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Introduction 
Death of a baby is one of the most painful and traumatic life events parents can 

experience. Perinatal mortality not only affects the parents but their relatives and the 

healthworkers involved as well. In the period just after death many issues have to 

be dealt with. In this thesis we address several of these issues and provide sugges-

tions for obtaining permission for autopsy, for the use of placental examination, for 

improvement of placental reports, for better communication between pathologists and 

clinicians and for use of perinatal mortality classifi cation systems. With these sugges-

tions we hope to improve knowledge and care concerning perinatal mortality. Better 

knowledge and care will result in better analysis and hopefully contribute to preventive 

strategies for future cases.
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Defi nition of perinatal mortality

The perinatal period involves intrauterine life, the delivery and time after birth. In 1992 

the World Health Organization (WHO) defi ned this perinatal period in the International 

Classifi cation of Diseases version 10 (ICD 10) as: at least 22 completed weeks of 

gestation (154 days) or, if the gestational age is unknown, it includes infants with a 

birth weight of at least 500 grams or with a crown-heel length of at least 25 cm. This 

perinatal period lasts until 7 days after birth.1 However, many different defi nitions have 

been used over time in- and between countries, thereby hampering (international) 

analysis of perinatal mortality fi gures.2 

Perinatal mortality rates

Perinatal mortality is an important problem and the perinatal mortality rate is among 

the most commonly used indicators for the health status of a population and for quality 

of obstetrical care. The perinatal mortality rate in developed countries, such as the 

Netherlands, is relatively low. The impact for the parents, family and also health work-

ers however is enormous. Perinatal mortality rates have greatly declined over the past 

decades. The stillbirth rate halved between 1970 and 1998 and much of this decrease 

has occurred in (near) term babies.3 The rate of early neonatal deaths fell even more.

A shift in stillbirths and neonatal deaths occurred. Preterm babies are delivered at 

an earlier gestational age in the case of expected intrauterine problems. Those babies 

die now in the neonatal period. On the other hand, the preterm neonates can be kept 

alive longer due to better neonatal intensive care facilities. Some of these babies will 

die after the neonatal period of seven days and therefore will be lost to the statistics of 

the perinatal period. At present, stillbirths account for almost half of perinatal mortality 

cases with an estimated 4 million stillbirths occurring worldwide every year. More than 

97% of these take place in developing countries.4 The intrapartum death rate in devel-

oped countries is a maximum 10% of stillbirth cases, while in the developing countries 

this rate can be up to 50%.5

Perinatal mortality in the Netherlands

In 2003 the Peristat project revealed that the Netherlands is amongst the European 

countries with the highest perinatal mortality rates.6 The Netherlands differ from other 

European countries because of the high percentage of home births. This, however, did 

not provide an explanation for the difference in mortality rates. Several other factors 

were considered responsible. First, in the Netherlands there is a reluctance to use 
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prenatal diagnosis and subsequent termination of pregnancy for congenital anomalies. 

These terminations of pregnancy usually occur before the perinatal period and ac-

cordingly would never appear in the perinatal statistics. Second, neonatologists are 

also more likely to refrain from treating very preterm newborns if their prospects are 

unfavourable. These untreated babies will die in the (early) neonatal period while 

treated babies may survive beyond the neonatal period. Third, the fact that more and 

more Dutch women have their fi rst child when they are in their late twenties. The fi rst 

time mothers in Holland are among the oldest mothers in the world, together with 

mothers in Greece and Spain.7 This delay in childbearing also carries an increased risk 

of multiple pregnancies which forms an additional perinatal mortality risk. A fourth 

reason for the unfavourable mortality rates could be the relatively high percentage 

of non-western non-Dutch speaking women of low socio-economic background, from 

countries that carry relatively high risks of perinatal mortality, that have settled in the 

Netherlands. Consanguine relations are more frequent in some foreign groups, con-

sanguinity results in more perinatal deaths caused by congenital anomalies. The fi nal 

possible reason was a factor with unclear impact: the over-registration of perinatal 

deaths. The different registration systems (cause of death statistics and municipal 

population registration system) in the Netherlands are not linked with an unique link-

ing key. The Peristat project used several registries, which can have resulted in double 

counting.8 After publication of the Peristat a national feasibility study was initiated 

for audit of perinatal mortality (LPAS: Landelijke Perinatale Audit Studie) One of the 

elements of the perinatal audit is the determination of substandard factors in the care 

process and understanding its consequences for causality of mortality. 

In 2008 the Peristat published results of the follow-up of the perinatal mortality 

rates in Europe and again the Netherlands was amongst the countries with the highest 

mortality rates in Europe. 

Outline of the thesis
The causes of perinatal mortality can be found in the mother, in the foetus, in the pla-

centa and in their interaction. In order to determine the cause of death the, sometimes 

complex, processes can be analysed by thorough evaluation of the chain of events that 

eventually resulted in death. 
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Autopsy

The analysis preferably involves an autopsy.10,11 Perinatal autopsy rates however de-

clined during the past decades for several reasons, the most recent being the “organ 

retention controversy” including the Alder Hey Scandal where pathologists retained 

organs without the consent or knowledge of the relatives.12 The perinatal autopsy is 

the principal topic of the fi rst chapters. In Chapter 2 we assess the value of perinatal 

autopsy by reviewing the available literature on this subject. In Chapter 3 we describe 

the topics concerning the autopsy that should be discussed with the parents, including 

differences in parental cultural and religious background. 

Placenta

Until recently the placenta has been a neglected source of information for establishing 

the diagnosis in case of perinatal mortality. This organ however forms the link between 

mother and foetus, it has been called the “diary” of pregnancy and should therefore 

always be submitted fot pathological investigation in case of perinatal mortality. The 

next three chapters of this thesis focus on this special organ. In Chapter 4 we address 

the quality of pathology reports of the placenta. We evaluate the reports for both their 

completeness and description of fi ndings including the conclusion by the pathologist. 

For an estimation of the quality of the reports we use a selfdeveloped scoring system 

for evaluation of placental reports from four different hospitals. In Chapter 5 we explain 

the rationale of evaluation of placentas. The importance of submission of placentas 

to the pathologist and communication between pathologist and obstetrician are illus-

trated. Some placental causes of foetal death are obvious and easy to diagnose by the 

clinician such as placental abruption (based mainly on the clinical diagnosis of vaginal 

bleeding and a “uterus en bois” resulting in foetal distress and death) other placental 

causes need to be diagnosed by the pathologist, for instance villous immaturity. This 

condition cannot be diagnosed on clinical history and macroscopic evaluation of the 

placenta alone, but requires histologic examination. We describe the evaluation of in-

trauterine foetal death cases caused by villous immaturity, either by villous immaturity 

alone or by villous immaturity in combination with other placental pathology, in our 

cohort of 1025 foetal deaths from the ZOBAS study (Zinnig Onderzoek bij Antepartum 

Sterfte) in Chapter 6. 
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Classifi cation of perinatal mortality

In the Netherlands, as in many other countries, the clinician enters the cause of death 

on a death certifi cate (the CBS B-form is used in the Netherlands) shortly after birth, 

despite unavailability of the results of autopsy, placental examination and other in-

vestigations. Reliable classifi cation of perinatal mortality based on information from 

this death certifi cate is therefore not possible. Classifi cation of perinatal mortality is 

essential to enable comparison of mortality fi gures; for audit of prenatal care and for 

determination of future preventive options. 

In the last three chapters the aspects and results of a search for the ideal clas-

sifi cation system are described. We aimed to fi nd a classifi cation system for perinatal 

mortality that classifi es the underlying cause of death but also identifi es the mecha-

nism of death and risk factors. In our opinion none of the existing classifi cations was 

useful for our purpose. In Chapter 7 we develop and test a new classifi cation system 

for detecting the cause, mechanism and contributing factors of perinatal mortality: 

the Tulip classifi cation. In Chapter 8 we assess several classifi cations for their use in 

intrauterine foetal deaths, especially considering the placental causes of death. In 

Chapter 9 we propose a systematic multilayered approach for the analysis of perinatal 

mortality that uses one or more of the previously published systems for classifi cation 

of perinatal mortality. 
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Abstract
In consenting to a perinatal autopsy, the primary motive of parents may be to fi nd 

the exact cause of death. A critical review on the value of perinatal autopsies was 

performed to see whether parents could be counselled regarding their main motive. A 

literature search was performed in MEDLINE, EXCERPTA MEDICA, and the Cochrane li-

brary. We evaluated the value of the autopsy by comparing the clinical and autopsy di-

agnoses in stillbirths, neonatal deaths, and therapeutic terminations. Clinicopathologic 

concordance was divided into four categories: (1) change in diagnosis, (2) additional 

fi ndings, (3) complete confi rmation, and (4) inconclusive. We sought information on 

factors that may infl uence the value of perinatal autopsies: the type and defi nitions of 

perinatal loss; autopsy rate; level of hospital; expertise of pathologists; autopsy pro-

tocol used; whether patients were inborn or referred; and antenatal diagnosis. From 

the 27 articles that met our review criteria, the autopsy revealed a change in diagnosis 

or additional fi ndings in 22% to 76% of cases. If confi rmation of clinical fi ndings is 

included, then the value of the perinatal autopsy was as high as up to 100%. Factors 

that could infl uence this rate were reported variably by investigators. When centers 

report their experience of the value of the perinatal autopsy, information on the factors 

that may infl uence their reports should be provided as well. Clinicians can confi dently 

advise parents of the usefulness of the perinatal autopsy in ascertaining the cause of 

death or for counseling their future pregnancies. 
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Introduction
An unsuccessful outcome of pregnancy is a major catastrophe for parents. Seeking 

consent for performing an autopsy from the grieving parents can be diffi cult.1 Positive 

effects that may be of direct benefi t to the parents, the family, or to society can ac-

crue from an autopsy.2 These benefi ts may not be immediately evident to the parents, 

however. At the time of perinatal death, their only interest may be to have an accurate 

cause of death and counseling for the next pregnancy. Given the adverse publicity 

about the perinatal autopsy, the physician could use evidence to counsel the parents 

about this particular issue. While studies have shown that there is value in perinatal 

autopsies,3-9 it is not clear whether particular factors that can infl uence those results 

have been looked at. The aims of this study were to perform a critical review of all 

papers published on the value of the perinatal autopsy, and to determine to what extent 

we can rely on published reports to confi dently counsel a couple about the likelihood 

of determining a cause of death and, subsequently, the recurrence risks for a future 

pregnancy. 

Methods
A literature search using MEDLINE, Cochrane library, and EXCERPTA MEDICA was per-

formed to obtain all published papers on the value of perinatal autopsies. The search 

terms used were perinatal mortality and synonyms (perinatal deaths, neonatal mor-

tality, neonatal deaths, infant mortality, infant deaths, stillbirths (SB), stillborn, fetal 

deaths, fetal mortality, intrapartum deaths); autopsy and synonyms (necropsy, au-

topsies, necropsies, post-mortem examination, postmortem examination, postmortem, 

post-mortem, PM); and value and synonyms (validity, use, usefulness, utility, useful, 

importance). Publications were limited to the period from 1980 until June 2001. 

An attempt was made to separate stillbirths, neonatal deaths, terminations, and the 

total group of perinatal deaths from the papers. Each publication was assessed for the 

degree to which the autopsy fi ndings differed from the premortem or clinical fi ndings. 

Antenatal ultrasound diagnosis, sometimes in combination with amniocentesis or cho-

rion villous biopsy, was considered a clinical diagnosis. Clinicopathological concordance 

or discordance was divided into four categories according to the information revealed at 

the autopsy: category 1 was change – the autopsy revealed a new diagnosis or made a 

change in the main diagnosis; 2, additional – the autopsy revealed additional diagnoses 

or fi ndings, which were not suspected clinically, but did not change the main diagnosis; 
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3, confi rmation – the autopsy revealed exactly the same main diagnosis and no ad-

ditional fi ndings were established; and 4, inconclusive – the autopsy demonstrated no 

obvious cause of death or other signifi cant fi ndings. Various factors that can infl uence 

the accuracy of the perinatal autopsy were analyzed, including the type of perinatal 

loss; autopsy rate; level of hospital; expertise of pathologists; autopsy protocol used; 

whether patients were inborn or referred; and availability of antenatal diagnosis.

Results
Sixty-seven papers meeting the search criteria were identifi ed; 40 were excluded. Those 

that were excluded did not make a comparison between a clinical and postmortem di-

agnosis and only stated or tabulated the causes of death.10-19 In others, the defi nitions 

of groups were not concordant with the criteria of age groups of the perinatal period, 

or the research was focused only on the quality of the autopsy.20-24 Papers that were 

mainly descriptive1,2,5,9,25-35 or in which only specifi c diagnoses were validated36,37 

were also excluded. One article that compared clinical and autopsy data focused only 

on the change in classifi cations and was excluded from this review.38 Articles focusing 

on ultrasound diagnosis in which the autopsy diagnoses incorporated the opinion of 

the medical geneticist or results of other investigations, such as amniocentesis, were 

excluded as it was not obvious what the direct value of the autopsy alone was.39-41 In 

other articles only a clinical diagnosis was compared to an ultrasound diagnosis.42-45 

Twenty-seven papers were deemed suitable for critical review.4,6-8,46-68 In 10 ar-

ticles, determination of accuracy of the ultrasound diagnoses was the main objective 

and thus the ultrasound and autopsy diagnoses were compared.59-68 In all papers com-

parisons of clinical and autopsy fi ndings had been classifi ed, but when the classifi cation 

differed from that used for this review, the numbers and percentages were recalculated 

from the data in those papers. 

Table 1 shows the percentage of autopsies for which there were additional fi ndings, 

whether these fi ndings changed the main diagnosis or not, and which may have led to 

change in management or counseling. Additional fi ndings were found in 22%46,48,67 to 

76%52 of all autopsies, but this varied with the type of perinatal loss. In the stillbirths 

group the range was from 28%4 to 75%.65 For neonatal deaths it ranged from 22%48 

to 81%8 and for the therapeutical terminations it ranged from 22%4,67 to 49%.63 Two 

articles only mention a category 1 percentage and almost no other information.50,55 
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Table 1. Usefulness of the perinatal autopsy

Referencea Stillbirth 
(%)

Neonatal 
death (%)

Therapeutic  
terminations (%)

All perinatal 
losses (%)

4 28 35 22 29b

6 Not stated Not stated – 26c

7 Not stated Not stated – 30d

8 60 81 – 70

46 Not stated Not stated – 22e

47 – 27 – 27f

48 – 22 – 22

49 58 – 58b

50 21   2   3 12g

51 – 44 – 44.

52 Not stated Not stated – 60h

53 34 34 – 34

54 – 27 – 27

55 Not stated Not stated – 14i

56 Not stated Not stated – 55j

57 Not stated Not stated – 57

58 Not stated Not stated Not stated 26

59 – – 35 35

60 – – 40 40

61 Not stated Not stated Not stated 39

62 - - 30 30

63 Not stated - 49 49

64 – Not stated Not stated 76c

65 75 38 39 46

66 – – 40 40

67 – – 22 22

68 Not stated – 44 44

–, not investigated. a Articles [59–68] compare antenatal ultrasound findings with autopsy findings. 
b Estimations were taken from a graph or table. c Only recurrence risk change is seen as a significant finding.
d There was no category 2. The actual value may be higher. e Article stated a potential value of 37%, the au-

topsy revealed a previously undiagnosed disorder that either caused or contributed to the death. This study 

did not contain a clear “additional findings” category (2). f There was no category 2. Article stated significant 

findings in 39%, but significant findings are not comparable to what is considered significant in this analysis.
g It was impossible to extract overlap of categories 1 and 2. Article stated +50% of cases in category 2.
h There was an extremely low autopsy rate for stillbirths; high maceration rates may indicate a selected pop-

ulation. i Very little information provided, only category 1. No calculations or estimations of category 2 were 

possible. Three time periods were studied;1981–1985 is the only period of interest for this review. j There 

was an uncertain degree of overlap between categories 1, 2, and 3 (32%, 23%, and 68%, respectively).
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The descriptions of the types of perinatal loss were not readily available from many 

studies. In 10 articles the types of perinatal deaths were not defi ned.7,8,49,50,55,60-62,64,65 

Six articles defi ned the stillbirth group as 20 weeks gestational age or older,4,6,53,57,58,60 

while two articles each used defi nitions of older than 24 weeks and older than 28 

weeks gestational age.46,52 The defi nition of stillbirths was not mentioned or not ex-

tractable in seven papers.7,8,50,55,56,61,65 Two articles that investigated the accuracy of 

the ultrasound diagnosis used the defi nition of 12 weeks gestational age as cut-off.63,68 

The defi nition of neonatal deaths differed among all these articles; eight articles did 

not state it.7,8,49,55,60,61,64,65 Defi nitions of 48 h postnatal6,53 and (within) 1 year were 

used in eight articles. 4,46-47,50,57,58 Neonatal deaths within 1 month were used in three 

articles.48,52,54 Other studies defi ned neonatal deaths starting at a certain age, but no 

cut-off was stated for the end of this period.51,56 The range of gestational age when 

therapeutic terminations were performed was not defi ned in nine articles.4,50,58-62,64,65 

Three other papers on terminations mentioned the gestational age range, which was 

different in all three.63,66,67 

Reporting of the subject size ranged from full disclosure in each group of loss-

es4,7,47-54,58-63,65-68 to none mentioned.6,8,46,55,64 The total numbers studied ranged 

from 45 to 601.56,64 These numbers ranged from 5 to 30056,61 in the stillbirth group; 

16 to 30156,65 in the neonatal death group and 19 to 35750,59 in the termination group 

(Table 2).

The overall autopsy rate ranged from 16% to 100%52,65 (mean 38%) but was 

sometimes stated either not accurately or not at all.47,61,63,64,66,68 The autopsy rate 

ranged from 5% to 100% in the stillbirth group,52,65 from 33% to 100% in the neona-

tal death group,52,65 and from 79% to 100% in the termination group.4,64,65 

The level of hospital was not stated in 10 papers.8,50,52,55,60,61,63,64,66,67 In nine 

articles the research was performed in a level 3 hospital.6,46-49,51,53,54,68 In three pa-

pers the research was performed in a level 2 hospital.48,56,65 Five articles were reviews 

of regional practices and the levels of hospitals involved were not stated.4,57-59,62 The 

degree of expertise of the pathologists who performed the autopsy was usually stated 

(Table 3) but was not specifi ed in 11 reports.8,47,48,50,51,55,56,61,65,66,67 

Macroscopic and histologic examinations were usually performed (Table 3). Sup-

plementary investigations were standard in some centers but only performed when 

clinically indicated in others. Four papers evaluated the quality of the autopsy in 

some or all of their cases in regional audits by using a set protocol.4,54,57,58 Placental 

evaluation was not performed because of non-availability in two reports.47,48 Some 
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articles did not state what investigations had been performed in case of perinatal 

death.48,55,56,60,61,64,66,68

Table 2. Numbers studied (n) and autopsy rates (%) of stillbirths, neonatal deaths, 

therapeutic terminations, and total deaths.

Reference* Stillbirth
n (%)

Neonatal 
death n (%)

Therapeutic 
terminations n (%)

All perinatal 
losses n (%)

4 141 (61) 40 (42) 27 (79) 208 (57)

6 NS (NS) NS (NS) – NS (33)

7 52 (81) 87 (81) – 139 (81)

8 150 (NS) 150 (NS) – 300 (NS)

46 NS (NS)) NS (NS) – 91 (40)

47 – 71 (NS) – 71 (NS)

48 – 221 (99) – 221 (9)

49 – 338 (NS) – NS (62)

50 54 (55) 31 (~55) 19 (59) 104 (56)

51 – 296 (61) – 296 (61)

52 46 (5) 215 (33) 261 (16)

53 77 (83) 47 (64) – 124 (74)

54 – 102 (43) – 102 (43)

55 NS (NS) NS (NS) – 114 (93)

56 300 (94) 301 (90) – 601 (92)

57 88 (47) 143 (48) – 231 (47)

58 173 (NS) 96 (NS) 40 (NS) 314 (62)

59 – – 357 (97) 357 (97)

60 30 (NS) 25 NS) 78 (NS) 133 (NS)

61 5 (NS) 75 (NS) 116 (NS) 196 (NS)

62 – – 158 (85) 158 (85)

63 52 (NS) – 121 (NS) 163 (NS)

64 – NS (NS) NS (100) 45 (NS)

65 12 (100) 16 (100) 33 (100) 61 (100)

66 – – 97 (NS) 97 (NS)

67 – – 183 (NS) 183 (NS)

68 153 (NS) – – 153 (NS)

NS: not stated,-:not investigated. *:Articles (59-68) compare antenatal ultrasound with autopsy fi ndings.



Chapter 2

– 24 –

Discussion
The perinatal and pediatric autopsy has attracted considerable attention recently be-

cause of probity issues over ethics and legality. This has also called into question the 

usefulness of the autopsy. 

This review showed that the perinatal autopsy could reveal a new diagnosis, make 

a change in diagnosis, or provide important additional information in between 22% 

and 76% of cases. We have not used the more liberal defi nition of usefulness, insofar 

as confi rmation of a diagnosis or a syndrome is also useful; in this situation parents 

and physicians can rely on the clinical diagnosis and all the implications that accom-

pany that specifi c diagnosis. In some of the reports, confi rmation of clinical diagnoses 

was possible in up to 100% of autopsies. These important conclusions are tempered, 

however, by the fact that comparisons could not be made between institutions because 

information about local factors, which could infl uence the usefulness rate, often were 

not provided in the literature. 

Limitations 

Certain limitations are present in this critique. We confi ned the literature review to 

papers written in English only. We reviewed articles published after 1980 as we felt that 

comparison of data published before then would not be valid because of the very rapid 

evolution of diagnostic techniques, therapeutic procedures for problems during the 

perinatal period, and developments in fetomaternal medicine, obstetrics, and neonatal 

care. 

Autopsy protocol 

It is not possible to discern from the publications which indications triggered those 

tests that were performed only “when indicated”. The thresholds for performing these 

tests may differ among centers, an example being that of placental examination, which 

ranged from being examined routinely7,50,53 to specifi cally not being examined47,48 

or not being mentioned at all.8,46,49,51,52 It is self-evident that a properly conducted 

autopsy will more likely reveal the pathologic process and allow for a meaningful clin-

icopathologic correlation. How the scope of investigations relates to usefulness of the 

autopsy is complex, however. In the three studies in which the usefulness of the au-

topsy in stillbirth and the extent of tests performed were known,8,50,53 the center with 

the most investigations had a median level of usefulness53 while the one with the least 

investigations had the highest level of usefulness.8 This paradox could be explained by 
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including tests not adding to the “usefulness” of the autopsy, as they may only confi rm 

a clinical premortem diagnosis. 

Autopsy rates

Excluding groups of patients, such as macerated stillbirths,25,26 or low autopsy rates 

through limiting the range of stillbirths or infants autopsied17 can bias conclusions 

about the usefulness of the autopsy. Autopsies are more likely to be useful when no 

clear clinical cause of death is available or if there is a malformation, whether sus-

pected or not; the tendency to request an autopsy or consent to one is higher in these 

cases.16,49 The complexity of the relationship of various factors is illustrated by two 

centers with comparable high neonatal autopsy rates8,48 in which the usefulness of the 

autopsy was markedly different. 

The difference is probably due to the unstated protocol, which the authors said 

lacked sophistication because it was carried out in a developing country, and possibly 

the expertise of the pathologists, which also was not stated.48 

Pathology expertise and level of hospital care

The level of care that a hospital provides is a complex factor in this review: referrals are 

likely to be the more complicated cases that tend to yield more additional information 

and changes in diagnosis than single malformations at autopsy6,62,65 but may undergo 

a more detailed and sophisticated clinical evaluation prior to death.58 Pediatric patholo-

gists are more likely to practice in a tertiary hospital and tend to perform perinatal 

autopsies to a higher standard than that of other pathologists.57,58 It is expected that 

the convergence of expertise and patients with complex problems in a level 3 hospital 

is likely to enhance the value of the autopsy, but unraveling the infl uence of each is 

diffi cult; the level of expertise was not stated in many publications, nor was the level 

of supervision of the registrars or residents performing the autopsies. For example, 

the usefulness of autopsies at the three non-level 3 hospitals48,58,65 was comparable 

to that at others, being in the middle of the range, for all losses and for centers that 

focused on ultrasound diagnosis. 
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Table 3. Pathology expertise and autopsy protocols

Ref Pathologyservice/seniority of pathologists Autopsy protocolsb

4 Local pathologists performed the autopsies, 
except terminations, which were carried out 
mainly by 
pediatric pathologists

Survey in a big area with 
quality evaluation by the Rushton 
protocolc

6 Single perinatal pathologist MACRO, HISTO, RAD, PHOTO, MICRO, 
CYTO, meta, plac

7 First-year pathology residents under 
supervision, pediatric pathologist

MACRO, HISTO, PLAC, PHOTO, cyto, 
rad, bio, micro

8 NS MACRO, HISTO, rad, cyto, bact

46 Pediatric pathologist and forensic pathologist MACRO, HISTO, BACT

47 NS MACRO, HISTO, BACT, vir, rad, cyto

48 NS NS

49 Coroner and other (NS) MACRO, HISTO, MICRO, RAD, CYTO

50 NS MACRO, HISTO, PLAC, micro, cyto, bio

51 NS MACRO, HISTO, micro

52 Pathologist or physiciana MACRO, HISTO, micro

53 Perinatal pathologist or resident supervised by 
a perinatal pathologist

MACRO, HISTO, RAD, BACT, 
PHOTO,PLAC, cyto, vir

54 Survey in a large area, thus more than one 
pathologist

Survey in a large area, scoring partly 
by Rushton protocolc

55 NS NS

56 NS NS

57 General and pediatric/perinatal pathologist Survey in a large area with quality 
evaluation by the CESDI protocold

58 Local pathologist or pediatric pathologist Survey in a large areawith quality 
evaluation by the Rushton protocolc

59 Survey in a large area, thus more than one 
pathologist

Survey in a big area; more than one 
protocol

60 Pathology Resident under supervision (NS) NS

61 NS NS

62 Survey in a large area, thus more than one 
pathologist

MACRO, histo, cyto, rad, photo

63 One single pathologist (expertise NS) MACRO, HISTO, plac, cyto, em, rad

64 Autopsies under direction of a pediatric 
pathologist

NS

65 NS MACRO, HISTO, RAD, CHROM, 
PHOTO,cyto, bio

66 NS NS
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Table 3 (Continued)

Ref Pathologyservice/seniority of pathologists Autopsy protocolsb

67 NS MACRO, HISTO, CHROM, rad

68 One single pediatric pathologist NS

BACT, bacterial cultures; BIO, biochemical studies; CHROM, chromosomal analyses; CYTO, cytogenetic stud-

ies; EM,electron microscopic examinations; HISTO, histological examination (microscopic); MACRO, macro-

scopic examination (which includes gross dissection); META, metabolic studies;MICRO, microbiology; NS, 

not stated; PLAC, placental evaluation; PHOTO, photo documentation; RAD, radiology; VIR, viral cultures.
a In a developing country with low autopsy rate.
b Lower-case letters denote investigations performed when there was indication.
c The Rushton protocol consists of clinical summary, body measurements, descriptive content of autopsy, 

organ weights, radiology, microbiology, histology, and other investigations such as metabolic investigations, 

chromosomal analyses, cytogenetic studies, biochemical studies, and electron microscopic examinations. For 

all of these investigations points are given and a minimal acceptable score is determined.
d The Confi dential Enquiry into Stillbirths and Deaths in Infancy (CESDI) protocol consists of internal and 

external descriptions, placental description and histology, organ histology, summary of fi ndings and com-

mentaries. Points are given for every investigation performed and description made.

