high mortality rates.

PAPER CONTEXT
● Main findings: After applying the International Classification of Diseases to Perinatal 

Mortality classification system to a clinical dataset, a cause of death or an associated 
maternal condition was established for the majority of perinatal deaths, while most intra
partum stillbirths were a consequence of disorders of fetal growth, complications of intra
partum events were the main cause of very early neonatal deaths.

● Added knowledge: This study reveals that collecting basic clinical information through a 
structured questionnaire in high-burden and resource-limited settings can support the 
application of the International Classification of Diseases to Perinatal Mortality.

● Global health impact for policy and action: This study highlights that despite revisions 
and updates are needed, the International Classification of Diseases to Perinatal Mortality is 
still a valuable instrument that could help better understand the pathways to perinatal 
death, thus contributing to the development of targeted prevention strategies.
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Background

Reducing perinatal deaths is a global health priority 
to reach the target of less than 12 deaths per 1,000 
births by 2030 [1,2]. Each year, 1.9 million babies die 

before birth and 2.4 million die during the first 28  
days of life globally [3,4]. This burden is unequally 
distributed; sub-Saharan Africa (SSA) has the highest 
stillbirth rates and newborns are over ten times more 
likely to die during the first 28 days of life compared 
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to high-income countries [3,5]. Furthermore, this 
region has shown the least advancements in perinatal 
mortality reduction over the past two decades [5,6]. A 
large proportion of these deaths are preventable high
lighting the need for targeted interventions to reduce 
stillbirth and neonatal mortality in SSA [7].

Appropriate identification of risk factors and of 
causes of perinatal death is crucial to inform strate
gies to improve survival [7,8]. Two systematic reviews 
on determinants of stillbirths in SSA found poor data 
quality resulting from a lack of standardized defini
tions and other methodological limitations [9,10]. 
Furthermore, these studies did not report findings 
by timing of stillbirth, which is relevant given that 
antepartum and intrapartum stillbirths have different 
underlying causes [9]. These data gaps prevent from 
accurately identifying and targeting causes of still
birth and early neonatal deaths [9].

Perinatal death classification systems were devel
oped to group causes of death based on timing and 
underlying pathways, and standardize reporting, 
allowing comparisons within and between coun
tries, and identification of trends and changes 
across time [11]. ‘The WHO application of ICD- 
10 to deaths during the perinatal period’ (ICD-PM) 
classification system was developed to support con
sistent perinatal death data collection [12]. The 
ICD-PM applies codes from the International 
Classification of Diseases, 10th edition (ICD-10) to 
deaths based on timing of death (antepartum, 
intrapartum, or neonatal periods) [12]. Each of 
these three time-of-death groups encompasses a 
specific number of cause-of-death categories, 
which are further divided into subcategories corre
sponding to ICD-10 codes.

The ICD-PM has several advantages over the more 
than 80 existing classification systems [13,14]. First, it 
has a multilayered structure to allow the use of data 
with varying levels of detail which facilitates its appli
cation in settings with a wide range of diagnostic 
resources and was pilot tested with data from high- 
and middle-income settings [15–19]. Second, it links 
maternal conditions to perinatal deaths to improve 
understanding of the underlying processes of perina
tal deaths [1,12]. Finally, studies applying the ICD- 
PM in high-income settings reported high inter-coder 

agreement rates and reductions in proportion of 
unexplained stillbirths [18,20].

Although the ICD-PM was intended for use in 
diverse contexts, accurate classification of perinatal 
deaths is still highly context-dependent. In a study of 
over 1,200 stillbirths across four SSA countries, cause of 
death remained unspecified for over 80% of stillbirths 
after applying the ICD-PM [16]. A study from China 
suggested that fetal and maternal clinical data coupled 
with placental histopathology are sufficient to explain 
most stillbirths [20]. However, there are currently no 
recommendations about the amount of data required to 
ensure the effective application of the ICD-PM in high- 
burden and limited-resource settings. Minimum data 
requirements are needed to improve documentation 
and develop targeted interventions to prevent stillbirths 
and neonatal deaths [11].

Data on stillbirths and neonatal deaths is urgently 
needed in SSA to guide efforts to reduce the unaccep
tably high mortality rates. To support policies and pro
gramming of data systems for improved classification of 
causes of death, we aimed to i) determine stillbirth and 
very early neonatal death rates across 16 high-caseload 
hospitals in Benin, Malawi, Tanzania, and Uganda, ii) 
examine the distribution of main causes of death and 
associated maternal conditions by time of death apply
ing the ICD-PM, and iii) assess to what extent data from 
a clinical perinatal e-registry from 16 hospitals with 
limited diagnostic resources includes the information 
required to apply the ICD-PM.

Methods

Study design

This was a cross-sectional study using data collected 
prospectively between 1st July 2021 and 29th 
February 2024 in a perinatal e-registry established in 
16 hospitals in Benin, Malawi, Tanzania, and Uganda 
as part of the ALERT research project [21,22]. This 
study was carried out in accordance with the princi
ples of the Declaration of Helsinki. Informed consent 
from participants was not required as all data col
lected in the e-registry was de-identified; anonymiza
tion procedures were reported elsewhere [22]. Ethical 
approvals were received from local and national 
ethics committees in all participating countries.

Table 1. Socio-demographic indicators for Benin, Malawi, Tanzania, and Uganda.
Benin Malawi Tanzania Uganda

Populationa 13,712,828 20,931,751 67,438,106 48,582,334
Income levelb Lower-middle Low Lower-middle Low
Percentage of births delivered in a health facility (%)c 90.6 96.7d 81.2 73.4e

Stillbirth ratef 20.0 16.1 18.3 15.1
Early neonatal mortality rateg 28.6 18.7 19.6 18.4

aWorld Bank Group country data (World Bank, 2023); bWorld Bank Group country classifications by income (World Bank, 2023); cGlobal Health 
Observatory data repository (WHO, 2022); dGlobal Health Observatory data repository (WHO, 2020); eGlobal Health Observatory data repository 
(WHO, 2016); fExpressed per 1,000 births (UNICEF. Stillbirths and stillbirth rates [Internet]. UNICEF DATA; 2023); gExpressed per 1,000 live births 
(UNICEF. Neonatal mortality rate [Internet]. UNICEF Data Warehouse; 2024). 
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Study setting

Participating countries were selected based on existing 
research collaborations and to reflect diversity in terms 
of health systems characteristics. In each country, the 
ALERT study included four hospitals of different types 
(public or private, district or referral). Details of the 
hospital selection process are available elsewhere [21]. 
Table 1 shows country-level socio-demographic, health 
care coverage, and mortality indicators.

Study population

All babies born in participating hospitals to women 
aged between 13 and 50 years, with a birthweight of 
1000 g or more or, if birthweight was not available, of 
a gestational age of 28 weeks or more, were eligible. 
These criteria reflect the inclusion to the ALERT 
study; maternal age corresponds to the reproductive 
age range, and newborn criteria align with interna
tional definitions of late gestational stillbirth. 
Although gestational age was recorded, its measure
ment was based on last menstrual period, therefore, 
due to potential measurement error, birthweight was 
used as the primary inclusion criterion. All eligible 
babies were included if they were reported as stillborn 
at birth or if they were born alive and had a reported 
outcome within the first 24 h after birth. We 
restricted the analysis to 24 h after birth given that 
deaths occurring after discharge and before 7 days of 
life could not be captured. No formal sample calcula
tion was performed.

