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al Classification of Diseases for Perinatal Mortality ICD-PM) in 2016 to
uniformly report on the causes of perinatal deaths. In this systematic
review, we aim to describe the global use of the ICD-PM by reporting
causes of perinatal mortality and summarizing challenges and suggest-
ed amendments.

Methods We systematically searched MEDLINE, Embase, Global Health,
and CINAHL databases using key terms related to perinatal mortali-
ty and the classification for causes of death. We included studies that
applied the ICD-PM and were published between January 2016 and
June 2021. The ICD-PM data were extracted and a qualitative analy-
sis was performed to summarize the challenges of the ICD-PM. We ap-
plied the PRISMA guidelines, registered our protocol at PROSPERO
[CRD42020203466], and used the Appraisal tool for Cross-Sectional
Studies (AXIS) as a framework to evaluate the quality of evidence.

Results The search retrieved 6599 reports. Of these, we included 15
studies that applied the ICD-PM to 44 900 perinatal deaths. Most caus-
es varied widely; for example, “antepartum hypoxia” was the cause of
stillbirths in 0% to 46% (median=12%, n=95) in low-income settings,
0% to 62% (median=6%, n=1159) in middle-income settings and 0%
to 55% (median=5%, n=249) in high-income settings. Five studies re-
ported challenges and suggested amendments to the ICD-PM. The most
frequently reported challenges included the high proportion of antepar-
tum deaths of unspecified cause (five studies), the inability to determine
the cause of death when the timing of death is unknown (three studies),
and the challenge of assigning one cause in case of multiple contribut-
ing conditions (three studies).

Conclusions The ICD-PM is increasingly being used across the globe
and gives health care providers insight into the causes of perinatal death
in different settings. However, there is wide variation in reported causes
of perinatal death across comparable settings, which suggests that the
ICD-PM is applied inconsistently. We summarized the suggested amend-
ments and made additional recommendations to improve the use of the
ICD-PM and help strengthen its consistency.
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Perinatal death rates and causes reflect a health care system’s strength [1], and perinatal mortality has gained
worldwide attention over the last decade, with global actions aiming for its reduction [2,3].

Perinatal death results from a complex pathophysiological interaction between the pregnant woman and her
baby, with multiple factors contributing to it. Capturing those numerous factors is challenging when assign-
ing a cause of death by a perinatal death classification system. In response to the many perinatal death clas-
sification systems used globally [4-6], the World Health Organization (WHO) developed the International
Classification of Disease Perinatal Mortality (ICD-PM) in 2016 [7]. The ICD-PM was designed to uniformly
identify causes and harmonize perinatal mortality data globally.

The ICD-PM tool requires the identification of the timing of death, the cause of death, and the associated
maternal condition [7]. The tool was validated following a pilot study on databases from South Africa and
the United Kingdom [8]. Five years after the introduction of the ICD-PM, the number of studies investigating
perinatal deaths using the ICD-PM increased rapidly in low-, middle-, and high-income settings [8-10]. The
overall results and applicability of the tool across these settings have not yet been evaluated.

In this systematic review, we aim to evaluate the global use of the ICD-PM tool by reporting causes of peri-
natal death across low-income, middle- and high-income settings and summarizing the challenges and sug-
gested amendments.

METHODS

This systematic review was conducted using the Cochrane Collaboration principles and the Preferred Re-
porting Items for Systematic reviews and Meta-Analysis (PRISMA) guideline [11,12]. The study protocol was
registered in PROSPERO [CRD42020203460].

Search strategy and study selection

We conducted a systematic search to identify all studies that applied the ICD-PM. Studies were included if
they classified the causes of stillbirths and/or neonatal deaths according to the ICD-PM between January 1,
2016, and June 1, 2021. Studies were excluded if 1) a classification system other than the ICD-PM was used
to identify causes of death; 2) no original data was reported; 3) there was no full text available, or; 4) the ICD-
PM classification data could not be extracted from the presented text, tables, or additional files.