Antenatal diagnosis

It is likely, but by no means certain, that hospitals offering antenatal diagnosis will offer 

therapeutic terminations as well. This group of terminations of pregnancy is helpful for 

testing new antenatal diagnostic techniques.4,54 In this review, 35% and possibly up to 

76% of antenatal ultrasound diagnoses were modifi ed by additional fi ndings,63,64 com-

parable to the 40% and 37% rates of revised diagnosis, after antenatal (ultrasound) 

diagnoses were performed, in Manchester, UK69 and Denver, CO, USA, respectively.39 

Having a therapeutic termination group among the autopsies can infl uence the value 

of the autopsy in the groups of stillbirths and neonatal deaths, as these terminated 

fetuses would otherwise likely die later in pregnancy or following delivery. Only two 

centers had a therapeutic termination group among their studied perinatal losses.4,50 

The usefulness of these groups was markedly lower than for the centers reporting on 

their ultrasound experience. Part of the reason for this may be that antenatal diagnosis 

in the therapeutic termination group was not limited to ultrasound but could also in-

clude chromosomal analysis, via chorionic villous sampling or amniocentesis. Another 

reason, which reiterates an earlier discussion about autopsy rate and numbers, is that 

those two centers had small numbers of therapeutic terminations in their studies, 

compared with the numbers reported for ultrasound centers.4,50
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Summary
In summary, there is a great variation in the reporting of the various factors that can 

infl uence the usefulness of the perinatal autopsy, making it diffi cult to draw conclusions 

on the impact of these factors. Nevertheless, this review demonstrates that the peri-

natal autopsy consistently and persistently provides valuable clinical information. We 

recommend that (1) individual centers for perinatal pathology continue to report their 

clinicopathological concordance so that their clinicians can use local fi gures to advise 

parents, and (2) when centers report their experience of the value of the perinatal au-

topsy, they should provide information on the factors that may infl uence its usefulness 

and the defi nitions of the age group studied so that comparisons can be made among 

centers worldwide. 
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Abstract
Western Europe is in a demographic transition with increasing multicultural societies. 

Health professionals have to understand the background, religious and cultural aspects 

of parents to counsel them regarding an autopsy in the event of a perinatal loss. 

Autopsy rates have declined over the past decades, the major limiting factor being 

the granting of permission for an autopsy, possibly because of adverse publicity or 

reluctance of doctors to obtain consent. Autopsy has proved its value in revealing 

unsuspected fi ndings. The public can be convinced of this utility by means of good 

information notwithstanding their religious or cultural background.
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Intro duction
Western Europe is in a demographic transition with migration and reproductive health 

choices infl uencing its population make up. Internal European migration and, particu-

larly, an external migration into Europe from the Muslim world and from Asia and Africa 

have brought a multicultural diversity. Reproductive health and lifestyle choices have 

generally resulted in small family size in Europe in recent decades. Urbanisation has 

resulted in fracturing of the traditional nuclear family support and has contributed to 

the trend to smaller families. This demographic transition has meant that when there is 

a perinatal loss, health professionals have to understand the changed cultural aspects 

to counsel parents regarding an autopsy. Furthermore, health professionals have to 

counsel the parents against a background of recent adverse publicity about the autopsy 

that has also infl uenced the public perception of its usefulness.

One of the limiting factors for the autopsy is the granting of permission by a doctor 

who is insecure about the inquiries and procedures of the autopsy in relation to parental 

background or religion and who is not always convinced of its value.1,2  Th e purpose of 

this paper is to provide all necessary information for health professionals who counsel 

parents for a perinatal autopsy. In the following sections, we will discuss the reasons for 

declining autopsy rates, the quality of autopsies, the role of autopsy in the subgroups 

of perinatal mortality, the procedures of autopsy and its alternatives, the issue of organ 

retention and the religious and cultural proscriptions to the autopsy.

Peri natal autopsy rates and the quality of the autopsy 

Perinatal autopsy rates were stable in comparison to the (low) adult autopsy rate until 

the 1990s.3 Ho wever, a drop in the perinatal autopsy rate was found over the past dec-

ades.4 Th e major rate-limiting factor is the granting of permission from the parents to a 

postmortem examination.5,6  Advers e publicity could have contributed to this decrease. 

It can also be due to the reluctance of some doctors to ask permission for the autopsy 

because of personal reasons or due to the assumption of clinicians that current tech-

niques can replace the autopsy.1 The autopsy rates for perinatal deaths vary between 

16 and 100% (mean 38%), for stillbirths between 5 and 100%, for neonatal deaths 

between 33 and 100% and for terminations of pregnancy between 79 and 100%.7

Another limiting factor for granting permission to the autopsy may be the fi nding 

that a high percentage of the autopsies in the perinatal period  did not reach the  arbi-

trary minimum quality.8,9 Po orly performed autopsies or substandard autopsy reports 

are likely to dissuade clinicians from vigorously requesting permission. Despite the fact 
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that the perinatal autopsy is important for many reasons, approximately 25-50% of 

the autopsy reports fail to reach the minimum standard.8,10-12 It ha s been suggested 

that the perinatal autopsy should be performed by a trained perinatal pathologist or 

should be referred to a regional perinatal/paediatric pathology Center.8,12, 13 Following 

publication of an updated Guidelines for Postmortem Reports, Vujanic et al. evaluated 

the implementation of these recommendations and guidelines and found that autop-

sies then failed to reach the minimum quality in 7%.13

Why  perform a perinatal autopsy? 

The primary reason for performing a perinatal autopsy is to ascertain the cause of 

death or, in the case of (therapeutic) terminations, to confi rm the indications for the 

termination.14 A  review of contemporary studies on the value of perinatal autopsy 

showed that the autopsy could reveal a previously undiscovered diagnosis, a change 

in the diagnosis or additional information in 22-76% of cases.7 The cause of death is 

important for counseling the parents and family about recurrence risks in future preg-

nancies and to allay any fears, guilt or doubts that the family may have.7,14  -17

Secondarily, the autopsy aids the audit of perinatal deaths. It may uncover causes 

of death or may suggest substandard care. The autopsy also provides information for 

audit of medical treatment.8,14,18 Anoth er reason to perform autopsies, and one which 

transcends religious or cultural boundaries, is the role of the perinatal autopsy in re-

search and education. However, unless these benefi ts are explained properly, compli-

ance with legal and bureaucratic consent forms may deter parents from consenting to 

the use of the tissue from the autopsy for research or education purposes.6 

The use of autopsy in different subgroups of perinatal mortality

Different defi nitions for subgroups of perinatal mortality have been used over time and 

between countries.19,20 The autopsy ha s prov ed to be useful in these separate groups. 

Generally, perinatal losses can be divided in three subgroups.

The fi rst group consists of (therapeutic) terminations. This group would comprise 

mainly fetuses terminated for anomalies, but may also comprise terminations for ma-

ternal reasons in case of illness or for psychosocial reasons. Antenatal ultrasound 

diagnoses of anomalies can be evaluated by performing an autopsy. In confi rming the 

anomalies, they reassure parents that their, often diffi cult, choice of terminating the 

pregnancy was not inappropriate. The autopsy serves in clinical audit, especially in the 

fi eld of antenatal diagnosis for fetal malformations. When pregnancies are terminated 
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for maternal reasons, important pathophysiological mechanisms can be revealed, as 

demonstrated, for example, by a study on isotretinoin (Roaccutane) embryopathy.15

The second group consists of intrauterine fetal deaths. Autopsies may not always 

demonstrate an anatomic demonstrable cause of death, but in combination with clinical 

history and additional laboratory investigations, associated factors may often be re-

vealed. For example, extensive avascular placental villi may bring about investigations 

of parental thrombophilias and suggest a likely cause of placental failure.21

The third g roup comprises neonatal deaths. Autopsies in this group of perinatal 

losses have declined compared with the other two groups but, in recent years, have 

increased again.22 Iatrogenic disease , so often a side-effect of neonatal intensive care, 

can be revealed by the neonatal autopsy but this needs to be distinguished from en-

dogenous disease. For example, tracheomalacia may be a rare acquired complication in 

the chronically ventilated preterm infant, but it may also be found with other congenital 

abnormalities, such as the charge association. 

How to perform the  autopsy, what are the alternatives?

The autopsy in general involves an incision into the body. The autopsy should consist of 

a thorough macroscopic examination of the body and the internal organs. Tissue sam-

ples can be taken for microscopy, but no more tissue than necessary for establishing 

the diagnosis. In certain cases, additional laboratory tests for virology, bacteriology, 

cytogenetics and molecular studies are desirable.14

Some parents may not give permission for a complete autopsy. They may, however, 

permit a limited autopsy or needle biopsy where examination is confi ned to a body 

cavity or specifi ed organ(s).23 Frequently this oc curs when parents of infants who died 

of a suspected cardiac cause may allow only the heart or the thoracic cavity organs to 

be examined. While this is less conclusive than a complete autopsy, at least it allows 

suspected pathology to be confi rmed. Other parents may wish to have an external 

examination only; the value here may be even more limited, but may be suffi cient 

for certain syndromes and some skeletal dysplasias that may have a characteristic 

phenotype.23

The placenta has been a neglected source of information. The value of placental au-

topsy is proven and it should therefore thoroughly be investigated as well, particularly 

where parents do not consent to autopsy of the fetus.24

Besides limited  autopsy and needle biopsy, imaging techniques form other alterna-

tives for the perinatal autopsy. Radiography showed abnormalities in 30% and is of 
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vital importance in 0.9% for fi nding the cause of death in a population-based study.25 

Other non-populati on-based studies showed radiographic abnormalities in 18.2-68% 

of cases.26-28 It is not recom  mended to perform radiography as routine examination in 

non-deformed perinatal deaths, but it can serve as an alternative in cases where the 

parents do not consent to an autopsy.25,26,29 The autopsie s have been useful in the 

audit for alternatives to the autopsy itself; for example, magnetic imaging studies have 

shown a good complement to the autopsy for cranial anomalies and central nervous 

system anomalies but less so for other organ systems.29,20 

Tissue and organ retention

The “organ retention” controversy in the wake of tissue retained following paediatric 

autopsy in United Kingdom has had a profound effect on the granting of consent for 

autopsy.6 Parents are likely to ask and wish to know their choices with regard to this 

topic and may fi nd it useful to discuss this directly with the pathologist. Practices may 

differ between institutions but, in general, portions of tissue are taken to be fi xed 

before trimming for histopathological processing.

A contentious issue arises with examination of the brain. Ideally, brains need to be 

fi xed for 3-4 weeks before being sliced and sampled, especially fetal and infant brains 

which are soft. Furthermore, they should be retained until microscopic examination 

as further sampling may be required; this whole process may take up to 3 months.31 

Alternatives incl ude fi xing the brain in high strength formalin for about 1 week or, for 

smaller brains, in a modifi ed Bouin’s solution for 1-2 days. Lungs may be perfused-fi xed 

for morphometric analysis, but this infl ating-perfusion could be accomplished in about 

1 h. Generally, other organs do not need to be retained for diagnostic purposes.

There is an argument that the slides, tissue blocks from which the histological slides 

were cut and any residual tissues from the trimmings should be retained as they are of 

potential value to the families as well as for research.31,32 Retention of whole organs or 

of additional tissue for educational or research purposes would rightly warrant discus-

sion with the parents.

 

Religion and autopsy in multicultural societies

In the Netherlands in 2005, approximately 10% of the inhabitants were migrants and 

the percentage of immigrants is still increasing in the Dutch population. The religious 

distribution in 2002-2003 in the Netherlands is: Roman Catholic: 31%, protestant: 

21%, Islam: 5%, other (Buddhist, Jewish, Hindu): 3% and non-religious: 40%.33 In 
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Germany, approximately 9% of the inhabitants are migrants. The German religious 

distribution is: Roman Catholic: 32%, protestants: 32%, Islam: 4%, other (Buddhist, 

Jewish, Hindu): 2%, non-religious: 30%.34 Approximately 7% of the French  are mi-

grants. The religious distribution in France is: Roman Catholic: 70-80%, Islam: 5-7%, 

protestant: 2%, non-rel igious: 10-20%.35 This religious distribution an d percentage of 

migrants will vary in other Western European countries but it serves to illustrate the 

ethnic and religious diversity now current in Western Europe. This presents a challenge 

to the perinatal autopsy as “religious objections to the autopsies are as old as the 

autopsies themselves”.36 Earlier we discussed some aspec ts of religious backgrounds 

and the autopsy.37 There is actually no real prosc ription against the performance of an 

autopsy amongst the major religions (Table 1). However, it has been sho wn that even 

in communities where there is a perceived religious proscription against autopsies, with 

appropriate counselling and explanation of the autopsy, it is possible to obtain consent 

for different clinical situations.38

Devout Hindus always cre ma te their dead and burial is not allowed by tradition. The 

ashes are ceremoniously committed to a river or ocean. In Hinduism it is believed that 

autopsies are disturbing to the still-aware soul which has just separated from the body. 

Death is not viewed as a fi nite event and it is therefore important to provide a smooth 

transition from life to death with altering the body as little as possible. Autopsy should 

therefore be avoided unless required by law. Similarly, embalming, which replaces the 

blood with a preservative fl uid, is not permitted.39

Buddhists believe that th e body, which is a temporary shell for the spirit, should be 

treated with great respect and care so the mind can concentrate on pursuing enlighten-

ment. They also cremate their dead. According to the Buddhist belief, the body should 

be left undisturbed until three days after death so that the soul can make its transition. 

However, an autopsy may be permitted after a religious teacher determines that the 

soul has left the body.40
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Jewish law requires immedia te burial, including all internal organs and the blood. 

It is believed that while the soul or spirit leaves the body upon death, it is neverthe-

less aware and conscious of its surroundings, until after its return to the earth. Any 

invasive procedure is seen as a desecration.36,41 Burial should be as soon as poss ible 

in consecrated ground and any delay is seen as unnecessary painful. Permission for 

autopsy can be granted when there is a benefi t for public health, in case of unclear 

cause of death, or when a hereditary cause is possible and the family can benefi t from 

this diagnosis.42 The autopsy should be performed  in a body pouch and the samples 

for pathologic investigations should be as small as possible. All instruments should be 

buried with the body as well as all the blood stained material and clothing. The sutures 

should be as tight as possible and leak-proof.43

The teaching of Islam does  not allow for voluntary autopsy because it is considered 

a “disfi gurement” of a person. In certain subdivisions of the Islam, the body should 

be buried before sunset on the day of death. The benefi ts of the autopsy outweigh the 

drawbacks if public health profi ts by an autopsy (for example, by unexpected death or 

contagious disease) and the autopsy can be performed. If the autopsy is required by 

law (for example, in criminal death), the autopsy can be performed as well.36,41,44,45,46

In the Roman Cat holic tradition, there is no law or edict that forbids autop-

sy.41,42,45,47,48 Pope Sixtus IV all owed in the 15th century the dissection of bodies in 

Bologna and Padua.41 Pope Pius XII declared in the 20th century that autopsy can be 

morally permitted as long as the family has consented to the autopsy and the body is 

treated with respect. It is justifi ed for legal inquests but also for scientifi c research.42,27

The Eastern Church includes the Orthodox Church, Greek (Orthodox), the Russian 

Orthodox Church and others. Although the term Greek Orthodox is often used as a 

name for the Eastern Church, it is used most accurately for the Patriarch of Constan-

tinople, the Church of Greece and related churches that use the Byzantine rite. The 

Ethiopian, Coptic, Armenian, Syrian and Indian Churches are considered by some in 

the Eastern Church to be heretical. The Eastern Church believes that an autopsy may 

lead to fi nding the cause of death or to enlightenment for physicians in treating similar 

cases in future and, as such, is not opposed to the autopsy.49 The religion insists on 

the ut most respect to the earthly remains of the body. Donation of the entire body 

for medical research is seen as not in keeping with traditional orthodox practice nor is 

dismemberment of the body during an autopsy.

In perinatal autopsy, there is the aspect of the religious discussion on investigations 

of human bodily tissue in relation to therapeutic terminations of pregnancy. Whether 
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the fetus is considered a human being or not is outside the scope of this review, but it 

should be treated with the same respect as other human beings.42

Conclusions
The perinatal autops y is an integral part of perinatal care and management in cases of 

perinatal mortality. Contemporary studies have demonstrated the value of the perinatal 

autopsy in revealing unsuspected fi ndings.4,7,16,18 Convincing the public of this utility 

by means of good information has already been demonstrated to reverse falling neo-

natal autopsy rates.22 This process can be further enhanced by understanding possible 

religious or cultural sensitivities to the autopsy as clinicians and paramedical staff have 

a role to play in requesting an autopsy or to persuade parents to allow use of tissue for 

research and educational purposes.2
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Abstract
The surgical report is an important means of documenting normal and abnormal fi nd-

ings, and for distilling such information into a meaningful clinico-pathologic correla-

tion. An audit of the quality of placental reports from four laboratories was performed 

using an arbitrary numerical scoring scheme that examined the gross, histologic, and 

commentary components of each report. The mean scores from the four laboratories 

were not statistically different from each other. Three (2%) and 48 (33%) of the 147 

singleton placentas scored less than 50 and 75%, respectively, on this scoring scheme. 

None and 14 (41%) of the placentas from 34 multiple pregnancies scored less than 50 

and 75%, respectively. Different aspects of the gross and histologic examination were 

reported variably by the laboratories. Commentaries on gross or histologic abnormali-

ties, and in relation to clinical indications, were inconsistently reported. The standards 

of placental surgical reporting can be improved. The use of templates and checklists 

for reporting of placentas may be considered.
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Introduction 
Pathological examination of the placenta may clarify the pathophysiology of a preg-

nancy, assist in the medico-legal assessment of an adverse outcome, help in the 

management of the mother’s subsequent pregnancies, and provide possible clues to 

adult-onset diseases.1-3 No matter how careful and meticulous the examination, those 

important objectives will not be fulfi lled unless the placental pathology report commu-

nicates the fi ndings and clinical implications of that specimen. The practices of patholo-

gists in reporting different variables was studied as part of a survey of members of 

the American Society of Clinical Pathologists,4 but the actual quality of each placental 

surgical pathology report has not been investigated. The purpose of this study was to 

evaluate the quality of the placental pathology reports from four laboratories.

Methods
Four private pathology laboratories, three pathology laboratories from general public 

hospitals, and one pathology laboratory from a maternity hospital in Australia were in-

vited to submit all their pathology reports for placentas accessioned during 1 calendar 

month, or, if fewer than 50, then 50 consecutive cases from May 1, 2000. Placentas 

from singleton and multiple pregnancy were included in the study but “products of 

conception” and placentas from pregnancies less than 20 weeks’ gestation were ex-

cluded. Reports were submitted without patient or physician identifi ers. The reports 

were scored for components of the gross and histologic descriptions, commentary on 

gross and/or histologic fi ndings, and commentary on absence or presence of lesions 

in relation to the clinical details. The maximum score for gross description was 12, 

allocated as umbilical cord (length, diameter, insertion, and number of vessels: 1 point 

each), extraplacental membranes (completeness, rupture: 1 point each), and the disc 

(untrimmed or trimmed weight: 1 point; or trimmed and untrimmed weight: 2 points; 

dimensions- one diameter: 1 point; or two diameters: 2 points; or two diameters 

and thickness: 3 points; completeness: 1 point). Description of gross abnormalities 

of the cord, extraplacental membranes, and placental disc, or specifi c mention of no 

abnormalities attracted 8 points each, resulting in a maximum for the gross descrip-

tion of 24 points. Histologic description of any abnormality or specifi c mention of no 

abnormalities of the cord, extraplacental membranes, and disc were allocated 8 points 

each, resulting in a maximum for the histologic description of 24 points. Five points 

were given for a fi nal diagnosis in the report. One point each was deducted if (i) there 
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was no commentary where there were gross or histologic abnormal fi ndings, (ii) no 

commentary correlating the placental examination with the clinical history, and (iii) no 

commentary on recurrence risks if a diagnosis of villitis, massive chronic intervillosi-

tis, abruption placentae, placenta accreta, fetal or maternal thrombotic vasculopathy, 

maternal fl oor infarction, or massive perivillous fi brin deposition was made. Thus, a 

maximum score for a singleton placenta is 65 points with a maximum deduction of 3 

points. For a multiple pregnancy, an additional 24 points are given for each pregnancy 

by allocating 8 points each for description of degree of fusion of the discs, type of 

chorionicity, and comment on the birth order. Thus, the maximum score was 154 (65 x 

2 x 24) for a twin pregnancy, and 219 (65 x 3 x 24) for a triplet pregnancy, both with a 

maximum deduction of 3 points for lack of commentaries or fi nal diagnosis. The score 

for each multiple pregnancy was derived by adding the scores for all placentas and 

dividing by the order of multiples of that pregnancy. Reports were assessed also for 

the inclusion of a block code; although this recommendation was not in the College of 

American Pathologists’ guideline,2 it was advocated in the American Society of Clinical 

Pathologists’ survey.4 Mean and median scores for each laboratory were calculated, 

and statistical analysis used paired t-test.

Results
None of the private laboratories provided placental reports for evaluation as they ex-

amined fewer than 50 placentas in a year. The remaining laboratories provided reports 

from 44, 53, 50, and 54 pregnancies of which 8, 4, 0, and 8, respectively, were not 

assessed because they were from pregnancies less than 20 weeks of gestation. As a 

result of multiple pregnancy, 48, 55, 59, and 56 placentas, respectively, were available 

for assessment from those laboratories. 

The median scores from the four laboratories did not differ statistically signifi cantly 

from each other for examination of placentas from singleton or from multiple pregnan-

cies (Table 1). Three (2%) of the 147 singleton placental reports failed to score more 

than 50% (one report from laboratory A and two from laboratory B) and 48 (33%) 

failed to achieve higher than 75% (20, 9, 14, and 5 reports from laboratories A, B, C, 

and D, respectively). None of the placentas from multiple pregnancies scored less than 

50% but 14 (41%) scored less than 75% (6, 1, 4, and 3 reports from laboratories A, 

B, C, and D, respectively). 
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Table 1. Median scores for reporting of placentas from individual laboratoriesa

Laboratory Singleton Multiple

A 45 (42, 47) (n=26) 57 (n=10)

B 54 (50, 54) (n=43) 59 (n=6)

C 54 (42, 60) (n=41) 64 (n=9)

D 52 (51, 53) (n=37) 61 (n=9)

All 52 (46, 54) (n=147) 58 (52, 64) (n=34)

aMedian score (inter quartile range).

Analysis of the individual components of the report showed that some items were 

reported or performed well, such as the number of cord vessels, cord diameter and 

length, dimensions of the disc, or either a trimmed or untrimmed weight (Table 2). 

Other items, such as site of membrane rupture and completeness of the membranes, 

were reported poorly by all laboratories. Trimmed weights were provided in 19 of 181 

reports. Laboratory B tended to report untrimmed weights (45 of 49 reports), while 

it was unclear whether trimmed or untrimmed weights were recorded by laboratories 

C and D (48 of 49, and all 37 reports, respectively, where weights were recorded). 

Completeness of the maternal surface of the disc were reported poorly by laboratories 

B, C, and D. Gross description of the cord was performed well only by laboratory C, 

and gross description of the membranes was performed poorly by laboratory A. In the 

33 placentas from multiple pregnancy, there were 3 omissions of degree of fusion of 

discs, 3 of type of chorionicity or placentation, and 15 specifi cations of the birth order. 

Commentary on an abnormal gross or histologic fi nding was done poorly in laboratory 

D. All four laboratories infrequently commented on zygosity in multiple pregnancies or 

on possible recurrence risks. A fi nal diagnosis was not provided in 27% of reports from 

laboratory C (Table 2). 

Block codes were provided in all but three reports (from laboratory A); in these 

three reports, no abnormal areas were described grossly. Where abnormal areas were 

described grossly, block codes for sections from normal and abnormal areas were given 

in 69 reports but, in a further three reports, the block codes provided did not indicate 

whether the blocks were from normal or abnormal areas of the placenta.
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Table 2. Data included from descriptions in placental reportsa

A B C D

No of cord vessels 29 (60) 54 (98) 55 (93) 53 (95)

Cord length 46 (96) 55 (100) 58 (98) 56 (100)

Cord diameter 37 (77) 53 (96) 54 (92) 56 (100)

Cord insertion 39 (81) 45 (81) 51 (86) 51 (91)

Membrane completeness 33 (69) 28 (51) 26 (44)  7 (12)

Either trimmer or untrimmed weight  0 24 (44) 13 (22)  1 (2)

Disc dimensions 31 (65) 55 (100) 58 (98) 44 (79)

 One diameter  0  0  0  0

 Two diameters  3 (6)  0  0  0

 Two diameter and thickness 36 (75) 47 (85) 59 (100) 56 (100)

Completeness of maternal surface 40 (84) 30 (55) 24 (41) 27 (48)

Gross description of cord 10 (21)  5 (9) 44 (75)  7 (12)

Gross description of membrane  8 (17) 52 (95) 56 (95) 56 (100)

Gross description of disc 42 (87) 55 (100) 56 (95) 56 (100)

Histologic description of cord 46 (96) 48 (87) 43 (73) 49 (82)

Histologic description of membrane 45 (94) 55 (100) 44 (75) 55 (98)

Histologic description of disc 48 (100) 55 (100) 56 (95) 56 (100)

Commentary on gross or histologic 
abnormalityb

14/18 (78) 19/35 (54) 31/36 (86) 15/36 (42)

Commentary relating to clinical detailsc 33/35 (94) 26/48 (54) 19/44 (43) 27/44 (61)

Commentary on zygosity in multiple 
pregnancyd

 0  0  1/9 (11)  4/9 (44)

Commentary on recurrence riske  2/4 (50)  0  0  2/9 (22)

Diagnosisf 36 (100) 49 (100) 36 (72) 46 (100)

aPercentages are indicated in parentheses. Denominator is number of placentas, unless indicated otherwise
bDenominator is number of placentas with normal fi ndings
c   Denominator is number of pregnancies where clinical information was provided on request form.
dDenominator is number of multiple pregnancies
eDenominator is number of cases where recurrence risk should be commented; see text.
f   Denominator is number of pregnancies
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Discussion
The American Society of Clinical Pathologists’ survey was important in ascertaining the 

practices of pathologists but, unfortunately, did not investigate whether those practices 

and descriptions of fi ndings were translated onto individual reports.4 We are only aware 

of one previous attempt to assess the quality of placental reports. The 6th Confi dential 

Enquiry into Stillbirths and Deaths in Infancy arbitrarily scored them as missing, poor, 

adequate, and good without any numerical description as part of their audit of post-

mortem examination reports.5 While others may fi nd it idiosyncratic, we tried to re-

move the subjectivity regarding the quality by allocating points to various components 

of the report and the coverage of the topographical parts of the organ; the last we 

could do only for the gross but not for the microscopic examination. Using a numerical 

scoring system, we found that while only three reports from 181 failed to achieve 50% 

of the maximal score, 33% of reports of singleton pregnancies and 41% of multiple 

pregnancies failed to reach a 75% mark. It can be argued that these performances 

may be worse, as penalties were minimal for a lack of commentary on abnormal gross 

or histologic fi ndings or a clinico-pathological correlation. On the other hand, more 

points were awarded for any description of normality or abnormality of components of 

the gross or histologic assessments of the cord, extraplacental membranes, and disc. 

