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EXECUTIVE SUMMARY 
Background 

In Alberta, the rate of stillbirth (defined as the complete expulsion or extraction of a 
dead fetus at or after 20 weeks of pregnancy or when the fetus weighs at least 500 
grams, in which there is no breathing, beating of the heart, pulsation of the umbilical 
cord, or unmistakable movement of voluntary muscle) was 6.5 per 1000 perinatal deaths 
in 2000. 

Each stillbirth may involve unique circumstances and problems, but it is always a 
devastating experience for families and caregivers.  By defining as clearly as possible 
the cause of death, the information obtained from investigating a stillbirth can help to 
alleviate the concerns over prenatal events and may have implications for future 
pregnancies.  Formal protocols have been proposed to standardize the investigation in 
order to ensure that details are not missed and that there is an orderly and systematic 
search for the cause of death to reduce the number of unexplained stillbirths. 

Objectives 

To identify the most appropriate investigative protocol, or component of a protocol, for 
determining the cause(s) of stillbirth and to identify protocols that have been 
recommended by health authorities and professional associations both within Canada 
and worldwide. 
Results 

No firm scientific judgment could be made on which is the most appropriate protocol 
for stillbirth investigation or which components should be considered for the most 
relevant and efficient investigative protocol. 

The reviewed evidence (from seven cross-sectional analytic studies) highlights the value 
of fetal autopsy and placental examinations as integral components of stillbirth 
investigation in terms of their diagnostic contributions in defining and refining the 
cause of death and providing additional information: 

 In five retrospective studies, the autopsy findings confirmed the clinical findings 
in 28.6% to 89% of cases and revealed a change in the diagnosis in 10.2% to 38% 
of cases.  Additional information was obtained at autopsy in 3.9% to 24.3% of 
cases.  The cause of death remained unexplained in up to 40% of cases. 

 Evidence from two prospective studies suggests that placental examination 
constitutes a necessary complement to fetal autopsy.  Placental examination 
findings confirmed clinical or autopsy findings or both in up to 75% of cases and 
were diagnostic in 22.7% to 46.3% of cases.  However, the cause of death still 
remained unexplained in up to 12% of stillbirths. 
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Each of the publicly available formal protocols recommends an extensive and 
comprehensive stillbirth investigation, which should include a wide range of diagnostic 
tests.  However, the protocols differ in terms of the tests recommended for routine 
investigations and those recommended as additional tests.  Currently, there is no 
generally accepted gold standard protocol. 

Conclusions 

The value of a systematic and comprehensive stillbirth investigation, which includes a 
wide range of diagnostic modalities and techniques, is not in doubt.  However, it is yet 
to be determined which components should be considered the most relevant and 
efficient for stillbirth investigation. 

Currently none of the publicly available formal protocols is generally accepted as a 
reference protocol.  They vary in some of their recommendations, suggesting that there 
may be a role for further individualization of tests or examinations used for stillbirth 
investigation. 

Findings from this review highlight the diagnostic contribution and the important role 
of fetal autopsy and placental examination as integral components of a comprehensive 
and relevant stillbirth investigation.  These procedures remain important in the 
confirmation and further delineation of the cause of fetal death.  These data may be 
helpful in counselling patients who are considering the difficult decision of whether or 
not to consent to a postmortem examination following a stillbirth. 

Methodology 

Selected for this review were research studies reporting on stillbirths that were 
investigated using a specific protocol, test, or examination to determine the cause of 
death.  All research studies were identified by conducting a systematic search of the 
medical literature published between 1985 and June 2005.  The search included 
Cochrane Library, PubMed, EMBASE, CINAHL, HealthSTAR, Science Citation Index, 
BIOSIS, and the websites of various health technology assessment agencies, research 
registers, evidence-based resources, and practice guidelines sites.  No language 
restriction was applied.  Studies were date restricted to 1985 onward.  The medical 
literature was also searched to identify publicly available formal protocols. 
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ABBREVIATIONS/GLOSSARY 

Abbreviations 

AMA � Alberta Medical Association 

ANA � antinuclear antibody test 

APC resistance � activated protein C resistance 

BC � British Columbia 

BCRCP � British Columbia Reproductive Care Program 

CBC � complete/full blood count 

CMV � cytomegalovirus 

CPSM - College of Physicians and Surgeons of Manitoba 

DNA � deoxyribonucleic acid 

GBS � Group B Streptococcus 

HIV � human immunodeficiency virus 

HSV � herpes simplex virus 

MRI � magnetic resonance imaging 

MTHFR � methylenetetrahydrofolate reductase 

PSANZ � Perinatal Society of Australia and New Zealand 

Rh � Rhesus factor 

TB � tuberculosis 

WiSSP � Wisconsin Stillbirth Service Program 

Glossary 
Sources: On-line Medical Dictionary accessed at  
 http://cancerweb.ncl.ac.uk/cgi-bin/omd?action=Home&query 

 Genetics Home Reference accessed at 
 http://ghr.nlm.nih.gov/gene=mthfr#synonyms 

 Glossary for the public (terms commonly used in discussion of stillbirth) accessed at 
 http://www.wisc.edu/wissp/gloss-p.htm 

Amniocentesis: sampling of the fluid in the amniotic sac.  In humans, this is carried out 
between the 12th and 16th week of pregnancy by inserting a needle through the 
abdominal wall into the uterus 

http://cancerweb.ncl.ac.uk/cgi-bin/omd?action=Home&query
http://ghr.nlm.nih.gov/gene=mthfr#synonyms
http://www.wisc.edu/wissp/gloss-p.htm
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Amnion: a thin but tough membrane continuous with and covering the fetal side of the 
placenta.  It forms the outer surface of the umbilical cord and becomes the outermost 
layer of skin of the developing fetus. 

Amniotic fluid: the fluid that surrounds the developing fetus within the amniotic sac.  
This environment cushions the baby from injury and plays an important role in fetal 
development. 

Anencephaly: a congenital absence of the brain and cranial vault, with the cerebral 
hemispheres completely missing or greatly reduced in size 

Asphyxia: a condition caused by the inadequate intake of oxygen 

Autopsy: a surgical procedure postmortem that involves the examination of body 
organs and tissues, often to determine cause of death 

Chorion: extraembryonic membrane surrounding the embryo of amniote vertebrates.  
The outer epithelial layer of the chorion is derived from the tropoblast 

Chromosome analysis (karyotype): a picture of the chromosomes of an individual 
arranged in a standard manner so that abnormalities of chromosome number or form 
can be identified 

Cytogenetics: the study of the structure of chromosomes.  Cytogenetic tests are carried 
out to detect any chromosomal abnormalities associated with a disease; these tests help 
in the diagnosis and selection of optimal treatment 

Deoxyribonucleic acic (DNA): the molecule that encodes genetic information in the 
nucleus of cells.  It determines the structure, function and behaviour of the cell 

Dysmorphism (or dysmorphia): abnormality of shape 

Electrophoresis: separation of ionic molecules (principally proteins) by the differential 
migration through a gel according to the size and ionic charge of the molecules in an 
electrical field.  High-resolution techniques normally use a gel support for the fluid 
phase. 

Fascia: the flat layers of fibrous tissue that separate different layers of tissue 

Fasting blood glucose: a method for finding out how much glucose (sugar) is in the 
blood.  The test can show if a person has diabetes. 

Glucose tolerance test: a test for diagnosing diabetes, where blood glucose is measured 
in intervals after a glucose-rich meal is taken 

Glucose tolerance test - Hemoglobin A1C: the substance of red blood cells that carries 
oxygen to the cells and sometimes joins with glucose.  Because the glucose stays 
attached for the life of the cell (about 4 months), a test to measure haemoglobin A1C 
shows what the person's average blood glucose level was for that period of time. 

Histology: the study of cells and tissue on the microscopic level 
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Histopathology: the science concerned with the study of microscopic changes in 
diseased tissues 

Human leukocyte antigen: a genetic fingerprint on white blood cells and platelets 
composed of proteins that play a critical role in activating the body�s immune system to 
respond to foreign organisms 

Isoimmunization: development of a significant titre of specific antibody as a result of 
antigenic stimulation with material contained on or in the red blood cells of another 
individual of the same species; e.g., isoimmunization is likely to occur when an 
RH-negative woman has a pregnancy in which the fetus inherits RH-positive red blood 
cells 

Karyotype: the complete set of chromosomes of a cell or organism; used especially for 
the display prepared from photographs of mitotic chromosomes arranged in 
homologous pairs 

Kleihauer-Betke: a blood test performed on the mother's blood to identify whether 
substantial bleeding has occurred from the fetus into the mother's circulation 

Mantoux test: test for tuberculin reactivity in which tuberculin purified protein 
derivative (PPD) is injected intracutaneously.  The injection site is examined after 2 to 3 
days; a positive reaction, indicating current or previous infection with Mycobacterium 
tuberculosis (in an uninoculated individual), is an edomatous and reddened area 
caused by T-cell reactivity. 

Methylenetetrahydrofolate reductase (MTHFR) gene: the MTHFR gene provides 
instructions for making an enzyme called methylenetetrahydrofolate reductase.  This 
enzyme plays a role in processing amino acids (the building blocks of proteins). 

Necropsy: rarely used term for autopsy 

Pathology: the branch of medicine concerned with disease, especially its structure and 
its functional effects on the body 

Placenta: an organ characteristic of true mammals during pregnancy, joining mother 
and offspring, providing endocrine secretion and selective exchange of soluble, but not 
particulate, blood-borne substances through an apposition of uterine and trophoblastic 
vascularized parts 

Umbilical cord: the flexible structure giving passage to the umbilical arteries and vein 
that connects the embryo or fetus to the placenta 
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SCOPE OF THE REPORT 
This report is a systematic review and critical appraisal of the literature that aims to 
identify the most appropriate investigative protocol, or component of a protocol, for 
determining the cause(s) of stillbirth.  The specific objectives are to: 

1. describe the current published evidence on the use of investigative protocols to 
identify the cause(s) of stillbirth; and 

2. collate and compare protocols currently recommended by health authorities and 
obstetric and gynecological associations within Canada and worldwide. 

The report is intended to provide a distillation of the evidence on stillbirth investigative 
protocols to inform the revision of the current Stillborn Investigative Protocol 
developed by the Alberta Medical Association. 
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INTRODUCTION 
In a small number of pregnancies, the fetus dies in utero either before the onset of 
labour (antepartum fetal death; 70% of cases) or during labour (intrapartum fetal death; 
30% of cases).1  Fetal death can be divided into two components: early fetal death, 
which occurs between 20 and 27 completed weeks of gestation, and late fetal death, 
which occurs after at least 28 weeks of completed gestation.2 

Definition of stillbirth 

The definition of stillbirth often varies between countries, and even between public 
health authorities within a country, according to the gestational age, weight, or both of 
the baby at death.3  For example, in the United States, the American College of 
Obstetricians and Gynecologists recommends that the definition of stillbirth encompass 
only deaths that occur in utero at or after 22 weeks of gestation, or when the fetus 
weighs at least 500 grams.4  In contrast, the United States National Center for Health 
Statistics recommends using a gestational age of at least 20 weeks and a weight of 350 
grams for defining stillbirth.5,6  Wide differences also exist in the classification of 
stillbirths versus live births, despite the universal adoption of the WHO International 
Classification of Diseases definition of stillbirth.3 

In Alberta, stillbirth is defined as the complete expulsion or extraction of a dead fetus at 
or after 20 weeks of pregnancy, or when the fetus weighs at least 500 grams in cases 
where the gestational age is not known.  A fetus is considered dead at birth if there is 
no breathing, beating of the heart, pulsation of the umbilical cord, or unmistakable 
movement of voluntary muscle.7 

The term perinatal death encompasses both stillbirths and early neonatal deaths that 
occur before 7 days of age.8  The idea of combining the number of stillbirths and early 
neonatal deaths was originally developed in the latter half of the last century to 
minimize variations in the classification between live births and stillbirths.  This was 
considered sensible because asphyxia was a major cause of both stillbirths, especially 
intrapartum death, and early neonatal deaths.  However, with the advent of more 
sophisticated prenatal imaging and prenatal care in recent years, the causes of stillbirth 
and neonatal death have diverged so that combining stillbirths and early neonatal 
deaths is now of limited value.9-11 

Etiology of stillbirth 

Stillbirth can be analyzed in terms of the mode, mechanism, and cause of death.12  The 
mode of fetal death may be either acute, resulting in death within minutes, or chronic 
whereby the fetus deteriorates over a period of weeks.13  The mechanism of death refers 
to the pathophysiological events that lead to fetal demise, such as organ failure, while 
cause refers to the specific event or agent responsible for initiating these 
pathophysiological events.12  A direct cause is usually identified in about 50% of 
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stillbirths, while an associated but not necessarily causal event can be identified in up to 
90% of cases.12 

The causes of stillbirth are generally ascribed to fetal, maternal, or placental 
pathology.5,14  The pattern of causation for stillbirth has changed over the last two 
decades.  Previously important causes, such as maternal isoimmunization against the D 
antigen of the Rhesus system and intrapartum asphyxia, are now relatively rare.  In 
addition, deaths due to anencephaly have declined significantly since early diagnosis 
and elective pregnancy termination became available.15  Currently, the principal risk 
factors and causes of stillbirth in developed countries are congenital anomalies, pre-
eclampsia-related complications, intrauterine growth restriction, and intrauterine 
infections, such as syphilis, Listeria monocytogenes, and TORCH infections 
(toxoplasmosis, rubella, cytomegalovirus (CMV), and herpes simplex).10,11,15-17 