We searched the MEDLINE, Embase, Global Health, and CINAHL databases. The authors (ZP, LK, KV) es-
tablished the key search terms in consultation with a medical librarian with expertise in systematic review
searching. We searched using terms related to perinatal mortality and terms related to the classification of
the causes of death (see file S1 in the Online Supplementary Document). After a systematic search of the
databases, we assessed grey literature sources and used Scopus for reference and citation checking.

Data collection

We removed duplicates by using the Zotero reference manager database and imported the articles to Rayyan
online software for systematic reviews [13,14] Three independent reviewers (ZP, KV, LK) screened the titles,
abstracts and full texts . The authors recorded their reasons for excluding ineligible studies. We resolved dis-
agreements by consulting other authors (KB, MR, TA). The selection process was recorded in a PRISMA flow
diagram (Figure 1), and the characteristics of the excluded studies were summarized in Table S2 of the On-
line Supplementary Document).

We manually extracted data into Microsoft Excel based on a standard data collection form adapted from the
Cochrane good practice data collection form (see file S3 in the Online Supplementary Document). We ex-
tracted study characteristics (eg, study design and eligibility criteria), timing of death (antepartum, intrapar-
tum, or neonatal), cause of death (one of the 24 ICD-PM categories), correlated maternal conditions (one of
the six ICD-PM maternal condition categories) and, if reported, the perinatal mortality rate (PMR), the neo-
natal mortality rate (NMR) and the stillbirth rate (SBR) of all eligible studies (Table S3 in the Online Sup-
plementary Document) [7]. We extracted the reported challenges related to the use of the ICD-PM and the
amendments the authors suggested to improve the ICD-PM.

Quality assessment tool

Three review authors (ZP, KV, and LK) independently assessed the methodological quality using the Appraisal
tool for Cross-Sectional Studies (AXIS, 2016) [15]. It includes 20 items, each containing one point (0 or 1). If
an item was not applicable to the article, it was not scored (filled in as Not Applicable (N.A.)). The final score
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Excluded (n=56)
* No data on causes of perinatal death (n=10)
+ Classification other than ICD-PM (n=26)
+ Data already published in other eligible article (=2)
———— P + No full text available (n=1)
» Conference Abstract (n=8)
» Commentary (n=6)
V » Systematic review with ICD-PM data that was already
included trough original article {(n=3)

21 studies that used the ICD-PM for
classification of perinatal deaths

I 6 studies excluded because ICD-PM data could not be extracted
* > from presented tables/figures or text

15 studies included

Figure 1. Flowchart of study selection.

was calculated by dividing the obtained score with the total points possible after withdrawing the number of
items that were not applicable for the article. This resulted in a final score between 0 and 1, categorized into
weak (<0.5), moderate (0.51-0.65), moderate-strong (0.66-0.79) or strong (>0.80) methodological quality [16].
See Table S4 in the Online Supplementary Document for the full assessment.

Data analysis

Descriptive statistics (percentage, medians) were used to present the timing and causes of perinatal death and
the associated maternal conditions. We calculated the PMR (perinatal deaths per 1000 total births), consisting
of the NMR (neonatal deaths per 1000 live births) and the SBR (stillbirths per 1000 total births) using medi-
ans. We used Microsoft Office Excel to synthesize the data. The ICD-PM classification and mortality ratios
were synthesized in tables. If the ICD-PM classification data could not be extracted from the presented text,
tables, or additional files, the study was excluded from the cause of death analysis. The reported challenges
and recommendations to improve ICD-PM applicability were summarized in textboxes.

RESULTS

Our search yielded 6599 citations from January 2016 to June 2021. Figure 1 illustrates the study selection
through the different phases of this systematic review. In the end, 15 studies were included.

Using the quality assessment tool, eight studies were rated as strong [17-24], three as moderately strong
[9,25,26], three as moderate [10,27,28], and one as weak [8] (Table 1). We could not assess the sample size
justification and non-responders for most studies in this review (see table S4 in the Online Supplementary
Document).