The scoring did not test the quality or interpretative skills of the pathologist, a task 

that selfevidently we could not perform unless we had access to the sliced placental 

gross specimens to assess block selection or the histologic slides to compare with the 

reports. In this respect, appropriate block-taking with an accompanying block code 

is important as subsequent review by another pathologist is possible.6 Although the 

recording of a block code is not in the College of American Pathologists’ guideline, our 

review indicates that this is accomplished in the majority of cases. 

There was an interlaboratory variance in the standard of reporting of the different 

components of the report. What is particularly alarming, though, is that some simple 

descriptive or mensuration items were poorly performed. For example, the number 

of cord vessels is easily assessed grossly but one laboratory poorly documented that 

in comparison with the other three laboratories in this study (range 93-98%) or with 

the pathologists in the American Society of Clinical Pathologists’ survey (98%); admit-

tedly, the fi nding of a single umbilical artery can be confi rmed histologically and the 

gross fi nding is of less import. Standard placental weight charts are based on trimmed 

placental weights and yet only about 10% of the reports provided trimmed weights; 
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furthermore, in many reports, it was unclear whether the weight of the placenta was 

untrimmed or trimmed of cord and extraplacental membranes. 

A model template for a placental report is provided in the College of American Pa-

thologists’ guideline2 while others are widely available.7-10 The use of such templates 

or checklists should ensure that informative gross description or diagnostic histologic 

features that should be included in every report are not overlooked. It assures the 

reader of the report that all features and aspects of placenta have been critically ex-

amined,2,11 whereas a reader may be left wondering whether such critical histologic 

examination has been performed if the report only stated abnormal fi ndings. For that 

reason, while we awarded marks for stating normal fi ndings in our scoring scheme, we 

could not fi nesse the microscopic part of the reporting further because we could not 

be reasonably sure that all topographical components had been assessed when merely 

a statement of normality was given. Indeed, the College of American Pathologists’ 

guideline recommends that specifi c statements regarding the placenta, membranes, 

and umbilical cord should be made.2 The inconsistent reporting of commentaries on 

abnormal fi ndings and specifi c commentaries relating to clinical details suggests that 

opportunities to use the report as a means of communicating with the clinicians are 

lost. 

The goal of recommendations for the reporting of numerous specimens, specifi cally 

common malignancies, is to attain consistency and thoroughness of included informa-

tion relevant to the management of patients.12–15 Given that placental fi ndings often 

carry signifi cant information for the index pregnancy in explaining pathophysiologic 

events, for future pregnancies and the well- being of the infant through adult life,1-3 

similar emphasis on the quality of the placental report is warranted. We would have 

liked to have performed an educational feedback and re-audit process, but the absence 

of any prior audit on the quality of placental pathology reports warrants reporting the 

fi ndings of this audit now. 
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Abstract
The placenta is often not submitted for histopathological examination and obstetricians 

may be sceptical of the value of the examination. This article looks at the reasons 

for histopathological assessment of the placenta, examines what clinical information 

should be provided to pathologists and reviews what information can be gained from 

this ‘diary of the pregnancy’, especially for explaining adverse outcomes and poten-

tially guiding the management of future pregnancies.
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Introduction
Until recently, most maternity units would practise a rather strange ritual with the 

placenta. After birth it would be examined closely by the midwife, weighed (this was 

recorded for posterity in the birth register) and then be put in the fridge for a few days, 

in case someone wanted to look at it prior to being discarded. Rarely was it thought to 

be of value to send this remarkable organ to an expert for histopathological examina-

tion. It is now more commonplace for placentas to be presented for further studies, 

although many obstetricians may still be sceptical about the value of this investigation. 

This article looks at the reasons for histopathological assessment of the placenta, ex-

amines what clinical information should be provided to pathologists, and discusses le-

sions that should be recognised and commented upon by the pathologist in the report. 

It reviews what information can be gained from this ‘diary of the pregnancy’, especially 

for explaining adverse outcomes and potentially guiding the management of future 

pregnancies.

Which placentas require histopathological assessment?

The placenta remains a neglected source of discovery, although in 30-64% of pla-

centas an indication for the cause of adverse pregnancy outcome can be found in the 

placenta.1-3 The College of American Pathologists (CAP) published guidelines in 1997 

for pathological assessment of the placenta.4 Despite this, Badawi et al. found only 

11.2% of placentas were examined, although according to the guidelines developed 

by CAP 43.3% had an indication for examination.5 Spencer et al. found that only 32% 

of placentas with an indication (following the CAP guidelines) were examined.6 Similar 

fi gures have been reported from the USA.7 While there are no Australian guidelines 

for placental examination, many obstetric departments adopt modifi ed forms of these 

CAP guidelines. 

From recent medicolegal cases in Australia it is surprising how often placental ex-

amination is not requested in cases when a baby has been born unexpectedly ‘fl at’ 

and with a putative diagnosis of perinatal asphyxia. Although placental abnormalities 

do not necessarily mean that there has not been any negligence in treatment around 

the time of birth, it can help to provide a more complete picture of what may have 

happened earlier in the pregnancy before the obstetrician had a reasonable chance to 

intervene. Placental pathology may point to a pre-labour cause of fetal hypoxia and 

neurological damage8 and is particularly valuable in cases of stillbirth due to congenital 

infection when parents do not agree to perinatal autopsy.
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Standardised clinical information

For the pathologist to interpret the placental pathology it is important to be adequately 

informed about the circumstances of the patient’s pregnancy and relevant medical his-

tory. It is known that, in general, medical history details are usually not well provided 

on pathology request forms.9 Because the placenta is dynamically growing during the 

short period of gestation and the responses to various insults may appear similar, 

this information is vital for the pathologist to interpret in line with the pathology fi nd-

ings. No studies are available regarding the results of histological assessments by 

pathologists either provided with or blinded for clinical history or information of current 

pregnancy; however, clinical information is necessary for complete assessment and 

the potential to draw conclusions regarding the pathophysiological pathways. These 

pathways could lead to adverse maternal or fetal outcomes, including death, and may 

also help in determining recurrence risks. 

How much information should be provided on the request form? Uniformly pre-

sented relevant medical and obstetric history provides clarity and use of a standard 

format for this is helpful1. The presented data should include maternal age, gravidity, 

parity, fetal losses, vascular disease, uterine abnormalities, systemic diseases such 

as hypertension, infections, caesarean(s), and also relevant family history regarding 

congenital anomalies and systemic diseases. Secondly, information on the current 

pregnancy should include: gestational age, medication, smoking and drug or alcohol 

use, bleeding or infection, abnormalities discovered at ultrasonographic examination, 

diseases in pregnancy such as infections, trauma or antepartum haemorrhages, preg-

nancy related diseases such as preeclampsia or gestational diabetes. Finally, informa-

tion of circumstances around birth should be recorded: estimated weight (expected or 

unexpected intra-uterine growth restriction/macrosomia), interval of rupture of mem-

branes, meconium-stained amniotic fl uid or not, duration of labour, signs of infection, 

cardio-tocographic abnormalities, mode of delivery, APGAR scores, congenital abnor-

malities of the baby (gross examination), fetal sex and birth weight, and abnormalities 

of placenta. Developing a standard form for placenta examination request, with the 

items mentioned above, can facilitate this type of communication between obstetrician 

and pathologist. Standardised request forms have been shown to improvensubmission 

rates for placental examination.1
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What common placental lesions have recurrence risks?

There have been several recent reviews and monographs on the examination of the 

placenta.10-16 It does appear that some placental lesions have a recurrence risk, al-

though it is unclear to what extent obstetricians are aware of these risks. Some of the 

more common lesions are discussed below. 

Chronic villitis is defi ned as a lympho-histiocytic infl ammation of the terminal villi 

(Figure 1). Chronic villitis may be associated with some viral infections but most are 

nonspecifi c and not associated with known pathogens; hence the term ‘villitis of un-

known aetiology’. A bacterial aetiology has not been found for chronic villitis.17 The 

exact pathogenesis remains unclear: it could be due to pathogens that are as yet 

unrecognised or due to a maternal-fetal immunological reaction. Support for the latter 

comes from the fi nding that approximately 50% of the infl ammatory infi ltrate in the 

villous stroma is maternal in origin18,19 and also that non-specifi c chronic villitis is 

associated with maternal autoimmune disease and with oocyte donor pregnancies.20 

Non-specifi c villitis may be associated with intrauterine growth restriction, preterm 

labour and fetal death and may be recurrent in up to 17% of cases.11 

Thrombophilia effects on the placenta are being increasingly recognised and re-

ported. Although the association of adverse obstetric and fetal outcomes with various 

thrombophilias have been questioned, there is potential of recurrence because of the 

heritability of the haematological condition.21 Thrombosed fetal vessels can sometimes 

be discerned on the chorionic plate. Thrombotic or occlusive lesions in the placenta 

can be seen as white plaques grossly on the placental slices or as avascular villi on 

microscopy (Figure 2). The term ‘fetal thrombotic vasculopathy’ has been used to 

describe this and other lesions, such as fi bromuscular sclerosis of stem villous vessels, 

haemorrhagic endovasculitis, and fetal artery thromobosis.22 The tracts of avascular 

villi are seen more often than frank thrombosis and there is usually a clear demarca-

tion between the vascular and avascular portions of the placenta. Upstream from these 

avascular villi is the likely location of a thrombosed stem artery (Figure 3). It is evident 

that dislodged fragments of the thrombus can easily embolise to the fetal brain through 

the paradoxical fetal circulation and cause perinatal stroke, leading to subsequent neu-

rological impairment.23 

The fi nding of acute chorioamnionitis or evidence of amniotic fl uid infection may 

affect management of future pregnancies. Bacterial vaginosis has serious implications 

during pregnancy, as it has been associated with adverse outcomes such as chorio-

amnionitis, late miscarriage, premature rupture of membranes and preterm birth. 
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The organisms implicated include Gardnerella vaginalis and Mycoplasma hominis. The 

infection recurrence rate is high, even in treated women, due to relapse and reinfec-

tion.24 and the value in placental examination would be more for documenting the role 

of the infection in the index pregnancy than in screening in the next pregnancy. Group 

B streptococcus infection is associated with preterm labour and can be recurrent.25 

Most obstetricians would modify their management of the next pregnancy if the index 

pregnancy was affected by Group B streptococcus. 

Figure 1. Chronic villitis showing infi ltration of villous stroma by lymphocytes and histio-

cytes (H&E, high power). Figure 2. Fetal thrombotic vasculopathy. Tracts of avascular villi 

are clearly demarcated from the vascular villi (H&E, low power). Figure 3. Thrombosed 

fetal vessel in the chorionic plate in a case with fetal thrombotic vasculopathy (H&E, 

medium power).

Inherited metabolic disorders may sometimes be diagnosed at placental examina-

tion, especially in cases of fetal hydrops and stillbirths. Some may have recurrence 

risks. 

Documentation of various pathologies is not merely an exercise for pathologists. 

It has relevance for obstetricians, although interventions and treatments for those 

pathological processes that may be recurrent are still quite limited. Perhaps the most 

important is increased fetal surveillance with chorionic villous sampling, ultrasound 

biometry and Doppler assessment of umbilical and uterine artery blood fl ows in future 

pregnancies. Early delivery is often advocated for such things as severe placental ab-

ruption or unexplained stillbirth. If the placental pathology has pointed to a thrombo-

philia or similar process then lowdose aspirin or low molecular weight heparin might 

be used. Whether or not there is a place for immunosuppressive treatments such as 

corticosteroids for conditions such as villitis of unknown origin is unclear and must 
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await the outcome of future clinical trials. The detection of infection, such as group B 

streptococcus, can be managed with peripartum antibiotics.

The placental report as information for the obstetrician

New placental abnormalities are still being defi ned or their defi nitions refi ned. Recently, 

attention has been drawn to the coiling index of the umbilical cord as this has been re-

lated to an adverse pregnancy outcome.26,27 An umbilical cord without any coiling was 

described as raising the risk of intrauterine fetal death for the fi rst time in 1993.28 A 

year later abnormalities in umbilical coiling were related to meconium stained amniotic 

fl uid, intrauterine death, preterm delivery, intrapartum heart rate abnormalities, op-

erative delivery for fetal distress and karyotypical abnormalies.29 It has been advised 

that any placenta with abnormal coiling should be sent to the pathologist for evalu-

ation. The clinical consequences, such as antenatal ultrasound measurements of the 

coiling index, are not clear yet as the exact mechanism that eventually determines the 

coiling index at different gestational ages is still under debate (is it the fi rst step in the 

causal pathway or a consequence of something else?).30 The abnormal coiling index 

remains an unknown or unrecognised abnormality for many clinicians and it may be 

an important lesion for the pathologist to document when examining the placenta. Pa-

thologists and clinicians should educate one another on topics such as coiling indexes, 

for better research and follow-up, with potential consequences for future pregnancies. 

For example, the antenatal ultrasound fi nding of a diminution of coiling from the fetal 

to umbilical end of the cord may be confi rmed post-delivery but the correlation with 

gestational age cannot.31,32 Pathologists often receive only part of the cord for exami-

nation and this may hamper comparative studies. 

In clinical practice, preterm birth may result from either ischaemic or infectious 

lesions which can be confi rmed by placental examination.33 The clinical diagnosis of 

infection can be diffi cult for several reasons: maternal fever and fetal tachycardia 

could be due to epidural analgesia, which can also mask abdominal pain.34 In clini-

cally suspected chorioamnionitis, evidence is brought by histopathological evaluation 

in approximately 60% of cases. Histological evidence better correlates with fetal signs 

than maternal signs for infection.35 If chorioamnionitis is seen, approximately 70% of 

cultures or PCR will be positive.36,37 However, chorioamnionitis does not necessarily 

equate to fetal infection.38 Besides these diffi culties in diagnosis of chorioamnionitis 

and infection, the placentas of suspected infections are often not even presented for 

pathology examination. 
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Several placentation disorders and placental abnormalities that can be discovered 

by ultrasound examination have been described. These abnormalities may not have 

much signifi cance in daily practice, as in case of echolucencies or calcifi cations in the 

term pregnancy, but these abnormalities are easily detected at pathology examina-

tion.39 The same abnormalities in a preterm placenta, however, may be a cause for 

concern as placental function can be impaired.40 How well the ultrasound recognition 

of placental pathology correlates with what is found on placental histopathology is un-

clear and requires much more systematic research. Unlike studies that have examined 

correlation between ultrasound and pathological fi ndings in fetuses, no clear data are 

available on ultrasound detection rates and their correlation with pathology results. It 

is not always possible to confi rm ultrasound diagnosis by placental examination, for 

example in the case of vasa praevia, as the exact location of the velamentous ves-

sels remain unknown.41 Other ultrasound diagnoses, such as twin-to-twin transfusion 

syndrome and chorangioma, can be confi rmed by pathology. Although demonstra-

tion of vascular anastomoses does not necessarily equate with a twin-twin transfusion 

syndrome, nevertheless such examination should be performed in all monochorionic 

twin placentas. Parenthetically, the identifi cation of two yolk sac remnants on placental 

examination or the fi nding of a fetus papyraceous would indicate a twin pregnancy, the 

former being a vanishing twin; this has effects on the surviving twin.42 Some placen-

tal abnormalities with clinical consequences are obvious at placental examination but 

hard to observe at ultrasonography, such as (recent) infarctions and placental abrup-

tions.40,43 Other abnormalities can be detected by ultrasound but many false positive 

cases can be expected, such as with placenta circumvallata.41

What does the obstetrician require from the pathology report?

Placental reports should provide the necessary information for the clinician to be able 

to counsel the parents and provide an explanation of possible pathophysiological path-

ways leading to the adverse outcome, their recurrence risks and possible interventions 

in future pregnancies. In an assessment of the quality of placental reports, the pa-

thologist commented on gross histopathological abnormalities in 42-86%, on relation 

with clinical situation in 43-94%, and on recurrence risks in 0-50% (and in case of 

twin pregnancy on zygosity in 0-44%).44 Communication is very important between 

pathology and other specialties; both parties should make sure that the other is well 

informed with understandable language and explanations on their part.45-47 In surgery 

it has been described to be useful to organise multidisciplinary meetings including 
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a pathologist for early refi ning of diagnosis.48 The involvement of the pathologist in 

similar meetings with obstetricians and neonatologists may be equally as informative, 

particularly in the case of apparent unexplained stillbirth or serious adverse outcome. 

This is perhaps one area of clinical obstetric practice where the clinician would 

really welcome the pathologist to be as directive as possible and to provide as much 

information as possible about the signifi cance of the placental lesions identifi ed, the 

likely causality with any adverse outcome, and the possibility of recurrence in future 

pregnancies. For most obstetricians, adverse outcomes are encountered relatively 

infrequently in their obstetric practice and the pathologist should not assume that 

there is any more than a basic knowledge of the signifi cance of placental pathology. 

A description of what is seen down the microscope, using unfamiliar histopathological 

terms, without any discussion of the signifi cance is of little value to all but the most 

informed and educated subspecialist with a special interest in placental pathology. Most 

obstetricians would agree with the statement ‘Tell us what you see, and tell us what it 

might mean!’ As with all medicine, optimal patient care requires good communication. 
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Abstract
Objective: Little is known about intrauterine foetal deaths caused by placental villous 

immaturity. Our objective was to describe the prevalence and clinico-pathological as-

sociations of intrauterine foetal deaths caused by placental villous immaturity. 

Study design: In a prospective study of 1025 couples with singleton intrauterine foetal 

deaths beyond 20 weeks of gestation we studied all cases beyond 36 weeks of gesta-

tion (n = 352). The Tulip classifi cation was used for allocation of the cause of death. 

Based on these causes of death the IUFD were divided in three groups: villous imma-

turity, other placental pathology and non-placental pathology. 

Results: The overall prevalence of villous immaturity was 23% (81/352). Twenty nine 

percent (81/280) of the placental causes of death represented villous immaturity. Ab-

solute placental hypoplasia, also a developmental pathology of the placenta, was found 

twice more often in foetal deaths caused by villous immaturity (43.4%) compared to 

non-placental causes (19.7%) (p = 0.006). Comparable differences were found for 

relative placental hypoplasia. Oligohydramnios occurred almost twice as often in the 

group with villous immaturity (23.1%) than in the group with by non-placental causes 

(12.5%) (p = 0.139). The prevalence of gestational diabetes was 2.5 fold-higher in 

the villous immaturity group than in the group caused by other placental pathology 

(13.9% vs. 5.5%) (p = 0.029) and 10 fold-higher than in the group caused by non-

placental pathology (13.9% vs. 1.4%) (p = 0.005). Foetuses with villous immaturity 

as the cause of death were small for gestational age in 14.8% and large for gestational 

age in 16%, statistically not different in comparison to other placental causes and non-

placental causes, neither in comparison to the general population.

Conclusions: Villous immaturity is an important cause of term foetal death and is as-

sociated with gestational diabetes and placental hypoplasia.
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Introduction
Over 60% of intrauterine foetal deaths (IUFD) are reported to have a placental cause 

of death.1-5 Different placental pathologies occur in different gestational periods of 

pregnancy. In mid-trimester pregnancy (24-32 weeks of gestation) placental bed 

pathology, characterised by inadequate spiral artery remodelling and/or spiral artery 

pathology, causes death in more than half of IUFD. In term pregnancy developmental 

pathology of the placenta characterised by morphologic abnormalities due to abnormal 

development, causes IUFD in 40%.5

Foetal development and wellbeing are dependent on placental function and matura-

tion. Placental maturation is a gradual process that proceeds throughout pregnancy. 

During the last months of pregnancy foetal oxygen and nutrient requirements increase. 

The placenta compensates for the increased needs by an expansion of the maternal-

foetal exchange surface, forming the so-called syncytiovascular membranes (SVM) 

in the tertiary villi. SVM are very thin membranes with a maternal to foetal diffusion 

distance of only about 3.7μm that allow effi cient transport.6 

Stallmach et al. have described immaturity of the tertiary villi with a reduced number 

of SVM as a cause of foetal death in their population survey of 17,415 consecutive 

unselected singleton placentas (beyond 32 weeks of gestation).7 They concluded that 

defective maturation of the placenta results in a 70 fold risk of foetal death, but that 

few affected foetuses actually die. They reported a prevalence of 5.7% including 2.3% 

associated with foetal death and a tenfold risk of recurrent foetal death.7 De Laat et al 

confi rmed an association between foetal death and villous immaturity. In their study 

the odds ratio for foetal death was 132 (95% CI: 13.2-1315) in the presence of a mean 

number of SVM under the 10th percentile. They found a trend towards the combination 

of hypercoiling of the umbilical cord and villous immaturity.8 

Until now no attempts have been undertaken to analyse a cohort of term foetal 

deaths for the prevalence of villous immaturity. Our aim is to describe the prevalence 

and clinico-pathological associations of term IUFD caused by villous immaturity alone, 

or villous immaturity in combination with other placental pathologies in our cohort of 

1025 IUFD beyond 20 weeks of gestation.
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Materials and Methods 
In 2002 we initiated a Dutch prospective IUFD cohort study in 50 secondary and terti-

ary referral hospitals, serving a rural as well as an urban population. Inclusion criteria 

were singleton foetal death diagnosed ante partum (heart beat ceased before labour) 

after 20 weeks of gestation calculated from the last menstrual period and confi rmed by 

ultrasonography. Pregnancy terminations and intrapartum foetal deaths were excluded. 

The study was approved by the institutional review boards of all participating hos-

pitals. Written informed consent was obtained from all participants. Collected data 

included medical and obstetric history; maternal and foetal characteristics; and preg-

nancy and birth details. Our diagnostic workup protocol included: extensive maternal 

blood tests including full blood count, chemistry and viral serology, and coagulation 

tests performed by a central laboratory; foetal blood tests including viral serology; 

microbiological cultures from mother, foetus and placenta; autopsy; placental exami-

nation; and cytogenetic analysis. 

Autopsy and placental examination were performed by the consulting surgical and 

perinatal pathologists in the participating hospitals in accordance with guidelines pub-

lished by The Royal College of Obstetricians and Gynaecologists and the Royal College 

of Pathologists 9 and the College of American Pathologists. 10,11 All examined placentas 

were studied histopathologically.

Foetal growth percentiles for birthweight by gestational age at time of diagnosis 

of foetal death were calculated according to the Kloosterman growth charts.12 Small 

for gestational age (SGA) was defi ned as birth weight below the 10th percentile, large 

for gestational age (LGA) was defi ned as birth weight > 90th percentile. Defi nitions for 

hypertension related disease (chronic hypertension, pregnancy induced hypertension 

(PIH), preeclampsia, HELLP syndrome and superimposed conditions) were based on 

recommendations by the International Society for the Study of Hypertension in Preg-

nancy (ISSHP).13 Placental hypoplasia was defi ned as an absolute too low placental 

weight < 10th percentile (absolute placental hypoplasia) and/or a too low placenta/

birth weight ratio (relative placental hypoplasia).14 Villous immaturity was defi ned as 

a placental maturation defect after 36 weeks of gestation with defi cient formation of 

syncytiovascular membranes as interpreted by the consulting pathologist.5,7,14 The 

umbilical cord coiling index (UCI) was calculated as the number of coils in the umbilical 

cord divided by the cord length in meters. Normal range: 0.1-0.3 based on previously 

published normal values of the UCI.15-17



Placental villous immaturity as an important cause of term foetal death

– 73 –

All cases were classifi ed in the Tulip classifi cation for perinatal mortality (Table 1) 

by a panel of two consulting obstetricians, one registrar in Obstetrics and Gynaecology 

and one perinatal pathologist for determination of the cause of death.2 Cause of death 

was defi ned as the initial, demonstrable pathophysiological entity initiating the chain 

of events that had irreversibly led to death. Risk factors such as smoking or hyperten-

sion, defi ned as other known contributing factors to death, were identifi ed. Only one 

underlying cause of death could be allocated. Subgroups of a placental cause of death 

were defi ned as described previously.2,14

Table 1. Tulip classifi cation, placental categories.

Cause Subclassifi cation

1. Congenital anomaly

2. Placenta 1. Placental bed pathology

2. Placental pathology 1. Developmental

2. Parenchyma

3. Localisation

3. Umbilical cord complication

4. Not otherwise specifi ed

3. Prematurity/immaturity

4. Infection

5. Other

6. Unknown

Villous immaturity 

Villous immaturity is a subcategory of placental developmental pathology in the Tulip 

classifi cation (Table 1).2,5,14 We evaluated the presence of villous immaturity alone (Tu-

lip: placenta, placental pathology, developmental) or villous immaturity in combination 

with other placental pathologies (Tulip: placenta not otherwise specifi ed), as a cause of 

death in all term IUFD over 36 completed weeks. IUFD was caused either by villous im-

maturity alone or by villous immaturity in combination with other placental pathology. 