Other common factors associated with stillbirth include placental disorders, especially 
placental abruption and underperfusion, complications of multiple gestation, and 
umbilical cord abnormalities or accidents (disorders of cord length, insertion, vessel 
number, cord rupture, thrombosis, hematoma, knots, or entanglements).1,10,11,18  Several 
factors may coexist in individual cases, and approximately 10% of stillbirths are 
classified as idiopathic.1 

Intrapartum fetal deaths may be the result of fetal asphyxia, obstructed labour, or both 
and often reflect poor access to or quality of clinical care during delivery.  In contrast, 
antepartum stillbirths are often the result of severe maternal, placental, or fetal 
abnormalities.9 

Epidemiology of stillbirth 
Incidence 

The incidence of stillbirth varies considerably depending on the quality of medical care 
available.5  Stillbirth at or after 20 weeks of gestation occurs in 4.9 per 1000 births in 
North America and 5.9 per 1000 in Europe.12  Overall, the incidence of stillbirth in 
developed countries is approximately 1%.10  Of the fetal deaths reported in the United 
States, 25% occur between 36 and 40 weeks of gestation, 10% occur beyond 41 weeks, 
and the remainder occur prior to 36 weeks.10  The majority of fetal deaths (80% to 90%) 
occur in the antepartum period, with the remainder occurring during labour.9,10 

The fetal mortality rate in Canada for fetuses weighing at least 500 grams was 4.5 per 
1000 births in 2000, ranging from 4.9 in 1991 to a low of 4.1 in 1998.2  Between 1991 and 
1997, 42.5% of deaths among singleton births of at least 25 completed weeks of gestation 
were caused by asphyxia and 9.4% were due to congenital anomalies.9 

The rate of stillbirth in Alberta was 6.5 per 1000 births in 2000, which equates to 239 
stillbirths.  This rate has varied little over the 15-year period from 1986 to 2000 (range 
5.0 in 1998 to 7.3 in 1991).8  In Alberta, stillbirths were more common in teenage 
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mothers and those older than 34 years.  Most stillbirths were low birth weight, and/or 
pre-term, and fetal death was more common in multiple pregnancies (6.1 per 1000 for 
singleton births compared with 22.7 for multiples).8  From 1986 to 2000, 73.3% of 
stillbirths in Alberta were low birth weight (<2.5 kg) and 47.6% were of extremely low 
birth weight (<1.0 kg); only 2.1% were of high birth weight (at least 4 kg).  Most deaths 
occurred antepartum and prior to hospital admission.8 
Risk factors  

Several maternal and fetal factors have been associated with an increased risk of 
intrauterine fetal death including advanced maternal age, maternal smoking, obesity, 
prolonged gestation, low socio-economic status and maternal educational attainment, 
grand multiparity, multiple pregnancy, previous stillbirth, and fetal gender (males are 
more likely to be stillborn than females).8,9,11,14 

The risk of stillbirth is increased in mothers who smoke, which is not unexpected, given 
the link between smoking and fetal growth restriction and placental complications.11  
However, why some of the other factors affect stillbirth rates is not as easily explained.  
The risk of stillbirth among women aged 35 to 39 years is almost twice that of women 
under the age of 30 years, while the risk for those older than 39 years is more than 
doubled.  The reason for this increased risk is not known, although it has been 
suggested that it is because older mothers are more likely to have been exposed to poor 
health practices, illnesses, or accidents, and to have chronic diseases that may interfere 
with pregnancy.11,19  The same is true for high maternal body mass index, which is 
associated with an increased chance of stillbirth but is often confounded by the presence 
of other risk factors such as diabetes, smoking during pregnancy and low socio-
economic status.11  The fact that many of these risk factors are associated with adverse 
pregnancy outcomes in general rather than fetal loss specifically has hindered efforts to 
implement antenatal screening and intervention programs that may reduce stillbirth.20 

Identifying the causes of stillbirth 
Why it is important  

Stillbirth may occur unexpectedly in an otherwise normal pregnancy.  Though certain 
factors are associated with increased risk, the cause of stillbirth can remain unexplained 
in 5% to 60% of cases despite a thorough postmortem investigation.6,10,12,21  
Understandably, families suffering the trauma of stillbirth want to know why it 
happened and if it will happen again in subsequent pregnancies.  Therefore, it is 
essential to establish an accurate diagnosis to appropriately counsel the family with 
respect to risk of recurrence and heritable disorders, maternal factors, or environmental 
factors that may affect future pregnancies.5,12,18,22-29  Identifying the cause of fetal death 
is also important because it can act as an audit of the clinical diagnosis, identify 
unsuspected but clinically important conditions, describe iatrogenic complications 
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resulting from deficiencies in obstetric care, and provide knowledge for research and 
teaching.12,22,25,26,28-31 

Nevertheless, a postmortem investigation that does not find a definite cause of death 
can still be valuable from a patient management point of view because it provides 
reassurance that certain factors, such as a heritable conditions, were not involved in the 
death.12,22,24-27,30-34  In some cases this may also provide comfort to the family. 
The current approach 

Since patient history and physical examination alone are of limited value in the 
diagnosis of fetal death, autopsy is considered to be an essential part of the 
investigation into the cause of stillbirth.5,17,29,35  Some authors state that new 
clinically-relevant information is found in between 40% and 46% of cases after a 
postmortem examination is performed.14,36,37  However, there may be some downsides 
to autopsy including the issues of obtaining parental consent, �timeliness� of the report, 
and report distribution (Magee F, personal communication, May 14, 2005).35,38-40  
Although important, these topics are still neglected (Magee F, personal communication, 
May 14, 2005). 

Several standardized protocols have been suggested to optimize the performance of the 
fetal autopsy and avoid oversights.5,12,27,29,41  The standard fetal autopsy includes 
external examination, photography, and radiography of the fetus; examination of the 
internal organs (weights, detailed macroscopic and histologic examination); gross and 
histologic examination of the placenta and umbilical cord; and supplementary 
laboratory investigations such as microbiological, cytogenetic, and metabolic 
studies.1,12,27,29,32,42 
Challenges 

Despite the existence of protocols to guide the investigation of fetal death, determining 
the cause is not always straightforward.  More than three-quarters of women go into 
labour spontaneously within two weeks of fetal death, while most of the remainder 
deliver the stillborn fetus within four weeks.6  Generally, the interval between death 
and spontaneous expulsion of the fetus varies inversely with gestational age such that 
the earlier in the pregnancy the death occurs the longer the fetus is retained in utero.  
The length of fetal retention can also be affected by the causative agent responsible for 
the death.6  For example, fetuses with chromosomal and major structural abnormalities 
are usually retained for longer periods than those that have died from placental 
abruption or ascending infection.43 

The retained fetus undergoes a non-putrefactive progressive deterioration, referred to 
as maceration, which occurs as a result of immersion in the amniotic fluid and the 
digestion of fetal tissues by autolytic enzymes.1  Maceration occurs swiftly after death 
and leads to softening and peeling of the skin, discolouration and softening of the 
viscera, and fluid accumulation in the body cavities.  These changes can make 
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postmortem examination challenging because they conceal anomalies and hamper 
cytogenetic studies by subverting in vitro tissue growth.1,11,37,44 

It is often not possible to identify a specific condition that directly caused the stillbirth, 
so in many instances the autopsy explains the way a fetus died but not necessarily why 
it died.6,18,45  Markers or associations are often known by experience to be connected 
with an increased risk of fetal death, but their precise mechanism of action is unknown 
and they may often be secondary to an unidentified primary cause.  These markers 
include various maternal conditions such as pre-eclampsia and diabetes, placental 
insufficiency, and intrauterine growth restriction.6,18  Since intrauterine growth 
restriction and placental insufficiency can be attributed to a variety of disease processes, 
some pathologists consider them to be symptoms or associated findings rather than a 
primary cause of death.10  Therefore, it is incumbent on the pathologist to exhaustively 
follow the path of causation to ensure that the true cause of death is identified.  For 
example, the overt cause of death in a fetus may be asphyxia resulting from 
compression of a prolapsed umbilical cord.  However, a thorough investigation may 
reveal that the cord prolapse was a complication of polyhydramnios, which resulted 
from duodenal atresia associated with Down syndrome.46 

It is intuitive that the more exhaustive the investigative protocol, the more likely it is to 
return a definitive diagnosis of the cause of fetal death.  While an extensive 
investigation is ideal, it is often not practical or even necessary in all cases.  In addition, 
testing for every possible cause of fetal death regardless of the clinical findings is not 
cost effective and is not a sensible substitute for meticulous and focused 
investigation.5,32,47  Consequently, there has been some discussion in the literature about 
which core tests and examinations should be included in a routine investigative 
protocol to ensure an acceptable chance of achieving a diagnosis.43,48 

To this end, many institutions have devised selective protocols that can be modified 
depending on maternal characteristics, the history of the pregnancy, and the clinical 
assessment and state of preservation of the fetus.5,32,43  However, it has been argued that 
currently there is still no objective evidence to suggest that a hierarchical or selective 
protocol is appropriate (Pauli RM, personal communication, May 23, 2005). 

The decision to undertake a test or examination is influenced by many factors including 
the financial cost, the ease with which the test can be done, the sensitivity and 
specificity of the test, the effect of missing a positive result, and legal issues.17,18,35  
Timing is also important in such decisions.39  In the absence of obvious congenital 
abnormalities, it is common to eschew cytogenetic studies even though up to 10% of 
cytogenetic defects in stillborn fetuses are not recognized at postmortem examination or 
autopsy.44,49  However, if it is decided later that these tests are necessary, it may be too 
late to obtain an adequate sample because many tissue cultures fail to grow once tissues 
have undergone maceration and autolysis.44,49  Such considerations also have 
implications for the tissue sampling and storage aspects of the investigative protocol. 
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It has been stated that the prognostic ability of the fetal autopsy is related to the quality 
of the examination and the expertise and knowledge of the pathologist.17,22,50  However, 
the definition of an adequate fetal autopsy varies considerably.22  The increasing 
complexity of obstetric management and diagnostic techniques, together with the ever 
expanding list of known fetal disorders and laboratory investigations available has 
made the investigation of stillbirth an interdisciplinary effort involving obstetricians, 
pathologists, geneticists, radiologists, and laboratory personnel.32  Nonetheless, up to 
40% of perinatal deaths (including stillbirths) in the United States and Europe are not 
submitted for autopsy, and not all of those that are submitted are evaluated by a 
pathologist.51 
Other options when autopsy is declined 

The number of fetal autopsies conducted has generally declined over the last 20 
years.17,35,52,53  Parents often refuse autopsy because of a lack of understanding of the 
potential value of the investigation and the additional information that it could provide, 
the invasiveness of internal organ examination, religious or ethnic considerations, and 
adverse publicity over organ retention.14,22, 31,40, 42,54-56  In addition to parental refusal, 
autopsy is often not performed because physicians fail to request it.37,38,53,56  They may 
be too uncomfortable to broach the subject with the parents, may not see the value of it 
if the cause of death appears obvious from clinical examination or prenatal imaging 
studies, or may fear litigation if an unsuspected but potentially treatable condition is 
found at autopsy.16, 53,57  In addition, pathologists are sometimes reticent to perform an 
autopsy or other postmortem examination if they are not adequately trained or 
reimbursed for the work.17,52,57 

Although they are not adequate substitutes for full fetal autopsy, some less invasive 
alternatives exist that are more acceptable to parents and can contribute valuable 
information toward identifying the cause of stillbirth.  These alternatives include 
magnetic resonance imaging (MRI), ultrasound, needle biopsy of tissues, radiography, 
laparoscopic autopsy, and the non-invasive components of a standard autopsy, such as 
external fetal and placental examination.42 

Radiography is particularly helpful when skeletal malformations are suspected and it is 
the single most important diagnostic test for many skeletal dysplasias.  At the very 
least, it can exclude most skeletal abnormalities without the need for autopsy.  Contrast 
radiography has also been used in some cases to show internal malformations, 
particularly of the heart and vascular system.41,42,58 

MRI has good spatial resolution and excellent soft tissue contrast, and it is potentially 
useful for imaging the brain and musculoskeletal system when autopsy is 
declined.14,27,37,53,59  In addition, the advent of MRI fluoroscopy and MRI guided biopsy 
makes it possible to obtain targeted biopsy specimens of specific tissues.37,59  However, 
MRI has so far proven of limited value for assessing anomalies of the cardiovascular 
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system and does not provide the same level of diagnostic information as an 
autopsy.42,59,60 

The feasibility of using ultrasound to assess fetal death has been reported in a few 
descriptive studies.17  It can provide good detail even in the presence of advanced tissue 
autolysis, but it is time-consuming and the diagnoses are generally so broad that they 
offer very little specific information about the cause of death.17,37,42,61 

The disadvantage of using imaging techniques for stillbirth investigations is the lack of 
histologic, material for analysis, and the lower level of diagnostic information 
provided.53  In one study, MRI had a higher acceptance rate than full autopsy, with 
consent for imaging being given by an additional 15% of parents over that of autopsy.62  
However, introducing an inferior but less invasive alternative could reduce consent 
rates for autopsy even further.37  The balancing argument is that this limited 
information is still better than nothing, particularly if it is supplemented with data from 
other non-invasive examinations such as radiography and external examination.53,61 

Nonetheless, it would be sensible to only offer the alternative of non-invasive imaging 
when it is certain that the parents will not consent to autopsy.  However, parents need 
to be adequately counselled so that they understand the limitations of these techniques 
and are not left with the mistaken impression that these techniques are an equal 
substitute for full autopsy.53,62  They also must be aware of the ability of full autopsy 
examination to diagnose the cause of death (Magee F, personal communication, May 14, 
2005). 