Data sources and data collection

Data was collected by maternity staff or data clerks who 
first identified eligible women, assigned them a unique 
identifier, and then reviewed maternal antenatal cards, 
hospital admission books, labor records, and delivery and 
postnatal registers. Perinatal health and care indicators 
were entered on site using the Research Electronic Data 
Capture platform [21]. To ensure consistency in data 
collection across countries, an operational manual was 
developed, and the Research Electronic Data Capture 
data quality module was set up to assure completeness 
of key variables [22]. Data quality procedures were imple
mented at three levels: daily completeness checks by data 
controllers, weekly consistency and completeness checks 
by country data managers, and weekly international 
coordination meetings to monitor data collection and to 
mitigate any arising challenge. Finally, e-registry data was 
assessed against routinely collected district-level data, 
showing high concordance. The e-registry data collection 
tool was developed based on registries from high-income 
countries and with input from local experts on our team. 
The questionnaire comprised 51 questions and collected 
data on antenatal, labor and birth, and postnatal care 

(Supplementary table S1). Antenatal indicators included 
obstetric history and presence of complications during 
the index pregnancy including, but not limited to high 
blood pressure, diabetes or infections like Malaria. The 
need and indication of induction or augmentation of 
labor or operative birth as well as fetal characteristics, 
like birthweight, sex, and Apgar score, were captured 
among other intrapartum care indicators. Finally, post
natal care indicators comprised maternal complications 
like postpartum hemorrhage, perinatal morbidity, like 
seizures or neonatal infection, and interventions per
formed. In the case of multiple pregnancy, data on each 
baby were collected separately under the same maternal 
identification number.

Determination of time of death

We adopted the 11th International Classification of 
Diseases’ definition of late gestation stillbirth as the 
death of a baby of a birthweight of 1000 g or more or 
of a gestational age of 28 weeks or more before or during 
labor [23]. Timing of stillbirth was based on fetal appear
ance; signs of skin maceration were considered an indi
cation that death occurred over 12 h before the onset of 
labor and were used as a surrogate for antepartum still
births [24]. The absence of maceration was considered a 
proxy for intrapartum stillbirth. To assess the robustness 
of this classification, we conducted a sensitivity analysis 
including only those stillbirths who had a recorded fetal 
heartrate at admission. We defined very early neonatal 
death as the death of a live-born baby during the first 
24 h of life [23]. A composite binary variable was created 
to report very early neonatal death if baby status was 
reported as dead within the first 24 h in our e-registry.

Application of the ICD-PM

After determining time of death, we reviewed our 
questionnaire to identify variables that best repre
sented the ICD-10 codes for each cause of death 
category. If no variables in our dataset captured 
information relevant to a specific code, we searched 
for variables that reflected the category’s description. 
For example, our dataset captured clinical informa
tion on neonatal infection, however, etiological diag
nosis was not available. Therefore, our variable 
represented the category ‘A2: Infection’ although it 
did not match any of the ICD-10 codes within this 
category. We conducted the same process for the five 
categories of associated maternal conditions.

To examine causes of death, we created composite 
variables to reflect each ICD-PM classification cate
gory following the ICD-PM guidelines [12]. A total of 
22 variables from the ALERT e-registry were used to 
create composite variables for cause of death cate
gories. To create variables representing maternal con
dition categories, we combined 37 ALERT e-registry 
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variables. The application process was conducted fol
lowing a rule-based algorithm. For each death, cate
gories were applied sequentially in a fixed order and 
based on available data, rather than through a case- 
by-case review. For example, if a case met the criteria 
for category A1, it was assigned to that category, and 
no further categories were considered. If criteria were 
not met, the case was evaluated against the next 
category in the hierarchy, in this case A2, and this 
process continued until a cause of death was assigned 
or all categories had been exhausted. A diagram illus
trating the classification process is provided in 
Figure 1. The process of operationalizing and imple
menting the classification was conducted by a pedia
trician with clinical and research experience (MRA), 
in consultation with three senior researchers; a spe
cialist in obstetrics and gynecology with a PhD in 
epidemiology, an expert in population health with 
vast experience in maternal and child health, and a 
public health researcher with expertise in maternal, 
perinatal, and newborn health (CH, LB, AC).

To assess the extent to which our data covered the 
ICD-PM codes and categories, we created four groups. 
For each cause of death or maternal condition 

category, we assessed if our data covered all the ICD- 
10 codes within a category (detailed data), some codes 
(partially detailed data), only the main category with
out sufficient information to assign a specific ICD-10 
code (not detailed data) or neither the category nor 
codes (no data). We labelled categories where no spe
cific data was required (i.e. ‘antepartum unspecified 
cause of death’) as ‘not applicable’. The application of 
the ICD-PM to the ALERT data, including level of 
data detail for each ICD-PM category and the ALERT 
variables used to represent them, is presented as sup
plementary material (Supplementary table S2).

Analysis

We analyzed pooled data from 16 hospitals using 
Stata 17 (StataCorp, 2021, Stata Statistical Software: 
Release 17, College Station, TX: StataCorp LLC.). 
Main maternal, obstetric, and fetal characteristics 
were selected based on previous literature and clinical 
experience to include those which are associated with 
perinatal death and were available in our dataset. 
Categorical variables were created to report maternal 
age, parity at index pregnancy, gestational age and 
birthweight, category boundaries are shown in Table 
2. Missing values for each variable were coded as a 
separate category. Stillbirth and very early neonatal 
death rates were reported per 1,000 births and 1,000 
live births, respectively [25]. We used descriptive 
statistics to report cause of death and associated 
maternal conditions as frequencies and percentages; 
no outcomes, exposures, predictors, potential con
founders, or effect modifiers were needed for the 
analysis. The assessment of the e-registry data was 
also descriptive, and results are reported as frequen
cies of ICD-PM categories by level of data detail.

Results

During the study period, 145,721 babies were born to 
140,740 women (Figure 2). We included 143,105 
babies from 138,236 mothers in the analysis: 2,340 
(1.6%) antepartum stillbirths, 2,939 (2.1%) intrapar
tum stillbirths, 1,059 (0.7%) very early neonatal 
deaths, and 136,767 (95.6%) alive after 24 h.

Sample characteristics

In our sample of 143,105 babies, over half of the mothers 
were between 20–29 years of age (Supplementary table 
S3). Almost 40% of babies’ mothers were primiparas and 
nearly 50% had between one and three previous births. 
Less than 10% had a poor outcome in the immediate 
previous pregnancy. In 60.5% of our sample of babies, 
mothers attended between four and seven antenatal care 
visits and less than 15% were diagnosed with complica
tions. Almost one in five mothers were referred and 

Figure 1. ICD-PM application algorithm.
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nearly 30% had a caesarean section delivery. Babies born 
term and of a normal birthweight represented about 80% 
of our sample.

Characteristics of perinatal deaths

Among the 6,338 stillbirths and very early neonatal 
deaths, most mothers were multiparas (1–3 previous 
births) and aged 20–29 years (Table 2). Less than 15% 
had a poor outcome in the immediate previous preg
nancy, and most mothers had at least one antenatal 
care visit during the index pregnancy. Frequency of 
antenatal complications was close to 35% and referral 

was 46.5%. Mode of birth was vaginal in over 60% of 
the sample, followed by caesarean section (32.6%). 
Over half of the babies were born at term and with 
a normal birthweight.