For comparison of characteristics and clinico-pathological associations we used two 

groups. The fi rst group consisted of foetal deaths caused by placental pathology other 

than villous immaturity (‘other placental’). The second group consisted of foetal deaths 

with a non- placental cause of death, including ‘unknown’ and ‘other’ causes of death 

(‘non-placental’). Furthermore, maternal conditions that contributed to death, such as 
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hypertension and diabetes, as well as known risk factors for death were selected as 

possible variables for analysis. 

Statistics

Categorical variables were expressed as counts and percentages and continuous data 

as median and ranges. Differences between groups for categorical data were evaluated 

by Fisher exact test or Chi Square test. For continuous variables the Mann-Whitney U 

test was used. A two-tailed p-value <0.05 was considered to indicate statistical sig-

nifi cance. Statistical analyses were performed using SAS software, version 9.1 (SAS-

Institute Inc., Cary, NC, USA).

Results
In our national IUFD study, 1025 couples and their IUFD were analysed. In this cohort 

352 IUFD occurred after 36 completed weeks of gestation and were included in our 

analysis. A placental cause of death was identifi ed in 280 of these 352 cases (80%). 

The overall prevalence of villous immaturity was 23% (81/352). Twenty-nine percent 

(81/280) of the placental causes of death represented villous immaturity, either villous 

immaturity alone or villous immaturity in combination with other placental pathologies. 

In the case of combined pathologies, placental hypoplasia and foetal thrombotic vas-

culopathy were most often present (Table 2). The prevalence of IUFD with a placental 

cause other than villous immaturity was 57% (199/352). In 20% of the IUFD the cause 

of death was non-placental (72/352).

Absolute placental hypoplasia was found twice more often in placentas of foetal 

deaths caused by villous immaturity (43.4%) than in placentas with non-placental 

causes (19.7%) (p = 0.006). The difference between other placental causes (62.1%) 

and non placental causes (19.7%) was even higher. (p = 0.004) Comparable differenc-

es were found for relative placental hypoplasia although statistically no difference was 

reached between IUFD with villous immaturity and IUFD with other placental causes 

(Table 3).

Oligohydramnios occurred almost twice as often in deaths caused by villous im-

maturity (23.1%) than in deaths with a non-placental cause of death (12.5%) (p = 

0.139). The prevalence of oligohydramnios did not differ between villous immaturity 

as the cause of foetal death (23.1%) and the other placental causes of foetal death 

(22.2%) (p = 1.0). 
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Table 2. Villous immaturity and possible combinations with other placental pathologies 

as a cause of intrauterine foetal deaths.

n (%) n(%)a

Villous immaturityc 39 (48.1%)

Villous immaturity and combined placental pathologyd 42 (51.9%)

Hypoplasia 31 (75.6%) 

Foetal thrombotic vasculopathy 15 (36.6%) 

Villitis of unknown origin 7 (17.1%) 

Abruption 4 (9.8%) 

Infarction 4 (9.8%) 

Umbilical cord occlusion 4 (9.8%) 

Chromosomal 1 (2.4%)

Excessive bleeding 1 (2.4%)

Total 81 (100%)

aOverlap between different form of pathology exists, therefore the number is not equal to 42 and the 

percentage exceeds 100. 
cVillous immaturity as classifi ed in the Tulip: placental pathology, developmental.
dCombined placental pathologies as classifi ed in the Tulip: placental not otherwise specifi ed.

The umbilical cord coiling-index (UCI) in deaths caused by villous immaturity was 

statistically not different from the UCI found in deaths with other placental causes of 

death other than villous immaturity (p = 0.15) or non-placental causes of death (p = 

0.17). The UCI was most often within the normal range in the villous immaturity group 

(58.8%). The lowest percentage of hypercoiling was found in the group with villous 

immaturity (11.8%). Unfortunately the UCI could not be determined in 59% of cases 

(Table 3). Umbilical cord insertion was similar between the groups.

The prevalence of gestational diabetes was 2.5 fold-higher in the villous immatu-

rity group than in the group caused by other placental pathology (13.9% vs. 5.5%) 

(p = 0.029) and 10 fold-higher than in the group caused by non-placental pathology 

(13.9% vs. 1.4%) (p = 0.005). Other risk factors and maternal conditions, including 

BMI, did not differ between the groups (Table 3). 

In IUFD caused by villous immaturity foetuses were SGA in 14.8% and LGA in 16%, 

which is statistically not different compared to the general population (respectively 

p = 0.22 and p = 0.12). In almost a quarter of IUFD with a placental cause of death 

other than villous immaturity and in 20.8% of the IUFD with a non placental cause of 
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death foetuses were SGA, which was statistically not different from the prevalence of 

SGA in foetuses with villous immaturity as the cause of death. The prevalence of LGA 

was neither different between the groups (Table 3). Foetal gender was equally repre-

sented in all groups (Table 3).

Only one case of villous immaturity coincided with an abnormal foetal chromosomal 

pattern: 45X/46XY (Table 2). 

Table 3. Clinico-pathological associations of IUFD 

Cause of death Villous 
immaturity
n = 81

Other 
placental 
n = 199

p value Non 
placental
n = 72

p value

1. Placental characteristics

Absolute placentala 
hypoplasia

43.4% (76) 62.1% (195) 0.006 19.7% (61) 0.004

Relative placentala 
hypoplasia 66.7% (78) 77.6% (196) 0.067 30.6% (62) <0.001

Coiling indexa 

<0.1
0.1-0.3
>0.3

29.4% (51)
58.8%
11.8%

24.0% (75)
50.7%
25.3%

0.15 33.3% (21)
38.1%
28.6%

0.17

Umbilical cord insertiona,c

(Para)central
Velamentous/marginal
Not known

79.2% (72)
14.0%
 6.9%

80.5% (174)
15.5%
 4.0%

0.61 79.3% (58)
12.1%
 8.6%

0.91

2. Amniotic fl uid characetristics

Oligohydramnios 22.2% (81) 23.1% (199) 12.5% (72)

3. Maternal characteristics

Maternal age

Median
Range

31.4 (81)
17.5-42.6

31.4 (199)
21.1-45.2

0.73 32.0 (72)
20.8-38.9

0.98 

BMI

Median
Range

26.8 (64)
20.0-47.8

25.16 (155)
17.0-46.7

0.12 25.24 (48)
15.8-38.2

0.20 

Parity

Nulliparous
Multiparous

45.7%(81) 
54.3%

56.3% (199)
43.3%

0.11 55. 6% (72)
44.4%

0.26
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Table 3 (Continued)

Cause of death Villous 
immaturity
n = 81

Other 
placental 
n = 199

p value Non 
placental
n = 72

p value

3. Maternal characteristics

Diseases

Pre-existent 
 hypertension
Pregnancy induced 
 hypertension
Pre eclampsia
HELLP
Diabetes
Gestational diabetes

 1.2% (81)

 8.6%

 1.23%
 0.0%
 2.5%
13.6%

 2.5% (199)

10.6%

 3.0%
 0.5%
 2.0%
 5.5%

0.68 

0.82 

0.68
1.00
1.00
0.029

 0% (72)

 4.2%

 1.4%
 0.0%
 0.0%
 1.4%

   1.00 

   0.33

   1.00 
   –
   0.50 

0.005

Intoxicationsa

Smoking 
Alcohol
Other drugs

18.5% (79)
3.8% (81)
2.5% (81) 

23.1% (198)
3.1% (199) 
1.5% (199)

0.40
0.72
0.50

18.1% (70)
5.8% (72)
0.0% (72)

0.27
0.71
0.63

4. Foetal characteristics

Sex

Boy
Girl

54.3% (81)
45.7%

51.8% (199)
48.2%

0.79 55.6% (72)
44.4%

1.00

Foetal weightb

<p10
>p90

14.8% (81)
16.0%

24.1% (199)
12.1%

0.11
0.44

20.8% (72)
15.3%

0.40
0.85

aThe percentage calculated as percentage of cases over those with known data () 
bFoetal growth of the villous immaturity group in comparison to the general population based on the Kloos-

terman centiles: growth below the 10th percentile: p = 0.22, growth above the 90th percentile: p = 0.12. 
CP value for coiling index > 0.3 between villous immaturity and other placental causes: p = 0.071 and villous 

immaturity and non placental causes:p = 0.096 

Discussion
Placental villous immaturity is an important cause of term IUFD. This is the fi rst cohort 

study describing the prevalence and clinico-pathological associations of villous imma-

turity in 352 IUFD of at least 36 completed weeks of gestation. A placental cause of 

death was identifi ed in almost 80%. Twenty-nine percent of these placental causes of 

foetal death represented villous immaturity, either by villous immaturity alone or by 

villous immaturity in combination with other placental pathologies causing death. Vil-

lous immaturity was associated with gestational diabetes. Villous immaturity was also 

associated with placental hypoplasia in comparison to non placental causes. A trend 

was found towards oligohydramnios in comparison to non-placental causes.
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In our study we primarily focused on IUFD, while others initiated their analysis 

from a placental point of view.7,8 Differences in study groups might explain the much 

higher prevalence of villous immaturity in our IUFD cohort than the previously reported 

prevalences.7,18 Two types of villous immaturity at term have been described.19 In 

term placentas scattered small groups of immature chorionic villi can be seen in up 

to 97% of uncomplicated pregnancies. These immature villi are freshly formed and 

arise directly from the stem villi.18,20,21 Groups of these immature villi are found in 

areas of placental growth and are not indicative of placental pathology. In the other 

pattern almost all chorionic villi are markedly immature for the duration of pregnancy 

with inadequate formation of SVM due to abnormal developmental processes, which is 

the pattern we have focused on.19 However, in the international literature no uniform 

defi nition for villous immaturity have been established yet. Some base their defi nition 

of villous immaturity on the percentage of villi with SVM or on the number of SVM 

per terminal villous or per histological sample.7,8,18,22 Data on the normal quantity of 

SVM are limited and the mean numbers differ.7,8,18,19,22 Others use abnormalities in 

morphology and angiogenesis of the villi to defi ne villous immaturity.6,18,19,23,24 Akin 

studies on the nosology and reproducibility of placental reaction patterns25-27 further 

studies are needed to review, defi ne, and test the reproducibility of diagnostic criteria 

for villous immaturity. 

Gestational diabetes and pre-existent diabetes have been associated with villous 

immaturity.18,19,22-24,28-30 Calderon et al. reported that the size and number of ter-

minal villi as well as villous total area in diabetes was similar to their control group. 

However, total and mean villous vessel surfaces were smaller in diabetes, resulting in a 

lower capillarisation index.28 Evers et al also reported an increase in villous immaturity 

in placentas of diabetic mothers. They found that the appropriate for gestation (AGA) 

babies of diabetic women had a relatively high placental weight, which they suggested 

as possibly compensating for villous immaturity as a protection against hypoxaemia. 

Their LGA babies had a relatively lower placental weight, which may explain the in-

creased incidence of foetal death in that category. Also in our study villous immaturity 

was associated with placental hypoplasia and gestational diabetes. The association 

of villous immaturity and gestational diabetes, but not with pre-existent diabetes be-

tween groups is remarkable. The reason for this difference is speculative, but may be 

related to differences in glycemic control. 

Placental pathology can lead to decreased placental function, resulting in intrauter-

ine growth restriction and oligohydramnios. In these cases the mode of foetal death 
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is chronic. Villous immaturity is a parenchymal disease characterised by inadequate 

development of SVM in tertiary villi. The absence of SVM is thought to cause pla-

cental dysfunction in a period of pregnancy when demands on placental function are 

increased. Signs of hypoxaemia in these cases of late foetal death support placental 

dysfunction as a mechanism of death in these cases.8 In deaths caused by villous 

immaturity the mode of death is unknown and can only be speculated on. In appro-

priately grown foetuses a chronic mode of death seems less likely. A sub-acute mode 

of death is suggested by a trend towards increased prevalence of oligohydramnios in 

IUFD with villous immaturity as a sign of redistribution of foetal blood to vital organs 

at expense of renal blood fl ow. In the foetal deaths caused by villous immaturity the 

prevalence of SGA was found to be 50% higher than in the general population. Based 

on this trend towards a lower foetal weight one might suggest that at least in some 

of the SGA foetuses the mode of death is chronic as these foetuses might have grown 

less than their potential and are growth restricted. Use of customised growth charts to 

detect growth restricted foetuses31,32 and correlation of clinical signs and symptoms 

with data on the mode of death obtained from autopsy studies could corroborate the 

mode of death further.33

In conclusion placental villous immaturity is an important cause of term IUFD. In 

pregnancy villous immaturity may only present with few clinical signs and symptoms 

which hinders intervention to prevent death. Recurrent disease has been described and 

only in these cases pregnancy may be rescued by birth.7 
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Abstract
Objective: To introduce the pathophysiological Tulip classifi cation system for underlying 

cause and mechanism of perinatal mortality based on clinical and pathological fi ndings 

for the purpose of counselling and prevention.

Design: Descriptive.

Setting: Tertiary referral teaching hospital.

Population: Perinatally related deaths.

Methods: A classifi cation consisting of groups of cause and mechanism of death was 

drawn up by a panel through the causal analysis of the events related to death. In-

dividual classifi cation of cause and mechanism was performed by assessors. Panel 

discussions were held for cases without consensus.

Main outcome measures: Inter-rater agreement for cause and mechanism of death.

Results: The classifi cation consists of six main causes with subclassifi cations: (1) con-

genital anomaly (chromosomal, syndrome and single- or multiple-organ system), (2) 

placenta (placental bed, placental pathology, umbilical cord complication and not oth-

erwise specifi ed [NOS]), (3) prematurity (preterm prelabour rupture of membranes, 

preterm labour, cervical dysfunction, iatrogenous and NOS), (4) infection (transpla-

cental, ascending, neonatal and NOS), (5) other (fetal hydrops of unknown origin, 

maternal disease, trauma and out of the ordinary) and (6) unknown. Overall kappa 

coeffi cient for agreement for cause was 0.81 (95% CI 0.80-0.83). Six mechanisms 

were drawn up: cardio/circulatory insuffi ciency, multi-organ failure, respiratory insuf-

fi ciency, cerebral insuffi ciency, placental insuffi ciency and unknown. Overall kappa for 

mechanism was 0.72 (95% CI 0.70-0.74).

Conclusions: Classifying perinatal mortality to compare performance over time and 

between Centers is useful and necessary. Interpretation of classifi cations demands 

consistency. The Tulip classifi cation allows unambiguous classifi cation of underlying 

cause and mechanism of perinatal mortality, gives a good inter-rater agreement, with 

a low percentage of unknown causes, and is easily applicable in a team of clinicians 

when guidelines are followed.
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Introduction
There are intensifi ed demands on medical, political and epidemiological grounds for 

proper determination and classifi cation of cause of perinatal mortality.1-4 Such clas-

sifi cation is complex due to the complicated pathophysiological processes encountered 

in the mother, fetus and placenta, and as a result of their interaction.5 The multiplicity 

of contributing factors and the different background of the clinicians involved add to 

the confusion.

Thirty classifi cation systems for perinatal mortality have been introduced since 

1954.6-34 Systems have been designed for different reasons with different approaches, 

defi nitions and levels of complexity. Twenty systems focus on either pathological in-

formation or clinical details,6,7,9-12,14-16,18,21,23,24,29-34 whereas in our opinion, both 

should be considered for classifi cation. Half the systems aim at classifying the underly-

ing cause of death.6-8,10,13,15,18,20,29-32,34 Systems should not confuse this underlying 

cause of death with mechanism of death and risk factors.3 Some systems are brief and 

easy to use, others are more detailed. Preferably, classifi cation systems should con-

tain a structure that allows unambiguous allocation to representative cause-of-death 

groups to ensure a high percentage of cases classifi ed with a known cause of death.20 

It should be possible to amend a system to allow for future scientifi c developments 

without disturbing the system.4

Clear uniform defi nitions and classifi cation guidelines make a model easy to 

use and uni-interpretable.20,32 However, defi nitions of cause-of-death catego-

ries and guidelines are incomplete or not described in more than half of the arti-

cles.6-9,15,16,19,21,22,24-26,29-31,33,34 Defi nitions of the perinatal period change over time 

and are not always unanimous between Centers.21,35-37 There is need for a system that 

permits classifi cation of cases occurring during the complete perinatal period indepen-

dent of the used defi nitions.

Classifi cation of cause of death must be independent of the specialty of the clini-

cian.23 It is important that there be a good inter-rater agreement and that classifi ca-

tions used are reproducible.18,21,23,38 Only some systems test their level of agreement. 

This inter-rater agreement varies from 0.50-0.59 measured by independent raters38 

to 0.85-0.90 determined by the original assessors themselves.15 The mother, the fe-

tus and the placenta are all involved in the complex process of perinatal mortality; 

they should be addressed together. Only two systems consider these three factors 

together.20,22 However, de Galan-Roosen et al.20 have minimal subclassifi cation of the 

placenta group, and the classifi cation of Hovatta et al.22 is designed for the stillbirth 
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group only. Our view was that existing classifi cation systems for perinatal mortality did 

not fulfi l our needs.

Our objective was to develop a new classifi cation system that separates cause and 

mechanism of perinatal mortality for the purpose of counselling and prevention. Our 

goal was to propose a well-defi ned, unambiguous, single-cause system aiming to iden-

tify the initial demonstrable pathophysiological entity initiating the chain of events 

that has irreversibly led to death, based on the combination of clinical fi ndings and 

diagnostic test results, including pathological fi ndings. We describe here and assess 

the inter-rater agreement of the pathophysiological Tulip classifi cation for cause and 

mechanism of perinatal mortality in a multidisciplinary setting. 

Methods 
To design a pathophysiological classifi cation system for perinatal mortality, a panel 

of three obstetricians, a pathologist, a neonatologist, a clinical geneticist and two ob-

stetrical residents organised panel meetings. The system was named Tulip as this is a 

well-known Dutch association. First, cause of death was defi ned as the initial, demon-

strable pathophysiological entity initiating the chain of events that has irreversibly led 

to death. The mechanism of death was defi ned as the organ failure that is not compat-

ible with life, initiated by the cause of death that has directly led to death. Origin of 

mechanism was defi ned as the explanation of the mechanism of death. This third step 

of the classifi cation was proposed to make the pathway of death more clear and to 

prevent confusion with cause of death. The system was designed to include late fetal 

losses, stillbirths, early neonatal deaths, late neonatal deaths and perinatally related 

infant deaths during hospital admission from birth onwards.

Then we decided whether a strict hierarchy would be preferable for the system as 

hierarchy makes use easier. During multidisciplinary panel sessions, we proposed the 

concept that the cognitive process involved in making explicit the complex process of 

integrating all possible information to allocate the underlying cause and mechanism 

of death is comparable with diagnostic reasoning in clinical medicine, which has been 

described by other disciplines.39 Since diagnostic reasoning is differential diagnosis and 

pattern recognition driven rather than hierarchical, we concluded that our classifi cation 

system for underlying cause of death could not be strictly hierarchical.
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The six main groups of causes of death with subclassifi cations, and the mecha-

nisms of death were developed by the panel according to the causal analysis of 109 

perinatally related deaths during a 1-year period. Case notes and results of complete 

diagnostic work-up (as current at that time in our institution) were available. Discus-

sions between panel members on the basis of information from existing classifi cations 

and current obstetrical, pathologic, neonatologic and genetic literature on causes of 

perinatal mortality led us to the Tulip system. As congenital anomalies and placental 

pathology represent major causes of perinatal mortality, we decided to design detailed 

subclassifi cations for these groups.

Table 1. Tulip classifi cation of perinatal mortality: causes 

Cause n (%) Subclassifi cation n

1 Congenital anomaly 142 (35) 1 Chromosomal defect 1 Numerical 42

2 Structural 8

3 Microdeletion/
  unipa-rental disomy

-

2 Syndrome 1 Monogenic 15

2 Other 2

3 Central nervous system 22

4 Heart and circulatory system 9

5 Respiratory system 1

6 Digestive system 2

7 Urogenital system 13

8 Musculoskeletal system -

9 Endocrine/metabolic system -

10 Neoplasm 2

11 Other 1 Single organ -

2 Multiple organ 26

2 Placenta 111 (27) 1 Placental bed pathology 72

2 Placental pathology 1 Development 28

2 Parenchyma 6

3 Localisation 2

3 Umbilical cord complication 1

4 NOS 2
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Table 1 (Continued)

Cause n (%) Subclassifi cation n

3 Prematurity 
  immaturity

95 (23) 1 PPROM 52

2 Preterm labour 30

3 Cervical dysfunction 12

4 Iatrogenous -

5 NOS 1

4 Infection 6 (1) 1 Transplacental 2

2 Ascending 4

3 Neonatal -

4 NOS -

5 Other 13 (3) 1 Fetal hydrops of unknown 
  origin

4

2 Maternal disease 5

3 Trauma 1 Maternal -

2 Fetal -

4 Out of the ordinary 4

6 Unknown 44 (11) 1 Despite thorough 
  investigation

16

2 Important information 
  missing

28

Total 411

 

Table 1 shows the categories for cause of death, and Table 2 shows the categories 

for mechanism of death. Defi nitions for the terms used and allocation to a certain 

category, as well as examples of clinical and pathological entities, were drawn up in a 

guideline.

Tulip guideline

1 Congenital anomaly: the cause of death is explained by a genetic or a structural 

defect incompatible with life or potentially treatable but causing death. Assignment 

to this group is justifi ed if the congenital anomaly is the actual cause of death and 

no other major category of causes of death has initiated the causal pathway leading 

to death. Termination of pregnancy because of a congenital anomaly is also classi-

fi ed in this group; subclassifi cation is dependent on the defect. These include;



The Tulip classifi cation of perinatal mortality: introduction and multidisciplinary inter-rater agreement

– 89 –

1.1 chromosomal defects: with subclassifi cation by type,

1.2 syndromal: with subclassifi cation by whether monogenic or not and organ-

specifi c abnormalities such as,

1.3 central nervous system or,

1.4 heart and circulatory system. Examples are shown in Table 1.

2 Placenta: the cause of death is explained by a placental pathological abnormality 

supported by the clinical fi ndings. 

2.1 Placental bed pathology: inadequate spiral artery remodelling and/or spiral 

artery pathology leading to uteroplacental vascular insuffi ciency such as pla-

cental infarction. 

2.2 Placental pathology: pathology originated during development of the pla-

centa itself, abnormalities in the parenchyma or localisation of the placenta. 

2.2.1 Development: morphologic abnormalities that arise because of ab-

normal developmental processes such as placenta circumvallata, vil-

lous immaturity and placenta hypoplasia. 

2.2.2 Parenchyma: acquired placenta parenchyma disorders of the villi or 

intervillous space. Examples are villitis of un-known origin, massive 

perivillous fi brin deposition and fetomaternal haemorrhage without 

obvious cause.

2.2.3 Abnormal localisation: example is praevia. 

2.3 Umbilical cord complication: acquired umbilical cord complications supported 

by clinical fi ndings. Example is umbilical cord prolapse, with occlusion of the 

vessels.

2.4 Not otherwise specifi ed (NOS): the cause of death falls into the group pla-

centa, but because of the existence of different placenta subclassifi cations, a 

choice cannot be made as to what was fi rst in the chain of events leading to 

death.

3 Prematurity/immaturity: the cause of death is explained by the initiation of preterm 

delivery only and in the case of neonatal death also, with the associated problems 

of prematurity/immaturity. 

3.1 Preterm prelabour rupture of membranes (PPROM): initiates preterm deliv-

ery, 

3.2 Preterm labour: where uterus contractions initiate preterm delivery. 

3.3 Cervical dysfunction: initiates preterm delivery,
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3.4 Iatrogenic: procedure initiates preterm delivery on maternal non-obstetrical 

indication only, for example caesarean section on maternal indication for car-

cinoma, 

3.5 NOS: where prematurity/immaturity is the cause of death but it is not clear 

how preterm delivery was initiated.

4 Infection: the cause of death is explained by an infection resulting in sepsis and 

stillbirth or neonatal death. There is a clear microbiological evidence of infection 

with matching clinical and pathological fi ndings.

4.1 Transplacental: where there is a haematogenous infection through the spiral 

arteries, the placenta and the umbilical cord to the fetus such as Parvovirus 

infection.

4.2 Ascending: where there is an ascending infection from colonisation of the 

birth canal such as Streptococci group B infection.

4.3 Neonatal: where there is infection acquired after birth such as Escherichia coli 

sepsis-meningitis.

4.4 NOS: where there is infection, but it cannot be discerned whether the infec-

tion was transplacental, ascending or acquired after birth.

5 Other: the cause of death is explained by another specifi c cause not mentioned in 

the previous groups of cause of death.

5.1 Fetal hydrops of unknown origin, 

5.2 Maternal disease: is severe enough to jeopardise the fetus or the neonate, 

initiating death. Examples might be severe maternal sepsis or alloimmuni-

sation. For most maternal medical conditions, this classifi cation, (5.2) will 

only apply when the disease leads directly to perinatal death, as in diabetic 

ketoacidosis. Otherwise, the condition is a risk factor,

5.3 Trauma. 

5.3.1 Maternal: such as severe road traffi c accidents,

5.3.2 Fetal: such as birth trauma.

5.4 Out of the ordinary: a specifi c event or condition initiating the causal pathway 

to fetal or neonatal death such as rupture of the uterus.

6 Unknown.

6.1 Despite thorough investigation,

6.2 Important information missing.
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To register more information about each case of perinatally related mortality, it 

is also possible to describe contributing factors, defi ned as other known factors on 

the causal pathway to death, e.g. risk factors such as obesity and smoking, and co-

morbidity, defi ned as an event or a condition relevant for the clinical situation or the 

care given but not part of the causal pathway to death. Case examples illustrating the 

use of the Tulip classifi cation are shown in the Appendix.

Table 2. Tulip classifi cation of perinatal mortality: mechanisms 

Mechanisms n (%) 

1 Cardiocirculatory insuffi ciency  44 11)

2 Multi-organ failure  30 (7)

3 Respiratory insuffi ciency 130 (32)

4 Cerebral insuffi ciency   7 (2)

5 Placental insuffi ciency 123 (30)

6 Unknown  77 (19)

Total 411 (100)

Agreements on cause, mechanism of death and origin of mechanism

Because certain case situations led to discussions, an additional list of agreements 

for cause, mechanism of death and origin of mechanism for use in our Center were 

prepared beforehand.

1 If a pregnancy was terminated with prostaglandins for a congenital anomaly, the 

congenital anomaly was considered the cause of death, placental insuffi ciency the 

mechanism of death and induction the origin of mechanism. If a fetus was born 

alive after this procedure and died within hours, respiratory insuffi ciency was con-

sidered as the mechanism of death and induction the origin of mechanism.