The 15 included studies conducted in 16 countries comprised 45 735 perinatal deaths. Table 2 summariz-
es the characteristics of the included studies per setting. 61% (n=7781) of the perinatal deaths occurred in
South Africa [8,25,27,28]. The ICD-PM was applied to 44900 perinatal deaths (Table 3). Of these, 29672
(66%) were stillbirths, 14609 (33%) neonatal deaths, and 619 (1%) perinatal deaths of unknown timing. Of
all perinatal deaths classified by the ICD-PM, 2556 (6%) occurred in low-income countries, 32 715 (73%) in
middle-income countries, and 9629 (21%) in high-income countries.
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Table 1. AXIS Quality assessment of the included studies

aumor,vean M N (Sowts)  (2rowrs) (zromts) TOTALPONTS  Scome QuauTy
Allanson, 2016 [8] 1 2 2 1 1 Yavs 0.41 Weak
Lavin, 2018 [25] 1 6 2 1 2 12/17 0.71 Moderate — strong
Aminu, 2019 [9] 1 9 3 1 1 15/19 0.79 Moderate — strong
Madhi, 2019%* [27,28] 1 4 2 2 1 10/18 0.56 Moderate
Miyoshi, 2019 [10] 1 4 2 1 2 10/17 0.59 Moderate
Salazar-Barrientos, 2019 [20] 1 7 3 2 1 14/17 0.82 Strong
Dase, 2020 [18] 1 6 3 2 2 14/17 0.82 Strong
Fabrizio, 2020 [21] 1 8 3 2 1 15/17 0.88 Strong
Luk, 2020 [23] 1 6 3 2 2 14/17 0.82 Strong
Pruist, 2020 [19] 1 8 3 2 1 15/17 0.88 Strong
Shattnawi, 2020 [24] 1 6 4 2 1 14/17 0.82 Strong
‘Wasim, 2020 [17] 1 8 3 1 1 14/17 0.82 Strong
Housseine, 2021 [26] 1 6 2 2 2 13/17 0.76 Moderate — strong
Sharma, 2021 [22] 1 7 3 2 2 15/17 0.88 Strong

*Includes two published studies by authors Madhi et al. reporting one study population [27,28].

Table 3 and Table S5 in the Online Supplementary Document report the causes of perinatal deaths per
setting. Antepartum stillbirth was most frequently of “unspecified cause” (A6), in low- (57%, n=468/825),
middle- (61%, n=10851/17897), and high-income settings (57%, n=2765/4880). The causes “antepartum
hypoxia” (A3) and “acute intrapartum event” (I3) ranged greatly among and between settings. Birth trauma
was reported only five times for intrapartum deaths (I12) and 13 times for neonatal deaths (N3) (0%-1% in
all settings). Neonatal causes of death differed between the settings. “Complication of intrapartum events”
(N4) was the most common cause of neonatal deaths in low-income countries (40%, n=117/291). “Low birth
weight and prematurity” (N9) was the most common cause of neonatal deaths in middle-income countries
(26%, n=2611/10,564) and high-income countries (32%, n=1347/4260).

Table 4 summarizes the challenges in the application of the ICD-PM tool reported in five studies [9,19,22,25 26].
The most frequently reported challenges were the high proportion of antepartum deaths of unspecified cause
(five studies), the inability to determine the cause of death when the timing of death is unknown (three stud-
ies), and the challenge of assigning one cause in case of multiple contributing conditions (three studies). In
Table 4, the amendments that authors suggested for the improvement of the tool’s future applicability are
added to the challenges [9,19,22,2526].

DISCUSSION

The ICD-PM is increasingly applied to classify causes of perinatal mortality around the globe. Our sys-
tematic review shows that the reported causes of perinatal deaths vary widely, also across similar settings,
which suggests that the tool is used inconsistently. Five studies have reported challenges related to the
use of the ICD-PM, suggesting a total of nine amendments. Frequently reported challenges were the high
proportion of antepartum deaths of unspecified cause, the inability to determine the cause of death if the
timing is unknown, and the challenge of assigning one cause of death when there are multiple contribut-
ing conditions.