Investigating the cause of stillbirth in Alberta 

A Stillborn Investigative Protocol was developed by the Alberta Medical Association�s 
Committee on Reproductive Care in 1998 to ensure that investigations into the cause of 
stillbirth were appropriate, comprehensive, and thorough.63  The aim of establishing a 
focused protocol was to ensure that the maximum amount of information is obtained 
within the constraints of limited time and access to pathology samples, particularly 
when consent for an autopsy is withheld or delayed.  In addition, the protocol was 
designed so that a positive cost/benefit ratio is maintained, physician compliance is 
assured, and the timing and sequence of tests is synchronized to achieve the best 
possible use of pathology specimens.  However, the circumstances surrounding 
stillbirth sometimes preclude the effective use of this protocol, even though the 
importance of finding the cause of stillbirth is universally acknowledged. 

The Alberta Medical Association (AMA) is seeking to update the Stillborn Investigative 
Protocol in an effort to ensure that Albertans continue to receive perinatal care that 
matches international best practice.  Since autopsy rates for stillborns are historically 
low in Alberta, it is also important to identify other tests that can be used in place of an 
autopsy.  Thus, it was the aim of this report to identify the most appropriate 
investigative protocol, or component of a protocol, for determining the cause(s) of 
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stillbirth, based on a systematic review of the current published evidence, and to 
identify protocols that have been recommended by health authorities and professional 
associations both within Canada and worldwide. 
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FORMAL PROTOCOLS FOR STILLBIRTH INVESTIGATION 
It is important to have a formal set of rules or protocol to complete a stillbirth 
investigation, as the protocol is also intended to guide the caregivers in the 
assessment.5,24-28,33,64  The goal is to ensure that there is an orderly and systematic search 
for the cause of death and that all relevant information is collected at the appropriate 
time. 

The literature search conducted for the present review yielded five formal protocols 
developed specifically for stillbirth investigation that were publicly available.  Three of 
these protocols have been developed in Canada.63,65,66  One protocol was developed by 
the British Columbia  Reproductive Care Program (BCRCP)65 and one protocol was 
developed by the College of Physicians and Surgeons of Manitoba (CPSM).66  The 
protocols created in British Columbia (BC) and Manitoba were adapted from the 
Stillbirth Investigation Protocol developed in Alberta by the AMA.63  The reviewed 
version of the Manitoba protocol was no longer publicly available at the time of the 
completion of this report. It has been discontinued because of lack of funding (Stearn E, 
personal communication, May 6, 2005). 

The fourth protocol was developed in the United States by the Wisconsin Stillbirth 
Service Program (WiSSP).67  The fifth protocol was developed by the Perinatal Mortality 
Special Interest Group with the Perinatal Society of Australia and New Zealand 
(PSANZ).68  This protocol was endorsed by the PSANZ at the PSANZ Congress.  The 
PSANZ protocol is also endorsed by the Royal Australian and New Zealand College of 
Obstetricians and Gynaecologists, the Australian Neonatal Nurses Association, the 
Australia College of Midwives Inc., the SIDS and Kids Australia, and the Stillbirth and 
Neonatal Death Support Group, Queensland, Australia (Flenady V, personal 
communication, June 7, 2005). 

All protocols outline similar steps in the etiologic investigation of a stillbirth, including 
collection of information from maternal and family history, maternal investigations, 
and stillborn infant, cord, and placental examinations.  In most protocols these steps are 
presented as checklist and/or algorithm tools to facilitate use in the clinical setting.65-68  
The tests recommended by the reviewed protocols are summarized in Table 1. 
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Table 1:  Summary of test elements in formal protocols 

Steps Test British 
Columbia65 
(BCRCP) 

Alberta63 
(AMA)  

Manitoba66 
(CPSM) 

Wisconsin67 
(WiSSP) 

Australia & New 
Zealand68 
(PSANZ) 

History of current pregnancy (C) 
 

(C) (C) (C) (C) 

Previous obstetric history (C) 
 

(C) (C) (C) (C) 

Review of antenatal investigations (C) 
 

(C) (C) (C) (C) 

Maternal/paternal family history (C) 
 

(C) (C) (C) (C) 

Maternal and 
family history 

Labour and delivery events  
 

(C) (C) (C)  

Amniocentesis (C) 
 

(C) (C)  (C) 

Ultrasound scan (C) 
 

(C) (C)  (C) 

Complete blood count including platelet count (C) 
 

(C) (C)  (C) 

Prothrombin time/partial thromboplastin time  
 

(C)   

Investigation for thrombophilias (A) 
 

 (A) (A)/(C) 

Human leukocyte antigen screen   (C)   

Platelet specific antibody screen  
 

(C)   

Blood group (C) 
 

(C)   (C) 

Rh type  
 

(C) (C)  (C) 

Antibody screening (C) 
 

(C) (C)  (C) 

Kleihauer-Betke screen (C) 
 

(C) (C) (C) (C) 

Maternal 
investigations 

Syphilis serology (C) 
 

(C) (C)  (C) 

(A) � additional test/examination; (C) � core test/examination
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Table 1:  Summary of test elements in formal protocols (cont�d) 

Steps Test British 
Columbia65 

Alberta63  Manitoba66 Wisconsin67 Australia & New 
Zealand68 

Parvovirus B19 serology (A) 
 

(C) (C)  (C) 

Cytomegalovirus serology (A) 
 

(C) (C)  (C) 

Rubella serology (C) 
 

(C) (C)  (C) 

Toxoplasmosis serology (A) 
 

(C) (C)  (C) 

Herpes simplex virus serology  
 

(C)   

Blood culture (A) 
 

(C) (C)   

Hemoglobin A1C test (C) 
 

(C) (C)  (C) 

Fasting blood glucose test  
 

  (A) 

Glucose tolerance test  
 

  (A) 

Autoimmune serology (anti-DNA, ANA, lupus 
anticoagulant, anticardiolipin antibodies) (A) 

 
(A) (C) (A) (A)/(C) 

Thyroid studies  
 

(A)    

Liver function test  
 

  (C) 

Renal function test  
 

  (C) 

Hemoglobin electrophoresis   
 

(A)    

HIV serology (A) 
 

(A) (C)   

TB skin test (A) 
 

(A)    

Stool culture  
 

(A)   

Maternal 
investigations 
(cont�d) 

Mantoux test  
 

(A)   

(A) � additional test/examination; (C) � core test/examination
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Table 1:  Summary of test elements in formal protocols (cont�d) 

Steps Test British 
Columbia65 

Alberta63  Manitoba66 Wisconsin67 Australia & New 
Zealand68 

Maternal 
Investigations 
(cont�d) 

Vaginal cultures for aerobic and anaerobic 
organisms  (A) 

 

(A)  (C) 

External/physical examination (C) 
 

(C) (C) (C) (C) 

Autopsy (C) (C) (C) 
(C) (C) 

Clinical photographs (C) 
(C) 

(C) (C) (C) 

Radiological examination (C) 
(C) 

(C) (C) (C) 

Internal examination  
(C) 

(C) (C) (C) 

Limited tissue or needle biopsy (for DNA 
analysis, cytogenetic studies and cultures) (C) 

 
(C) (C) (C) (A) 

Surface swabs (ear and throat) for cultures     (C) 

Stillborn 
examination 

Postmortem ultrasound scan or MRI (where 
permission for autorpsy is not obtained)     (A) 

Gross/macroscopic/clinical examination (C) (C) (C) (C) (C) 

Histopathology  (C) (C) (C) (C) (C) 

Cultures  (A) (C) (C)  (C) 

Cytogenetics (A) 
 

(A) (A) (C) (C) 

Syphilis serology  
 

(C) (C)  (C) 

IgG and IgM for parvovirus  
 

(C) (C)  (C) 

Cytomegalovirus  
 

(C) (C)  (C) 

Rubella  
 

(C) (C)  (C) 

Toxoplasmosis  
 

(C) (C)  (C) 

Cord 
examination 
and cord 
blood (or 
infant cardiac 
blood) 
investigation  

Herpes simplex virus  
 

(C)   

(A) � additional test/examination; (C) � core test/examination
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Table 1:  Summary of test elements in formal protocols (cont�d) 

Steps Test British 
Columbia 65 

Alberta 63  Manitoba 66 Wisconsin 67 Australia & New 
Zealand 68 

Antibody screen     (C) 

Direct antibody screening test (C) 
 

(C) (C)   

Blood group (C) 
 

(C) (C)  (C) 

Rh type  
 

(C)   (C) 

Nucleated red cell count     (C) 

Cord 
examination 
and cord 
blood (or 
infant cardiac 
blood) 
investigation 
(cont�d) 

Complete blood count (C) 
 

(C) (C)  (C) 

Cytogenetics (A) 
 

(A) (A) (C) (C) 

Cultures  (A) 
 

(A) (C)  (C) 

Histopathology  (C) 
 

(C) (C) (C) (C) 

Placenta 
examination 
and placental 
tissue 
investigations 

Gross/macroscopic/clinical examination (C) 
 

(C) (C) (C) (C) 

 
(A) � additional test/examination; (C) � core test/examination
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General description 

The order in which the procedures are to be conducted, as they are listed in the 
published versions of the reviewed protocols, varies.  Following confirmation of 
stillbirth, some protocols recommend a review of the maternal and family history and 
maternal investigation (the core procedures, which are performed on all cases) as the 
first step.65  After delivery, the examination of the stillborn infant (including full or 
limited autopsy), the cord and placental examination, and the collection of cord and 
placenta samples are recommended as next steps. 

Various maternal investigations and culture and cytogenetic studies of samples taken 
from the stillborn infant, cord and/or placenta, are performed as clinically indicated (if 
specific conditions are suspected) or for further investigations (if cause remains 
unknown).  These are considered additional tests and represent the last part of these 
protocols.65,66,68  Then the data are collated, interpreted, and documented. 

The Alberta protocol63 lists first the cord, placenta and stillborn infant examinations, 
and collection of samples (at and after delivery), followed by the maternal 
investigations (the core procedures, which can be completed prior to discharge, and the 
additional procedures), and then the review of maternal and family history. 

The WiSSP protocol67 recommends investigative procedures in the following order: 
external clinical examination of the stillborn infant; clinical photographs; radiographs; 
chromosomal evaluation; historical data; formal postmortem evaluation including 
internal postmortem and placental and cord examination; and Kleihauer-Betke testing.  
WiSSP protocol recommends that all these steps be carried out on all stillbirth cases. 
Previous obstetric history is obtained for all stillbirth cases, through the current 
obstetric records (Pauli RM, personal communication, May 23, 2005). 

The PSANZ protocol68 also presents a procedure for undertaking investigations, which 
was based on the WiSSP protocol, and includes an audit package to assist in the 
investigation and review of stillbirths (Flenady V, personal communication, June 7, 
2005). 

Maternal and family history 
All reviewed protocols recommend a comprehensive review of maternal and family 
history, previous obstetric history and antenatal investigations.  Most protocols 
recommend a comprehensive review of the current pregnancy history. 63,65-67  The 
Canadian protocols recommend a detailed review of the current pregnancy, past 
obstetric history, antenatal investigations and maternal/paternal family history.63,65,66  A 
review of the prenatal care history is also recommended by the Alberta protocol63 and a 
review of the labour and delivery events is recommended by the Alberta and Manitoba 
protocols.63,66 
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The published version of the WiSSP protocol recommends collection of historical data 
in the form of family, prenatal, and perinatal histories.67  However, the available version 
does not provide any other details.  The PSANZ protocol68 recommends that a 
comprehensive maternal, medical, obstetric, and social history be taken on all stillbirth 
cases. 

Maternal investigations 

Consideration of performing an antenatal ultrasound scanning prior to stillborn 
delivery is recommended by most protocols (whenever possible, following 
confirmation of stillbirth) for the identification of unknown abnormalities.63,65,66,68  
Ultrasound findings on the heart, fetal position, amniotic fluid volume, and possibly 
anomaly detection are all useful information that contribute to the diagnostic picture 
and may not be evident after delivery.  The ultrasound findings may be helpful when 
the family does not consent to a full autopsy. 

At the time of stillbirth confirmation and prior to delivery, consideration of the 
collection of amniotic fluid by amniocentesis is also recommended by most protocols 
(when available, if delivery is not imminent, and if amniotic fluid is abundant) for 
cytogenetic and infection studies.63,65,66,68 

Table 1 compares the reviewed protocols in terms of what tests are recommended as 
core maternal investigations (those routinely performed, for all cases) and what tests are 
considered as additional tests/examinations (those performed as clinically indicated or 
for further investigation). 

Complete blood count (CBC) (including platelet count) and antibody screening are 
recommended as core investigations by most protocols63,65,66,68 and the Kleihauer-Betke 
testing is recommended as a core investigation by all protocols63,65,66,68 (Pauli RM, 
personal communication, May 23, 2005).  Three protocols recommend blood grouping 
as a core investigation.63,66,68  Also, these protocols63,66,68 recommend the Rhesus factor 
(Rh) type test as a core investigation.  The PSANZ protocol68 recommends liver and 
renal function tests (including uric acid) and the Manitoba protocol66 includes the 
human leukocyte antigen antibody and platelet antibody screen as part of the core 
maternal investigations. 