2 In the case of a sequence of recurrent vaginal blood loss, PPROM and a placenta cir-

cumvallata, we considered developmental placental pathology (2.2.1) as the cause 

of death.

3 If the cause of intrauterine death was developmental placental pathology (2.2.1) 

due to a twin-to-twin transfusion syndrome, cardiocirculatory insuffi ciency was con-

sidered as the mechanism of death for both the donor and the recipient fetus.

4 If a fetus died due to umbilical cord prolapse, the mechanism of death was cardio-

circulatory insuffi ciency.
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5 If a treatment was not initiated after birth for a nonviable, very early preterm 

neonate, respiratory insuffi ciency was considered as the mechanism of death and 

prematurity as the origin of mechanism.

6 If intrauterine fetal death was attributable to infection, multi-organ failure was con-

sidered the mechanism of death and intrauterine infection the origin of mechanism. 

In the case of neonatal death due to infection, multi-organ failure was considered 

the mechanism of death and sepsis the origin of mechanism.

7 If intrauterine fetal death was due to fetal hydrops of any cause, cardiocirculatory 

insuffi ciency could only be considered as mechanism of death if a hyperdynamic 

circulation existed.

8 Important information missing was defi ned as two out of three diagnostic investiga-

tions missing regarding pathological examination; autopsy and placental examina-

tion, chromosomal or microbiological investigation.

Origin of mechanism 

Cessation of treatment for origin of mechanism is eligible when there is a medical 

prognosis of either early death (for example, Potters syndrome) or severe impairment 

associated with a very poor quality of life (for example, neurological damage due to 

severe asphyxia and congenital anomalies).40 Cessation of treatment is not the origin 

of mechanism if the death was imminent. In the case of cessation of treatment of the 

neonate by reason of very poor prognosis, mechanism of death allocated was respira-

tory insuffi ciency.

Inter-rater agreement

After design of the Tulip classifi cation system, a panel consisting of the original asses-

sors who developed the system assessed the inter-rater agreement of the system for 

cases of perinatal mortality occurring during the 4-year period of 1999-2002. During 

this period, there were 7389 total births (stillborn and liveborn > 16 weeks of gesta-

tion) at our institution. A retrospective analysis was performed on all perinatally related 

deaths occurring during this period. These deaths comprised late fetal losses (sponta-

neous fetal loss and termination of pregnancy from 16 completed weeks of gestation 

until 22 weeks of gestation). Perinatally related deaths beyond 22 weeks of gestation 

were defi ned as stillbirths, early neonatal deaths, death up to seven completed days 

after birth; late neonatal deaths, death from 8 up to 28 completed days after birth and 

perinatally related infant deaths, death from 29 days up to six completed months after 

birth during hospital admission from birth onwards.



The Tulip classifi cation of perinatal mortality: introduction and multidisciplinary inter-rater agreement

– 93 –

Table 3. Tulip classifi cation of perinatal mortality: examples of origin of mechanism 

Origin of mechanism n 

Cardiocirculatory 

Congenital heart malformation 2

Fetal hydrops 1

Myocardial ischaemia 2

Pneumopericard 1

Supraventriculary tachycardia 1

Twin to twin transfusion 5

Umbilical cord occlusion 14

Pulmonary 

Airway obstruction 2

Bronchopneumonia 1

Chronic lung disease/broncho pulmonary dysplasia 9

IRDS/hyaline membrane disease 11

Lunghypoplasia 25

Placental 

Placental abruption 16

Infarction 24

Villous immaturity/terminal villous defi ciency 4

Hypoplasia 12

Partial mola 2

Fetal thrombotic vasculopathy 3

Massive perivillous fi brin deposition 3

Ectopic placentation 1

Other 

Sepsis 14

Infection intrauterine 12

Prematurity/immaturity 40

Excessive bleeding 6

Complication after medical procedure 11

Ceasure of treatment 31

Induction 63

Selective feticide 2

None of the above 12

Unknown 81

Total 411

IRDS, idiopathic respiratory distress syndrome.
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Two independent researchers compiled narratives for each mortality case, describ-

ing chronologically the most important events. Narratives were based upon medical 

and obstetrical history, information about the pregnancy, diagnostic test results includ-

ing pathological fi ndings concerning autopsy and placental investigation and obstetrical 

and neonatology discharge letters. No other information sources was consulted. 

The panel consisted of two obstetricians, an obstetrical resident, a neonatologist 

and a pathologist, each of whom individually classifi ed cause and mechanism of death 

for all cases. Procedures were agreed upon in advance. Only one underlying cause and 

one mechanism of death could be allocated. Assessors were unaware of the results 

of classifi cation from other panel members. Second, panel discussions were held for 

cases without initial consensus on cause or mechanism of death, and after a debate, 

a panel consensus was agreed upon. A panel judgement for origin of mechanism was 

also allocated. Cases, in which panel members failed to comply with the defi nitions for 

allocation to a certain category, stated in the guidelines, were registered as misinter-

pretation. 

Statistical methods 

Classifi cation of the cause and mechanism of death was performed individually by 

different assessors. Inter-rater agreement beyond chance between the assessors was 

calculated using Cohen’s kappa. Our qualitative interpretation of the kappa statistic for 

inter-rater agreement corresponding with others was: poor, < 0.4; fair, 0.40 to < 0.55; 

good, 0.55 to < 0.70; very good, 0.70 to < 0.85 and excellent, ≥ 0.85.41 Kappa values 

and 95% CI were calculated for fi ve assessors.

Results
During the 4-year period of 1999-2002, there were 411 perinatally related losses, 

comprising 104 late fetal losses, 153 stillbirths, 108 early neonatal deaths, 25 late 

neonatal deaths and 21 perinatally related infant deaths. The perinatal mortality rate 

(stillborn and liveborn > 500 g, death up to seven completed days after birth) was 

30.7/1000. Clinical records were available for all deaths. An autopsy was performed in 

199 (48%) cases and placental examination in 379 (92%). The mean time to individu-

ally classify one perinatal death was 15 minutes (range 10-25 minutes). Mean time for 

panel discussions for cases for which there was no consensus was 10 minutes (range 

5-20 minutes). Due to experience, discussion time was shortened during the study.
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Table 1 shows the distribution of classifi cation of cause of death in the six primary 

groups of our classifi cation, with further subclassifi cation for the 411 perinatally related 

deaths. The largest cause-of-death group was congenital anomalies and contained 142 

cases (35%). A total of 42 (30%) pregnancies were terminated for fetal congenital ab-

normalities. All terminations were performed before 24 weeks of gestation. Four deaths 

were classifi ed in the groups other and out of the ordinary. The fi rst death consisted of 

a termination of pregnancy at 17 weeks of gestation for an increased risk of congenital 

anomalies detected with serum screening. The second death was of a neonate who 

died 3 days after birth. The child was situated intraabdominal after a uterus rupture, 

originating during induction of labour at 42 weeks of gestation. The third case was a 

neonatal death occurring a few hours after immature labour at 24 weeks of gestation, 

after recurrent vaginal blood loss due to a cervical polyp. The fourth death was a case 

of recurrent blood loss after a transcervical chorion villous biopsy performed at 10 

weeks of gestation. The membranes ruptured at 19 weeks of gestation, whereafter 

the umbilical cord prolapsed and the fetus died in utero. In 44 cases (11%), the cause 

of death remained unknown. In 28 (64%) of these deaths, important information was 

missing.

Table 4. Inter-rater agreement over six causes and mechanisms of death by fi ve asses-

sors 

Kappa 95% CI 

Causes 

1 Congenital anomaly 0.92 0.89-0.95

2 Placenta 0.83 0.80-0.86

3 Prematurity/immaturity 0.83 0.80-0.86

4 Infection 0.47 0.44-0.50

5 Other 0.46 0.43-0.49

6 Unknown 0.70 0.67-0.73

Mechanisms 

1 Cardiocirculatory insuffi ciency 0.58 0.55-0.61

2 Multi-organ failure 0.61 0.58-0.65

3 Respiratory insuffi ciency 0.83 0.80-0.86

4 Cerebral insuffi ciency 0.40 0.37-0.43

5 Placental insuffi ciency 0.78 0.75-0.81

6 Unknown 0.66 0.63-0.69
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The perinatally related deaths were distributed among the six different groups of 

mechanisms (Table 2). Examples of origin of mechanism are presented in Table 3, 

together with the number of deaths for which we allocated this origin. This table is 

in contrast to Tables 1 and 2, not exhaustive and can be modifi ed depending on the 

pathology involved in the cases being classifi ed.

Inter-rater agreement

All the 411 deaths were included to calculate the inter-rater agreement for the Tulip 

classifi cation. In 47% of cases, consensus was achieved for cause of death after indi-

vidual classifi cation and in 69% of cases after excluding guideline misinterpretations. 

For mechanism of death, this was in 58% of cases and after excluding guideline misin-

terpretation, it was in 68% of cases. For the remaining cases, a panel consensus was 

achieved for cause and mechanism of death. Overall kappa coeffi cient for main cause 

of death for multiple observers and multiple test results was 0.81 (95% CI 0.80-0.83) 

and after excluding guideline misinterpretations, it was 0.86 (95% CI 0.84-0.87). 

Overall kappa coeffi cient for subclassifi cation of cause of death was 0.67 (95% CI 0.66-

0.68) and after excluding guideline misinterpretation, it was 0.79 (95% CI 0.79-0.80). 

For mechanism of death, overall kappa coeffi cient was 0.72 (95% CI 0.70-0.74) and 

after excluding guideline misinterpretation, it was 0.78 (95% CI 0.76-0.79). Over each 

main category of cause of death and each category of mechanism, a kappa correla-

tion coeffi cient with lower-upper CI was calculated. Table 4 shows the distribution of 

inter-rater agreement over these categories by the fi ve assessors. The best agreement 

level for cause of death was observed for congenital anomaly. The categories placenta, 

prematurity/immaturity and unknown showed very good agreement. Repro-ducibility 

of the causes infection and other was fair.

Discussion
We describe the development of a new classifi cation system for cause and mechanism 

of perinatal mortality initiated by the audit of perinatal mortality and the problems we 

faced using existing systems. A pathophysiological background was the basis for this 

system, and our purpose was to identify the unique initial demonstrable entity on the 

causal pathway to death for the purpose of counselling and prevention. We assessed 

the inter-rater agreement for underlying cause and mechanism of perinatal mortality 

and found this system to be unambiguous and reproducible.
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Confusion between mechanism of death and risk factors with cause of death is a 

problem when classifying.3 Morrison and Olsen30 used placental insuffi ciency and post-

maturity as cause of death in their classifi cation. In our system, placental insuffi ciency 

is a mechanism of death and postmaturity a contributing factor (risk factor) because 

these are not the fi rst step on the causal pathway to death. Whitfi eld et al.32 used in-

trauterine growth restriction (IUGR) as the cause of death in their classifi cation; in our 

system, this would be considered a contributing factor since cause of death may differ 

in different cases with IUGR. In accordance to Hanzlick,3 we defi ned the mechanism 

of death as the organ failure through which the underlying cause of death ultimately 

exerts its lethal effect. Fetuses or neonates dying from the same underlying cause may 

do so because of different mechanisms of death. In the case of a pregnant mother 

with pre-eclampsia, with a fetus, who died in utero due to placental insuffi ciency, the 

cause of death is placental bed pathology. In another mother with pre-eclampsia, who 

delivered by caesarean section and the child died due to respiratory insuffi ciency, the 

cause of death is also placental bed pathology. Information about the mechanism of 

death may be as valuable as the underlying cause of death itself, to evaluate and pre-

dict institutional needs for the care of such women. Although risk factors infl uence the 

causal pathway to death, they should not be considered as the cause of death.

If the aim of classifi cation of death is to go back to the initial step on the causal 

pathway because of interest in prevention, it becomes vital that cause-of-death groups 

consist of pathophysiological entities and not clinical manifestations of these entities. 

Many classifi cation systems consist of cause-of-death groups that encompass clini-

cal conditions such as pre-eclampsia,29 antepartum haemorrhage,13 breech presen-

tation18 and intraventricular haemorrhage of the neonate.21 In this respect, it does 

not seem appropriate to retain separate categories for deaths, with evidence of as-

phyxia.6,11,14,17,21,22,32,33,42 Asphyxia is a clinical condition of an underlying cause of 

death and can be defi ned in most cases. If for other reasons, one is interested in the 

number of women with a perinatal death and clinical conditions such as pre-eclampsia 

or pre-existent hypertension, it is possible to record these as contributing factors in 

the Tulip classifi cation.

Simple, short and easy to use classifi cation systems may seem preferable.17,23,33,38 

However, the diffi culty when focusing on aetiology of death if using a classifi cation 

system such as the Wigglesworth classifi cation33 is that it remains very general. For 

example, all nonmalformed stillbirths are classifi ed in the group: unexplained death 

prior to the onset of labour. Nevertheless, for many stillbirths, the cause of death is 
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evident. While the Tulip system is more complex than some, the advantages more 

than outweigh the complexity in application. Systems without subclassifi cation of main 

causes can be too crude as is seen in a descriptive classifi cation of underlying cause 

of death by de Galan-Roosen et al.2 This system has been validated with good re-

producibility (kappa = 0.7) and a low percentage (7%) of unclassifi able cases, both 

important requirements for a good classifi cation. Yet, 53% of cases are classifi ed in 

the group placenta pathology, 32% in the subgroup acute and 21% in the subgroup 

chronic, without further subclassifi cation. We divided the group placenta into four sub-

groups and divided the subgroup placental pathology into three further subgroups. This 

subclassifi cation may prove useful when counselling parents, since different placental 

pathologies differ in recurrence risk. 

It should be preferable to allocate every mortality case to one cause-of-death cat-

egory in a system only,6,43 independent of the clinician and his or her specialty.23 

Clear guidelines are necessary with criteria for categorisation, defi nition of terms 

and case examples.32 Often these are missing or stated very briefl y in other sys-

tems.6-9,15,16,19,21,22,24–26,29–31,33,34 However, in certain cases, differences in opinion 

between panel members regarding allocation of underlying cause of death in our sys-

tem occurred. One of these was the debate about the start of the chain of events to 

death regarding prematurity. Pathways to preterm delivery are multifactorial.44 Infec-

tion is often regarded as an important factor in PPROM or preterm labour but cannot 

always be assigned as the fi rst step on the causal pathway to death. After debate, we 

considered infection as cause of death if there was clear microbiological evidence of 

infection with matching clinical and pathological infectious fi ndings, concluding that the 

infection initiated the chain of events to death. For cases in which it is not possible to 

go back further in the chain of events than PPROM or preterm labour because of lack 

of clear evidence of an earlier step on the pathway, prematurity should be assigned as 

cause of death in the Tulip classifi cation. A secondary infection will be expressed in an 

‘infectious’ mechanism of death: multi-organ failure or origin of mechanism such as 

sepsis. This partly explains why our cause-of-death group infection (n= 6) consists of 

far less deaths than our prematurity/immaturity group (n= 95).

It is unsatisfactory to classify a high percentage of cases as unknown. In 11% of 

our cases, a cause of death could not be allocated. Due to differences in defi nition, it 

is diffi cult to compare this percentage with the percentages of ‘unknown’ or ‘unclassifi -

able’ in other studies. In one-third of these deaths, the cause remained unknown de-

spite thorough investigation, and in two-thirds of deaths, the cause remained unknown 
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because important information was missing. This was most often because of missing 

diagnostic test results, such as results of chromosomal examination (because of either 

failure to perform the test or failure of cultures) and microbiological or pathological in-

vestigation. This suggests that many of these deaths may be underinvestigated rather 

than truly unexplained and that a decrease in the percentage of unknown causes can 

be achieved by adequate diagnostic procedures after perinatal death.

Inter-rater agreements were calculated for the assessors who originally developed 

the system. However, these kappas illustrate good multidisciplinary agreement. In oth-

er studies, kappa scores vary. Low scores of 0.45-0.62 were observed for the validation 

study of Cole’s classifi cation, 0.50-0.59 for Hey’s classifi cation and 0.50-0.68 for the 

‘New Wiggelsworth’ classifi cation.38 These kappa scores were for external assessors. 

In the study of de Galan-Roosen et al.,20 an overall kappa for main causes of death 

of 0.70 (95% CI 0.68-0.72) was calculated. The highest kappa scores of 0.85-0.90 

were observed for the classifi cation by Chan et al.15. Both inter-rater agreements were 

calculated for the original assessors who developed the system. Disagreement in our 

panel was partly because of failure to comply with the defi nitions and working rules and 

partly because of differences in the interpretation of the sequence to death, minimal 

information available or an unsatisfactory narrative. The importance of individual as-

sessors following guidance is exemplifi ed by the rise in the kappa scores for cause of 

death and subclassifi cation after removal of cases where the guideline rules had been 

violated.

Due to increased knowledge, newly developed techniques and methods of inves-

tigation, the patterns of causes of death have changed during time.21,37 Therefore, a 

classifi cation system must be designed in such a way that future knowledge allows 

expansion.4 The Tulip system allows adaptation to medical advances. To illustrate this, 

deaths defi ned as congenital anomaly, other, multiple-organ systems in the Tulip clas-

sifi cation may be allocated as syndrome, monogenic in the future.

In conclusion, use of a large dataset of perinatally related deaths has allowed our 

multidisciplinary team to construct groups of cause and mechanism of death into a 

functional pathophysiological classifi cation that directs attention towards initial causa-

tion and mechanism in order to focus on prevention of perinatal deaths. The unambigu-

ous Tulip classifi cation is a well-defi ned, single-cause system, with clear guidelines and 

case examples. The Tulip gives a good multidisciplinary inter-rater agreement, with a 

low percentage of unknown causes and is easily applied by a team of clinicians when 

Tulip guidelines are followed. The classifi cation is currently in use in the Netherlands 

for national audit studies.
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Appendix. Case examples 

Example 1 Mother: 40 years old, G3P1A1, born at 20 weeks of gestation, girl, 260 g, termi-
nation of pregnancy with prostaglandines

Cause of death Congenital anomaly, chromosomal defect, numerical: trisomy 13 
(1.1.1)

Mechanism Placental insuffi ciency (5)

Origin of mechanism Induction

Contributing factor None

Co-morbidity Psoriasis

Example 2 Mother: 38 years old, G2P1, 29 weeks of gestation, boy, 1500 g, died in utero

Cause of death Placental bed pathology (2.1.0)

Mechanism Placental insuffi ciency (5)

Origin of mechanism Placental infarction

Contributing factor Pre-existing hypertension, factor II mutation

Co-morbidity None

Example 3 Mother: 27 years old, G2P0, born at 26 weeks of gestation, girl, 505 g, died 8 
weeks after birth

Cause of death Placental bed pathology (2.1.0)

Mechanism Respiratory insuffi ciency (3)

Origin of mechanism Chronic lung disease

Contributing factor Pre-eclampsia with antihypertensive treatment, hyperhomocystein-
emia, smoking, IUGR, prematurity

Co-morbidity Alfa-thalassaemie

Example 4 Mother: 22 years old, G2P1, 26 weeks of gestation, boy, 835 g, died during 
labour

Cause of death Prematurity; PPROM (3.1.0)

Mechanism Cardiocirculatory insuffi ciency (1)

Origin of mechanism Umbilical cord occlusion

Contributing factor Breech presentation, chorioamnionitis, small placental infarction

Co-morbidity None

Example 5 Mother: 35 years old, G4P3, 37 weeks of gestation, boy, 3430 g, died in utero

Cause of death Infection ascending (4.2)

Mechanism Multi-organ failure (2)

Origin of mechanism Intrauterine infection

Contributing factor None

Co-morbidity Asthma
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Example 6 Mother: 29 years old, G2P0, 35 weeks of gestation, boy, 2490 grams, died in 
utero

Cause of death Other; maternal disease, diabetes mellitus type I (5.2)

Mechanism Cardiocirculatory insuffi ciency (1)

Origin of mechanism Ketoacidosis

Contributing factor Language/culture barrier

Co-morbidity Hernia nuclei pulposi
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Abstra ct 
Different c lassifi cation sys tems for t he cause of intra-uterine fetal death (IUFD) are 

used internationally. About two thirds of these deaths are reported as unexplained and 

placental causes are often not addressed. Differences between systems could have 

consequences for the validity of vital statistics, for targeting preventive strategies 

and for counselling parents on recurrence risks. Our objective was to compare use of 

the Tulip classifi cation with other currently used classifi cation systems for causes of 

IUFD. We selected the extended Wigglesworth classifi cation, modifi ed Aberdeen and 

the classifi cations by Hey, Hovatta, de Galan-Roosen and Morrison. We also selected 

the ReCoDe system for relevant conditions, comparable to contributing factors in the 

Tulip classifi cation. Panel classifi cation for 485 IUFD cases in the different systems was 

performed by assessors after individual investigation of structured patient information. 

Distribution of cases into cause of death groups for the different systems varied, most 

of all for the placental and unknown groups. Systems with a high percentage of cases 

with an unknown cause of death and death groups consisting of clinical manifestations 

only are not discriminatory. Our largest cause of death group was placental pathology 

and classifi cation systems without placental cause of death groups or minimal subdivi-

sion of this group are not useful in modern perinatal audit as loss of information occurs. 

The most frequent contributing factor was growth restriction. This illustrates the vital 

role of the placenta in determination of optimal fetal development. In the Tulip clas-

sifi cation, mother, fetus and placenta are addressed together. The system has a clear 

defi ned subclassifi cation of the placenta group, a low percentage of unknown causes 

and is easily applied by a multidisciplinary team. A useful classifi cation aids future 

research into placental causes of IUFD.
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Introduction
There are intensifi ed demands on medical, political and epidemiological grounds for 

prope r determination and classifi cation of cause of perinatal death.1-5 The largest sub-

group of perinatal mortality worldwide is the stillbirth group consisting of intra-uterine 

fetal deaths (IUFD) and intrapartum deaths. Current use of classifi cation systems for 

analyses of this subgroup consistently report of about two thirds of these deaths as 

being unexplained.6 Classifi cation of cause of death is needed for the individual patient 

in the process of mourning, for the purpose of counselling and prevention and for the 

comparison of health care nationally and internationally. Classifi cation of IUFD is com-

plex due to the complicated pathophysiological processes encountered in the mother, 

fetus and placenta, and as a result of their interaction.7 The multiplicity of contributing 

factors and the different background of the clinicians involved, adds to the complexity. 

Different classifi cation systems have been designed for different reasons with differ-

ent approaches, defi nitions, levels of complexity and availability of guidelines. No single 

system is universally accepted and each has strengths and weaknesses.8,9 Problems 

occur during use and comparison of different systems. Our research group developed a 

new classifi cation system for perinatal mortality: the Tulip classifi cation, in anticipation 

of current needs.8 This system was designed by a multidisciplinary panel. Placental 

causes of death formed our largest cause of death group. This is in accordance with 

others who also found placental causes of death in up to 60% of perinatal mortality 

cases.2,10-13 However, availability of a placental death group varies in internationally 

used classifi cation systems. 

Our goal for this study was to investigate underlying cause of death for an IUFD 

group after evaluation of clinical and diagnostic information. Special interest was in 

placen  tal causes. Our objective was to compare use of the Tulip classifi cation with other 

currently used classifi cation systems for IUFD. Question was whether information is 

gained or lost by classifi cation in the different systems. This could have consequences 

for counselling parents on recurrence risks, for targeting placental research and pre-

ventive strategies, and for the validity of vital statistics.
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Methods
In 2002 we initiated a national study on IUFD at the University Medical Center in 

Groningen ( UMCG) with 50 participating hospitals throughout the Netherlands. Inclu-

sion criteria for the study were singleton IUFD’s diagnosed antepartum after 20 weeks 

of gestation. For each included IUFD a case record form was fi lled in and a standard 

diagnostic work-up protocol was performed.

Patient information sets included baseline characteristics such as date of delivery, 

gestational age, medical and obstetric history; maternal characteristics; fetal charac-

teristics including fetal and placental weights at birth; pregnancy details and obstetric 

discharge letters. Apart from these characteristics, diagnostic test results were avail-

able including: pathological fi ndings concerning autopsy and placental investigation; 

maternal blood tests; maternal viral serology; fetal blood tests; fetal viral serology; 

cultures from mother, fetus and placenta; and chromosomal investigation. Autopsy and 

placental examination were performed by local pathologists in participating hospitals 

after parental consent was obtained. No national pathological guidelines regarding au-

topsy and placental examination after IUFD exist, therefore we urged participating pa-

thologists to follow our study guidelines for autopsy and placental examination based 

on the guidelines published by the Royal College of Obstetricians and Gynaecologists14 

and the Royal College of Pathologists and the College of American Pathologists.15,16 

After patient sets were made as complete as possible panel classifi cation ses-

sions were initiated. Procedures were agreed upon in advance. For fetal and placental 

weights at birth gestational age at determination of IUFD was used. Small for gesta-

tional age (SGA) was defi ned as birth weight < 10th percentile.17 Placenta hypoplasia 

was defi ned as an absolute too low placenta weight < 10th percentile and/or a too low 

placenta/birth weight ratio.18 We defi ned placental bed pathology for preterm cases as 

any infarctions found at placental histology and for term cases as extensive infarction 

that affected > 10% of the placental area.19 Cause of death “placental bed pathology” 

was allocated if in our opinion the percentage of infarcted parenchyma in relation to 

the weight of the placenta was severe enough to cause death. The classifi cation panel 

consisted of two obstetricians, an obstetric resident, and a paediatric pathologist. All 

panel members prepared each case individually using the patient information sets 

where after panel discussions were held and a panel consensus on cause of death was 

agreed upon. No other information sources were consulted. Only one underlying cause 

of death could be allocated. For each classifi cation system we added “problematic 

classifi cation” as cause of death group. This cause was classifi ed if allocation of cause 
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of death caused confusion for a system and/or two causes of death groups could be 

allocated at the same time.

Used classifi cation systems for cause of death

After panel discussion on the basis of use of existing  classifi cations and current obstet-

ric, pathologic and genetic literature on causes of IUFD we selected six classifi cation 

systems besides the Tulip classifi cation. These systems represent different approaches 

of classifi cation with different defi nitions. The selected systems were as follows: the 

extended Wigglesworth,20 the modifi ed Aberdeen,21 classifi cation by Hey et al.,22 by 

Hovatta et al.,23 by de Galan-Roosen et al.,24 and by Morrison and Olsen.25 The reason 

for choice of the system as well as the system itself will be discussed in the following 

paragraphs.

The Tulip classifi cation is a single cause classifi cation system aiming to identify the 

initial demonstrable pathophysiological entity initiating the chain of events that has 

irreversibly led to death. Cause of death is based on the combination of clinical fi ndings 

and diagnostic test results, including pathological fi ndings for the purpose of counsel-

ling and prevention.8 As our goal was to particularly focus on placental causes of death 

we discuss this part of the guideline.