Stillbirth and very early neonatal death rates

The stillbirth rate in our sample was 36.9 per 1,000 
births and very early neonatal death rate was 7.7 
per 1,000 live births (Table 3). Intrapartum still
births represented 55.7% of all stillbirths. The sen
sitivity analysis excluding births without recorded 
fetal heart rate at admission showed a contrasting 

Table 2. Main maternal, obstetric, and fetal characteristics of 6,338 perinatal deaths across 16 hospitals in Benin, Malawi, 
Tanzania, and Uganda.

Benin 
n = 2,439

Malawi 
n = 1,320

Tanzania 
n = 465

Uganda 
n = 2,114

Pooled 
n = 6,338

n % n % n % n % n %

Maternal age (years)
<20 226 9.3 378 28.6 67 14.4 358 16.9 1,029 16.2
20–29 1,192 48.9 604 45.8 209 44.9 1,144 54.1 3,149 49.7
30–39 920 37.7 299 22.7 144 31.0 570 27.0 1,933 30.5
≥40 101 4.1 35 2.7 45 9.7 42 2.0 223 3.5
Missing 0 0.0 4 0.3 0 0.0 0 0.0 4 0.1

Parity at index pregnancy
0 569 23.3 599 45.4 149 32.0 688 32.5 2,005 31.6
1–3 births 1,184 48.5 574 43.5 249 53.5 952 45.0 2,959 46.7
≥4 births 652 26.7 143 10.8 63 13.5 470 22.2 1,328 21.0
Missing 34 1.4 4 0.3 4 0.9 4 0.2 46 0.7

Poor outcome in immediate previous pregnancy
No 1,545 63.3 629 47.7 266 57.2 1,159 54.8 3,599 56.8
Yesa 344 14.1 128 9.7 64 13.8 249 11.8 785 12.4
No previous pregnancy 513 21.0 558 42.3 133 28.6 621 29.4 1,825 28.8
Missing 37 1.5 5 0.4 2 0.4 85 4.0 129 2.0

Number of antenatal care visits for index pregnancy
None 21 0.9 86 6.5 1 0.2 22 1.0 130 2.1
1–3 1,033 42.4 696 52.7 75 16.1 1,149 54.4 2,953 46.6
4–7 1,296 53.1 508 38.5 370 79.6 881 41.7 3,055 48.2
≥8 66 2.7 12 0.9 19 4.1 26 1.2 123 1.9
Missing 23 0.9 18 1.4 0 0.0 36 1.7 77 1.2

Antenatal complications in index pregnancyb 1,154 47.4 240 18.2 172 37.1 600 28.5 2,166 34.3
Multiple pregnancy 240 9.8 91 6.9 45 9.7 185 8.8 561 8.9
Fetal heartbeat at admission

Positive 806 33.0 653 49.5 142 30.5 494 23.4 2,095 33.1
Negative 1,462 59.9 547 41.4 276 59.4 1,187 56.1 3,472 54.8
No information 171 7.0 120 9.1 47 10.1 433 20.5 771 12.2

Referred from another health facility 1,941 79.6 261 19.8 85 18.3 661 31.3 2,948 46.5
Mode of birth
Vaginal 1,562 64.0 930 70.5 282 60.6 1,308 61.9 4,082 64.4
Cesarean Section 836 34.3 305 23.1 163 35.1 765 36.2 2,069 32.6
Assisted breech 21 0.9 60 4.5 12 2.6 40 1.9 133 2.1
Operative vaginal 20 0.8 25 1.9 8 1.7 1 0.0 54 0.9

Gestational age (weeks)
<32 339 13.9 108 8.2 35 7.5 193 9.1 675 10.7
32–36 701 28.7 273 20.7 152 32.7 467 22.1 1,593 25.1
37–41 1,283 52.6 890 67.4 257 55.3 1,185 56.1 3,615 57.0
≥42 78 3.2 22 1.7 13 2.8 76 3.6 189 3.0
Missing 38 1.6 27 2.0 8 1.7 193 9.1 266 4.2

Birthweight (grams)
<1500 279 11.4 148 11.2 69 14.8 211 10.0 707 11.2
1500–2499 811 33.3 418 31.7 175 37.6 529 25.0 1,933 30.5
2500–3999 1,304 53.5 706 53.5 208 44.7 1,221 57.8 3,439 54.3
≥4000 36 1.5 23 1.7 11 2.4 114 5.4 184 2.9
Missing 9 0.4 25 1.9 2 0.4 39 1.8 75 1.2

Baby’s sex
Female 1,163 47.7 579 43.9 220 47.3 946 44.7 2,908 45.9
Male 1,273 52.2 735 55.7 242 52.0 1,164 55.1 3,414 53.9
Missing 3 0.1 6 0.5 3 0.6 4 0.2 16 0.3

aIncludes miscarriage, stillbirth, and neonatal death 
bIncludes: hypertensive disorder, preterm labor, pre-labor rupture of membranes, cardiac/renal diseases, gestational diabetes, diabetes mellitus, malaria, 

and severe anemia 
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distribution, with antepartum stillbirths represent
ing 72.9% of all stillbirths (Supplementary 
table S4).

The highest stillbirth rates were in Benin, ranging 
from 30.7 to 85.6 per 1,000 births across hospitals. 
Very early neonatal death rates were highest in hos
pitals in Uganda (9.9 per 1,000 live births) followed 
by hospitals in Benin (8.7). Tanzanian hospitals 
showed the lowest rates; 15.5 per 1,000 births and 
4.5 per 1,000 live births. Rates by hospital are pre
sented as supplementary material (Supplementary 
table S5).

Causes of death and associated maternal 
conditions

Antepartum stillbirths
Among antepartum stillbirths, pooled and country- 
level data showed a similar distribution of causes of 
death (Table 4 and Supplementary table S6). 

‘Unspecified cause of death’ was the most frequent 
(90.4%), followed by ‘disorders of fetal growth’ 
(4.9%), and ‘hypoxia’ (2.6%). The highest percentage 
of unspecified antepartum stillbirths was observed in 
Malawi (94.0%) and the lowest in Benin (87.7%). We 
did not identify any associated maternal conditions in 
23.8% of antepartum stillbirths. Among the 2,115 
antepartum stillbirths of unspecified cause, 75.0% 
(n = 1,596) were associated to a maternal condition 
of either ‘complication of placenta, cord, and mem
branes’ (M1, n = 165), ‘complication of pregnancy’ 
(M2, n = 324), ‘complications of labor and delivery’ 
(M3, n = 512), or ‘maternal medical or surgical con
ditions’ (M4, n = 595).

Intrapartum stillbirths
Overall, ‘growth disorders’ (38.0%), ‘unspecified cause 
of death’ (36.8%), and ‘acute intrapartum events’ 
(22.6%) were the leading causes of intrapartum still
births (Table 4). This was also the distribution in 

Figure 2. Participant inclusion flowchart.

Table 3. Stillbirth and very early neonatal mortality rates from 16 hospitals in Benin, Malawi, Tanzania, and Uganda, by country 
and pooled sample.

Benin Malawi Tanzania Uganda Pooled

Number of births 31,933 50,541 23,267 37,364 143,105
Stillbirth rate (per 1,000 births) 68.3 19.3 15.5 47.2 36.9
Range across hospitals 30.7–85.6 12.4–23.9 7.3–31.8 35.5–72.8

Antepartum stillbirths 42.6% 51.1% 56.5% 40.2% 44.3%
Intrapartum stillbirths 57.4% 48.9% 43.5% 59.8% 55.7%

Very early neonatal death rate (per 1,000 live births) 8.7 7.0 4.5 9.9 7.7
Range across hospitals 3.5–12.5 3.8–9.6 2.2–6.2 6.4–14.0
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Benin, while in Tanzania ‘acute intrapartum event’ 
(36.3%) was the second most common and ‘unspeci
fied cause of death’ (20.4%) the third. In Malawi, 
‘acute intrapartum events’ (41.7%) was the most fre
quent and in Uganda it was ‘unspecified cause of 
death’ (41.8%). ‘Complications of labor and delivery’ 
(M3) was the most common associated maternal con
dition overall (35.9%). Among intrapartum stillbirths 
due to growth disorders, ‘complications of placenta, 
cord and membranes’ (M1) was the most frequently 
associated maternal condition (n = 299).