Serology tests for parvovirus B19, toxoplasmosis, and cytomegalovirus (CMV) are 
recommended as core investigations in three protocols.63,66,68  Serology for syphilis and 
rubella are recommended by most protocols63 as core investigations, although the BC 
protocol65 and the PSANZ protocol68 recommend rubella and syphilis testing if they 
were not previously done as part of the routine antenatal blood work.  The Manitoba 
protocol66 also includes serology for herpes simplex virus (HSV) and human 
immunodeficiency virus (HIV) serology (with maternal consent) as core investigations.  
The WiSSP protocol does not recommend any serologies (Pauli RM, personal 
communication, May 23, 2005). 
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The BC protocol65 recommends that infectious and microbiological investigations, such 
as serology testing for parvovirus, toxoplasmosis, and CMV as additional tests, be 
considered only when the cause of death is not obvious and when infection is 
suspected.  Serologies for syphilis and rubella are recommended if they were not 
previously done as part of the routine antenatal blood work. 

Two of the Canadian protocols recommend maternal blood cultures as core 
investigations63,66 and Listeria and Campylobacter infections are of interest.66  The BC 
protocol65 recommends that maternal blood culture (for Listeria) be considered when 
the cause of death is not obvious and when infection is suspected. 

All three Canadian protocols and the PSANZ protocol63,65,66,68 recommend measurement 
of hemoglobin A1C for diagnosing diabetes as a core maternal investigation.  The 
protocol from Australia and New Zealand68 also recommends fasting glucose and 
glucose tolerance test as further maternal investigations. 

The Manitoba protocol66 includes serology for autoimmune disorders as core maternal 
investigations.  The other two Canadian protocols include investigations for 
thrombophilias (such as factor V Leiden, protein S and C deficiency, antithrombin 
deficiency, and hyperhomocysteinemia)65 and autoimmune serology (such as 
anti-deoxyribonucleic acid (DNA), antinuclear antibody, lupus-type inhibitor, and 
cardiolipin antibodies),63 as well as HIV serology and tuberculosis skin test (if 
suspicious)63,65 as additional tests. 

The PSANZ protocol68 recommends some thrombophilia and autoimmune screening 
tests (such as activated protein C (APC) resistance, lupus anticoagulant, and 
anticardiolipin antibodies) as core maternal investigations.  It also recommends 
repeating (8 to12 weeks postnatal) lupus anticoagulant and anticardiolipin antibodies 
tests for further investigation (if positive at the time of fetal death) and performing 
factor V Leiden mutation test (if APC resistance was positive at birth), protein C and S 
deficiency tests, and fasting homocysteine (if there is a positive test for 
methylenetetrahydrofolate reductase (MTHFR) gene or MTHFR gene mutation). 

The WiSSP protocol67 recommends antiphospholipid antibody studies as a �second 
level� assessment in cases for which no cause was identified (Pauli RM, personal 
communication, May 23, 2005).  Heritable thrombophilia evaluation (protein S, protein 
C, antithrombin III, prothrombin mutation, factor V Leiden, and MTHFR gene 
mutation) is selectively recommended, depending upon circumstances. 

Three protocols65,66,68 recommend vaginal cultures for detection of anaerobic and 
aerobic organisms.  The PSANZ protocol68 recommends the use of perianal swabs in 
conjunction with a low vaginal swab for Group B Streptococcus (GBS) as core 
investigations while the Manitoba protocol66 includes anorectal-vaginal swabs for GBS 
as an additional test, if recent status was unknown.  The BC protocol65 recommends 
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consideration of cervical/vaginal cultures for aerobic organisms (type not specified) if 
infection is suspected or the cause of stillbirth is not obvious. 

The Manitoba protocol66 includes the Mantoux test and stool culture (for enterovirus) as 
additional tests.  The Alberta protocol63 suggests hemoglobin electrophoresis and 
thyroid studies as part of the additional maternal investigations. 

Stillborn examination 

Following delivery, a detailed and comprehensive physical/external/clinical 
examination of the stillborn infant is recommended as an essential component by all 
protocols, and it is considered as the most crucial investigation if consent for autopsy is 
not obtained.  The PSANZ protocol68 recommends that the perinatal pathologist is the 
most appropriate person to conduct the external examination.  Where a (perinatal) 
pathologist is not available, it is recommended that a neonatologist or pediatrician 
experienced in newborn examination should perform the examination63,65-68 or the 
physician/midwife attending the mother.65,68 

A complete autopsy is recommended by all protocols in all cases, even if the cause of 
death is evident.63,65-68  If consent is not given for full autopsy, all protocols recommend 
consideration of limited autopsy.63,65-68  Limited autopsy can include any or all of the 
following: external examination; clinical photographs; X-rays; opening the body cavity 
for organ location; internal examination limited to brain and/or spinal cord, chest 
organs, or abdominal organs as appropriate; and/or limited tissue biopsy or removal of 
small skin or organ samples by needle biopsy (for DNA analysis, cytogenetic studies, 
and cultures). 

The PSANZ protocol68 recommends surface swabs the from ear and throat of all 
stillborn infants for microbiological cultures. 

Clinical photographs are recommended by all protocols for routine examination, as they 
are considered as essential adjuvants to the complete physical examination of the 
stillborn infant to document both normality and abnormality.63,65-68  Clinical 
photographs are taken with consent, in addition to bereavement photographs.  The 
protocols emphasize that care must be taken with the storage of these photographs. 

Radiography of the stillborn infant is also recommended by all protocols for routine 
investigation, as it is useful in detecting and documenting abnormalities (primary 
skeletal) that may not be detected on cursory physical examination.63,65-68  Consent is 
required for X-rays.  In Australia and New Zealand, a radiography of the stillborn 
infant is an assumed standard component of an autopsy and that is why it was not 
included in the PSANZ protocol68 as a separate investigation (Flenady V, personal 
communication, June 6, 2005). 
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The PSANZ protocol68 includes postmortem ultrasound examination and MRI of the 
stillborn infant as additional investigations which may be of benefit where permission 
for autopsy is not obtained (Flenady V, September 30, 2005, personal communication). 

Cord and placental examinations 

At the time of delivery, a detailed initial/gross/macroscopic examination of the cord 
and placenta is recommended  by all protocols63,65-68 to be performed by a clinician 
experienced in the examination of a newborn and placenta.65,66,68 

All protocols recommend collection of cord and placental samples from all stillbirth 
cases immediately after delivery63,65-68 and most recommend culture 
investigations.63,65,66,68  Culture investigations using cord samples are recommended as 
core investigations by three protocols.63,66,68  Culture investigations using placental 
samples are considered core investigations by two protocols.66,68  The pathologist or the 
attending clinician, or both, are to determine what infectious and cytogenetic 
investigations are required.63,65,66,68  The WiSSP protocol does not recommend any 
serology studies (Pauli RM, personal communication, May 23, 2005). 

The placenta and the cord are to be sent to the pathology laboratory for 
hystopathological examinations, which are considered as core investigations.63,65-67 

Stillborn infant blood (cord blood or, if this is not possible, infant cardiac blood) is 
collected for anaerobe cultures, GBS, Listeria and/or coliforms, if infection is 
suspected.63,65,66  Also, mycobacterium testing is of interest if TB is suspected or the 
cause of death is not obvious.66  Infant blood is also collected for serology testing of 
syphilis,68 parvovirus, toxoplasmosis, rubella, and CMV,63,66,68 as well as direct antibody 
testing, CBC,  blood grouping,63,65,66,68; and Rh typing.63,68  The PSANZ protocol68 
recommends testing for syphilis and rubella if not undertaken during pregnancy 
(Flenady V, personal communication, June 6, 2005).  This protocol68 also recommends 
taking infant blood for nucleated red cell count and antibody screen as core procedures. 
The Manitoba protocol recommends HSV serology as a core investigation.66 

Fresh placental tissue is collected for tissue culture if infection is suspected (GBS, 
Listeria, coliform, enterovirus and CMV are of interest).63,65,66,68  If TB is suspected a 
separate sample is collected for mycobacteria.66  Subamniotic swabs for aerobic and 
anaerobic cultures are recommended for all cases in the PSANZ protocol.68  In the BC 
protocol,65 subamniotic swabs for anaerobic and aerobic cultures are recommended if 
infection is suspected or if the cause of stillbirth is not obvious.  The Alberta protocol63 
recommends swabbing the surface of placenta membranes and tissue in all cases. 

All protocols recommend collection of cord and placental samples from all stillbirth 
cases immediately after delivery for cytogenetics.63,65-68  However, cytogenetics are 
recommended as core investigations only by the WiSSP and PSANZ protocols.67,68  The 
Canadian protocols recommend consideration of cytogenetic investigations (using 
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limited tissue samples from stillborn infants, and cord blood and placental samples) if 
certain conditions are suspected or if there is evidence of specific abnormalities.63,65,66  
Cytogenetic investigations are indicated, on the basis of consultation with the attending 
physician, pathologist, or both, in cases with clinical suspicion of chromosome 
abnormalities and/or history of chromosome rearrangement, previous pregnancy loss, 
or specific concern about inheritable diseases and congenital abnormalities, or if there is 
evidence of intrauterine growth restriction, amniotic fluid abnormality, dysmorphic 
features, and ambiguous genitalia. 

The PSANZ protocol68 recommends placental sampling for cytogenetic investigations in 
all cases if a prenatal karyotype has not been performed.  The WiSSP protocol 
recommends that cytogenetic studies be attempted in all cases (using placental samples; 
cord blood samples; and skin, fascia, and organ samples).67 
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VALUE OF STILLBIRTH INVESTIGATION 
Discovery of the cause of stillbirth is very important for the pregnant woman, her 
family, the attending physician, and society.  The main goal for the investigation of 
stillbirth(s) is to obtain information that may explain the cause of fetal death, may direct 
further investigations of the family, and/or may be valuable in counselling parents 
about the recurrence risks in subsequent pregnancies. 

For this review, the value of stillbirth investigation was assessed by selecting primary 
and secondary research studies that compared protocols, tests, or examinations used for 
this indication and reported on their diagnostic contributions. 

Each of the included studies was assessed for the degree to which the findings obtained 
from the index investigation (protocol, test, or examination) confirmed the cause of 
death established by the reference standard, changed the cause of death established by 
the reference standard, provided additional information that did not change the 
established cause of death, or provided an explanation for an otherwise unexplained 
stillbirth. 

The full methodology for this review is detailed in Appendix A. 

Available evidence 
No systematic reviews conducted to assess the value of using specific protocols, tests, or 
examinations for stillbirth investigation were located through the present review�s 
literature search. 

Fifty-three primary research studies were identified that potentially met the inclusion 
criteria of the review (as outlined in Appendix A).  On closer examination of the full text 
articles, only seven of these studies met the inclusion criteria of the review.45,56,58,69-72  
The remaining 46 studies were excluded and the reasons documented (Appendix B). 

Methodological quality of reviewed studies 
Details of the method used to assess the methodological quality of the included studies 
and the results are outlined in Appendices A and C, respectively. 

None of the included studies met all the criteria used to judge their methodological 
quality (Appendix C).  The information provided in Table C.1 (Appendix C) shows the 
extent to which these criteria were met in each study. 

All studies were non-randomized comparative studies.  They used a cross-sectional 
analytic design to assess the value of different types of investigations in terms of their 
diagnostic contribution in the same stillborn groups.  Two were prospective studies45,71 
and five were retrospective studies.56,58,69,70,72 
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In many cases, insufficient information was provided in the published article to enable 
judgment on the validity of the reported findings.  Important details about the patient 
selection process, eligibility rate, and setting of the investigation were not reported. 

Many studies did not report on demographic information of interest (such as estimated 
gestational age, gender, and birth weight of the examined stillborn infants and other 
relevant variables), which made the interstudy comparisons problematic.  Information 
on the system used to classify the cause of death was reported by some studies45,56,58 but 
only two appeared to use the same classification,45,56 which also precluded interstudy 
comparisons.  In addition, the value of the data reported by many studies was severely 
limited by a paucity of important information regarding the distribution of anomalies in 
the examined stillborn infants and the investigation used. 

Investigator and assessor bias could not be ruled out in all studies.  One study71 
provided details only on who performed the investigation, three studies56,58,69 provided 
details only on who assessed the diagnostic contributions, and two studies70,72 provided 
information on both.  One study45 did not provide any details on the investigator(s) 
and/or assessor(s). 

Blinding was performed in two studies56,72 in which assessors of the clinical data were 
blinded to the autopsy data. 

The retrospective studies were further weakened by their reliance on the accuracy and 
completeness of records (clinical records, autopsy/pathology records, death certificates, 
and registry records). 

Comprehensive data extraction from these studies was hampered by many factors.  In 
some studies, it was difficult to discern the raw data values from the graphs presented 
in the published paper.  Some studies also had discrepancies between data reported in 
the text of the published paper and those displayed in the tables and graphs, and/or 
calculation errors in some of the percentage values reported. 

All these factors, in conjunction with the methodological weaknesses of the reviewed 
studies, made it very difficult to appraise their reported results with any confidence.  
However, this is the best quality research available and some of the results reported by 
these studies can still be used to gain insight into the value of the assessed protocols, 
tests, or examinations in terms of their diagnostic contribution to the stillbirth 
investigation. 