Perinatal deaths are declining too slowly worldwide, so global goals targets have been set to reduce these
deaths more rapidly [2,3,32]. Five years after the ICD-PM was developed, we identified several studies
that applied the tool to perinatal death data. By using the ICD-PM, these studies facilitate essential insight
into perinatal death causes and helped raise global awareness of perinatal mortality and the complexity
of classifying its causes. The ICD-PM is currently considered the gold standard and is often favoured over
other classification tools because it facilitates the lowest rate of unspecified causes and because it is the
only tool that classifies death by time of death and separates maternal and foetal conditions into two en-
tities [21-23,25,29,30].

The ICD-PM was developed to harmonize perinatal death data and identify patterns in the causes of deaths
across comparable settings. Previous perinatal death reports describe such patterns: it shifts from a high
proportion of intrapartum deaths due to hypoxia and infection in low-income countries to a high propor-
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Table 3. Causes of perinatal death according to the ICD-PM*

MIDDLE-INCOME

HIGH-INCOME SETTINGS e LOW-INCOME SETTINGS
NUMBER OF STUDIES ]
Countries United Kingdom, South Africa, Co- Sierra Leone,
Italy, Hong Kong lombia, Suriname, Zimbabwe, Kenya,
Jordan, Pakistan, Malawi, Nigeria,
India Zambia, Tanzania
Total Inclusions (n) 9629 32715 2556
Antepartum stillbirths 4880 17897 825
Intrapartum stillbirths 488 4390 1192
Neonatal deaths 4260 10058 291
Timing unknown 1 370 248

Median Range Median Range Median Range

Main causes of antepartum A1l Congenital malformations, deformations, and

deaths (n) chromosomal abnormalities 21 6-22 * 220 3 14
A2 Infection 1 0-8 3 0-44 4 0-9
A3 Antepartum hypoxia 5 0-55 6 0-62 12 0-46
A4 Other specified antepartum disorder 3 2-4 17 1-19 0 0
A5 Disorder related to foetal growth 14 6-19 9 1-20 25 0-57
A6 Foetal death of unspecified cause 57 22-60 61 2-68 57 30-89

Main causes of I1 Congenital malformations, deformations, and

intrapartum deaths (n) chromosomal abnormalities 3 3100 ! 329 4 216
12 Birth trauma 1 0-1 0 0 0 0
13 Acute intrapartum event 64 0-65 67 0-94 29 10-84
14 Infection 1 0-17 1 0-22 2 0-4
15 Other specified intrapartum disorder 0 0 11 0-29 0 0-0.3
16 Disorders related to foetal growth 5 0-5 4 0-49 13 0-40
17 Intrapartum death of unspecified cause 25 0-26 9 0-43 51 0-61

Main { neonatal N1 Congenital malformation formations, an

e s T T
N2 Disorder related to foetal growth 0 0-4 2 0-4 0 0
N3 Birth trauma 0 0 0 0 0 0
N4 Complications of intrapartum events 2 2-4 23 0-29 40 40-44
N5 Convulsions and disorders related to cerebral sta-
s 1 0-1 1 0-26 0 0
N6 Infection 2 2-15 7 2-27 5 5-7
N7 Respiratory and cardiovascular disorders 7 7-11 20 3-35 13 5-14
N8 Other neonatal conditions 3 2-19 6 1-10 1 0-1
NO Low birthweight and prematurity 32 33-32 26 10-53 13 9-37
N10 Miscellaneous 0 0 2 0-2 0 0
N11 Neonatal death of unspecified cause 27 0-27 0 0-2 20 5-23

Main maternal condition o

@ M1 Complications of placenta, cord, and membranes 26 24-71 17 13-34 23 6-27
M2 Maternal complications of pregnancy 10 2-15 4 2-13 8 6-10
M3 Other complications of labour and delivery 8 0-8 14 2-18 19 9-44
M4 Maternal medical and surgical conditions 8 7-22 30 6-50 23 4-42
M5 No maternal condition identified 48 16-50 35 16-57 28 9-55
M1 Complications of placenta, cord, and membranes 26 24-71 17 13-34 23 6-27

*All values for the median, mean and range in this table are expressed in percentages.
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Table 4. Suggested amendments to the use of ICD-PM which may improve applicability

REPORTED CHALLENGE

Difficulty in assigning the timing of death [22,26].