Very early neonatal deaths
Of the 1,059 very early neonatal deaths, we could 
classify 1,038 (96.8%) (Table 4). Most were classified 

as ‘complications of intrapartum events’ (83.5%) fol
lowed by ‘low birthweight and prematurity’ (5.9%) 
and ‘disorders of fetal growth’ (5.7%). Among deaths 
due to ‘complications of intrapartum events’, the 
most frequently associated maternal condition was 
‘other complications of labor and delivery’ (M3, 
n = 295).

Application of ICD-PM
Data collected in the e-registry allowed us to con
struct 17 cause-of-death categories among the 24 
included in the ICD-PM (Supplementary table S2). 
Excluding antepartum and intrapartum death of 
unspecified cause, which do not require additional 
information, our dataset covered over 75% of the 

Table 4. Classification of 6,338 stillbirths and very early neonatal deaths according to cause of death and associated maternal 
condition using the International classification of diseases to perinatal mortality.

Maternal conditions*

M1 M2 M3 M4 M5 Total (%)

Antepartum death
A1: Congenital malformations, deformations and chromosomal abnormalities 2 8 12 6 4 32 

(1.4)
A2: Infection 3 7 5 3 0 18 

(0.8)
A3: Antepartum hypoxia 10 16 22 6 6 60 

(2.5)
A4: Other specified antepartum disorders ND ND ND ND ND ND
A5: Disorders related to fetal growth 11 7 31 37 29 115 

(4.9)
A6: Fetal death of unspecified cause 165 324 512 595 519 2,115 

(90.4)
Total (%) 191 

(8.2)
362 

(15.5)
582 

(24.9)
647 

(27.6)
558 

(23.8)
2,340 

(100.0)
Intrapartum death

I1: Congenital malformations, deformations and chromosomal abnormalities 4 13 29 15 10 71 
(2.4)

I2: Birth trauma ND ND ND ND ND ND
I3: Acute intrapartum event 83 94 316 71 100 664 

(22.6)
I4: Infection 0 3 0 1 0 4 

(0.1)
I5: Other specified antepartum disorders ND ND ND ND ND ND
I6: Disorders related to fetal growth 299 205 283 220 111 1,118 

(38.1)
I7: Intrapartum death of unspecified cause 193 129 427 181 152 1,082 

(36.8)
Total (%) 579 

(19.7)
444 

(15.1)
1,055 
(35.9)

488 
(16.6)

373 
(12.7)

2,939 
(100.0)

Very early neonatal death
N1: Congenital malformations, deformations and chromosomal abnormalities 3 9 22 3 10 47 

(4.5)
N2: Disorders related to fetal growth 3 6 25 10 15 59 

(5.7)
N3: Birth trauma ND ND ND ND ND ND
N4: Complications of intrapartum events 75 120 295 108 269 867 

(83.5)
N5: Convulsions and disorders of cerebral status 0 1 2 1 0 4 

(0.4)
N6: Infection 0 0 0 0 0 0
N7: Respiratory and cardiovascular disorders 0 0 0 0 0 0
N8: Other neonatal conditions ND ND ND ND ND ND
N9: Low birth weight and prematurity 5 34 6 5 11 61 

(5.9)
N10: Miscellaneous ND ND ND ND ND ND
N11: Neonatal death of unspecified cause ND ND ND ND ND ND
Total (%) 86 

(8.3)
170 

(16.4)
350 

(33.7)
127 

(12.2)
305 

(29.4)
1,038 

(100.0)

*M1: Complications of placenta, cord and membranes; M2: Maternal complications of pregnancy; M3: Other complications of labor and delivery; M4: 
Maternal medical and surgical conditions; M5: No maternal condition. 

ND (no data): no suitable variable was available in the ALERT e-registry. 
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data required to apply the ICD-PM with varying 
levels of detail. We had partially detailed data for 
eight cause-of-death categories and not detailed data 
for six. We had no data for seven categories, one in 
the antepartum death group, two in the intrapartum 
death group and four in the neonatal death group. 
We had partially detailed data for all maternal 
conditions.

Discussion

This cross-sectional analysis of prospective data col
lected over 32 months in a perinatal e-registry of 
143,105 in-facility births, including 6,338 stillbirths 
and very early neonatal deaths, from 16 hospitals 
across Benin, Malawi, Tanzania, and Uganda found 
an overall stillbirth rate of 36.9 per 1,000 births and a 
very early neonatal death rate of 7.7 per 1,000 live 
births. Our clinical dataset performed well in identi
fying a cause of death among very early neonatal 
deaths (96.8%), followed by intrapartum deaths 
(63.2%), while only one in ten antepartum stillbirths 
could be matched with a specific cause of death. 
Among intrapartum stillbirths, almost 40% were due 
to disorders of fetal growth. Over 80% of very early 
neonatal deaths were due to complications of intra
partum events. Complications of labor and delivery 
were among the top two maternal conditions across 
the three outcomes. This e-registry, which was feasi
ble to implement with a high degree of fidelity as part 
of a large trial, provided sufficient information to 
report on most ICD-PM categories.

Consistent with earlier research applying the ICD- 
PM to hospital data from SSA, most antepartum 
deaths in our study were categorized as unspecified. 
A study in Kenya, Malawi, Sierra Leone, and 
Zimbabwe could not assign cause of death in almost 
90% of antepartum stillbirths [16]. Furthermore, stu
dies in Zambia and Zanzibar reported unspecified 
cause in over 70% and in 50% of antepartum deaths, 
respectively [26,27]. Although these findings could be 
explained by lack of diagnostic tools to identify con
ditions such as chromosomal abnormalities or hema
tological diseases in settings with limited resources, it 
should be noted that establishing a cause for ante
partum stillbirth is challenging even in high-income 
countries [28,29]. Among antepartum deaths which 
could be categorized, infections were the most com
mon cause of death in the multi-country study and 
acute intrapartum events in Zanzibar [16,26]. In con
trast, in our study it was disorders related to fetal 
growth, which could be attributed to the presence of 
maternal complications, such as hypertension or ane
mia, in over a third of perinatal deaths.

Most intrapartum stillbirths and very early neona
tal deaths in our study had an identified cause. 
Furthermore, most were due to preventable causes, 

as reported in a perinatal death audit study in 
Tanzania [30]. Our finding that the main cause of 
intrapartum stillbirths was disorders related to fetal 
growth contrasts with findings from similar settings 
that report intrapartum events as the main reason. 
This could be partially explained by our lack of indi
cators for ‘acute intrapartum events’, such as fetal 
acidosis or meconium in amniotic fluid [16,26,27]. 
This interpretation is also supported by our finding 
that complications of intrapartum events were the 
most common cause of death among neonates, simi
lar to studies applying the ICD-PM in Zanzibar and 
Zambia [26,27]. Although collecting information on 
fetal acidosis could entail a significant investment for 
settings with limited funding, including characteris
tics of amniotic fluid in our questionnaire would not 
have taken additional resources and could have 
increased the identification of acute intrapartum 
events. Furthermore, lactate rapid tests are an avail
able and relatively affordable tool [31].