Description of reviewed studies 
A tabulated summary of the main features of all reviewed studies is provided in 
Appendix D, Table D.1. 

Five of the reviewed studies were conducted in different European countries45,56,58,69,70 
and two were conducted in the United States of America.71,72 
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None of the reviewed studies compared formal or standard protocols designed 
specifically for comprehensive investigation of stillbirths. 

The reviewed studies compared the diagnoses based on clinical data (alone or 
combined with autopsy data) versus autopsy diagnoses or placental examination 
diagnoses (with knowledge of clinical data alone or combined clinical and autopsy 
data) in the same study populations (Table 2). 
Table 2:  Summary of reviewed studies 

Study Year Type of Investigation No. of 
Stillbirths 

Stillbirth 
Definition 

Agapitos et al.45 1996 [Ref]: Autopsy data + clinical data 

[Index]: Placental examination + [Ref] 

164 Death occurring in 
utero, >22 weeks of 
gestation  

Cartlidge et al.56 1995 [Ref]: Clinical data 

[Index]: Autopsy data + [Ref]  

104 Death occurring in 
utero, ≥20 weeks of 
gestation 

Killeen et al.69 2004 [Ref]: Clinical data 

[Index]: Autopsy data+ [Ref]  

130 Birth weight >500 g 
(regardless of 
gestational age) 

Kock et al.70 2003 [Ref]: Clinical data (as in death certificate) 

[Index]: Autopsy data (as in autopsy report) 

177 Intrauterine death 
or death during 
delivery, ≥28 weeks 
of gestation 

Rasmussen et 
al.58 

2003 [Ref]: Clinical data 

[Index]: Autopsy data + [Ref] 

325 Antepartum fetal 
death, ≥28 weeks 
of gestation or birth 
weight ≥1000 g 

Rayburn et al.71 1985 [Ref]: Clinical data and/or Autopsy data 

[Index]: Placental histologic examination  + 
[Ref] (Clinical data) 

88 Stillborn infants, 
>20 weeks of 
gestation 

Saller et al.72 1995 [Ref]: Clinical data 

[Index]: Autopsy data + [Ref] 

77 Fetal death, ≥20 
weeks of gestation 

G: grams; [Index]: index protocol, test, examination; [Ref]: reference protocol, test, examination 

Each study evaluated different protocols, tests, or examinations in terms of their 
components and comprehensiveness of investigation, as well as the indications 
triggering the investigation performed only when indicated (see Table D.1, Appendix 
D).  A detailed description on the reference and index tests that wer used was not 
provided in all studies. 

The reviewed studies used different definitions for stillbirth.  In one study,69 stillbirth 
was defined by the birth weight of the stillborn infant (regardless of gestational age) 
and one study58 defined it using gestational age or birth weight.  The remaining five 
studies defined stillbirth using only the gestational age.45,56,70-72  Only antepartum fetal 
deaths (or intrauterine deaths) were included in three studies45,56,58 and the remaining 
four included intrauterine death or death during delivery (or intrapartum death).69-72 
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Only three studies stated the system used to classify the cause of death.  Two of them 
used the Wigglesworth classification,45,56 and one used a combination of �elements from 
clinopathologic systems described earlier for classifying perinatal deaths whether or not 
a post-mortem examination has been carried out�.58 

Most studies did not provide information on stillborn infants� characteristics such as 
gestational age at death and delivery, weight at delivery, and gender.45,56,70-72  Killeen et 
al.69 reported how many cases were early stillborns (<37/40 weeks of gestation) and 
how many were late stillborns (≥37/40 weeks of gestation).  The study by Rasmussen et 
al.58 provided information on gestational age at delivery (median gestational age for an 
unexplained death was 38 weeks and for an explained death was 35 weeks). 

Only three studies described how the gestational age was determined.45,58,71  Two 
studies used clinical evidence and measurements of multiple body dimensions,45,71 and 
one study used ultrasound dating between 16 and 19 weeks of gestation (when 
available) or the last menstrual period. 

The modality of determining intrauterine death was not stated in any of the reviewed 
studies (see Table D.1). 

Information regarding the time interval between fetal death and delivery was provided 
in two studies.58,71  In the study by Rasmussen et al.,58 the investigators assumed that 
the time of death coincided with the time of birth.  However, Rayburn at al.71 attempted 
to report the time interval between fetal death and delivery. 

The information on other factors that may influence the accuracy of the evaluated 
protocols, tests, or examinations (such as the stillborn infants� state of preservation, 
cause of death classification used, and expertise of investigators) was not provided in all 
reviewed studies.  Only Cartlidge et al.56 provided information regarding the state of 
preservation (fresh or macerated) of the stillborn infants. 

Information on the examination setting (including level of hospital care) was provided 
in four of the reviewed studies.  The investigations took place in a tertiary referral 
maternity hospital in one study,69 in university hospitals in two studies,58,71 and in an 
university-affiliated private tertiary hospital (limited to obstetrics, gynecology, and 
neonatology) in one study.72  Two studies were reviews of regional practices and the 
authors did not state the levels of hospitals involved.56,70 

Information on the expertise of the investigator(s) was provided in three studies, and it 
refers only to those who performed or supervised autopsies and placental 
examinations.  In one study,70 the majority of the autopsies were performed or 
supervised by a perinatal pathologist or a forensic pathologist (for the unexpected 
infant deaths).  In the study by Rayburn et al.,71 the same teratologist performed all 
autopsies and the same pathologist examined the placentas.  In another study, all 
autopsies were performed by or under the direct supervision of a perinatal 
pathologist.72 
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Findings from reviewed studies 

The results of interest reported by the reviewed studies are summarized in Table D.2 
(Appendix D).  Results were only reported here if they were stated in the text, tables, 
graphs, or figures of the published article or could be accurately extrapolated from the 
data presented.  In four studies56,69,70,72 comparisons of clinical, autopsy, and placental 
examination findings had been classified, but when the classification differed from that 
used for this review (as outlined in Appendix A), the numbers and percentages were 
recalculated from the data in those papers. 

A meta-analysis was not performed because the studies were heterogeneous with 
respect to their study design and study population and the investigations (reference 
and index) and outcome measures used. 

Agapitos et al.45 evaluated the significance of histologic examination of the placenta 
during routine postmortem examination of fetal, perinatal, and early neonatal deaths 
with particular reference to the cause of death.  They examined 300 placentas and 289 
dead fetuses over a period of 3 years (1988 tp1991), of which 164 were intrauterine 
deaths.  These were selected cases with little or no clinical indications.  The clinical 
history, autopsy examination and placental histologic examination were taken into 
account to determine the cause of death. 

For the detection of primary causes of intrauterine deaths, the placental findings were 
contributive in 76 cases (46.3%), autopsy and clinical findings were contributive in 69 
cases (42%), and 19 cases (11.6%) were never diagnosed. 

Placental findings provided a statistically significant contribution in cases of death due 
to problems in the utero placental circulation, intra-amniotic infections, and chronic 
villitis.  The most common histologic changes in intrauterine deaths were multiple 
infarcts (16.5%) (which represent serious disturbances in the utero placental circulation). 

Cartlidge et al.56 conducted a retrospective analysis of data from the all Wales perinatal 
survey to evaluate the contribution of autopsy findings to clinical practice.  The study 
compared the clinicopathological classification of death on the basis of clinical details 
and the classification after autopsy for the first 400 consecutive perinatal and infant 
deaths that occurred during 1993.  The autopsy findings were categorized as 
�diagnostic� (disclosed primary cause of death or had important implications for future 
pregnancies); �additional� (provided new information that was not �diagnostic�); 
�audit� (information useful for clinical audit); and �none� (no new information and not 
�audit�).  The quality of the autopsy was assessed by scoring six aspects of the 
examination. 

Of all 400 cases, 179 were stillbirths.  Of all 179 stillbirths included in the study, only 104 
(58%) had a postmortem examination carried out (71 were macerated stillbirths, and 33 
were fresh stillbirths).56  In 23% of macerated cases, the parents refused autopsy and in 
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8% of cases, it was not requested.   Autopsy was not requested in 17% of fresh stillbirths 
and it was refused in 39%. 

The clinicopathological classification of death changed after autopsy in 12% of cases 
(12/104), mainly because of the discovery of infection or specific fetal conditions 
(including congenital anomalies).56   The classification changed in eight macerated 
stillbirths (11%) and in four fresh stillbirths (12%). 

Because of insufficient data, the assessment of cases in which autopsy yielded new 
information and the assessment of the autopsy report quality were done in 228 cases.56  
Since these data were not reported separately for stillbirths, the proportion of stillbirths 
in which necropsy provided new information was calculated on the basis of 
measurements from a graph provided in the published report.  Additional information 
(which did not lead to a change in clinical diagnosis or was not considered as having 
important implications for future pregnancies) was provided in 21.2% to 22% of all 104 
stillbirths (2.8% of macerated cases and 12.1% of fresh cases). 

Scores for the quality of the autopsy report ranged from 0 to 600.56  The mean score was 
249, and in 43% (98/228) of cases, the report failed to attain the minimum score of 250.  
In cases in which the clinicopathological classification was altered by autopsy, the mean 
score (95% confidence interval) was 314 (277 to 352) compared with 240 (222 to 257) 

when no change resulted (95% confidence interval for the difference between scores 27 
to 121).  The mean score was 288 (252 to 324) in cases in which the autopsy was 
�diagnostic� compared with 227 (206 to 249) when no new information was found (95% 
confidence interval).  The published report did not report these data separately for 
stillbirths. 

Killeen et al.69 conducted a retrospective study of autopsy reports of 262 stillborn and 
liveborn infants (who died before 28 days of age) with a birth weight > 500 grams 
(regardless of gestational age) over a 5-year period to assess the impact of autopsy on 
the practice of perinatal medicine.  The study compared the final pathological diagnosis 
to the clinical diagnosis.  The pathological diagnosis was categorized as �diagnostic� 
(cause of death found or definitive diagnosis made); �confirmative� (total concordance 
with clinical diagnosis); or �unexplained� (no new diagnosis made or cause of death 
remained unexplained).  The recurrence risk estimates as a result of autopsy were also 
identified, as were any �additional� findings that were felt to be relevant but did not 
belong to any of the above categories. 

Consent for full postmortem was obtained in 213 cases, giving an overall autopsy rate 
of 81%.69  Subdividing the autopsy groups into three subgroups of 87 early stillborn 
cases (<37/40 weeks gestation), 43 late stillborn cases (≥37/40 weeks gestation), and 83 
liveborn cases, the highest autopsy rate was achieved in the late stillborn group (88%).  
Consent for full postmortem was obtained in 80% of all early stillborn cases. 
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The autopsy was �diagnostic� in 33/87 early stillborn cases (38%) and in 13/43 late 
stillborn cases (29%).  Chromosomal disorders where the diagnosis was only made as a 
result of postmortem investigations despite a clinical suspicion at the time of death, or 
cases where no satisfactory antemortem karotyping sample had been obtained were 
included in the diagnostic category. 

A confirmative result was found in 44/87 early stillborn cases (51%) and in 14/43 late 
stillborn cases (33%), in which there was total concordance between the clinical and 
pathological diagnoses.69 

Among all confirmative perinatal cases there was a subgroup with additional findings 
that were of importance but that did not alter the leading diagnoses.69  This subgroup 
included one case of a 26-week gestation stillborn infant with a subcapsular 
hemorrhage in the liver that was caused by pressure on the abdomen either at delivery 
or during attempted resuscitation.  It was not clear from the information provided in 
the published article whether other stillborn cases were included in this subgroup. 

The cause of death remained unexplained or there was no new information in 26/213 
(12%) autopsies.69  These were all stillbirths resulting mainly from intrauterine hypoxia 
for which the cause could not be identified.  No deaths remained unexplained in the 
neonatal group. 

In 24/213 cases (11%), the autopsy findings resulted in a change in recurrence risk 
estimates and hence had implications for genetic counselling and further pregnancies.69  
These included major chromosomal anomalies and metabolic disorders.  However, the 
investigators did not clearly delineate how many of these cases were stillbirths. 

In a recently published article, Kock et al.70 traced the trend of the autopsy rates over a 
period of 11 years in a Danish county.  They retrospectively reviewed the data recorded 
on the death certificates and the data recorded in the autopsy reports of all stillbirths 
and infant deaths that occurred from 1986 to 1996.  The presumed cause of death stated 
on the death certificate (�clinical diagnosis�) was compared with the presumed cause of 
death based on autopsy findings (�autopsy diagnosis�) �to assess whether the autopsy 
had yielded different information to the clinical knowledge�.  Confirmation of the 
�clinical diagnosis� meant accordance with the �autopsy diagnosis�.  A change in the 
�clinical diagnosis� discarded the �clinical diagnosis� and rendered a new diagnosis as 
the most important with regard to the cause of death/stillbirth.  Addition to the 
�clinical diagnosis� confirmed �clinical diagnosis� and added information with 
relevance to genetic counselling or clinical practice.  No medical records were included 
in this study. 

The study70 included 273 stillbirths and autopsy was performed in 192 of these 
stillbirths.  The autopsy rates within the different �clinical diagnostic� groups varied, 
with the highest rate in stillbirth cases with the clinical diagnosis of �not explained� and 
�visible malformations� (82% and 86%). 
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No autopsy reports were available for 15 of 192 cases in which autopsy was performed 
(7.8%); Table D.2 presents the results recalculated for the remaining cases.70  Of the 177 
autopsies with reports available, the �autopsy diagnosis� was in accordance with the 
�clinical diagnosis� in 159 cases (89.8%).  In 24.3%, the �clinical diagnosis� was 
maintained (confirmed), but additional information was obtained.  The diagnosis 
changed in 18 cases (10.2%) and in three of these cases (suspected placental causes in 
the death certificates) the diagnosis of placental insufficiency was not confirmed. 