Placental cause of death

Cause of death is explained by a placental pathological abnormality supported by  the 

clinical fi ndings.

1 Placental bed pathology. Inadequate spiral artery remodelling and/or spiral artery 

pathology is leading to uteroplacental vascular insuffi ciency such as placental in-

farction and abruption.

2 Placental pathology. Placental pathology originated during development of the pla-

centa itself, abnormalities in the parenchyma or localisation of the placenta. 

a Development. Morphologic abnormalities arise because of abnormal develop-

mental processes. Examples: placenta circumvallata, vasa praevia, villous im-

maturity, and placenta hypoplasia.

b Parenchyma. Acquired placenta parenchyma disorders of the villi or intervillous 

space. Examples: fetal thrombotic vasculopathy, maternal fl oor infarct, villitis of 

unknown origin, massive perivillous fi brin deposition and fetomaternal haemor-

rhage without obvious cause.

c Abnormal localisation. Examples: placenta praevia.
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3 Umbilical cord complication. Example: true knot with occlusion of the umbilical ves-

sels.

4 Not otherwise specifi ed. The cause of death can be allocated to the group placenta 

but, because of the combination of different placenta subclassifi cations, a choice 

cannot be made as to what was fi rst in the chain of events leading to death.

The extended Wigglesworth classifi cation, the modifi ed Aberdeen and the classi-

fi cation by Hey et al.20-22 are based on the earliest developed classifi cation systems. 

These systems have different approaches and are the most commonly used systems 

for British statistics.3 In addition, both the extended Wigglesworth and the modifi ed 

Aberdeen20,21 are most widely used throughout the world.26-31 Wigglesworth’s advo-

cated a pathophysiological approach and the goal of the classifi cation is to subdivide 

cases into groups with clear implications for priorities for prevention and alterations 

in clinical management. The modifi ed Aberdeen is a clinicopathological classifi cation, 

the fi rst version was proposed by Baird et al.21 and aim is to classify each death in ac-

cordance with the factor which probably initiated “the train of events ending in death”. 

It is almost entirely based on clinical information as in the experience of the designers 

of the system post-mortem examinations fail to explain cause of death in many cases. 

The classifi cation by Hey et al.22 is based on the bound classifi cation.32,33 This clas-

sifi cation has a pathologic approach based on fetal and neonatal entities and aim is 

to defi ne the clinicopathological process within the baby and the way they contribute 

to, and help to explain the baby’s death. Hovatta et al.23 designed a system especially 

for the group of stillbirths. Aim is to classify underlying cause of death considering 

both clinical and autopsy fi ndings. The classifi cation groups are based on maternal, 

fetal, placental or a combination of these entities. Defi nitions for the placental causes, 

however, do not exist.

The classifi cation by de Galan-Roosen et al. is one of the few systems based on ma-

ternal, fetal and placental entities.24 Aim is to serve prevention and classify underlying 

cause of death with a clinicopathological approach based on the entities that initiated 

the chain of events leading to death. The group placenta pathology is defi ned as follows 

in the guideline. 

1 Acute/subacute placental pathology: total or partial abruption of the placenta, 

placental haematomata with intervillous thrombosis, marginal haemorrhage, 

subchorial haematoma, placental infarction > 10%, velamentous insertion with 

vasolaceration or compression of the cord, and cord prolapse/compromise. Some-
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times no placenta pathology can be found. Clinical manifestations in the fetus are 

signs of asphyxia with (in the subacute phase) time to aspirate meconium-stained 

amniotic fl uid. 

2. Chronic/progressive placental pathology: placental maldevelopment like in placenta 

praevia, uterine malformation or septum. Maternal circulation disorders and termi-

nal villous defi ciency like in pregnancy-induced hypertension (PIH), pre-eclampsia, 

and thrombophilia. Also when coagulation disorders are found in blood samples of 

the mother like in systemic lupus erythematosus (SLE). Examples: massive perivil-

lous fi brin depositions, villitis of unknown origin, and diabetic changes in the pla-

centa: pale, large and immature villi with oedema. Clinical manifestations of chronic 

placenta pathology in the fetus can be signs of small for gestational age.

 The classifi cation by Morrison and Olsen25 is especially designed for stillbirths 

based on the clinicopathological classifi cation of the British perinatal mortality sur-

vey.34,45 The major contributing cause of death selected is based on maternal entities 

with an obstetric clinical approach and divided into specifi c weight categories. Aim is 

to serve prevention and study or defi ne implications for that geographical area or clinic 

studied. Their group hypoxia; placental insuffi ciency is defi ned as: “autopsy evidence 

of hypoxia with appropriate weight for gestation, with meconium or meconium-stained 

membranes in vertex presentation; or birth weight/placental weight ratio > 7:1 or 

placental infarcts >25%”. The group hypoxia; cord accidents/compression is defi ned 

as: “nuchal cord ≥ 2, or true knot, or prolapse, or perforation at amniocentesis”.

Relevant conditions

The latest published classifi cation is the system by Gardosi et al. in 2005.3 Their Re-

CoDe  classifi cation seeks to establish relevant conditions at death taking into account 

mother, fetus and placenta. This system is not designed for allocation of cause of 

death. From the start of our panel sessions we classifi ed contributing factors for the 

Tulip classifi cation besides cause of death. Our contributing factors are defi ned as other 

known factors on the causal pathway to death, e.g. risk factors. These contributing 

factors are very similar to ReCoDe’s relevant conditions. Combining information from 

our Tulip causes of death and contributing factors it was therefore possible to classify 

relevant conditions according to the ReCoDe classifi cation.
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Results
During the 4-year period of 2002–2006 we included 485 IUFD’s. Median gestational 

age was 31 weeks and 4 da ys (range 20-42 weeks, 1 day). Median age of the mother 

was 30 years (range 18-46 years). Of the 485 IUFD’s 263 were boys, 221 girls and for 

one case sex at birth could not be determined and no information on chromosomal or 

pathological examination was available. Autopsy was performed in 348 (71.7%) cases 

and external macroscopic fetal examination by a pathologist without autopsy in 18 

cases (3.7%). Placental examination was performed in 481 cases (99.1%). The extent 

to which the placental examination guidelines were followed differed between cases. 

During the panel sessions all IUFD’s were classifi ed according to the eight selected 

classifi cation systems. For the Tulip classifi cation distribution of causes of death is 

shown in Table 1. Largest cause of death group for 312 cases was placenta (64.3%). 

Largest placenta subgroups were placental bed pathology in 166 cases (34.2%) and 

placental pathology/development in 76 cases (15.7%). No cases were allocated to the 

group prematurity as we studied on IUFD cohort. Eight cases were allocated to the 

infection group. In 113 cases (23.3%) cause of death remained unknown, and in 30 

cases important information was missing.

Distribution of causes of death for the extended Wigglesworth the modifi ed Aber-

deen, the classifi cation by Hey et al., by Hovatta et al., by de Galan-Roosen et al. and 

by Morrison et al. are shown in Table 2, Table 3, Table 4, Table 5, Table 6 and Table 7, 

respectively. Relevant conditions for our 485 cases according  to the R eCoDe cla ssifi ca-

ti on by Gar dosi et al.  are shown in Table 8.

The extended Wigglesworth and the modifi ed Aberdeen, which are amongst the 

internationally most used classifi cation systems have an excessive number of unex-

plained cases and do not include placental causes of death in their system (Table 9). 

The Tulip system illustrates that a large group of these unexplained deaths have a 

placental cause of death. For the modifi ed Aberdeen 293 cases were “unexplained” 

and four cases were “problematic”. Contrary, eight “unknown” cases in the Tulip clas-

sifi cation were allocated a known cause in the modifi ed Aberdeen: congenital anomaly 

(n = 1); pre-eclampsia (n = 1); antepartum haemorrhage (n = 2) and maternal disor-

der (n = 4). For the extended Wigglesworth classifi cation 429 cases were “unexplained” 

and one case was “problematic”, and one case classifi ed as “unknown” in the Tulip clas-

sifi cation was classifi ed as congenital defect/malformation in the Wigglesworth.
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Table 1. Tulip classifi cation of perinatal mortality: causes

Cause n (%) Subclassifi cation n

1 Congenital anomaly 142 (35) 1 Chromosomal defect 1 Numerical 12

2 Structural 2

3 Microdeletion/
  uniparental disomy

-

2 Syndrome 1 Monogenic -

2 Other 2

3 Central nervous system -

4 Heart and circulatory system 3

5 Respiratory system -

6 Digestive system 1

7 Urogenital system -

8 Musculoskeletal system -

9 Endocrine/metabolic system -

10 Neoplasm 3

11 Other 1 Single organ -

2 Multiple organ 5

2 Placenta 111 (27) 1 Placental bed pathology 166

2 Placental pathology 1 Development 76

2 Parenchyma 16

3 Localisation -

3 Umbilical cord complication 25

4 NOS 29

3 Prematurity 
  immaturity

95 (23) 1 PPROM -

2 Preterm labour -

3 Cervical dysfunction -

4 Iatrogenous -

5 NOS -

4 Infection 6 (1) 1 Transplacental 5

2 Ascending 3

3 Neonatal -

4 NOS -
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Table 1 (Continued)

Cause n (%) Subclassifi cation n

5 Other 13 (3) 1 Fetal hydrops of unknown 
  origin

16

2 Maternal disease 8

3 Trauma 1 Maternal -

2 Fetal -

4 Out of the ordinary -

6 Unknown 44 (11) 1 Despite thorough 
  investigation

83

2 Important information 
  missing

30

Total 485

Table 2. Extended Wigglesworth: causes

Code Classifi cation % Subclassifi cation n

1.0 Congenital defect/malformation 6.0 29

2.0 Unexplained antepartum fetal death 88.5 429

3.0 Death from intrapartum asphyxia, anoxia or 
trauma

- -

4.0 Immaturity - -

5.0 Infection 1.6 8

6.1 Due to other specifi c causes 3.7 Fetal conditions 18

6.2 Neonatal conditions -

6.3 Paediatric conditions -

7.0 Due to accident or non-intrapartum trauma - -

8.0 Sudden infant deaths, cause unknown - -

9.0 Unclassifi able 0.2 1

10.0 Problematic classifi cation - -

Total 100 485

The largest group in the Tulip classifi cation consisted of placental causes: 312 

cases (64.3%). We plotted the Tulip placental causes against the causes of death 

in classifi cation systems with at least one placental cause of death category 23-25. 

The classifi cations by Hovatta et al., de Galan-Roosen et al. and Morrison et al. have 

fewer unexplained cases than the other used systems. These systems contain placental 
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causes of death but as illustrated in Table 10 there is minimal subclassifi cation of these 

categories. Besides, some causes of death groups represent clinical conditions which 

Table 3. Modifi ed Aberdeen: causes

Code Classifi cation % Subclassifi cation n

01 Congenital anomaly 6.6 Neural tube defects 2

02 Other anomalies 30

03 Isoimmunisation - Due to rhesus (D) antigen -

04 Due to other antigens -

05 Pre-eclampsia 6.4 Pre-eclampsia without APH 28

06 Pre-eclampsia complicated by APH 3

07 Antepartum haemorrhage (APH) 9.3 With placenta praevia 1

08 With placental abruption 38

09 Of uncertain origin 6

10 Mechanical 4.1 Cord prolapse or compression with vertex 
or face presentation

18

11 Other vertex or face presentation -

12 Breech presentation -

13 Oblique or compound presentation, uter-
ine rupture etc.

2

14 Maternal disorder 8.7 Maternal hypertensive disease 10

15 Other maternal disease 24

16 Maternal infection 8

17 Miscellaneous 3.7 Neonatal infection -

18 Other neonatal disease -

19 Specifi c fetal conditions 18

20 Unexplained 60.4 Equal or greater than 2.5 kg 90

21 Less than 2.5 kg 203

22 Unclassifi ed - Unclassifi able -

23 Problematic classifi cation 0.8 4

Total 100 485
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Table 4. Classifi cation by Hey et al.: causes

Code Classifi cation % Subclassifi cation n

01 Congenital anomaly 6.0 Chromosomal defect 13

02 Inborn error of metabolism -

03 Neural tube defect 1

04 Congenital heart defect 3

05 Renal abnormality -

06 Other malformation 12

07 Isoimmunisation -

08 Asphyxia 88.4 Antepartum 429

09 Intrapartum -

10 Birth trauma -

11 Pulmonary immaturity -

12 Hyaline membrane disease -

13 With IVH -

14 With infection -

15 Intracranial haemorrhage Intraventricular haemorrhage -

16 Other intracranial bleeding -

17 Infection 1.9 Necrotising enterocolitis -

18 Antepartum 9

19 Intrapartum -

20 Postpartum -

21 Miscellaneous 3.7 Miscellaneous 18

22 Unclassifi able or unknown Cot death -

23 Unattended delivery -

24 Other undocumented death -

25 Problematic classifi cation -

Total 100 485
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Table 5. Classifi cation by Hovatta et al.: causes

Code Classifi cation % Subclassifi cation n

1.0 Abruption of the placenta 7.8 38

2.0 Large placental infarction 21.9 106

3.0 Cord complication 5.2 25

4.1 Other placental feature 27.2 Severe pre-eclampsia 5

4.2 Cholestasis of pregnancy 1

4.3 Twin pregnancy -

4.4 Immature birth -

4.5 Severe maternal trauma -

4.6 Uterine anomaly -

4.7 Other causes 126

5.0 Asphyxia for unexplained reasons 8.2 40

6.0 Maternal isoimmunisation - -

7.1 Fetal bleeding 1.2 Fetofetal transfusion -

7.2 Fetomaternal transfusion 5

7.3 Other bleeding 1

8.0 Severe chorioamnionitis 1.0 5

9.0 Major malformations 5.8 28

10.0 Unexplained 19.4 94

11.0 Problematic classifi cation 2.3 11

Total 100 485

Table 6. Classifi cation by de Galan-Roosen et al.: causes

Code Classifi cation % Subclassifi cation Specifi cation n

1.1.0 Trauma - Antenatal -

1.2.0 At birth -

1.3.0 Postnatal -

2.1.1 Infection 1.7 Antenatal Haematogenous 5

2.1.2 Transamniotic 3

2.2.0 Postnatal -

3.1.0 Placenta/cord pathology 44.5 Acute/subacute 98

3.2.0 Chronic/progressive 118

4.1.0 Maternal immune system 
pathology

- Blood type incompatibility -
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Table 6 (Continued)

Code Classifi cation % Subclassifi cation Specifi cation n

4.2.0 Blood platelet antibody -

5.1.0 Congenital malformations 
incompatible with life

4.9 Hereditary -

5.2.0 Non-hereditary 24

6.1.0 Prematurity/immaturity 
complications

- Cervix incompetence -

6.2.0 Preterm labour 
iatrogenous

-

6.3.0 Preterm labour ECI -

7.1.0 Unclassifi able 26.6 Despite thorough 
examination

99

7.2.0 Important information 
missing

30

8.0.0 Problematic classifi cation 22.3 108

Total 100 485

Table 7. Classifi cation by Morrison et al.: causes

Code Classifi cation % Subclassifi cation n

1.1 Hypoxia 55.6 Intra-uterine growth retardation 121

1.2 Cord accidents/compression 25

1.3 Maternal hypertension 11

1.4 Placental insuffi ciency 103

1.5 Postmaturity -

1.6 Other 10

2.1 Antepartum haemorrhage 9.1 Major abruptio placentae 41

2.2 Placenta praevia -

2.3 Signifi cant unexplained antepartum 
haemorrhage

3

3.0 Congenital anomalies 6.0 29

4.1 Diabetes 2.9 Insulin dependent 7

4.2 Gestational 7

5.0 Miscellaneous 6.0 29

6.0 Trauma - -

7.0 Unclassifi ed 19.2 93

8.0 Problematic classifi cation 1.2 6

Total 100 485
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Table 8. ReCoDe: relevant conditions

Code Classifi cation % Subclassifi cation n

A1 Fetus 53.0 Lethal congenital anomaly 28

A2 Infection 19

A3 Non-immune hydrops 19

A4 Isoimmunisation -

A5 Fetomaternal haemorrhage 44

A6 Twin-twin transfusion -

A7 Fetal growth restriction 147

B1 Umbilical cord 5.6 Prolapse -

B2 Constricting loop or knot 6

B3 Velamentous insertion 6

B4 Other 15

C1 Placenta 26.4 Abruptio 30

C2 Praevia -

C3 Vasa praevia -

C4 Other “placental insuffi ciency” 98

C5 Other -

D1 Amniotic fl uid - Chorioamnionitis -

D2 Oligohydramnios -

D3 Polyhydramnios -

D4 Other -

E1 Uterus - Rupture -

E2 Uterine anomalies -

E3 Other -

F1 Mother 0.8 Diabetes 2

F2 Thyroid diseases -

F3 Essential hypertension -

F4 Hypertensive disease in pregnancy -

F5 Lupus or antiphospholipid syndrome 2

F6 Cholestasis -

F7 Drug misuse -

F8 Other -

G1 Intrapartum - Asphyxia -

G2 Birth trauma -

H1 Trauma - External -

H2 Iatrogenic -

I1 Unclassifi ed 14.2 No relevant condition identifi ed 50

I2 No information available 19

Total 100 485
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Discussion
In anticipation of audit purposes and further international comparison of causes we 

investigated different classifi cat ion systems for cause of IUFD. Our focus was on pla-

cental causes of death as these are becoming more and more recognized. We describe 

comparison of eight classifi cation systems. The Tulip classifi cation has an extensive 

subdivision of the placental group, a high percentage of cases with a “known” cause of 

death and cause of death groups do not consist of clinical manifestations of pathophysi-

ological entities. In the other described systems, we encountered problems concerning 

at least one of these items resulting in loss of specifi c information.

The pathophysiology of IUFD is complex and involves maternal, fetal as well as pla-

cental entities. In order to assign a cause of death these entities should be addressed 

together. The main focus of this study was on placental causes of death. Four of the 

seven classifi cation systems we used have a placental cause of death group.8,23-25 In 

these systems except for the classifi cation by Morrison et al. a placental cause of death 

was the largest death group varying from 44.5% for de Galan-Roosen et al. to 64.3% 

in the Tulip classifi cation. This is in accordance with our previous study8 and earlier 

published data.2,10-13 A great number of cases classifi ed as “unknown” in the extended 

Wigglesworth and the modifi ed Aberdeen were allocated a placental cause of death in 

the Tulip classifi cation (Table 9).

Minimal subclassifi cation of placental causes results in loss of specifi c informa-

tion, non-specifi c counselling of parents on recurrence risks and hampers targeting 

adequate preventive strategies. In this respect the classifi cations by Hovatta et al., de 

Galan-Roosen et al. and Morrison and Olsen23-25 seem unsatisfactory (Table 10). Use 

of placental subgroups triggers the discussion on defi nitions of these groups. Largest 

placental subgroup for the Tulip classifi cation was “placental bed pathology” (n = 166, 

34.2%), in 42 cases this cause of death was allocated due to an abruptio placentae, 

in 122 cases due to placental infarctions and in two cases both were present. Others 

also worked with the same cut-off point for infarctions.24,36 Morrison and Olsen have a 

higher (25%) cut-off point.25 Second largest placenta subgroup was “placental pathol-

ogy; development” in 76 cases (15.7%). In 50 cases this cause of death manifested 

as placental hypoplasia. We assume that part of this group comprehends cases with 

“placental bed pathology” as cause due to sampling error.37 Moreover, dependent on 

the references used for placental weight and placenta/birth weight ratios, allocation of 

placental hypoplasia can vary.18,38 To improve validity of statistics, uniformity of defi ni-

tions of these large placental subgroups are needed.
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The classifi cation by de Galan-Roosen et al. has been validated with a low per-

centage (7%) of unclassifi able cases.2 However, several placental pathological entities 

are crudely divided into two groups only. Ninety-eight cases (20.2%) were allocated 

to “placenta/cord pathology; acute/subacute” and 118 (24.3%) cases to “placenta/

cord pathology; chronic/progressive”. The second problem we faced was the large 

group allocated to “problematic classifi cation” (108 cases). This was mainly due to the 

cases with > 10% placental infarctions (death group: “placenta/cord pathology; acute/

subacute”) together with a small for gestational age fetus (“placenta/cord pathology; 

chronic/progressive”). Although cause and mode of death are relevant aspects of the 

pathophysiology of IUFD, these items are two separate entities which should not be 

merged into one.

Any classifi cation system that results in a low proportion of cases with a known 

cause of death does not seem to be fulfi lling its purpose. Due to differences in defi ni-

tion, it is diffi cult to compare the percentages of unexplained cases in the different 

systems. For the total percentage of unknown cause of death groups we studied the 

groups “unknown”, “unexplained”, “unclassifi able” and “problematic classifi cation” 

together. The cause of death group “unknown” varied from 0% in the classifi cation 

by Hey et al. to 88.7% in the extended Wigglesworth. A short classifi cation system 

such as the extended Wigglesworth may seem preferable but remains too general. 

This system only has cause of death groups for malformed stillbirths, stillbirths with 

clear microbiological evidence of infection or with hydrops fetalis. All other stillbirths 

are classifi ed in the group “unexplained antepartum fetal death”. Nevertheless, as is 

shown in Table 9 cause of death is evident for a large group of these stillbirths. For the 

classifi cation by Hey et al. no deaths were classifi ed as “unclassifi able” or “unknown”, 

however, 88.4% of cases were allocated to the group “asphyxia antepartum”. In our 

opinion asphyxia is not a cause of death but a clinical condition which is the result 

of an underlying cause of death and can be defi ned in many cases.4 Similarly in the 

system of Hovatta et al. 8.3% of cases were classifi ed as “asphyxia for unexplained 

reasons”. In fact these cases should be added to the cause of death group “unknown” 

and, therefore, their percentage of “unknown” increases from 21.6% to 29.9%. This 

also accounts for the group “hypoxia; intra-uterine growth retardation” in the system 

by Morrison et al. (24.9%). As is shown in Table 10 most of the “asphyxia and hypoxia 

related” causes have placental pathology as underlying cause of death. A large group 

of unexplained IUFD’s is often due to design of the system itself and lack of amend-

ment of the system to present insight into pathophysiology of IUFD. In 23.3% of 
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cases the cause remained “unknown” for the Tulip classifi cation (Table 1). In about 

two thirds of deaths the cause remained “unknown” because important information 

was missing. This suggests that many of these deaths may be under investigation 

rather than truly unexplained. Although some systems aim to classify underlying cause 

of death, mechanism of death and risk factors are often mixed.39 Cause of death 

groups should consist of pathophysiological entities. Many systems consist of cause of 

death groups that encompass clinical conditions such as pre-eclampsia,21 antepartum 

haemorrhage,25 breech presentation21 and intraventricular haemorrhage.22 Similarly 

intra-uterine growth restriction is a clinical condition of several causes of death, see 

Table 10.

Recently Gardosi et al.3 published their ReCoDe classifi cation that seeks to establish 

relevant conditions at death considering mother, fetus and placenta. Their system has 

evoked a new discussion on classifi cation as they do not classify cause of death. The 

system is easy to use, as panel sessions are not needed, with retainment of important 

information. However, guidelines for the ReCoDe classifi cation are less clear and this 

resulted in confusion of allocation of relevant conditions. Hierarchy underestimates the 

importance of some of the items in the lower part of the system. Results of our cohort 

presented in Table 8 are comparable to the stillbirth cohort presented by Gardosi et al. 

Largest relevant condition for our group was fetal growth restriction (30.3%) compared 

to 43.0%.3 In our IUFD cohort 14.2% of cases were unclassifi ed versus 15.2%.3 We 

agree with Gardosi et al. that these relevant conditions give insight into the death. 

However, if classifi cation of the underlying cause of death is added more insight is 

warranted. For the Tulip classifi cation 27.6% of cases in the placental group were small 

for gestational age at birth versus 8.7% in the other cause of death groups illustrating 

diversity in cause of death for these small fetuses. Recording of growth restriction as a 

contributing factor is nevertheless important for management and counselling of future 

pregnancies.

In conclusion, comparison of seven classifi cation systems for cause of death and 

one system for relevant conditions applicable for the IUFD group illustrated different 

problems during use. Largest cause of death group for IUFD was placental pathology, 

and largest contributing factor was growth restriction. This illustrates the vital role of 

the placenta in determining optimal fetal development. Internationally used systems 

without placental cause of death groups or minimal subdivision of this group are in 

our opinion not useful in modern perinatal audit. Systems with a low proportion of 

known causes of death or cause or death groups consisting of clinical manifestations of 
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pathophysiological entities are not useful either as this results in loss of information. 

Of the systems we compared the Tulip classifi cation met the requirements for a useful 

classifi cation best. This classifi cation is currently in use in the Netherlands for national 

audit studies.40 International use of the same classifi cation system for cause of death 

will facilitate comparison of statistics. Future classifi cation efforts and research should 

be aimed at further defi nition of the placental cause of death groups, investigation into 

the differences in clinical manifestations of placental causes of death and the preven-

tion of these deaths.
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Abstract
Many classifi cation systems for perinatal mortality are available, all with their own 

strengths and weaknesses: none of them has been universally accepted. We present 

a systematic multilayered approach for the analysis of perinatal mortality based on 

information related to the moment of death, the conditions associated with death 

and the underlying cause of death, using a combination of representatives of existing 

classifi cation systems. We compared the existing classifi cation systems regarding their 

defi nition of the perinatal period, level of complexity, inclusion of maternal, foetal and/

or placental factors and whether they focus at a clinical or pathological viewpoint. 

Furthermore, we allocated the classifi cation systems to one of three categories: ‘when’, 

‘what’ or ‘why’, dependent on whether the allocation of the individual cases of perinatal 

mortality is based on the moment of death (‘when‘), the clinical conditions associated 

with death (‘what’), or the underlying cause of death (‘why’). A multilayered approach 

for the analysis and classifi cation of perinatal mortality is possible by using combina-

tions of existing systems; for example the Wigglesworth or Nordic Baltic (‘when’), Re-

CoDe (‘what’) and Tulip (‘why’) classifi cation systems. This approach is not only useful 

for in depth analysis of perinatal mortality in the developed world but also for analysis 

of perinatal mortality in the developing countries, where resources to investigate death 

are often limited. 
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Introduction
Classifi cation of perinatal mortality can reveal trends in numbers as well as causes of 

mortality, it can help in audit of perinatal health management by analysis of substand-

ard factors in the care process and it can direct attention towards issues for prevention 

and research. Different classifi cation systems have been designed for different reasons 

with different approaches, defi nitions, levels of complexity and availability of guide-

lines. Here we present a systematic multilayered approach for the analysis of perinatal 

mortality based on information related to the moment of death, the conditions associ-

ated with death and the underlying cause of death. 