Between 70% and 90% of the deaths in our study 
were associated with a maternal condition, similar to 
previous research from SSA [16]. Antepartum still
births were most frequently associated with maternal 
medical conditions, as reported in studies from 
Nigeria and Zanzibar [26,32]. This finding suggests 
that a thorough maternal medical history assessing 
pre-existing diseases, could further improve the 
detection of associated maternal conditions and, 
thus, improve the understanding of the causal path
ways to stillbirth and neonatal death [28]. 
Complications of labor and delivery such as malpre
sentation, malposition and operative birth, were the 
most frequent among intrapartum stillbirths and very 
early neonatal deaths. This finding is supported by a 
global systematic review and meta-analysis of ICD- 
PM reports and previous research in Zambia [27,33]. 
Furthermore, it reinforces our speculations that 
‘acute intrapartum events’ could be underrepresented 
in our sample due to lack of clinical indicators of fetal 
distress.

Our dataset captured enough information to 
report on most ICD-PM categories despite not 
being specifically designed for that purpose. By 
including only a few additional questions in our 
questionnaire, such as signs of birth injury, or pre
sence of meconium or signs of infection in the 
amniotic fluid, we would have been able to represent 
all ICD-PM categories. Like other studies describing 
the process of applying the ICD-PM to hospital data, 
we also found that lack of clinical information and 
limited post-mortem investigations were the main 
challenges [15,26,34]. While laboratory and imaging 
examinations are needed to more accurately apply the 
ICD-PM, there is not enough evidence to recom
mend an effective diagnostic algorithm [20,26,35]. 
Nevertheless, recent publications suggest that clinical 
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information coupled with placental histopathology 
and fetal autopsy are the most useful information to 
assign a cause of death [36]. Since funding and 
resources for conducting these examinations might 
not be available in low- and middle-income coun
tries, external examination of the placenta and the 
fetus could be an acceptable substitute [36,37]. 
Therefore, collecting comprehensive clinical data, 
including characteristics of the placenta, through a 
standardized questionnaire could be a feasible option. 
Furthermore, this could be a more efficient way to 
capture data on cause of death compared to perinatal 
death reviews given that adequate implementation of 
facility-based audits in SSA has been poor due to 
financial, institutional, and cultural factors [38,39]. 
Moreover, our algorithmic approach to the applica
tion of the ICD-PM yielded comparable findings to 
those of studies from similar settings using audit data, 
making it a suitable alternative [16,26,27,30,32]. 
While electronic registers, like the one used in this 
study, are preferred for this task, infrastructural and 
human resources issues, including challenges in inte
grating digitalization into daily tasks, could hinder 
widespread implementation [40,41]. Alternatively, 
smart paper technologies, which can be transformed 
into electronic data through scanning of pre-defined 
forms, could be a practical solution as they have 
shown to be accepted by health providers and not 
increase their workload [42].

While our results indicate that improvements in 
antenatal and intrapartum care are required to reduce 
perinatal deaths, the current categories in the ICD-PM 
do not suffice to develop specific recommendations on 
which aspects of care should be strengthened [33,43]. 
Intrapartum events can be a consequence of poor 
labor management, but they can also be explained by 
late referrals due to reduced number of ambulances or 
fuel crises [26,34]. By failing to capture structural 
factors that are central to understanding perinatal out
comes in our setting, the current version of the ICD- 
PM does not provide a full picture of the causal path
ways to perinatal death in resource-limited settings. 
Furthermore, the ICD-PM has been criticized for not 
supporting the identification of potential solutions 
despite having a great number of categories [44,45]. 
We therefore suggest that upcoming revisions of the 
ICD-PM focus on creating a simpler and more action- 
oriented classification system.

Despite these concerns, the ICD-PM’s tiered struc
ture allowed us to report on most categories solely with 
clinical data, and the associated maternal conditions 
helped explain many deaths in our study, as was also 
reported in Tanzania [26]. Therefore, we believe that 
the ICD-PM is a useful tool to gather data to inform the 
development of targeted interventions to reduce still
births and very early neonatal deaths in similar settings.

The main strength of our study is applying the 
ICD-PM classification system to over 6000 perinatal 
deaths using high-quality standardized e-registry data 
from 16 hospitals across four SSA countries [22]. This 
is an important contribution to identifying causes of 
perinatal death to accurately target prevention efforts 
in high-mortality settings. However, there are several 
limitations that should be considered when interpret
ing our results. First, determination of stillbirth tim
ing relied only on skin appearance at birth. Although 
information on fetal heartbeat at admission is pre
ferred to accurately establish time of death, our data
set showed high missingness rates in admission 
monitoring results and thus were not used in our 
analysis [25]. Furthermore, fetal monitoring at 
admission may not accurately represent fetal status 
at the onset of labor, as delays in access to health 
facilities are common in these settings and women 
typically present to the hospital after labor has started 
[46,47]. This is supported by the results of sensitivity 
analyses showing a skewed distribution towards ante
partum stillbirths, which contradicts previous evi
dence in the SSA context. Second, we used data 
collected for another purpose to examine cause of 
death. Although data extracted from death certificates 
is preferred, these were unavailable in our study 
[12,15]. Third, there may have been misclassification 
between stillbirths and very early neonatal deaths. 
Nevertheless, analyzing the three time-of-death 
groups still allows for improved prevention strategies 
which could outweigh diagnostic inaccuracies [48]. 
Fourth, our rule-based algorithm was not formally 
assessed. However, our findings are consistent with 
those from similar settings using a case-by-case 
approach. Finally, given that they are based on data 
from 16 hospitals across four sub-Saharan African 
countries, we consider our results could be general
izable to other countries in this region. Nevertheless, 
our findings might not be comparable to those result
ing from analysis of data from lower-level facilities or 
community births.

Conclusions

Our study showed that collecting high-quality clinical 
data through a standardized dataset with less than 40 
variables is sufficient to apply the ICD-PM in 
resource-limited settings with high perinatal mortal
ity rates. Although diagnostic tests are required to 
obtain more detailed and accurate data, basic infor
mation is still useful to guide prevention efforts. 
Furthermore, simple diagnostic procedures could 
help curtail the proportion of stillbirths of unspeci
fied cause. Future revisions of the ICD-PM should 
include health system level factors and be more rele
vant for prevention programming to help reduce 
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perinatal death in SSA. Nevertheless, applying the 
current ICD-PM in these settings can still support 
the development and strengthen the implementation 
of targeted interventions, which are key to reducing 
stillbirths and very early neonatal deaths.

Acknowledgments

We acknowledge all the women who gave birth in the 
participating facilities, and we also express our gratitude 
to the ALERT research team and data collectors whose 
efforts made this article possible.

All authors approved the final version of the manuscript 
and agreed to be accountable for it. Individual contribu
tions are listed below:

(1) Alsina MR: conceptualization of the article, 
analysis and interpretation of the data, draft
ing of the manuscript.

(2) Christou A: conceptualization of the article, 
analysis and interpretation of the data, criti
cal review of the manuscript.

(3) Wanduru P: data acquisition and interpreta
tion, critical review of the manuscript.

(4) Kandeya B: data acquisition and interpreta
tion, critical review of the manuscript.

(5) Abeid M: data acquisition and interpretation, 
critical review of the manuscript.

(6) Chipeta E: data acquisition and interpreta
tion, critical review of the manuscript.