The diagnosis remained unexplained after autopsy in 70 cases (39.5%) and explained 
the cause of death in 12 �not explained� cases (6.8%). 

In 18 of 31 cases with visible malformations �important additional information was 
found, yielding valuable information for genetic counseling�.  In one case of suspected 
malformations, the autopsy findings changed the diagnosis to �not explained�. 

Rasmussen et al.58 conducted a retrospective study to validate the diagnosis of an 
unexplained antepartum fetal death recorded in the Medical Birth Registry of Norway 
against data obtained from hospital records alone and then combined with autopsy 
data.  Data on unexplained fetal deaths in the Registry were compared with clinical and 
autopsy data from 108,457 singletons delivered in 1985 to 1997 at two university 
hospitals.  All intrauterine antepartum deaths were identified in the delivery logs.  
Clinical and autopsy data were retrieved from the delivery logs and clinical and 
autopsy records.  Using the national identification number, each case of intrauterine 
death was linked with the Registry.  Each case of fetal death was assigned a cause of 
death based on clinical data, clinical and autopsy data combined, and registry data. 

From 1985 to 1997, 325 cases of antepartum fetal death were recorded in the two 
hospitals.  On the basis of clinical data, 129 deaths (40%) remained unexplained.  Using 
clinical and autopsy data combined, the number of pre-autopsy cases of unexplained 
fetal deaths was reduced to 110 cases (34%).  By using autopsy findings, the diagnosis 
for 19 cases (6%) changed from unexplained to an explained cause of death. 

The rate of unexplained fetal deaths was stable at about 1 per 1,000 births (95% 
confidence interval) regardless of the data source.58  The rate, according to the clinical 
data and combined clinical and autopsy data, was 1.2 (1.0 to 1.4), and 1.0 (0.8 to 1.2), 
respectively. 

Rayburn et al.71 conducted an investigation to determine whether or not histologic 
examination of the placenta contributed to a better understanding of the cause for an 
intrauterine fetal death.  Included were only the cases for which adequate information 
about the clinical history, autopsy examination, and placental histologic examination 
was available.  The same pathologist with knowledge of clinical history examined the 
placentas of 97 stillborn fetuses during a 4.5-year period. 

The investigators determined whether the death occurred within 8 hours, 8 to 24 hours 
or >24 hours before delivery from the extent of fetal maceration.  Placental histologic 
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evaluation was most reliable in the first week but was still considered useful for up to 
four weeks after fetal death.71  Changes from postmortem degeneration such as fibrous 
obliteration of vessels, villous stromal fibrosis, edema, necrobiosis, and calcification 
were excluded from consideration. 

Eighty-nine placentas of all 97 cases were suitable for histologic evaluation during the 
study period.71  The delivery occurred within 24 hours of death in 6 cases (7%), within 
one week in 71 cases (80%), and beyond one week in 12 cases (13%).  Eighty-one of the 
89 pregnant women (91%) had received their primary antenatal care elsewhere and 
were referred after the diagnosis of fetal death. 

Abnormalities on clinical examination were found in 77 cases (87%), on autopsy in 62 
cases (70%), and on placental histologic evaluation in 87 cases (98%).71 

The placental examination was supportive of impressions from clinical examination 
and/or autopsy in 67 of the 89 cases (75%).71  Examples included findings of acute 
chorioamniotitis, placental vascular insufficiency, retroplacental hematomata, and 
erythroblastosis/hydrops.  The only statistically significant association between 
placental histologic abnormalities and either autopsy or clinical findings involved 
placental vascular insufficiency and maternal hypertension (p < 0.001). 

Placental histologic findings were diagnostic in 20 cases (22.4%).71  Placental findings 
that were not consistent with abnormalities noted on clinical or gross fetal examination 
were present in 10 cases (11.2%) and involved hemorrhagic endovasculitis, 
erythroblastosis, and acute chorioamniotitis with fetal involvement.  Placental 
abnormalities were the sole findings in 10 cases of all 89 (11.2%).  The only statistically 
significant association between a placental histologic abnormality and no abnormality 
on either clinical examination or fetal autopsy involved hemorrhagic endovasculitis  
(p < 0.05). 

In one case (1.1%) there was no apparent finding on clinical, autopsy, and placental 
examination to explain the stillbirth of a 32-week-old fetus.71  There were no clearly 
reported data in the published article on one stillborn case. 

Saller et al.72 conducted a retrospective observational survey to evaluate the clinical 
utility of perinatal autopsy in determining the cause of a perinatal death.  All fetal and 
neonatal deaths delivered from 1990 and 1991 in a university-affiliated, private, tertiary 
care hospital were reviewed.  The clinical and autopsy diagnoses were compared and 
each case was categorized as �confirm� (concordant diagnoses), �change� (discordant 
diagnoses), �add� (significant, unexpected findings noted on autopsy but clinical 
diagnosis was not altered), �inconclusive� (autopsy demonstrated neither an obvious 
cause of death nor significant congenital malformations), or �not done� (autopsy not 
done or not available for research). 
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Through a search of medical and pathology records, 168 fetal and neonatal deaths were 
identified.72  Of these, 93 were fetal deaths (55.4%).  Of all fetal deaths reviewed, in 16 
cases (17.2%) autopsies were �not done�. 

Twenty-nine of all 77 autopsies performed on fetal deaths (38%) were found to be 
�inconclusive�.72  Of the 48 cases of fetal death with �conclusive� autopsies, in 22 cases 
(28.6%) the pathological diagnosis confirmed the clinical diagnosis and in 23 cases 
(29.9%) the pathological diagnosis changed or significantly added to the clinical 
diagnosis.  In three cases (3.9%), the clinical diagnosis was not altered but additional 
information was obtained following autopsy. 

Of all fetal deaths with autopsies, in 18 cases (23.4%), neither a clinical nor a 
pathological diagnosis could be made, leaving the cause of death unclear.72  According 
to the authors, in seven cases, the inconclusiveness could have been at least partially 
attributed to extensive maceration. 
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DISCUSSION 
A number of components have been advocated as part of a relevant stillbirth 
investigation.5,12,24-29,33,34,73,74  After a stillbirth is confirmed, proper management 
includes a careful review of the perinatal and maternal/family history, a detailed 
clinical review (of the stillborn infant, cord, and placenta), an acceptable autopsy 
technique and placental examination, and indicated laboratory studies (for samples 
from the mother, stillborn infant, cord, and placenta).  The clinical-pathological 
correlation is best accomplished by a multidisciplinary team that may include 
obstetricians, pediatricians, neonatologists, pediatric pathologists, geneticists, 
radiologists, midwives, and neonatal nurses.24-29,33,64 

Formal protocols have been proposed to standardize the stillbirth investigation.17,31  The 
intended goal is to reduce the number of cases qualified as �unexplained stillbirth�. 
However, a confirmation of a prenatal diagnosis or a syndrome is also considered 
useful.31  Also, a conclusion that the cause of death was not determined is helpful, since 
many disorders or risk factors have been ruled out in the process of reaching that 
conclusion. 

Although calls for a more standardized approach to routine stillbirth investigation have 
been made28,64 and several formal protocols have been published,5,24,28,74,75 currently 
there is no generally accepted gold standard protocol.  A good stillbirth investigation 
protocol should not only help in elucidating the cause of death, but should also aim at 
minimizing the unnecessary tests and examinations.75  However, the components of the 
most complete or most efficient stillbirth investigation are not currently known.  The 
present review has not located any primary or secondary research studies conducted to 
compare the value of specific formal protocols. 

Each of the reviewed formal protocols63,65-68 recommends an extensive and 
comprehensive stillbirth investigation, which should include a wide range of diagnostic 
modalities and techniques (Table 1).  Some test elements are recommended for routine 
investigation (as core procedures, performed on all cases) by all or most (four of five) 
protocols, suggesting a list of minimal core procedures (Table 3). 
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Table 3: Agreement on routine stillbirth investigation 

Steps Test elements recommended by the reviewed formal 
protocols63,65-68 

Maternal and family 
history 

All protocols recommend the following test elements as core procedures: 

1. previous obstetric history; 

2. review of antenatal investigations; and 

3. maternal/paternal family history. 

Most protocols (4/5) agreed on including the review of the history of current 
pregnancy as a core procedure. 

Maternal investigations All protocols recommend the Kleihauer-Betke screen as a core procedure. 

Most protocols (4/5) recommend the following test elements as core 
procedures: 

1. amniocentesis; 

2. ultrasound scan; 

3. complete blood count including platelet count; 

4. antibody screening; 

5. syphilis serology; 

6. rubella serology; and 

7. hemoglobin A1C test. 

Stillborn examination All protocols recommend the following test elements as core procedures: 

1. external/physical examination; 

2. autopsy; 

3. clinical photographs; 

4. radiological examination; and  

5. limited tissue or needle biopsy (for DNA analysis, cytogenetic 
studies and cultures). 

Most protocols (4/5) recommend internal examination as a core procedure. 

Cord examination and 
cord blood (or infant 
cardiac blood) 
investigation 

All protocols recommend the following test elements as core procedures: 

1. gross/macroscopic/clinical examination; and 

2. histopathology. 

Most protocols (4/5) recommend the following test elements as core 
procedures: 

1. Blood group; and 

2. Complete blood count. 

Placenta examination 
and placental tissue 
investigations 

All protocols recommend the following test elements as core procedures: 

1. Gross/macroscopic/clinical examination 

2. �Histopathology� 

For many of the remaining test elements summarized in Table 1, the reviewed 
protocols63,65-68 differ in their recommendations on whether to include them or not as 
part of the stillbirth investigation.  The reviewed protocols also differ in terms of the 
components recommended as core and/or additional investigations on the mother, 
stillborn, cord, and placenta. 
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The Alberta protocol63 served as a model for the protocols developed in other Canadian 
provinces (BC, Manitoba and Ontario).65,66,76  However, modifications were necessary, 
probably in view of the differences that may exist in causes of stillbirth, local population 
preferences and cultures, available technology and expertise, and financial resources. 

Autopsy and placental examination 

This review�s findings highlight the value of fetal autopsy and placental examination as 
integral components of stillbirth investigation in terms of their diagnostic contributions 
to refining and defining the cause of death and providing additional valuable 
information.  Because of the poor quality of the evidence and limited manner in which 
data were reported only very general conclusions can be drawn. 

According to the results reported by five retrospective cross-sectional analytic 
studies56,58,69,70,72 autopsy findings agreed with the clinical diagnosis in 28.6% to 89.8% of 
cases and were diagnostic (revealed a new diagnosis, or made a change in the clinical 
diagnosis) in 10.2% to 38% of cases.  Additional information (which did not change the 
clinical diagnosis) was obtained at autopsy in between 3.9% and 24.3% of the cases.  
However, the cause of death remained unexplained in up to 40% of the cases. 

Findings from autopsy were more likely to be useful when no clear clinical diagnosis 
was available or if there was a fetal malformation56,58,69,70,72 and were more likely to 
contribute additional information when fresh stillbirth cases were available for 
examination.56 

Evidence reported from two prospective cross-sectional analytic studies45,71 suggests 
that routine macroscopic and histologic examination of the placenta following a 
stillbirth constitutes a necessary complement to autopsy.  Findings from placental 
examination confirmed clinical and/or autopsy findings in up to 75% of cases and were 
diagnostic in 22.7% to 46.3% of cases.  The cause of death remained unexplained in up 
to 12% of cases. 

The probability of autopsy and placental examinations providing clinically significant 
information has been directly related to the quality of the postmortem report, as 
assessed by its details and the additional investigations undertaken.12,27,29,56,64  However, 
there is evidence to suggest that this is far from guaranteed.  Audits by perinatal 
pathologists in the United Kingdom reported that the reviewed autopsy reports were 
deemed poor in 39% of cases, histology was considered inadequate in 50% of cases, and 
the interpretative summary or commentary was considered inadequate in 57% of 
cases.27  In a study based on an unselected sample of a geographical population 
(published in 1995), Cartlidge et al.56 found that the quality of the reviewed autopsy 
reports was similar to that found by a study conducted in 1991, with 43% of the reports 
failing to achieve the minimum score. 
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While the reviewed studies showed that there is value in routinely performing 
autopsies complemented by placental examinations, it is not clear which of the other 
components should be considered as part of a relevant and efficient stillbirth 
investigation.  The results from the studies that provided details about their 
investigations may only be evaluated with regard to the investigation as performed at 
each examination setting.  It was not possible to evaluate individual components of the 
assessed investigations. 

Some components were routinely performed in some studies and performed only as 
clinically indicated in others (Table D.1, Appendix D).  It was not possible to determine 
which indications triggered those components performed only when clinically 
indicated.  Whether more or less diagnostic information would be provided with or 
without routine photographic documentation or X-ray examinations, for example, 
cannot be answered from these data.  It can only be speculated whether routine 
performance of bacterial and viral cultures or cytogenetic studies would increase the 
diagnostic contribution of autopsy. 