CASE EXAMPLE OR EXPLANATION

If competing information was reported about the foe-
tal heartrate, the progress of birth and the maceration
of a stillborn baby.

SUGGESTED AMENDMENTS

Inclusion of a standardised definition of antepartum
and intrapartum death in the ICD-PM guideline, and
recommendations on how to classify if the timing is
unclear.

Inability to determine cause of death and maternal
condition for deaths of unknown timing [9,19,26].

If the timing of death remains unknown, it is not pos-
sible to assign the cause of death or the maternal con-
dition.

Development of a new category for causes of perinatal
deaths of unknown timing (eg, as illustrated by Aminu
etal) [9].

High proportion of antepartum deaths of unspeci-
fied cause [9,19,22,25,26].

A high proportion of antepartum deaths of unspeci-
fied cause was found in all five articles that described
challenges of the ICD-PM. This might be due to miss-
ing data and a lack of diagnostic assessment of both
mother and foetus.

Most perinatal death classification systems report a high
proportion of unexplained antepartum deaths (not only
the ICD-PM). The addition of a diagnostic work-up
checklist (cultures, maternal blood work, placenta his-
tology) may improve the attribution of causes.

High proportion of intrapartum deaths of unknown
cause [26].

A high proportion of intrapartum deaths of unspeci-
fied cause could be related to suboptimal quality of in-
trapartum care.

The addition of a separate category for modifiable caus-
es, for example according to the three-delay system (pa-
tient, transport, health system).

Difficulty in distinguishing between maternal and
foetal conditions [19].

Certain conditions, such as a prolapsed cord or breech
delivery, are classified as a maternal (instead of a foetal)
condition. This is debatable, and the authors argue that
these are often not a maternal condition.

Re-evaluate which conditions/events should be consid-
ered a maternal complication.

Multiple contributing conditions, variable interpre-
tation of the cause of death [19,25,26].

Many perinatal deaths follow a chain of events with
multiple contributing factors. Therefore, the attribut-
ed cause can be anywhere between the first and the
last event. This leads to inconsistent classification and
globally incomparable data. For example, a growth re-
stricted foetus of a mother with pre-eclampsia dies due
to asphyxia following a placental abruption before la-
bour, can be classified as A3 ‘antepartum hypoxia’, A4
‘Other specified antepartum disorder’, or A5 ‘Disorder
related to foetal growth’ [29-31].

Recommendations need to clarify where in the chain of
events the cause of perinatal death should be attributed.

Difficulty in assigning “disorder related to foetal
growth” among stillbirths [9,19].

The gestational age is often uncertain in settings where
women do not receive routine first-trimester ultra-
sounds.

No specific recommendations made for the ICD-PM, as
all classification systems face this challenge.

Two different ICD-PM codes for the same cause of
death [25].

For example, unspecified, antepartum stillbirth could
be coded as either A3 ‘antepartum asphyxia’ or A6 ‘un-
specified cause of death’.

If the cause of perinatal death is unknown, it should be
classified as A6 ‘Unspecified cause of death’.

Potential for misclassification [9].

For example, it is difficult to associate antepartum still-
birth with ‘other complications of labour and delivery’
(M3) since an antepartum death will by definition have
occurred before labour and therefore have little to do
with events during labour or birth.

New guidelines for the application of the ICD-PM
should highlight this and other potential pitfalls.

PAPERS

tion of antepartum deaths due to congenital anomalies and placental conditions in high-income countries
[33,34]. Our review, however, does not identify a similar pattern. The heterogeneity among ICD-PM studies
may be caused by multiple factors, most importantly the causes of death and maternal conditions, which
were classified inconsistently among studies.

First, studies were heterogenous because the causes of death were classified inconsistently. For example,
where one study assigned an A5 “disorder related to foetal growth” for every case of unexplained stillbirth
with a birthweight <2500 g [18]; other studies assigned an A5 “disorder related to foetal growth” only to cas-
es with a deflection of the birthweight percentile (>20) or a birth weight under the third percentile [19,21].