(7) Kidanto H: data acquisition and interpreta
tion, critical review of the manuscript.

(8) Pembe A: data acquisition and interpretation, 
critical review of the manuscript.

(9) Dossou JP: data acquisition and interpreta
tion, critical review of the manuscript.

(10) Waiswa P: data acquisition and interpreta
tion, critical review of the manuscript.

(11) Benova L: conceptualization of the article, 
analysis and interpretation of the data, criti
cal review of the manuscript.

(12) Hanson C: conceptualization of the article, 
analysis and interpretation of the data, criti
cal review of the manuscript.

Author contributions

CRediT: María del Rosario Alsina: Conceptualization, 
Data curation, Formal analysis, Methodology, Writing – 
original draft; Aliki Christou: Conceptualization, Formal 
analysis, Writing – review & editing; Phillip Wanduru: 
Investigation, Writing – review & editing; Bianca 
Kandeya: Investigation, Writing – review & editing; 
Muzdalifat Abeid: Investigation, Writing – review & edit
ing; Effie Chipeta: Investigation, Writing – review & edit
ing; Hussein Kidanto: Investigation, Writing – review & 
editing; Andrea Barnabas Pembe: Investigation, Writing – 
review & editing; Jean-Paul Dossou: Investigation, Writing 
– review & editing; Peter Waiswa: Investigation, Writing – 
review & editing; Lenka Beňová: Conceptualization, 

Formal analysis, Writing – review & editing; Claudia 
Hanson: Conceptualization, Formal analysis, Writing – 
review & editing.

Data availability statement

The data that support the findings of this study are avail
able from the corresponding author, MRA, upon reason
able request.

Disclosure statement

No potential conflict of interest was reported by the author(s).

Ethics and consent

Ethical approval for the ALERT study was obtained from 
local and national institutional review boards of all parti
cipating countries: Karolinska Institutet, Sweden 
(Etikprövningsmyndigheten – Dnr 2020–01587). Uganda 
National Council for Science and Technology (UNCST) – 
(HS1324ES). Muhimbili University of Health and Allied 
Sciences (MUHAS) Research and Ethics Committee, 
Tanzania (MUHAS-REC-04–2020-118) and The Aga 
Khan University Ethical Review Committee, Tanzania 
(AKU/2019/044/fb). College of Medicine Research and 
Ethics Committee (COMREC), Malawi – (COMREC 
P.04/20/3038). Comité National d’Ethique pour la 
Recherche en Santé, Cotonou,

Bénin – (83/MS/DC/SGM/CNERS/ST). The Institutional 
Review Board at the Institute of Tropical Medicine Antwerp 
and The Ethics Committee at the University Hospital 
Antwerp, Belgium – (ITG 1375/20. B3002020000116).

Funding information

This study is part of the ALERT-project which was funded 
by the European Commission’s Horizon 2020 [No 847824] 
under a call for Implementation research for maternal and 
child health. The contents of this article are solely the 
responsibility of the authors and do not reflect the views 
of the European Union (EU). This study proposal has been 
independently peer-reviewed by the EU. Open Access 
funding provided by Karolinska Institutet; Research 
Foundation – Flanders [1294322N]; Vetenskapsrådet 
[2019–01906_VR]. MRA was partially funded by a PhD 
grant from the Karolinska Institutet. AC is funded by the 
Research Foundation – Flanders (FWO) for a postdoctoral 
fellowship [Application number 1294322N]. CH was partly 
funded through the Swedish Research Council fellowship 
[2019–01906_VR].

ORCID

María del Rosario Alsina http://orcid.org/0009-0006- 
2862-5207
Aliki Christou http://orcid.org/0000-0001-9525-8255
Phillip Wanduru http://orcid.org/0000-0001-5934-2505
Bianca Kandeya http://orcid.org/0000-0002-8829-4618
Muzdalifat Abeid http://orcid.org/0000-0001-6196-168X
Effie Chipeta http://orcid.org/0000-0002-7925-3443
Hussein Kidanto http://orcid.org/0000-0001-9167-8068
Andrea Barnabas Pembe http://orcid.org/0000-0002- 
8090-3298

10 M. DEL ROSARIO ALSINA ET AL.



Jean-Paul Dossou http://orcid.org/0000-0003-1681-2604
Peter Waiswa http://orcid.org/0000-0001-9868-0515
Lenka Beňová http://orcid.org/0000-0001-8595-365X
Claudia Hanson http://orcid.org/0000-0001-8066-7873

References

[1] World Health Organization. United Nation children’s 
fund. Every newborn: an action plan to end preven
table deaths. Geneva, Switzerland; 2014.

[2] Unicef, World Health Organization. Ending preventable 
newborn and stillbirths by 2030: moving faster towards 
high-quality universal health coverage in 2020–2025. 
Geneva, Switzerland: UNICEF; World Health 
Organization; 2020.

[3] United Nations Inter-agency Group for Child 
Mortality Estimation, (UN IGME). Levels & trends 
in child mortality: report 2021, estimates developed 
by the United Nations Inter-agency group for child 
mortality estimation. New York: United Nations 
Children’s Fund; 2021.

[4] United Nations Inter-agency Group for Child 
Mortality Estimation (UN IGME). Never forgotten: 
the situation of stillbirth around the globe. 
New York: United Nations Children’s Fund; 2023.

[5] Hug L, You D, Blencowe H, et al. Global, regional, and 
national estimates and trends in stillbirths from 2000 to 
2019: a systematic assessment. Lancet (Br Ed). 
2021;398:772–785. doi: 10.1016/S0140-6736(21)01112-0

[6] Hug L, Alexander M, You D, et al. National, regional, 
and global levels and trends in neonatal mortality 
between 1990 and 2017, with scenario-based projections 
to 2030: a systematic analysis. Lancet Glob Health. 
2019;7:e710–e20. doi: 10.1016/S2214-109X(19)30163-9

[7] Atkins B, Kindinger L, Mahindra MP, et al. Stillbirth: 
prevention and supportive bereavement care. BMJ 
Med. 2023;2:e000262. Epub 20230627. doi: 10.1136/ 
bmjmed-2022-000262 PubMed PMID: 37564829; 
PubMed Central PMCID: PMC10410959.

[8] Lawn JE, Bhutta ZA, Ezeaka C, et al. Ending preven
table neonatal deaths: multicountry evidence to 
inform accelerated progress to the sustainable devel
opment goal by 2030. Neonatology. 2023;120:491–499. 
doi: 10.1159/000530496

[9] Mukherjee A, Di Stefano L, Blencowe H, et al. 
Determinants of stillbirths in sub-saharan Africa: a 
systematic review. BJOG: Int J Obstet Gynaecol. 
2024;131:140–150. doi: 10.1111/1471-0528.17562

[10] Kasa GA, Woldemariam AY, Adella A, et al. The 
factors associated with stillbirths among sub-saharan 
African deliveries: a systematic review and meta-ana
lysis. BMC Pregnancy Childbirth. 2023;23:1–835. doi:  
10.1186/s12884-023-06148-6

[11] Aminu M, Bar-Zeev S, Broek N. Cause of and factors 
associated with stillbirth: a systematic review of clas
sification systems. Acta Obstet Gynecol Scand. 
2017;96:519–528. doi: 10.1111/aogs.13126

[12] World Health Organization. The WHO application of 
ICD-10 to deaths during the perinatal period: ICD-PM. 
World Health Organization. 2016.