Although the value of perinatal autopsy and placental examination is not in doubt, their 
usefulness is limited by their low uptake rates as the performance of these 
investigations is not routinely adopted or accepted by the family. Finding ways to 
improve autopsy rates would assist the process of stillbirth investigation (Rennie R, 
personal communication, May 24, 2005).  The development of a focused question before 
stillbirth examination (based on input from the clinicians, parents and pathologist) may 
encourage greater participation of the clinical staff and lead to valid informed consent 
(Magee F, personal communication, May 14, 2005).  This process may also be used to 
develop reasonable timelines for the communication of the findings. 

Postmortem ultrasonography and, more recently, MRI of the stillborn infant have been 
suggested as potentially informative and possibly acceptable substitutes to full autopsy.  
These techniques are non-invasive and may yield accurate and detailed anatomical 
information and contribute supplementary information to autopsy.  However, they are 
not equal substitutes to full autopsy and placental examinations.53,59,61,68  Parents should 
be adequately counselled to understand the limitations of these diagnostic techniques, 
which cannot provide the same microscopic and histologic information as carefully 
performed autopsy and placental examination. 

Limitations 

The present review has several limitations.  The literature review was confined only to 
papers written in English and published after 1985.  It was assumed that the 
comparison of data published before 1985 would not be valid because of the very rapid 
evolution of diagnostic techniques, therapeutic procedures for perinatal care, and 
monitoring and developments in feto-maternal medicine, obstetrics, and neonatal care. 
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The selected primary research studies were assessed using a quality tool, with the 
expectation that this would aid in identifying which studies should be given more 
weight in the overall synthesis.  However, none of the selected studies compared the 
same investigation, and all of them had methodological weaknesses.  Although the 
original aim of quality assessment became redundant because of these factors, it still 
had value in highlighting the study design and execution flaws. 

The present review only summarizes the tests/examinations recommended for stillbirth 
investigation by the reviewed formal protocols and does not appraise their scientific 
foundations.  The available versions of these formal protocols did not provide 
information on the methodological approaches used.  The working groups that 
developed the selected formal protocols were not contacted to determine if the 
protocols were based on research evidence. 
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CONCLUSION 
The value of a systematic and comprehensive stillbirth investigation, which includes a 
wide range of diagnostic modalities and techniques, is not in doubt.  An extensive and 
thorough evaluation of stillbirths yields more information, which may explain the cause 
of death, direct further investigation of the family, and be particularly valuable in 
counselling parents about the recurrence risks in future pregnancies.  However, the 
available evidence does not allow a firm scientific judgment on which is the most 
appropriate protocol for stillbirth investigation or which components should be 
considered for a relevant and efficient investigative protocol. 

Currently there is no protocol for stillbirth investigation that is generally accepted as a 
reference protocol.  All of the formal protocols that are publicly available agree on 
including several elements for routine investigation.  However, they vary in many of 
their recommendations, suggesting there may be a role for further individualization of 
tests or examinations used for stillbirth investigation.   

Findings from this review highlight the diagnostic contribution and the important role 
of fetal autopsy and placental examination as integral components of a comprehensive 
and relevant stillbirth investigation.  Despite improvements in perinatal diagnosis, 
these procedures, when performed in a skilled and timely fashion, remain important in 
the confirmation and further delineation of the cause of fetal death.  In addition, 
unsuspected incidental findings may alter the future counselling. 

These data may be helpful in counselling patients who are considering the difficult 
decision to consent to a postmortem examination following a stillbirth. 
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APPENDIX A:  METHODOLOGY 

Objective A � Published evidence on the use of stillbirth investigative 
protocols 
Inclusion criteria 

Types of studies 

Systematic reviews and cross-sectional analytic studies (with at least 10 subjects 
included in the study population) published from 1985 onward were included.  Studies 
must report the use of a specific protocol, test, or examination that is conducted to 
determine the cause of death.  Audits of the accuracy of prenatal tests, such as the 
prenatal ultrasound diagnosis of fetal anomalies, were excluded. 

An article was deemed to be a systematic review if it met all of the following criteria as 
defined by Cook et al.:77 

1) focused clinical question; 

2) explicit search strategy; 

3) use of explicit, reproducible and uniformly applied criteria for article 
selection; 

4) critical appraisal of the included studies; and 

5) qualitative or quantitative data synthesis. 

Only full, peer-reviewed articles were included because abstracts do not provide 
adequate detail on patient selection, allocation, study design, outcome and 
measurement methods to allow an accurate, unbiased assessment and comparison of 
the study results. 
Background information 

Where appropriate, relevant published material in the form of narrative reviews, letters, 
conference material, commentary, editorials, and abstracts were included as 
background information for the Introduction and Discussion sections of the report. 
Study population 

For this review, a stillbirth was defined as the birth of a fetus at or after 20 weeks of 
pregnancy (or fetal weight ≥ 500 grams when gestational age is not known) that has 
died prior to delivery; that is, there is no evidence of respiration, heartbeat, umbilical 
cord pulse, or voluntary muscle movement after expulsion from the uterus.8  Fetal 
death can be further divided into intermediate (occurring during the 21st to 28th week 
of gestation) and late (occurring after 28 weeks of gestation).  Studies that pooled 
information on stillbirths and perinatal deaths, or stillbirths and elective pregnancy 
terminations, were excluded unless the stillbirth rate could be separated from the 



 HTA Report #36  October 2005 
 

 

38 

aggregate data.  Where possible, antepartum and intrapartum stillbirths were analyzed 
separately. 
Index test 

Any protocol, test, or examination conducted on the mother, father, or stillborn fetus, or 
on the products of conception, to determine the cause of stillbirth.  

Comparison or reference test 

Any standard protocol, test, or examination conducted on the mother, father, or 
stillborn fetus or infant, or on the products of conception, to determine the cause of 
stillbirth.  A reference or comparison test must be performed in all of the study 
population or sample that underwent the index test. 
Test characteristics 

The proportion of stillbirths with an attributable cause must be reported for both the 
reference and index test.  Other reported outcomes considered were technical failures 
and the proportion of inconclusive or uninterpretable results. 

Objective B � Compendium of endorsed stillbirth investigative 
protocols 
Inclusion criteria 

The medical literature was searched to identify any publicly available protocol that 
details a specific methodology for investigating the cause of stillbirth and is 
recommended by a professional society, health authority, or government-funded 
organization either within Canada or worldwide. 

Copies of the full text of potentially eligible published protocols were retrieved and 
assessed independently by two reviewers (AS and PC).  Any disagreements were 
resolved by discussion.  Published protocols used by individual hospitals or 
recommended by privately funded special interest groups or organizations were not 
included.  However, relevant information contained in these protocols was used to 
inform and expand the discussion. 

Literature search strategy 
The medical literature was searched to identify relevant studies and reviews.  Literature 
searches were conducted between July 8, 2004 and August 9, 2004, and an update 
search was conducted between June 21  and June 23, 2005.  Searches were conducted 
without language restriction (Table A.1).  Major electronic databases used include 
PubMed, EMBASE, Cochrane Library, CINAHL, Web of Science, and NHS Centre for 
Reviews and Dissemination databases (NHSEED, HTA, DARE).  Various library 
collections, and websites of clinical trials, guidelines, regulatory agencies, 
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evidence-based resources and other HTA-related agencies were searched.  Internet 
search engines and professional library listservs were also used to locate grey literature. 

Studies were date restricted to 1985 onward to ensure that the data accurately reflect the 
level of sophistication currently available in the laboratory assay techniques and 
imaging technologies used to divine the cause of stillbirth, as well as the advances in 
obstetric knowledge and prenatal care that have altered the spectrum of risk factors for 
stillbirth over the last 50 years. 

The bibliographies of all publications retrieved in full hard copy form were manually 
searched for relevant references that may have been missed in the database searches. 

Study selection  
The initial study selection, which was based on the study titles and abstracts only, was 
conducted by one reviewer (AS).  Copies of the full text of potentially eligible studies 
were then retrieved and assessed independently by two reviewers (AS and PC).  Any 
disagreements that could not be resolved by discussion were referred to a third 
reviewer for mediation until consensus was reached.  In some cases, when the full text 
of the article was retrieved, closer examination revealed that it did not meet the 
inclusion criteria specified by the review protocol.  Consequently, these papers were not 
used to formulate the evidence base for the systematic review (Appendix B).  However, 
relevant information contained in these excluded papers was used to inform and 
expand the review discussion. 

For studies in which the reporting of the results was unclear, the authors were 
contacted for further information.  Only the authors who provided an e-mail address as 
contact information in the published reports of their studies were contacted.  At the 
time of the completion of this report no reply from the contacted authors was received.  

Assessment methods 
Study methodology appraisal 

The included trials were assessed with respect to various methodological aspects using 
a modified version of the QUADAS tool.78  The tool was systematically developed from 
an initial list comprising items generated from three systematic reviews that were 
conducted to provide an evidence base for the development of the quality assessment 
tool: of the methodological literature, of how quality assessment has been used in 
systematic reviews, and of tools used to assess the quality of diagnostic tests.79  This list 
was then refined using a Delphi procedure with a panel of experts in the area of 
diagnostic research.  The consistency, usability, and validity of the tool have yet to be 
assessed. 

The QUADAS tool consists of reporting, applicability, and validity criteria.  The list was 
modified by adding two items on reporting (assessing adequacy of study objective 
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[item 1] and study population characteristics [item 2]) and two items on validity 
(assessing selection bias [item 8] and order of testing [item 14]).  In addition, some 
instructions were reworded or supplemented with more detailed criteria descriptions 
from other sources.80-82  Given the potential dangers of using numerical scores to 
evaluate the quality of trials,83-85 a simple nominal rating scale was used such that the 
studies were scored as positive (�yes�), negative (�no�), or unclear (�don�t know�) for 
each quality criterion.  Aspects of the scientific quality of systematic reviews and meta-
analyses were similarly assessed using a validated checklist developed by Oxman and 
Guyatt.86 

The study quality assessments were undertaken by two independent reviewers (AS and 
PC).  Any disagreements that could not be resolved by discussion were referred to a 
third reviewer for mediation until consensus was reached.  The two reviewers 
discussed the checklists with respect to the interpretation of the questions prior to 
assessing the studies.  Critical appraisal results for all included studies are tabulated in 
Appendix C. 

Outcome measures and data extraction 

Study profile information and outcome data were extracted by one reviewer (PC) using 
standardized data extraction forms developed a priori. 

Each study was assessed for the degree to which the findings obtained by the index 
investigation (protocol, test, or examination) differed from the findings from the 
reference investigation (protocol, test, or examination).  The agreement or disagreement 
between the reported findings was divided into the following categories according to 
the information revealed by the index investigation: 

 Confirmative�The cause of death was confirmed or there was agreement 
between the reference and index investigation in case of unexplained cause of 
death. 

 Diagnostic�The index investigation revealed the cause of death; and/or changed 
the main diagnosis made by the reference investigation or provided additional 
information that helped in making the definitive diagnosis. 

 Additional information�The index investigation revealed additional findings, 
which were not suspected or determined by the reference investigation, but did 
not change the main diagnosis. 

Expert review 
External reviewers with clinical expertise in pathology and laboratory medicine, 
obstetrics and gynecology, and health technology assessment methodology evaluated 
the draft review and provided feedback.  In selecting reviewers, the practice of the 
Alberta Heritage Foundation for Medical Research is to choose experts who are well 
recognized and published in the peer-reviewed literature, and who can offer a 
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provincial or national perspective, or both, with respect to investigating the causes of 
stillbirth. 

Contact persons from the working groups that developed the stillbirth investigation 
protocols in Alberta, Manitoba, Wisconsin, and Australia and New Zealand evaluated 
the draft review and the way the data was extracted from the reviewed formal protocols 
and provided feedback.  At the time of the completion of this report no feedback was 
received from the contact person identified for the protocol developed in British 
Columbia. 
Table A.1:  Databases and search terms used in the search strategy 

Databases Platform Edition or Date 
Searched 

Search Terms� 

Core Databases 

Cochrane Library 
(CDSR, 
CENTRAL, CDM, 
and CMR) 

http://www3.interscience.
wiley.com/cgi-
bin/mrwhome/106568753
/HOME 

Issue 2, 2005 

 

Searched June 
23, 2005 

Stillbirth* OR still-birth* OR �still birth� OR 
�still births� OR stillborn* OR still-born* OR 
�still born� OR �still borns� OR (fetal NEAR 
death*) OR (foetal NEAR death*) OR 
(intrauterine NEAR death*) OR (intra-uterine 
NEAR death*) OR (utero NEAR death*) OR 
(foetus NEAR death*) OR (perinatal NEAR 
death*) OR (antepartum NEAR death*) OR 
(prenatal NEAR death) OR (antenatal NEAR 
death*) [Abstract] 

PubMed http://www.pubmed.gov Searched June 
21, 2005 

(stillbirth* OR still-birth* OR still birth* OR 
stillborn* OR still-born* OR still born* OR 
fetal death* OR fetus death* OR foetal 
death* OR intrauterine death* OR utero 
death* OR foetus death* OR perinatal 
death* OR antepartum death* OR antenatal 
death* OR intrapartum death* OR prenatal 
death*) 

AND 

(guideline* OR protocol OR protocols OR 
forensic* OR autopsy OR autopsies OR 
necropsy OR necropsies OR post-mortem* 
OR postmortem* OR investigat* OR "clinical 
pathways" OR "clinical pathway" OR 
karyotyping OR karyotype*) 