Analysis of perinatal mortality and the use of classifi cation systems

Perinatal mortality can be evaluated by analysis of individual mortality cases or as 

groups of mortality in a certain hospital, region or country. 

When considering individual cases of perinatal mortality the main goal is to reveal 

the cause of death. To assign a cause of death insight in the pathophysiology is needed. 

This pathophysiology is complex and involves maternal, foetal, and/or neonatal as 

well as placental factors. In order to assign a cause of death these factors should be 

addressed together. Analysis usually includes an extensive evaluation of the clinical 

conditions and the chain of events leading to death, including diagnostic investigations 

such as blood tests, autopsy and placental examination. As a result the bereaved 

parents can be specifi cally counselled about their loss and possible preventive options 

for future pregnancies. 

Additional analysis comprises cohort analysis of the cases. The cases can be cat-

egorised in classifi cation systems in order to reveal trends in mortality and to serve 

prevention and audit of perinatal care. Requirements for analysis of trends of perinatal 

mortality are: a universally used classifi cation system for all participating care provid-

ers and inclusion of all perinatal mortality cases that meet the defi nition of the perinatal 

period in the analysis. This in turn requires a complete perinatal mortality registra-

tion. The inadequacies in the perinatal mortality registration have been described 

elsewhere.1 Apart from the registration problem there is also the lasting discussion on 

perinatal period defi nitions; there are marked differences in these defi nitions in and 

between countries hampering an adequate comparison of perinatal mortality.2,3

Two perinatal mortality classifi cation systems and their modifi cations are widely 

used throughout the world: the ‘Aberdeen’ and the ‘Wigglesworth’ classifi cations.4-6 

Although the two systems have been amended, the modifi cations and originals allow 
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partial or complete comparison considering the consistency in categories between the 

systems.7,8 Including the ‘Aberdeen’ and ‘Wigglesworth’ classifi cations, 36 systems 

have been introduced (published in English since 1954, introduced as a new or modi-

fi ed classifi cation system, or referred to it as such by others, not mainly focusing at 

suboptimal care). Of these systems 21 focus on either pathological information or 

clinical details (Table 1). Half of the systems aim at classifying the underlying cause of 

death. However, the underlying cause of death, mechanism of death, clinical conditions 

and risk factors are often intermingled.9 Some systems are brief and easy to use with 

only few categories where others are more detailed and more complex to use (Table 

1). Clear uniform defi nitions and guidelines for classifi cation are incomplete or not 

described in more than half of the systems. Seven of the analysed systems have been 

developed for stillbirths only, four systems for neonatal deaths only and 25 systems for 

perinatal mortality as a group (Table 1). 

As stated, the pathophysiology of perinatal death is complex and factors involving 

the mother, foetus/neonate and placenta should be addressed together. Only six sys-

tems address all these factors (Table 1). No single system is generally accepted for its 

use and each system has its own strengths and weaknesses.10,11

When, what, why

Recently Smith et al. have stated that the analysis of perinatal mortality requires a sys-

tematic approach.12 This systematic approach should in our opinion include: analysis 

of the moment of death, of the clinical conditions associated with death and analysis of 

the underlying cause of death. The possibilities to complete this proposed approach is 

dependent on the resources available for the postmortem investigations. 

The moment of death (antepartum, intrapartum and neonatal) and also the ges-

tational age at death are important factors that reveal when death occurred. The 

Wigglesworth13 and Nordic Baltic14 (Table 2) classifi cation systems for example focus 

at the moment of mortality (except for the category of lethal congenital malforma-

tions in both systems). These systems are easy to use as the postmortem analysis 

only requires clinical details considering the moment of death and macroscopic foetal 

examination to allocate cases to the categories. 

If classifi cation is supposed to serve in counselling, prevention or audit it is essential 

to classify associated clinical conditions and underlying cause of death as well. The 

ReCoDe classifi cation15 for example seeks to establish the most relevant conditions 

at death taking into account mother, foetus and placenta, which explains what hap-
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pened (Table 3). The postmortem analysis for case allocation to such a system requires 

more details: analysis of the medical and obstetric history, the clinical course and 

macroscopic examination of the foetus and placenta. Autopsy and histopathological 

examination of the placenta are desirable, although not always necessary to explain 

what happened. 

Clinical conditions however, do not necessarily explain why perinatal death oc-

curred. The reason for death is the underlying cause of death, defi ned as the initial de-

monstrable pathophysiological entity initiating the chain of events that has irreversibly 

led to death. The Tulip classifi cation11 for example classifi es these underlying causes 

and also the mechanism of death and contributing factors (Table 4). The postmortem 

analysis for these systems requires as much information as possible for establishing 

the underlying causes, based on clinical fi ndings and diagnostic test results, preferably 

including autopsy and histopathological placental examination. 

We agree with Gardosi et al that clinical conditions give insight into the scenario 

resulting in death. However, if (classifi cation of) the underlying cause of death is added 

more insight is given. For example, in the Tulip classifi cation 27.6% of cases (n = 134) 

in the placenta cause of death group were small for gestational age at birth, versus 

8.7% (n = 42) in the other cause of death groups, illustrating diversity in distribution 

of small for gestational age foetuses between the cause of death groups.16
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Table 2. ‘When’ 

Code Classifi cation

Wigglesworth13

1 Normally formed macerated stillbirth

2 Congenital malformations

3 Conditions associated with immaturity

4 Asphyxial conditions developing in labour

5 Specifi c conditions other than above

Code Classifi cation

Nordic Baltic14

I Fetal malformation

II Antenatal death, single growth retarded fetus ≥ 28 weeks of gestation

III Antenatal death, single fetus ≥ 28 weeks of gestation

IV Antenatal death, before 28 weeks of gestation

V Antenatal death, multiple pregnancy

VI Intrapartum death after admission (≥ 28 weeks of gestation)

VII Intrapartum death after admission (before 28 weeks of gestation)

VIII Neonatal death 28-33 weeks of gestation and Apgar score >6 after 5 min

IX Neonatal death 28-33 weeks of gestation and Apgar score <7 after 5 min

X Neonatal death ≥ 34weeks of gestation and Apgar score >6 after 5 min

XI Neonatal death ≥ 34weeks of gestation and Apgar score <7 after 5 min

XII Neonatal death before 28 weeks of gestation

XIII Unclassifi ed

Table 3. ‘What’

Classifi cation Code Sub classifi cation

ReCoDe15

A : Fetus 1 Lethal congenital anomaly

2 Infection 2.1 chronic 2.2 Acute

3 Non-immune hydrops

4 Isoimmunisation

5 Fetomaternal haemorrhage

6 Twin-twin transfusion

7 Fetal growth restriction (customised weight centiles)
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Table 3 (Continued)

Classifi cation Code Sub classifi cation

B: Umbilical cord 1 Prolapse

2 Constricting loop or knota

3 Velamentous insertion

4 Other

C: Placenta 1 Abruptio

2 Praevia

3 Vasa praevia

4 Other “placental insuffi ciency”b

5 Other

D: Amniotic Fluid 1 Chorioamnionitis

2 Oligohydramniosa

3 Polyhydramniosa

4 Other

E: Uterus 1 Rupture

2 Uterine anomalies

3 Other

F: Mother 1 Diabetes

2 Thyroid diseases

3 Essential hypertension

4 Hypertensive diseases in pregnancy

5 Lupus or antiphospholipid syndrome

6 Cholestasis

7 Drug misuse

8 Other

G: Intrapartum 1 Asphyxia

2 Birth trauma

H: Trauma 1 External

2 Iatrogenic

I: Unclassifi ed No relevant condition identifi ed

No information available

aIf severe enough to be considered relevant
bHistological diagnosis 
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Table 3 (Continued)

Code Classifi cation

PSANZ NDC50

1 Congenital abnormality

2 Extreme prematurity

3 Cardio-respiratory disorders

4 Infection

5 Neurological

6 Gastrointestinal (Necrotising enterocolitis)

7 Other (SIDS, accidents)

Table 4: ‘Why’

Code  Classifi cation subclassifi cation

Tulip11

1.1.1 Congenital Chromosomal defect Numerical

1.1.2 Structural

1.1.3 Microdeletion/uniparental disomy

1.2.1 Syndrome Monogenic

1.2.2 Other

1.3 Central nervous system

1.4 Heart and circulatory system

1.5 Respiratory system

1.6 Digestive system

1.7 Urogenital system

1.8 Musculoskeletal system

1.9 Endocrine/metabolic system

1.10 Neoplasm

1.11.1 Other Single organ

1.11.2 Multiple organ

2.1 Placenta Placental bed pathology

2.2.1 Placental pathology Development

2.2.2 Parenchyma

2.2.3 Localisation

2.3 Umbilical cord complication

2.4 NOS

3.1 Prematurity PPROM
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Table 4 (Continued)

Code  Classifi cation Subclassifi cation

3.2 Preterm labour

3.3 Cervical dysfunction

3.4 Iatrogenous

3.5 NOS

4.1 Infection Transplacental

4.2 Ascending

4.3 Neonatal

4.4 NOS

5.1 Other Fetal hydrops of unknown 
origin

5.2 Maternal disease

5.3.1 Trauma Maternal

5.3.2 Fetal

5.4 Out of the ordinary

6.1 Unknown Despite thorough investigation

6.2 Important information missing

We allocated the published perinatal mortality classifi cation systems to one of three 

categories, dependent on whether the allocation of the individual cases of perinatal 

mortality is based on the moment of death (‘when‘), the clinical conditions associated 

with death (‘what’), or the underlying cause of death (‘why’) (Table 1). As approximately 

60% of stillbirth cases can be explained by placental causes it is not possible to classify 

the underlying cause of death in systems that do not have adequate subcategories for 

placental causes.16,17 When terms as hypoxia, immaturity or (antepartum) haemor-

rhage were used, we considered the system to allocate a case primarily on the clinical 

condition associated with death (‘what’) and not on the underlying cause (Table 1). 

Multilayered approach

We propose a systematic multilayered approach for the analysis of perinatal mortal-

ity based on answers related to the moment of death, the conditions associated with 

death and the underlying cause of death. In our proposal we use existing classifi cation 

systems considering the fact that all systems have strengths and weaknesses and 

that between persons, hospitals and regions different preferences for classifi cation 

systems apply. We do not think that a single perfect system will be developed, but a 
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well considered combination of representatives of existing systems can approach per-

fection. For purpose of international comparison a (standard) combination of existing 

systems would be preferable.

In our opinion systems preferably combine stillbirths and neonatal deaths for the 

proposed multilayered approach as the same underlying causes apply.11 The main 

difference between stillbirths and neonatal deaths is the different organ system that 

gives expression to the underlying cause of death. For example: the organ system 

responsible for oxygen supply in the foetus is the placenta, in neonates the lungs are 

responsible. The underlying cause is independent of these differences as it is the initial 

step in the chain of events resulting in death. Abruption of the placenta for example 

can cause intrauterine death and it can also cause neonatal death. The mechanisms 

and clinical conditions between stillbirth and neonatal death however differ; in stillbirth 

cases the mechanism is placental insuffi ciency, the clinical condition is antepartum 

haemorrhage, in case of neonatal death the mechanisms is respiratory insuffi ciency, 

the clinical condition is respiratory distress syndrome. 

Dependent on the working area and availability of resources (developing versus 

developed countries and secondary versus tertiary hospital), complete analysis is of-

ten not possible. For example in the developing countries with limited resources for 

investigation of death, the best possible analysis may be the analysis of the moment 

of death and the subsequent use of one of the applicable classifi cation systems only.18 

The preventive strategies can then be focused at timing of care, for example improved 

intrapartum foetal monitoring or better facilities for neonatal resuscitation. However in 

the developed world this analysis is insuffi cient and one would like to analyse the other 

layers of our proposed approach as well. With such a complete analysis of perinatal 

mortality many details will be available for the development of preventive strategies, 

audit and research. 

Ideally, a computerised multilayered system can be developed in order to combine 

in which period death occurred, what went wrong and under what circumstances using 

an algorithm that analyses every case in a standardised manner and gives insight into 

non-obvious associations.
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Unknown and unexplained causes of perinatal mortality

Current use of classifi cations consistently report of about two-thirds of perinatal mor-

tality as being unexplained or unknown.11,15,19-21 A large group of unexplained or 

unknown cases is often due to design of the system itself and lack of amendment of 

the system to present insight into pathophysiology of perinatal mortality. Due to differ-

ences in defi nition, it is diffi cult to compare the percentages of unexplained or unknown 

cases in the different systems. Moreover the problem is that these categories have 

little consequence and, when aiming at preventive strategies for conditions or causes 

they will not result in change of management. 

Systems that classify the underlying cause of death require an extensive analy-

sis of cases for optimal use, especially the autopsy and histopathologic placental ex-

aminations, as mentioned earlier in this manuscript. Perinatal autopsy rates in many 

developed countries however have shown a diminishing trend mainly because lack of 

consent, although placental examination is usually allowed.22 In developing countries 

the perinatal autopsy rates are also low because the facilities for the autopsy are only 

available in larger hospitals and in general the autopsy does not have medical priority. 

Placental examination is usually not performed either, among other reasons for the 

risk of spread of contagious, potential lethal, infections to the examiners, such as HIV. 

With incomplete analysis the underlying cause may remain unknown. For systems 

that classify the underlying cause of death it can be useful to defi ne ‘unknown despite 

thorough investigations’ and ‘unknown with missing important information’ in order to 

give insight in the numbers of unknown causes due to the low autopsy rates. 

The concept of our multilayered approach is particularly helpful when the underlying 

cause of death (with or without thorough investigations) remains unknown. The analy-

sis of the clinical scenario with the maternal, foetal and placental conditions in that 

period does provide clues for preventive possibilities in the future. We used the ReCoDe 

(Table 3) as an example for systems that classify the clinical conditions, these systems 

reduce the predominance of cases formerly categorised as unknown when only classi-

fi ed in a system for the underlying cause of death. When in addition to these conditions 

the moment of death of the unknown causes is included, information can be provided 

considering time related conditions and the subsequent possibilities for interventions. 

Approach for perinatal audit studies

At present for a regional audit study of perinatal mortality we use such a systematic 

multilayered approach. For when death occurred we register the gestational age at 
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delivery and whether death occurred antepartum (subcategories for gestational ages 

are used), intrapartum or in the neonatal period (subcategories are used for death 

within 24 hours, death from 24 hours until one week and death from one week until 

four weeks of life). To classify what happened the clinical conditions associated with 

perinatal mortality an amended non-hierarchical ReCoDe system is used in which we 

register as many items as applicable. For the clinical conditions in neonatal cases we 

added the PSANZ neonatal death categories as the ReCoDe has been developed for 

stillbirths only (Table 3). For the classifi cation of the underlying cause of death the 

Tulip classifi cation is used (Table 4). To demonstrate the benefi t of such a multilayered 

approach for audit three case examples are provided (Table 5). The examples illus-

trate that with the subsequent use of representative classifi cation systems maximum 

information is retained per case. Annual reports of mortality per hospital or region can 

summarise the fi gures of the selected classifi cation systems to observe yearly trends. 

Subsequently additional analysis with cross-tabulation of the used systems, providing 

details regarding the moment of death and clinical scenario in relation to the underly-

ing causes, is then possible, if desired in relation to substandard factors in the care 

process that may have contributed to death. 

Summary and conclusions
In summary we present a systematic approach of the analysis of perinatal mortality 

using a combination of representatives of existing classifi cation systems. From our 

point of view analysis of perinatal mortality should be multilayered and include an-

swers related to the moment of death, the conditions associated with death, and the 

underlying cause of death. This multilayered approach is not only useful for in depth 

analysis of perinatal mortality in the developed world but also for analysis of perinatal 

mortality in the developing countries, where resources to investigate death are often 

limited, as it is possible to only apply one layer. Moreover, combinations of representa-

tives of the applicable systems can provide a complete “three-dimensional” analysis 

that may reveal new associations between clinical conditions and causes of death in a 

certain perinatal period.
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Analysis of perinatal mortality

Ideally, we should know the underlying cause of death in all cases of perinatal mortal-

ity. The underlying cause is supplemented with the clinical conditions and contributing 

factors. Subsequently classifi cation systems for perinatal mortality are used and the 

cases are discussed in a multidisciplinary audit. As a result we are able to take preven-

tive measures and avert death. Unfortunately this is not possible in all cases, even in 

the developed countries with ample possibilities for investigations and high motivation 

for improvement of care. In the developing countries where by far most perinatal mor-

tality cases occur only little possibilities for the analysis of perinatal mortality exist. Our 

efforts should not only be directed to our practice but to these low resource countries 

as well, much more improvement can be accomplished there. 

From our data it can be concluded that in approximately 11% of perinatal mortality 

cases the cause of death remains unknown. Only 4% of causes remained unknown 

when (in our opinion) suffi cient investigations had been performed.1 No consensus has 

been reached so far regarding the investigations that should be performed in cases of 

perinatal death. A research project with the goal to determine useful investigations 

for stillbirths started in the Netherlands in 2001. (Zinnig Onderzoek bij Antepartum 

Sterfte; ZOBAS). A protocol for the investigations in case of stillbirth will be proposed. 

The investigations for intrapartum- and neonatal deaths can be extracted from that 

protocol since the underlying causes for perinatal mortality cases from every subgroup 

are the same. We hope that with the implementation of a standard protocol more in-

sight will be gained in the pathofysiology of perinatal mortality. The karyotype, autopsy 

and placental examination already proved to be useful.2-4 Multidisciplinary meetings 

with obstetricians, neonatologists, pathologists and geneticists provide the best insight 

in the pathofysiology of perinatal deaths. The obstetricians and neonatologists can 

explain the clinical details, the pathologist can explain the cause and mechanism of 

death as found during the autopsy and placental examination and the geneticist can 

explain observed congenital anomalies and the consequences.

Autopsy

The perinatal autopsy often confi rms clinical diagnoses or reveals additional fi ndings, 

as described in Chapter 2. Unfortunately the perinatal autopsy rate has declined over 

the past decades, although it is more or less stable now. We described in Chapter 3 

that one of the main reasons for the decline is the reluctance of doctors to ask for per-

mission. Physicians should do better in their counselling to raise the perinatal autopsy 
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rates again. The fi rst step towards better counselling would be to be familiar with the 

value of the autopsy, its procedure and the possible parental religious and cultural 

objections. One has to feel confi dent to discuss the topic and obtain consent from the 

parents. Counselling is a time consuming, diffi cult and emotional conversation that 

should take place without disturbances. The physician most involved with the patient 

should explain the value of the autopsy and the procedure. It is not important whether 

this is the youngest physician, midwife or head of the department. The pathologist 

(preferably specialised in perinatal pathology) can counsel the parents regarding the 

procedure as well. Parents are to be given the opportunity to discuss their fears and 

possible restrictions and can explain their possible wishes (such as photographs). Com-

bined conversation with the doctor and the pathologist is also an option. 

Placental pathology

Investigations of cases of perinatal mortality are incomplete if the placenta is not 

submitted for histopathological evaluation. In Chapter 4 we describe the quality of 

placental reports and suggestions for improvement. The conclusions of placental inves-

tigations have well been reported. Clinicians may expect a clear explanation of the role 

of placental pathology present from the pathologist and pathologists need suffi cient 

clinical detail from the clinician, as described in Chapter 5. Pathology reports should 

facilitate comprehension of the histological fi ndings. Pathology reports could contain 

a short summary of the scenario that resulted in death (as provided by the clinician), 

it should at least provide a cause of death (or the statement: ‘unexplained’ cause of 

death) and preferably a recurrence risk as well. The clinician and pathologist are both 

responsible for the communication regarding the implications of their fi ndings, between 

themselves and with the patient. 

Not only should the placentas of stillbirths be submitted to the pathologist, but also 

the placentas of neonatal deaths and terminations of pregnancy for medical reasons. 

In general, placentas of stillbirths and terminations of pregnancies are easily avail-

able for evaluation, placentas of neonatal deaths after an apparently uncomplicated 

pregnancy are often problematic to obtain. These placentas are usually thrown away 

after birth when perinatal mortality seemed non apparent. In many hospitals placentas 

are anonymously collected in a freezer, to be cremated later, without the possibility of 

retaining the individual placentas when necessary. A system with labelled biological 

demolition plastic bags or a system with more freezers could solve the problem with 

the possibility of retaining placentas of neonatal mortality cases.
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In developed countries placentas are usually available for histopathological analy-

sis, in contrast to the developing countries. One of the reasons for the poor availabil-

ity is the high contamination risk with blood transmittable infections for the involved 

examiner. Other reasons are that in rural areas most women deliver at home and not 

in a hospital with possibilities for placental analysis, that birth attendants are poorly 

educated with regard to the investigation of the placenta and moreover that the fi nan-

cial resources are directed towards care of women in labour and not to post-mortem 

investigations. When gloves are available for the examiner the placenta can be inves-

tigated macroscopically in developing countries as well, we suggest the use of a very 

basic placenta investigation protocol. In collaboration with the International Stillbirth 

Alliance (ISA) we plan to develop a format for placental investigations in the developing 

countries with the use of pictures on a poster.

In Chapter 6 we focused at a specifi c placental cause of death: villous immaturity 

(VI). VI is an important cause of term stillbirth cases. No internationally accepted defi -

nition of VI exists. The etiology of VI is unclear. We classifi ed it as an underlying cause 

of death as this entity is as far back in the chain of events we can go. It is possible 

however that with future research another entity is found to be associated with VI or is 

found to cause VI. The fact that we found 41 cases with VI as the only pathological en-

tity resulting in foetal death strengthens our current opinion that VI is a cause of death.

Classifi cation of perinatal mortality

We developed the Tulip classifi cation system (Chapter 7) for classifi cation of the under-

lying cause of death. Ideally all health workers use the same classifi cation systems to 

allow comparison of fi gures. The Tulip classifi cation system however is not suitable for 

all situations. In the developing countries, only little information is obtained, especially 

regarding the underlying cause of death. The category: “unknown with important infor-

mation missing” would be over represented and the placental category would probably 

remain empty, which obscures comparison of fi gures. We have proposed a multilay-

ered approach that uses a combination of existing systems to be used in sequence of 

increasing diffi culty in Chapter 9. Using such a combination of systems compensates 

for the shortcomings of the individual systems (Chapter 8) and allows use in develop-

ing countries as well. In this approach it is not obligatory to complete all levels, it is 

possible to just complete the fi rst level and then stop. Later on with more available 

investigations the second level and maybe the third can be completed as well. The ISA 

accommodates this approach in the development of a new classifi cation for assistance 



General discussion

– 151 –

of the World Health Organisation in the adjustments of the O and P codes for the ICD 

11 (International Classifi cation of Diseases). We currently work on this new classifi ca-

tion system (Maternal Antepartum Intrapartum Neonatal classifi cation, MAIN). 

Audit and multilayered approach for classifi cation

The Peristat studies revealed that the Netherlands is amongst the countries with the 

highest perinatal mortality rates in Europe.5 Several reasons have been provided for 

these numbers. The infl uence of substandard care was not investigated.6 For that 

reason, a national feasibility study for audit of perinatal mortality was performed (Lan-

delijke Perinatal Audit Study, LPAS). The conclusions from the LPAS were that need for 

national audit existed and that it was feasible. In about 20% of cases substandard care 

factors contributed to the death. All involved healthworkers considered audit as useful 

and they were willing to participate in a national audit of perinatal mortality. The RIVM 

(Rijksinstituut voor Volksgezondheid en Milieu) has initiated a national audit study and 

in Groningen a regional audit is implemented (IMPACT). Both audits use our proposed 

multilayered approach for classifi cation of mortality cases. A classifi cation for quality 

of care and substandard factors could be added as an additional layer of the approach 

to be used in audits. With this approach, the quality-improvement cycle can start to 

improve perinatal care and prevent adverse outcomes. 
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With this thesis we provide clues that can help to understand the value of the perinatal 

autopsy and placental examination, the importance of good communication between 

pathologists and clinicians and the use of classifi cation systems in perinatal mortality. 

The fi rst chapters focus at the perinatal autopsy, the next chapters focus at placental 

investigation and the communication between the pathologist and clinician and the last 

at classifi cation of perinatal mortality. 

Chapter 2: Value of the perinatal autopsy: critique

This chapter illustrates the value of the perinatal autopsy. In this literature review the 

autopsy reveals new diagnoses or important additional information in 22% to 76% of 

cases. If confi rmation of clinical fi ndings is included, then the value of perinatal autopsy 

is as high as 100%. Several confounding factors that may infl uence the value of the 

autopsy have been evaluated including the level of hospital, the autopsy protocols 

used, the expertise of the pathologist (perinatal/pediatric pathologist, fellow or general 

pathologist) and also selection of cases admitted for autopsy. The autopsy protocols 

and expertise of the performing pathologists differed between the institutions. In sev-

eral articles the autopsy protocol was unknown and the expertise of the pathologist 

remained indistinct. The autopsy rates varied between 16% and 100%, the mean 

autopsy rate was 38%. The highest rates were seen among terminations of pregnancy 

(79-100%). 

The reported value of the autopsy can be positively infl uenced by selecting cases 

for admission to pathology in scenarios where the autopsy adds more information, for 

example by requesting more autopsies in the group of deaths with an unknown clinical 

diagnosis. Another possibility to improve the reported value of the autopsy is to exclude 

cases in which the autopsy cannot provide much information, for example in macerated 

stillbirth. In the published literature however the description of such selections of cases 

for autopsy is often not included, obscuring the possibilities for comparison of the value 

of perinatal autopsies. 

Chapter 3: The perinatal autopsy: pertinent issues in multicultural 

Western Europe

This chapter deals with the diffi culties that exist regarding counseling of the perinatal 

autopsy. The average autopsy rate is only 38%, which is less than the proposed mini-

mum of 75% by the Royal College of Obstetricians and Gynaecologists and the Royal 

College of Pathologists. The major reason for the low perinatal autopsy rates is the 

diffi culty of obtaining permission for the autopsy from the parents. Furthermore, the 
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assumption that the autopsy can be replaced by current imaging techniques, adverse 

publicity regarding organ retention (e.g. Alder Hey scandal) and reports on the failing 

quality of perinatal autopsies all contribute to the low autopsy rates. Parents should be 

informed about the routine of the autopsy. In general this involves macroscopic exami-

nation of the body and internal organs. Organs will be taken out for weighing and tissue 

will be sampled for histologic examination. The organs will be replaced, but the tissue 

samples not. These samples will be stored for additional analysis or second opinion.