[13] Leisher SH, Teoh Z, Reinebrant H, et al. Seeking order 
amidst chaos: a systematic review of classification 
systems for causes of stillbirth and neonatal death, 
2009–2014. BMC Pregnancy Childbirth. 2016;16:295. 
doi: 10.1186/s12884-016-1071-0

[14] Wojcieszek AM, Reinebrant HE, Leisher SH, et al. 
Characteristics of a global classification system for 
perinatal deaths: a Delphi consensus study. BMC 
Pregnancy Childbirth. 2016;16:223. doi: 10.1186/ 
s12884-016-0993-x

[15] Lavin T, Allanson ER, Nedkoff L, et al. Applying the 
international classification of diseases to perinatal 
mortality data, South Africa. Bull World Health 
Organ. 2018;96:806–816. doi: 10.2471/BLT.17.206631

[16] Aminu M, Mathai M, van den Broek N. Application 
of the ICD-PM classification system to stillbirth in 
four sub-Saharan African countries. PLOS ONE. 
2019;14:e0215864. doi: 10.1371/journal.pone.0215864

[17] Feng CS, Li SF, Ju HH. The application of the ICD-10 
for antepartum stillbirth patients in a referral centre of 
Eastern China: a retrospective study from 2015 to 
2022. BMC Pregnancy Childbirth. 2024;24:164. Epub 
20240226. doi: 10.1186/s12884-024-06313-5 PubMed 
PMID: 38408955; PubMed Central PMCID: 
PMC10895843.

[18] Luk HM, Allanson E, Ming W-K, et al. Improving 
diagnostic classification of stillbirths and neonatal deaths 
using ICD-PM (international classification of diseases 
for perinatal mortality) codes: validation study. JMIR 
Med Inf. 2020;8:e20071. doi: 10.2196/20071

[19] Allanson ER, Tuncalp O, Gardosi J, et al. The WHO 
application of ICD-10 to deaths during the perinatal 
period (ICD-PM): results from pilot database testing 
in South Africa and United Kingdom. BJOG. 
2016;123:2019–2028. doi: 10.1111/1471-0528.14244

[20] Mok YK, Seto MTY, Lai THT, et al. Pitfalls of 
International classification of diseases – perinatal mor
tality in analysing stillbirths. Public Health (Lond). 
2021;201:12–18. doi: 10.1016/j.puhe.2021.09.032

[21] Akuze J, Annerstedt KS, Benova L, et al. Action lever
aging evidence to reduce perinatal mortality and mor
bidity (ALERT): study protocol for a stepped-wedge 
cluster-randomised trial in Benin, Malawi, Tanzania 
and Uganda. BMC Health Serv Res. 2021;21:1324. doi:  
10.1186/s12913-021-07155-z

[22] Abeid MMT, Boyi C, Agballa G, et al. Report of a 
prototype for a perinatal e-registry [Internet]. 
Available from: https://cordis.europa.eu/project/id/ 
847824/results:2021

[23] World Health Organization. International statistical 
classification of diseases and related Health problems, 
11th revision. ICD-11 for mortality and morbidity 
statistics. Geneva: World Health Organization; 2019.

[24] United Nation Children’s Fund, London School of 
Hygiene & Tropical Medicine. Stillbirth definition 
and data quality assessment for Health management 
information systems (HMIS) a guideline.

[25] Blencowe H, Hug L, Moller AB, et al. Definitions, ter
minology and standards for reporting of births and 
deaths in the perinatal period: international classification 
of diseases (ICD-11). Int J Gynaecol Obstet. 2025;168:1– 
9. Epub 20240811. doi: 10.1002/ijgo.15794 PubMed 
PMID: 39127912; PubMed Central PMCID: 
PMC11649847.

[26] Housseine N, Snieder A, Binsillim M, et al. The appli
cation of WHO ICD-PM: feasibility for the classifica
tion of timing and causes of perinatal deaths in a busy 
birth centre in a low-income country. PLOS ONE. 
2021;16:e0245196. doi: 10.1371/journal.pone.0245196

[27] Miyoshi Y, Matsubara K, Takata N, et al. Baby survi
val in Zambia: stillbirth and neonatal death in a local 

GLOBAL HEALTH ACTION 11

https://doi.org/10.1016/S0140-6736(21)01112-0
https://doi.org/10.1016/S2214-109X(19)30163-9
https://doi.org/10.1136/bmjmed-2022-000262
https://doi.org/10.1136/bmjmed-2022-000262
https://doi.org/10.1159/000530496
https://doi.org/10.1111/1471-0528.17562
https://doi.org/10.1186/s12884-023-06148-6
https://doi.org/10.1186/s12884-023-06148-6
https://doi.org/10.1111/aogs.13126
https://doi.org/10.1186/s12884-016-1071-0
https://doi.org/10.1186/s12884-016-0993-x
https://doi.org/10.1186/s12884-016-0993-x
https://doi.org/10.2471/BLT.17.206631
https://doi.org/10.1371/journal.pone.0215864
https://doi.org/10.1186/s12884-024-06313-5
https://doi.org/10.2196/20071
https://doi.org/10.1111/1471-0528.14244
https://doi.org/10.1016/j.puhe.2021.09.032
https://doi.org/10.1186/s12913-021-07155-z
https://doi.org/10.1186/s12913-021-07155-z
https://cordis.europa.eu/project/id/847824/results:2021
https://cordis.europa.eu/project/id/847824/results:2021
https://doi.org/10.1002/ijgo.15794
https://doi.org/10.1371/journal.pone.0245196


hospital setting. BMC Pregnancy Childbirth. 
2019;19:90. doi: 10.1186/s12884-019-2231-9

[28] Tsakiridis I, Giouleka S, Mamopoulos A, et al. 
Investigation and management of stillbirth: a descrip
tive review of major guidelines. J Perinat Med. 
2022;50:796–813. doi: 10.1515/jpm-2021-0403

[29] Reinebrant HE, Leisher SH, Coory M, et al. Making 
stillbirths visible: a systematic review of globally 
reported causes of stillbirth. BJOG. 2018;125:212– 
224. doi: 10.1111/1471-0528.14971

[30] Mdoe P, Katengu S, Guga G, et al. Perinatal mortality 
audit in a rural referral hospital in Tanzania to inform 
future interventions: a descriptive study. PLOS ONE. 
2022;17:e0264904. doi: 10.1371/journal.pone.0264904

[31] Ayebare E, Tumwine JK, Nankunda J, et al. Evaluating 
predictive values of umbilical cord arterial lactate for 
adverse newborn outcomes among term-births in 
northern Uganda: a cross sectional analytical study. 
Intl J Gynecology Obste. 2025;169:408–420. doi: 10. 
1002/ijgo.16037

[32] Dase E, Wariri O, Onuwabuchi E, et al. Applying the 
WHO ICD-PM classification system to stillbirths in a 
major referral centre in Northeast Nigeria: a retrospective 
analysis from 2010–2018. BMC Pregnancy Childbirth. 
2020;20:383. doi: 10.1186/s12884-020-03059-8

[33] Kumsa H, Mislu E, Yimer NB. A systematic review and 
meta-analysis of the globally reported International clas
sification of diseases to perinatal mortality (ICD-PM). 
Front Med (Lausanne). 2024;11:1434380. doi: 10.3389/ 
fmed.2024.1434380 PubMed PMID: 39376654; PubMed 
Central PMCID: PMC11457888.

[34] Prüst ZD, Kodan LR, van den Akker T, et al. The 
global use of the International classification of diseases 
to perinatal mortality (ICD-PM): a systematic review. 
J Glob Health. 2022;12:04069. Epub 20220817. doi: 10. 
7189/jogh.12.04069 PubMed PMID: 35972943; 
PubMed Central PMCID: PMC9380964.