Another example is that the A3 category “antepartum hypoxia” was interpreted in different ways and as-
signed when there was placental abruption, perinatal death after severe pre-eclampsia, or even antepartum
death of an unknown cause [8,19,25]. However, other studies classified these diagnoses into other groups,
such as A4 “other specified antepartum disorders” for placental abruption and A6 “unspecified” for ante-
partum death of unknown cause [25]. This led to “antepartum hypoxia” being the cause of perinatal death
in up to 50% of all cases in some studies [8,19], whilst other studies in similar settings did not classify any
cases as ‘antepartum hypoxia’ [9,25]. Additionally, “hypoxia” could be considered the “mode of death” as-
sociated with a multitude of underlying causes. It may even be argued that every perinatal death ultimately
results from “hypoxia”. The “hypoxia” category can thus be interpreted in different ways, making it difficult
to understand and complicating the identification of interventions to improve perinatal outcomes [7,19].

Second, ICD-PM studies were heterogeneous because maternal conditions were classified inconsistent-
ly. Studies particularly classified the maternal conditions inconsistently when maternal conditions were

www.jogh.org e doi: 10.7189/jogh.12.04069 7 2022 ¢ VOL. 12 « 04069



Priist et al.

mild and not directly linked to the primary cause of death [19]. An example is well-controlled gestation-
al diabetes, which may be classified as M4 ‘maternal surgical and medical condition’ or M5 ‘no maternal
condition’ [35]. Comparable to the maternal death classification system, we suggest distinguishing leading
causes from contributing factors in the ICD-PM.

We are convinced that integration of maternal death and near-miss classification tools (ICD — Maternal
Mortality and WHO — Maternal Near miss) with the ICD-PM would strengthen global applicability and
feasibility and lead to more efficient use of resources [31,36].

Based on our study findings, we suggest nine amendments to the ICD-PM to improve its use and enhance
the consistency of results (Box 1).

Box 1. Suggested amendments based on our study results.

1. Include a standardised definition of antepartum and intrapartum deaths in the ICD-PM Guideline and develop a
new category for causes of perinatal deaths of unknown timing [9,19,22,25,26].

2. Re-evaluate the “hypoxia” category and, if used, develop a clear explanation and establish guidelines on what condi-
tions should or should not be classified as “hypoxia”.

3. Elaborate recommendations on how to classify perinatal death causes and wherein the chain of events classification
should be done [19,25,26].

4. Provide further guidance on when to classify something as a maternal condition, and how to distinguish between

cause and contributing factor [19].

. Highlight potential pitfalls of the ICD-PM in the new guidelines [9].

. Add a diagnostic work-up checklist for after a perinatal death took place [19].

. Consider ‘birth trauma’ as ‘subcategory’ instead of ‘main category’.

. Create a link between the ICD-PM and the WHO ICD-MM and MNM tools.

. Develop an additional category for modifiable causes [26].

O 0 ~ O WU

This study is the first to systematically review the applicability of the ICD-PM. The strengths of this study
are the use of a wide search in multiple digital databases, the screening of title, abstract, and full text by
at least two independent authors, and the use of a validated quality assessment tool to evaluate method-
ological quality.

The limitations of this study were the exclusion of six articles from which the ICD-PM data could not be
extracted, although all the authors concerned were contacted by email to collect the data. Furthermore,
61% of the included perinatal deaths took place in one country (South Africa), which influences the va-
lidity of our findings. Finally, we were unable to perform an agreement analysis of the diagnosis in the
different studies because the studies did not provide fully explain how the investigators applied the ICD-
PM to different diagnoses.

CONCLUSION

The ICD-PM is increasingly being used worldwide and gives health care providers insight into the causes
of perinatal death in different settings. However, our report suggests that the ICD-PM is applied inconsis-
tently, which diminishes the comparability of results. We suggest nine ways to amend the ICD-PM, some
of which are the development of a category for deaths of unknown timing, the re-evaluation the “hypoxia”
category, the expansion of guidance on how to classify perinatal death causes and maternal conditions,
and the inclusion potential pitfalls of the ICD-PM within the next official guidelines.
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