Alternatives such as limited autopsy or needle biopsy of selected organs and imag-

ing techniques such as MRI and radiography are available. These alternatives however 

are less conclusive than the “Gold Standard” i.e. the autopsy. 

The major religions and their end-of-life rituals in general allow the performance of 

an autopsy. Some require special treatment or timing. In Buddhism for example the 

body has to be left undisturbed for three days to allow the soul to make its transition. 

In the Islam faith the autopsy should be performed as soon as possible as burial should 

take place before sunset of the next day. When doctors are convinced of the value of 

the autopsy and the parents are counseled adequately in respect of their cultural and 

religious background, the autopsy rates can be raised again.

Chapter 4: Quality of placental reports

In this chapter we investigate the quality of placental reports. Of 218 placental reports 

from four hospitals, two percent failed to reach half the maximum granted points 

(points were rewarded for description of, and commentary on, gross and histologic 

examination, comments on the associated clinical lesions and the availability of recur-

rence risks) and 31% scored between 50 and 75% of maximum granted points. 

Several details of the placental reports attracted attention. In our analysis only 10% 

of reports stated the trimmed placental weight although the standard placental weight 

charts are based on trimmed weights. Some components of a placental report were 

well documented, such as the number of umbilical vessels, cord diameter and length 

and the dimensions of the placental discs. Other components were poorly documented 

such as completeness of membranes and location of membrane rupture. In almost all 

reports a block code for the placental samples was assigned, which is important for 

retrieval of samples for additional analysis or for a second opinion. Commentary on the 

fi ndings of the placenta and the possible relation to clinical details differed between the 

hospitals and ranged between 43% and 94%. 
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The description of normal fi ndings is of equal importance as the description of 

abnormal fi ndings, otherwise it remains unknown whether details have been studied 

if not mentioned at all. Communication between pathologist and clinician is lost by 

inconsistent reporting of commentaries on (ab)normal fi ndings in the placental reports.

Chapter 5: Histopathological examination of the placenta: key issues 

for pathologists and obstetricians

In this chapter we illustrate the importance of placental examination and the impor-

tance of good communication about the results between the clinician and the patholo-

gist. The placenta is often not submitted for histopathological examination, as clinicians 

are often sceptical as to the value of placental examination. 

When a placenta is submitted to the pathologist, adequate details considering 

conditions in pregnancy and medical history for the interpretation of placental fi nd-

ings should be provided. The request form for placental investigation should therefore 

contain a list with important information for the pathologist (preferably a standardized 

form). In return, the obstetrician should be provided with adequate information for 

interpretation of the histological fi ndings and the subsequent counseling of the parents. 

Chronic villitis (lymphohistiocytic infl ammation of the terminal villi) is an example 

of a histological diagnosis. It has an unknown aetiology and is associated with in-

trauterine growth restriction, preterm labour and fetal death, with a recurrence risk 

of up to 17%. In future pregnancies the foetus can be monitored by ultrasound and 

cardiotocography. Acute chorioamnionitis (associated with pathogenic vaginal micro 

organisms) is another example with a recurrence risk and possibilities for intervention. 

For explanation and interpretation of histological abnormalities the involvement of 

pathologists in multidisciplinary meetings with obstetricians and neonatologists can 

be very useful, particularly in the case of apparent unexplained stillbirth or serious 

adverse outcome.

Chapter 6: Villous immaturity as an important cause of term foetal 

death

Villous immaturity of the placenta is an important cause of death in term intrauterine 

foetal deaths (over 252 days or 36 weeks of gestation). We evaluated 1025 foetal 

deaths and selected the cases beyond 36 weeks of gestation (n = 352). Based on the 

causes of death the intrauterine foetal deaths were divided in three groups: villous 

immaturity, other placental pathology and non-placental pathology. 
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A placental cause of death was identifi ed in almost 80% (280/352). Of the placental 

causes 29% (81/280) were caused by villous immaturity. Of these cases 48% were 

caused by villous immaturity alone and 52% by villous immaturity in combination with 

other placental pathology. The prevalence of gestational diabetes was 2.5 fold-higher 

in the villous immaturity group than in the group caused by other placental pathol-

ogy (13.9% vs. 5.5%) (p = 0.029) and 10 fold- higher than in the group caused by 

non-placental pathology (13.9% vs. 1.4%) (p = 0.005). Villous immaturity was also 

associated with placental hypoplasia in comparison to the group with a non-placental 

cause of death. Although oligohydramnios occurred almost twice as often in the group 

with villous immaturity (23.1%) than in the group with non-placental causes (12.5%), 

was this difference not statistically signifi cant (p = 0.139). No associations were found 

for pre existent diabetes mellitus, hypertensive disorders, intoxications or foetal char-

acteristics such as foetal weight. Previously described association with hyper coiling of 

the umbilical cord could not be confi rmed.  

Chapter 7: The Tulip classifi cation of perinatal mortality: introduction 

and multidisciplinary inter-rater agreement

We developed a perinatal mortality classifi cation system for cause and mechanism of 

death. The Tulip classifi cation system classifi es the underlying cause of death, defi ned 

as the initial demonstrable pathophysiological entity initiating the chain of events that 

has irreversibly led to death, in 6 categories; 1: congenital anomalies, 2: placenta, 3: 

prematurity/immaturity, 4: infection, 5: other and 6: unknown. These main categories 

contain several subcategories. The system consequently classifi es the mechanism of 

death (defi ned as the organ failure incompatible with life) and the origin of the mecha-

nism. Finally, contributing factors (conditions like hypertension preeclampsia or risk 

factors such as smoking) are classifi ed. We provide clear defi nitions and guidelines for 

case allocation.

After development of the system it has been tested for the inter-rater agreement 

between fi ve panel members in 411 cases of perinatal mortality. The largest cause of 

death group was: congenital anomalies (35%), the second and third largest groups 

were placental and prematurity (27% and 23% respectively). Only 11% of deaths were 

allocated to the “unknown” group. The infection and “other” categories consisted of 

only 1% and 3% of deaths respectively. The kappa score was 0.81 for main cause of 

death (0.89 after excluding guideline misinterpretations) and 0.67 for sub classifi cation 

of cause of death (0.76 after excluding guideline misinterpretations). The agreement 
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was highest in the congenital anomalies category and lowest in the category “other”. To 

clarify some classifi cation diffi culties examples of cases have been provided.

Chapter 8: A Placental cause of intra-uterine foetal death depends 

on the perinatal mortality classifi cation system used

Differences between perinatal mortality classifi cation systems have consequences for 

vital statistics. We illustrated this by classifi cation of 485 cases of foetal death in eight 

perinatal mortality classifi cation systems (extended Wigglesworth, modifi ed Aberdeen, 

ReCoDe, Tulip, and the classifi cations by Hey et al., Hovatta et al., de Galan-Roosen 

et al. and Morisson et al.). The cases were classifi ed in a panel with two obstetricians, 

a pathologist and a registrar in Obstetrics and Gynaecology. Distribution of the 485 

stillbirth cases into the different causal categories varied among the systems, pre-

dominantly in the “placental” and the “unknown” groups. The proportion of cases (for 

the same 485 cases) in the placental groups varied from 0% (no placental category 

provided in those systems) to 64.3% in the Tulip classifi cation. In some systems cases 

with an unexplained cause of death comprised the largest group such as in the ex-

tended Wigglesworth (88.5%), while in other systems such as the system by Hey et al. 

no deaths were classifi ed as unexplained. However in this system 88.4% of cases were 

allocated to the group “asphyxia antepartum”. 

Systems that lack a placental category and systems that allocate most cases to the 

“unknown” categories or to categories that comprise only clinical manifestations are 

not discriminatory for the underlying cause of death. Allocation of cases according to 

the underlying cause of death resulted in the largest group of deaths in the placental 

category and the most frequent contributing factor was intrauterine growth restriction. 

Chapter 9: A multidimensional approach for the analysis of perinatal 

mortality using different classifi cation systems

We identifi ed 35 classifi cation systems for perinatal mortality published since 1954. All 

systems have their own strengths and weaknesses, but none of them has been uni-

versally accepted for its use. In this chapter we propose a multilayered approach that 

uses the existing systems based on information related to the moment of death, the 

conditions associated with death and the underlying cause of death. Three questions in 

sequence of complexity can be asked: When did it happen? What was the gestational 

age and when did it occur? Antepartum, intrapartum or in the neonatal period? Two 

systems mainly focus at when death occurred. They both include a category for lethal 
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foetal malformations as well. For reliable allocation of cases foetal macroscopy is re-

quired. The next question that can be asked is: What happened? What were the fetal, 

maternal and/or placental conditions that have contributed to death? To answer this 

question more investigations are necessary: analysis of clinical conditions, foetal and 

placental macroscopy and preferably the autopsy as well. Most of the developed sys-

tems classify what happened. The fi nal and most complex question that can be asked 

is: Why did it happen? What is the underlying cause of death, the event that initiated 

the chain of events that eventually resulted in death? Extensive analysis including 

placental histopathology is required to reliably allocate the cases to these categories. 

Classifi cation systems that do not have adequate placental categories or have cat-

egories such as hypoxia or antepartum haemorrhage are not considered to classify the 

underlying cause of death. When causes and conditions are mixed within a system, 

overlap in allocation is possible. Information is then lost and comparison is unreliable. 

When cause and condition are used separately, they add to each other, which is why 

we propose the multilayered approach.

For audit purposes cross tables of the different systems can be made to see the re-

lation between timing of death, conditions, underlying cause and additionally possible 

substandard factors in the care.
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Het sterven van een baby is voor ouders een uitermate verdrietige en traumatische er-

varing. Niet alleen de ouders, maar ook vrienden, familie en zorgverleners zijn betrok-

ken bij het verlies. Om vragen te kunnen beantwoorden als “waarom is dit gebeurd?” 

zullen In de periode net na het overlijden verschillende lastige onderwerpen besproken 

moeten worden. In dit proefschrift richten we ons op een aantal van deze onderwer-

pen. Dat leidt tot suggesties om in meer gevallen vragen beantwoord te krijgen zoals: 

het optimaal counselen betreffende toestemming voor obductie, verbetering van rap-

portage over placentaonderzoek onder andere door een betere communicatie tussen 

clinicus en patholoog en het gebruik van classifi catiesystemen voor perinatale sterfte. 

In grote lijnen handelen de hoofdstukken twee en drie over de perinatale obductie, de 

volgende drie hoofdstukken over placentaonderzoek en de laatste drie over het gebruik 

van classifi catiesystemen voor perinatale sterfte. 

Hoofdstuk 2: De waarde van de perinatale obductie: 

een kritische beschouwing

De toegevoegde waarde van perinatale obductie wordt in dit hoofdstuk besproken. 

Uit een literatuurreview blijkt dat obductie in 22 tot 76% van de gevallen nieuwe 

diagnoses of belangrijke aanvullende informatie levert. Als ook de bevestiging van een 

klinische diagnose als waardevol wordt gezien, blijkt dat percentage tot 100% te zijn. 

We hebben verschillende factoren die de waarde van de obductie kunnen beïn-

vloeden geëvalueerd, zoals het ziekenhuisniveau, het gebruikte obductieprotocol, de 

expertise van de uitvoerend patholoog en de eventuele selectie van casus die ter ob-

ductie werden aangeboden. De expertise van de patholoog en de obductieprotocollen 

verschilden per ziekenhuis. Helaas bleef in verschillende artikelen het obductieprotocol 

en de mate van specialisatie van de patholoog onduidelijk. De obductiepercentages 

varieerden van 16 tot 100% met een gemiddelde van 38%. Het hoogste percentage 

werd gezien na zwangerschapsafbrekingen (79-100%). Neonatale en doodgeboorte-

obductiepercentages varieerden van respectievelijk 33 tot 100% en 5 tot 100%. 

De gerapporteerde waarde van de obductie kan positief beïnvloed worden door dié 

casus voor obductie aan te bieden waar deze gemakkelijk nieuwe diagnoses levert, zo-

als in geval van onbekende klinische diagnoses. Ook wordt de gerapporteerde waarde 

van de obductie verbeterd als obductie niet wordt aangevraagd bij casus waarbij bij de 

obductie weinig informatie wordt verwacht, zoals bij gemacereerde doodgeboorten. In 

de gepubliceerde literatuur is de casusselectie vaak niet beschreven, wat betrouwbare 

vergelijking moeilijk maakt.
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Hoofdstuk 3: De perinatale obductie: belemmeringen in 

multicultureel West-Europa

In dit hoofdstuk beschrijven we verschillende factoren die het proces van de perinatale 

obductie en de counseling daarvan compliceren. Deze complicaties hebben geleid tot 

een gemiddeld obductiepercentage van slechts 38%. Dit is ruim onder de norm van 

75%, die als minimum wordt voorgesteld door de Royal College of Obstetricians and 

Gynecologists en de Royal College of Pathologists. 

De voornaamste oorzaak van de lage obductiepercentages is, dat het moeilijk is 

toestemming voor obductie te verkrijgen van de ouders. Daarnaast spelen een rol: 

negatieve media-aandacht over het achterhouden van organen na obductie (zoals het 

Alder-Hey schandaal), rapporten over verminderde kwaliteit van de obductie, en de 

aanname dat de huidige afbeeldende technieken de obductie kunnen vervangen. 

De ouders moeten geïnformeerd worden over de procedure van de obductie. Over 

het algemeen houdt die een schouwing van het lichaam en van de organen in. Ver-

volgens wordt uit de organen enig weefsel genomen voor histologisch onderzoek. De 

organen worden teruggeplaatst, echter zonder het materiaal dat voor histologische 

onderzoek is uitgenomen. De coupes worden uiteindelijk opgeslagen voor eventuele 

aanvullende analyses of herbeoordeling. 

Er zijn alternatieven voor obductie, zoals beperkte obductie of naaldbiopsie van 

mogelijk afwijkende organen, afbeeldende technieken als MRI en röntgenfoto’s. Aan 

deze alternatieven zijn echter veel minder conclusies te verbinden dan de “gouden 

standaard”, de obductie. 

De grote religieuze stromingen en hun levenseinderituelen staan over het alge-

meen obductie toe. Sommige vereisen echter speciale behandeling of timing. In het 

Boeddhisme bijvoorbeeld moet het lichaam drie dagen ongestoord gelaten worden, 

zodat de ziel de “overgang” kan maken. In de Islam moet de obductie zo snel mogelijk 

gebeuren, aangezien de begrafenis de volgende dag voor zonsopgang moet plaatsvin-

den.De obductiepercentages zullen stijgen als artsen overtuigd zijn van de waarde van 

obductie en de ouders hierover informeren in het licht van hun culturele en religieuze 

achtergrond.

Hoofdstuk 4: Kwaliteit van placentarapporten
In dit hoofdstuk onderzoeken we de kwaliteit van de placentarapporten. Van 218 rap-

porten van vier ziekenhuizen haalde 2% de helft van het maximaal te halen punten niet 

en 31% scoorde tussen de 50 en 75% van het maximaal te halen punten. 
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Verschillende details van de rapporten vielen op. Slechts in 10% van de rapporten werd 

een placentagewicht zonder vliezen beschreven, hoewel dat de standaard is. Sommige 

onderdelen van de rapporten werden goed beschreven, zoals het aantal navelstreng-

vaten, de lengte en diameter van de navelstreng en de afmetingen van de placenta. 

Andere onderdelen werden matig beschreven, zoals het compleet zijn van de vliezen 

en de locatie van de vliesscheur. In bijna alle rapporten werd een blokcode gegeven per 

placentacoupe, wat belangrijk is voor het opvragen van coupes voor herbeoordeling of 

second opinion. Het bespreken van de bevindingen van de patholoog in relatie tot de 

klinische details verschilde per ziekenhuis en varieerde van 43 tot 94%. De beschrij-

ving van normale bevindingen is even belangrijk als die van afwijkende bevindingen, 

omdat anders onduidelijk blijft of details bestudeerd zijn of niet. Een mogelijkheid voor 

goede communicatie tussen patholoog en clinicus gaat verloren als er inconsistent 

wordt gerapporteerd over (ab)normale bevindingen in de placenta.

Hoofdstuk 5: Histopathologisch onderzoek van de placenta: 

sleutelonderwerpen voor patholoog en obstetricus

In dit hoofdstuk illustreren we het belang van placentaonderzoek en goede com-

municatie tussen clinicus en patholoog. De placenta wordt vaak niet ingestuurd voor 

onderzoek wanneer de clinicus sceptisch is over de waarde van dat onderzoek. Als 

de placenta wel wordt ingestuurd moet de patholoog voldoende details krijgen over 

de omstandigheden van de zwangerschap en de medische voorgeschiedenis om de 

placentagegevens te kunnen interpreteren. Het aanvraagformulier voor het onderzoek 

zou het liefst gestandaardiseerd moeten zijn met een checklist voor belangrijke infor-

matie voor de patholoog. De obstetricus zou vervolgens adequate informatie moeten 

krijgen van de patholoog om de gegevens van het microscopisch onderzoek te kunnen 

interpreteren. Dit zal de kans op het achterhalen van de doodsoorzaak vergroten en 

een optimale counseling voor de ouders betekenen. 

Chronische villitis (lymfohistiocytaire ontsteking van de terminale villous) is een 

voorbeeld van een diagnose die door de patholoog wordt gesteld met consequenties 

voor een toekomstige zwangerschap. Het wordt geassocieerd met intra-uteriene groei-

beperking, vroeggeboorte en doodgeboorte. Het heeft een herhalingsrisico tot 17%. In 

toekomstige zwangerschappen kan de groei van de foetus echoscopisch gevolgd wor-

den. Acute chorioamnionitis (geassocieerd met pathogene vaginale micro-organismen) 

is een ander voorbeeld van een placentaire diagnose met een verhoogd herhalingsri-

sico en een mogelijke interventie. 
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De betrokkenheid van een patholoog in multidisciplinaire bijeenkomsten is nut-

tig voor uitleg en interpretatie van de histologische afwijkingen, ook in die gevallen, 

waarin op het oog de doodgeboorte onverklaard is.

Hoofdstuk 6: Villusimmaturiteit als belangrijke oorzaak voor a tèrme 

doodgeboorten

In dit hoofdstuk tonen we aan, dat villusimmaturiteit een belangrijke doodsoorzaak is 

in de à terme periode (zwangerschapsduur vanaf 252 dagen of 36 weken). Van de 1025 

intra-uteriene sterftes die we geëvalueerd hebben, traden er 352 à terme op. Op basis 

van de doodsoorzaak werden de casus opgedeeld in drie groepen: villus immaturiteit, 

andere placentaire doodsoorzaken en niet placentaire doodsoorzaken. In 80% van 

deze casus werd de dood veroorzaakt door placentapathologie. In 29% daarvan was 

villusimmaturiteit de oorzaak. Van de casus met villusimmaturiteit als doodsoorzaak 

was in 48% villusimmaturiteit de enige afwijking, in 52% was er een combinatie met 

andere placentaire afwijkingen. Villusimmaturiteit als doodsoorzaak was geassocieerd 

met diabetes gravidarum. Er bleek eveneens een associatie te bestaan met placenta-

hypoplasie in vergelijking met niet-placentaire doodsoorzaken.

Hoewel oligohydramnion twee keer vaker optrad bij villusimmaturiteit dan bij de 

niet placentaire oorzaken (23.1% vs 12.5%), was dat verschil statistisch niet signifi -

cant. (p = 0.139). Er werd geen associatie gevonden met maternale diabetes mellitus, 

hypertensieve aandoeningen, intoxicaties of foetale karakteristieken als foetale groei 

of sexe. 

Hoofdstuk 7: De Tulip-classifi catie van perinatale sterfte, introductie 

en multidisciplinaire interbeoordelaarovereenstemming 

We hebben een classifi catiesysteem voor perinatale sterfte ontwikkeld, dat de doodsoor-

zaak (gedefi nieerd als de initiële aantoonbare pathofysiologische entiteit welke de trein 

van gebeurtenissen start die uiteindelijk resulteren in sterfte) en het mechanisme van 

sterfte classifi ceert. Deze Tulip-classifi catie kent 6 categorieën van doodsoorzaken: 

1: Aangeboren afwijkingen, 2: Placenta, 3: Prematuriteit/immaturiteit, 4: Infectie, 

5: Overige en 6: Onbekend. Deze hoofdcategorieën kennen weer subcategorieën. Zo 

bevat categorie 2 subcategorieën voor placentabedpathologie, placentapathologie en 

navelstrengcomplicaties. Het mechanisme van overlijden, gedefi nieerd als het orgaan-

falen dat incompatibel is met leven, en de oorsprong van het mechanisme, zoals lucht-

wegobstructie bij respiratoire insuffi ciëntie worden geclassifi ceerd. Tevens wordt dat 
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gedaan voor de bijdragende factoren (aandoeningen als hypertensie of pre-eclampsie 

of risicofactoren als roken). We geven duidelijke defi nities en richtlijnen voor toewijzing 

van casus in dit systeem.

Na de ontwikkeling van het systeem is het getest op de (interbeoordelaar)over-

eenstemming tussen vijf panelleden in 411 casus van perinatale sterfte. De grootste 

groep van doodsoorzaken bleek de groep van aangeboren afwijkingen te zijn (35%), 

de tweede en derde grootste groep waren placentaire oorzaken en prematuriteit/im-

maturiteit (respectievelijk 27% en 23%). Slechts 11% van de casus werd geclassifi -

ceerd als onbekend. De infectie en “overige” groep bevatten slechts respectievelijk 

1% en 3%. De kappascore was 0.81 voor de hoofdcategorieën (0.89 na exclusie van 

misclassifi catie door misinterpretaties van de richtlijn) en 0.67 voor de subcategorieën 

van sterfte (0.76 na exclusie van misclassifi catie door richtlijn misinterpretaties). De 

overeenstemming was het hoogste in de categorie van aangeboren afwijkingen en 

het laagste in de categorie “overige”. Voorbeeldcasus werden gegeven om een aantal 

ingewikkelde details in het classifi catiesysteem te verduidelijken. 

Hoofdstuk 8: Een placentaire oorzaak van doodgeboorte hangt af 

van het gebruikte classifi catiesysteem voor perinatale sterfte

Verschillen tussen classifi catiesystemen voor perinatale sterfte hebben consequenties 

voor getallen in de statistieken. We hebben dit geïllustreerd door in een panel 485 

intra-uteriene sterftes te classifi ceren in acht classifi catiesystemen voor perinatale 

sterfte (extended Wigglesworth, modifi ed Aberdeen, ReCoDe, Tulip, en de classifi catie-

systemen door Hey et al., Hovatta et al., de Galan-Roosen et al. en Morisson et al.). De 

verdeling van de casus in de verschillende categorieën varieerde tussen de systemen, 

vooral in de placentacategorieën en de groep “onbekend”. Het percentage van de casus 

geclassifi ceerd in de placentagroepen varieerde van 0% (geen placentacategorie in 

het systeem) tot 64.3% in de Tulip-classifi catie. In sommige systemen was de cate-

gorie met onbekende doodsoorzaak de grootste, zoals in de extended Wigglesworth 

(88.5%), terwijl in andere systemen, zoals in dat van Hey et al., geen enkele casus 

werd geclassifi ceerd als onbekend of niet classifi ceerbaar. In dit systeem werden echter 

wel 88.4% van de casus geclassifi ceerd in de groep: “antepartum asfyxie” wat in feite 

een onbekende doodsoorzaak is. 

De systemen die geen placentacategorieën hebben en die de meeste casus in de 

onbekende categorieën classifi ceren en de systemen die alleen klinische manifestaties 

classifi ceren, discrimineren niet voor de onderliggende doodsoorzaak. 
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Bij het classifi ceren van de 485 casus in de verschillende systemen bleek de groot-

ste groep van sterfte veroorzaakt door placentapathologie wanneer de onderliggende 

doodsoorzaak wordt geclassifi ceerd. De meest voorkomende bijdragende factor (aan-

doening) was daarbij intra-uteriene groeibeperking. 

Hoofdstuk 9: Een gelaagde benadering voor de analyse van perina-

tale sterfte met gebruik van bestaande classifi catiesystemen 

We hebben 35 classifi catiesystemen voor perinatale sterfte, gepubliceerd na 1954, 

gevonden. Alle systemen hebben hun eigen sterke en zwakke punten, maar er is geen 

enkel systeem dat universeel gebruikt wordt. In dit hoofdstuk stellen we een gelaagde 

benadering van perinatale sterfte voor met gebruik van verschillende bestaande clas-

sifi catiesystemen. Deze benadering is gebaseerd op informatie over het moment van 

overlijden, aandoeningen geassocieerd met de sterfte en de onderliggende doodsoor-

zaak. Drie vragen in volgorde van complexiteit kunnen worden gesteld: Wanneer ge-

beurde het? Wat was de zwangerschapsduur? Gebeurde het antepartum, intrapartum 

of in de neonatale periode? Twee van de gevonden systemen concentreren zich vooral 

op wanneer sterfte optrad. Beide bevatten ook een groep voor letale aangeboren af-

wijkingen. Voor betrouwbare classifi catie in deze systemen is schouwing van de foetus 

noodzakelijk. De volgende vraag die beantwoord kan worden is: Wat gebeurde er? Wat 

waren de foetale, maternale en of placentaire aandoeningen die bijdroegen aan de 

sterfte? Om deze vraag goed te beantwoorden is meer onderzoek nodig: analyse van 

de klinische situatie, schouwing van de foetus en placenta en het liefst ook obductie. De 

meeste van de systemen classifi ceren “wat er gebeurde”. De laatste en meest ingewik-

kelde vraag is: Waarom gebeurde het? Wat is de onderliggende doodsoorzaak? (initiële 

aantoonbare pathofysiologische entiteit welke de trein van gebeurtenissen start die 

uiteindelijk resulteren in sterfte) Uitgebreide analyse inclusief microscopisch onderzoek 

van de placenta en obductie zijn nodig voor betrouwbare classifi catie. Slechts twee 

systemen classifi ceren de onderliggende doodsoorzaak. 

Indien doodsoorzaken en aandoeningen door elkaar worden gebruikt kan dat resul-

teren in overlap tussen de categorieën en dus niet-uniforme classifi catie. Informatie 

gaat dan verloren en vergelijking van getallen is onbetrouwbaar. Als doodsoorzaken en 

aandoeningen apart van elkaar worden gebruikt vullen ze elkaar juist aan, wat ons de 

gelaagde benadering doet voorstellen. 

Voor audit van sterfte kunnen kruistabellen van de verschillende systemen worden 

gebruikt om de relatie tussen periode van sterfte, aandoeningen en onderliggende 

doodsoorzaak te vinden met mogelijk het gebruik van substandaardfactoren.
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