[35] Nijkamp JW, Sebire NJ, Bouman K, et al. Perinatal 
death investigations: what is current practice? Semin 
Fetal Neonatal Med. 2017;22:167–175. doi: 10.1016/j. 
siny.2017.02.005

[36] Marsden T, Shukralla H, Khong TY, et al. 
Understanding the clinical utility of stillbirth investi
gations: a scoping review. BMC Pregnancy Childbirth. 
2025;25:221. Epub 20250228. doi: 10.1186/s12884- 
025-07345-1 PubMed PMID: 40022069; PubMed 
Central PMCID: PMC11869745.

[37] Goldenberg RL, Hwang K, Saleem S, et al. Data useful
ness in determining cause of stillbirth in South Asia. 
BJOG. 2023;130:61–67. doi: 10.1111/1471-0528.17592

[38] Willcox ML, Okello IA, Maidwell-Smith A, et al. 
Maternal and perinatal death surveillance and 
response: a systematic review of qualitative studies. 
Bull World Health Organ. 2023;101:62–75G. doi: 10. 
2471/BLT.22.288703

[39] Lusambili A, Jepkosgei J, Nzinga J, et al. What do we 
know about maternal and perinatal mortality and 

morbidity audits in sub-saharan Africa? A scoping 
literature review. Int J Hum Rights Healthcare. 
2019;12:192–207. doi: 10.1108/IJHRH-07-2018-0052

[40] Molenaar J, Kikula A, Kionga Y, et al. Data for whom? 
Experiences and perceptions of a perinatal eRegistry in 
two hospitals in Mtwara region, Tanzania. BMJ Glob 
Health. 2024;9. Epub 20241120. e016765. doi: 10.1136/ 
bmjgh-2024-016765 PubMed PMID: 39572051; 
PubMed Central PMCID: PMC11580263.

[41] Goldenberg RL, Ordi J, Blau DM, et al. An approach 
to determining the most common causes of stillbirth 
in low and middle-income countries: a commentary. 
Gates Open Res. 2023;7:102. Epub 20230704. doi: 10. 
12688/gatesopenres.14112.1 PubMed PMID: 
37795041; PubMed Central PMCID: PMC10547115.

[42] Unkels R, Manzi F, Kapologwe NA, et al. Feasibility, 
usability and acceptability of a novel digital hybrid-sys
tem for reporting of routine maternal health information 
in Southern Tanzania: a mixed-methods study. PLOS 
Glob Public Health. 2023;3:e0000972. Epub 20230112. 
doi: 10.1371/journal.pgph.0000972 PubMed PMID: 
36962837; PubMed Central PMCID: PMC10021923.

[43] Meraji M, Jafari M. Can International classification of 
disease perinatal mortality (ICD-PM) be a solution to 
overcome neglected tragedy? A scoping reviews. 
Health Sci Rep. 2024;7:e70134. Epub 20241028. doi:  
10.1002/hsr2.70134 PubMed PMID: 39474344; 
PubMed Central PMCID: PMC11516124.

[44] Fabrizio D, Fabio F, Francesca M, et al. A comparison 
of three classification systems for stillbirth. J Maternal- 
Fetal Neonatal Med. 2022;35:3722–3728. doi: 10.1080/ 
14767058.2020.1839749

[45] Flenady V, Frøen JF, Pinar H, et al. An evaluation of 
classification systems for stillbirth. BMC Pregnancy 
Childbirth. 2009;9:24. Epub 20090619. doi: 10.1186/ 
1471-2393-9-24 PubMed PMID: 19538759; PubMed 
Central PMCID: PMC2706223.

[46] Kassa BG, Tiruneh GA, Solomon AA. Delay in reach
ing health facilities and its associated factors among 
mothers giving birth in South Gondar zone hospitals, 
Northwest Ethiopia, 2020: a facility-based cross-sec
tional study. Front Glob Womens Health. 
2023;4:916978. Epub 20230320. doi: 10.3389/fgwh. 
2023.916978 PubMed PMID: 37020903; PubMed 
Central PMCID: PMC10068871.

[47] Nyandala ES, Mboineki JF. Predictors of delay seeking 
delivery services at labor onset among pregnant 
women in the singida region of Tanzania: analytical 
cross-sectional study. Front Glob Women’s Health. 
2026;7. doi: 10.3389/fgwh.2026.1744192

[48] Ali MM, Bellizzi S, Boerma T. Measuring stillbirth and 
perinatal mortality rates through household surveys: a 
population-based analysis using an integrated 
approach to data quality assessment and adjustment 
with 157 surveys from 53 countries. Lancet Global 
Health. 2023;11:e854–e61. doi: 10.1016/S2214-109X 
(23)00125-0

12 M. DEL ROSARIO ALSINA ET AL.

https://doi.org/10.1186/s12884-019-2231-9
https://doi.org/10.1515/jpm-2021-0403
https://doi.org/10.1111/1471-0528.14971
https://doi.org/10.1371/journal.pone.0264904
https://doi.org/10.1002/ijgo.16037
https://doi.org/10.1002/ijgo.16037
https://doi.org/10.1186/s12884-020-03059-8
https://doi.org/10.3389/fmed.2024.1434380
https://doi.org/10.3389/fmed.2024.1434380
https://doi.org/10.7189/jogh.12.04069
https://doi.org/10.7189/jogh.12.04069
https://doi.org/10.1016/j.siny.2017.02.005
https://doi.org/10.1016/j.siny.2017.02.005
https://doi.org/10.1186/s12884-025-07345-1
https://doi.org/10.1186/s12884-025-07345-1
https://doi.org/10.1111/1471-0528.17592
https://doi.org/10.2471/BLT.22.288703
https://doi.org/10.2471/BLT.22.288703
https://doi.org/10.1108/IJHRH-07-2018-0052
https://doi.org/10.1136/bmjgh-2024-016765
https://doi.org/10.1136/bmjgh-2024-016765
https://doi.org/10.12688/gatesopenres.14112.1
https://doi.org/10.12688/gatesopenres.14112.1
https://doi.org/10.1371/journal.pgph.0000972
https://doi.org/10.1002/hsr2.70134
https://doi.org/10.1002/hsr2.70134
https://doi.org/10.1080/14767058.2020.1839749
https://doi.org/10.1080/14767058.2020.1839749
https://doi.org/10.1186/1471-2393-9-24
https://doi.org/10.1186/1471-2393-9-24
https://doi.org/10.3389/fgwh.2023.916978
https://doi.org/10.3389/fgwh.2023.916978
https://doi.org/10.3389/fgwh.2026.1744192
https://doi.org/10.1016/S2214-109X(23)00125-0
https://doi.org/10.1016/S2214-109X(23)00125-0

	Abstract
	Abstract
	Abstract
	Abstract
	Abstract
	Abstract
	Background
	Methods
	Study design
	Study setting
	Study population
	Data sources and data collection
	Determination of time of death
	Application of the ICD-PM
	Analysis

	Results
	Sample characteristics
	Characteristics of perinatal deaths
	Stillbirth and very early neonatal death rates
	Causes of death and associated maternal conditions
	Antepartum stillbirths
	Intrapartum stillbirths
	Very early neonatal deaths
	Application of ICD-PM


	Discussion
	Conclusions
	Acknowledgments
	Author contributions
	Data availability statement
	Disclosure statement
	Ethics and consent
	Funding
	References