CRD Databases 
(DARE, HTA and 
NHS EED) 

http://www.york.ac.uk/ins
t/crd/crddatabases.htm 

Searched June 
21, 2005 

(stillbirth OR still-birth OR still birth OR 
stillborn OR still-born OR still born OR 
intrauterine death OR death in utero OR 
intra-uterine death OR prenatal death OR 
antenatal death OR antepartum death) AND 
(protocol OR guideline OR program)  

ECRI www.ecri.org Searched June 
22, 2005  

stillbirth* OR still birth* OR still-birth* OR still 
born* OR still-born* OR stillborn* 

http://www3.interscience.
http://www.pubmed.gov
http://www.york.ac.uk/ins
http://www.ecri.org
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Databases Platform Edition or Date 

Searched 
Search Terms� 

Core Databases (cont�d) 

Ovid Databases 

 

EBM Reviews - 
ACP Journal 
Club  

 

CINAHL  

 

EMBASE  

 

HealthSTAR  

 

PsycINFO  

Ovid Licensed 
Resources 

Searched June 
21, 2005 

1. stillbirth$.mp. 
2. still-birth$.mp. 
3. stillborn$.mp. 
4. still-born$.mp. 
5. foetal death$.mp. 
6. fetal death$.mp. 
7. fetus death$.mp. 
8. foetus death$.mp. 
9. death of fetus.mp. 
10. death of foetus.mp. 
11. "intrauterine death$".mp. 
12. "antepartum death$".mp. 
13. utero death$.mp. 
14. perinatal death$.mp. 
15. "prenatal death$".mp. 
16. antenatal death$.mp. 
17. exp Diagnostic Procedure/ 
18. exp AUTOPSY/ 
19. autops$.mp. 
20. necrops$.mp. 
21. forensic medicine/ or forensic pathology/ 
22. post-mortem$.mp. 
23. postmortem$.mp. 
24. placenta$ pathology.mp. 
25. exp KARYOTYPING/ or exp FETUS 
KARYOTYPING/ 
26. karyotyp$.mp. 
27. investigat$.mp. 
28. exp practice guideline/ 
29. guideline$.mp. 
30. clinical pathway$.mp. 
31. protocol$.mp. 
32. or/1-16 
33. or/17-31 
34. 32 and 33 
35. remove duplicates from 34 
36. limit 35 to human 

ISI Web of 
Science 

ISI Licensed Resource Searched June 
22, 2005 

(((TI=(protocol OR protocols)) OR 
(TS=(forensic* OR autopsy OR autopsies 
OR necropsy OR necropsies OR post-
mortem* OR postmortem* OR (clinical 
pathways) OR (clinical pathway))) OR 
TS=(guideline OR guidelines)) AND 
(TS=(Stillbirth* OR still-birth* OR (still birth) 
OR (still births) OR stillborn* OR still-born* 
OR (still born) OR (still borns)) OR 
TS=((fetal death*) OR (foetal death*) OR 
(intrauterine death*) OR (intra-uterine 
death*) OR (death SAME utero) OR (foetus 
death*) OR (perinatal death*) OR 
(antepartum death*) OR (intrapartum 
death*) OR (prenatal death*) OR (antenatal 
death*)))) NOT TS=(animal OR animals) 
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Databases Platform Edition or Date 

Searched 
Search Terms� 

Library Catalogues 

NEOS library 
catalogue 

http://www.library.ualbert
a.ca/catalogue 

Searched June 
22, 2005 

(stillbirth? OR still-birth? OR stillborn? OR 
still-born?)  

[keyword search] 

AMICUS 
(National Library 
of Canada)  

http://www.nlc-
bnc.ca/amicus 

Searched June 
22, 2005 

(stillbirth? OR still-birth? OR stillborn?) [Any 
keywords] 

LocatorPLUS 
(National Library 
Medicine US)  

http://locatorplus.gov/ Searched June 
22, 2005 

(stillbirth? OR stillborn?) AND (protocol? OR 
guideline?) [Keyword Anywhere] 

Useful Canadian Sites 

Canadian Task 
Force on 
Preventative 
Healthcare  

http://www.ctfphc.org/ Searched June 
22, 2005 

stillbirth OR still-birth 

AETMIS  http://www.aetmis.gouv.q
c.ca 

Searched June 
22, 2005 

stillbirth or stillborn or still-birth or still-born 
OR stillbirths or stillborns or still-births or 
still-borns 

CCOHTA  http://www.ccohta.ca Searched June 
22, 2005 

Stillbirth OR still-birth OR pregnancy 
outcomes 

Health Quality 
Council, 
Saskatchewan                  

http://www.hqc.sk.ca/ Searched June 
22, 2005 

Stillbirth Or still-birth 

Institue for 
Clinical and 
Evaluative 
Sciences (ICES), 
Ontario   

http://www.ices.on.ca/ Searched June 
22, 2005 

Stillbirth or stilbirths 

Theses Canada 
Portal 

http://www.nlc-
bnc.ca/thesescanada 

Searched June 
22, 2005 

 "stillbirth" OR "stillbirths" OR �still-birth� OR 
"still-births" 

Evidence-Based Medicine Resources 

Aggressive 
Rsearch 
Intelligence 
Facility (ARIF)   

http://www.bham.ac.uk/ar
if/ 

Searched June 
22, 2005 

Stillbirth;  stillbirths; still-birth ; still-births  

=0 hit 

ATTRACT  http://www.attract.wales.
nhs.uk 

Searched June 
22, 2005 

Stillbirth; stillbirths; still-birth; still-births  

=0 hit 

Bandolier  http://www.jr2.ox.ac.uk/b
andolier/ 

Searched June 
22, 2005 

Stillbirth;  stillbirths; still-birth; still-births  

 

BestBETS  http://www.bestbets.org Searched June 
22, 2005 

Stillbirth; stillbirths; still-birth; still-births  

=0 hit 

ClinicalEvidence  Licensed Resource Searched June 
22, 2005 

stillbirth 

TRIPdatabase  www.tripdatabase.com Searched June 
22, 2005 

Stillbirth or stillbirths or still-birth or still-births  

 

http://www.library.ualbert
http://www.nlc-
http://locatorplus.gov/
http://www.ctfphc.org/
http://www.aetmis.gouv.q
http://www.ccohta.ca
http://www.hqc.sk.ca/
http://www.ices.on.ca/
http://www.nlc-
http://www.bham.ac.uk/ar
http://www.attract.wales.
http://www.jr2.ox.ac.uk/b
http://www.bestbets.org
http://www.tripdatabase.com
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Databases Platform Edition or Date 

Searched 
Search Terms� 

Other Subject/Publication-type Specific Databases 

Dissertation 
Abstracts  

http://wwwlib.umi.com/dis
sertations 

Searched June 
22, 2005 

((stillbirth? or still-birth? or stillborn? or still-
born?) and (cause? OR etiolog? OR 
aetiolog? OR mortalit? OR epidemiolog? OR 
risk? OR determinant?) ) [title words] 

Biological 
Abstracts  

Licensed Resource Searched June 
22, 2005 

(TI =(stillbirth* or still-birth* or still-born* or 
stillborn*) 

NLM Gateway 
(abstracts, 
consumer health, 
trials)  

http://gateway.nlm.nih.go
v/gw/Cmd 

Searched June 
22, 2005 

stillbirth OR stillbirths OR still-birth OR still-
births 

Knowledge 
Utilization 
Database (KU-
UC)  

http://kuuc.chair.ulaval.ca
/ 

Searched June 
22, 2005 

Stillbirth; stillbirths; still-birth; still-births; 
stillborn; stillborns 

=0 hit 

Clinical Trials 

ClinicalTrials.gov 
(US)   

http://clinicaltrials.gov/ Searched June 
22, 2005 

stillbirth OR stillbirths OR still-birth OR still-
births 

=0 hit 

CenterWatch 
Clinical Trials 
Listing Service  

http://www.centerwatch.c
om/ 

Searched June 
22, 2005 

Browse Ob/GYN section 

National 
Research 
Register  

http://www.update-
software.com/national/se
arch.htm 

Searched June 
23, 2005 

stillbirth* or still-birth* or (still next birth) or 
(still next births) or stillborn* or still-born* or 
(still next born) or (still next borns) 

Guidelines 

AMA Clinical 
Practice 
Guidelines  

http://www.topalbertadoct
ors.org/guidelines/guideli
nespdf.aspx 

Searched June 
23, 2005 

Browse guideline section 

CMA Infobase http://mdm.ca/cpgsnew/c
pgs/index.asp 

Searched June 
23, 2005 

Stillbirth; stillbirths; stillborn; stillborns; fetal 
death 

National 
Guideline 
Clearinghouse 

http://www.ngc.gov Searched June 
23, 2005 

stillbirth* or stillborn* or still-birth* or still-
born* 

Coverage/Regulatory/Licensing Agencies 

Alberta Health 
and Wellness  

http://www.health.gov.ab.
ca 

Searched June 
23, 2005 

Stillbirth; stillbirths; still-birth; still-births; 
stillborn; stillborns 

Health Canada                          http://www.hc-sc.gc.ca Searched June 
23, 2005 

Stillbirth or stillbirths or still-birth or still-births 
or stillborn or stillborns 

NICE (UK)  http://www.nice.org.uk/ Searched June 
23, 2005 

Stillbirth stillbirths still-birth still-births 
stillborn stillborns; "fetal death"; "foetal 
death"  

US Food and 
Drug 
Administration  

http://www.fda.gov Searched June 
23, 2005 

stillbirth 

http://wwwlib.umi.com/dis
http://gateway.nlm.nih.go
http://kuuc.chair.ulaval.ca
http://clinicaltrials.gov/
http://www.centerwatch.c
http://www.update-
http://www.topalbertadoct
http://mdm.ca/cpgsnew/c
http://www.ngc.gov
http://www.health.gov.ab.
http://www.hc-sc.gc.ca
http://www.nice.org.uk/
http://www.fda.gov
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Databases Platform Edition or Date 

Searched 
Search Terms� 

Coverage/Regulatory/Licensing Agencies (cont�d) 

US Medicare 
Coverage 
Database  

http://www.cms.hhs.gov/
mcd/search.asp? 

Searched June 
23, 2005 

Stillbirth stillbirths still-birth still-births [any 
words]  

Grey Literature Sources 

SIGLE (System 
for Information 
on Grey 
Literature in 
Europe)** 

Licensed Resource June 23, 2005 

Database no 
longer available 

STILLBIRTH? OR STILL-BIRTH? OR 
STILLBORN? OR STILL-BORN?  

NeLH (National 
electronic Library 
for Health 

http://www.nelh.nhs.uk/ Searched June 
23, 2005 

Stillbirth or stillbirths or still-birth or still-births 
or stillborn or stillborns 

Metabrowsers/Search Engines 

Copernic (Basic, 
17 engines 
enabled)  

http://www.copernic.com Searched June 
23, 2005 

stillbirths investigation protocol  

 

Google  http://www.google.com Searched June 
23, 2005 

 

stillbirths investigation protocol; "stillbirth 
investigation protocol" | "stillbirth 
investigative protocol" | �stillbirth protocol� | 
�still-birth protocol� | �fetal death protocol� | 
�foetal death protocol� 

AlltheWeb http://www.alltheweb.co
m/ 

Searched June 
23, 2005 

 

stillbirths investigation protocol; "stillbirth 
investigation protocol" or "stillbirth 
investigative protocol" or �stillbirth protocol� 
or  �still-birth protocol� or �fetal death 
protocol� or �foetal death protocol� 

Other HTA Resources 

GRIPP  http://www.jsiuk-gripp-
resources.net 

June 23, 2005 

Website not 
available 

Stillbirth or still-birth 

CCE  http://www.med.monash.
edu.au/healthservices/cc
e/ 

Searched June 
23, 2005 

Browsed publication list 

ITA  http://www.oeaw.ac.at/ita
/welcome.htm 

Searched June 
23, 2005 

Stillbirth; still-birth; stillborn 

NZHTA  http://nzhta.chmeds.ac.n
z/publications.htm 

Searched June 
23, 2005 

Stillbirth; still-birth; stillborn 

BlueCrossBlue 
Shield  

http://www.bluecares.co
m/ 

Searched June 
23, 2005 

Stillbirth; still-birth; stillborn 

Aetna  http://www.aetna.com Searched June 
23, 2005 

Stillbirth; still-birth; stillborn 

http://www.cms.hhs.gov/
http://www.nelh.nhs.uk/
http://www.copernic.com
http://www.google.com
http://www.alltheweb.co
http://www.jsiuk-gripp-
http://www.med.monash.
http://www.oeaw.ac.at/ita
http://nzhta.chmeds.ac.n
http://www.bluecares.co
http://www.aetna.com
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Databases Platform Edition or Date 

Searched 
Search Terms� 

Other HTA Resources (cont�d) 

STEER  http://www.wihrd.soton.a
c.uk 

Searched June 
23, 2005 

Stillbirth; still-birth; stillborn 

University 
HealthSystem 
Consortium**  

http://www.uhc.edu Searched June 
23, 2005 

Browsed publication list 

Note: �  *, ?, $ are truncation characters that retrieve all possible suffix variations of the root word e.g. 
surg* retrieves surgery, surgical, surgeon, etc. In databases accessed via the Ovid platform the 
truncation character is $ 
** Databases or sources require license or subscription to use 
Searches were limited to human.   
Search terms separated by semicolons indicate separate searches. 

 

http://www.wihrd.soton.a
http://www.uhc.edu
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APPENDIX B:  EXCLUDED STUDIES 
Table B.1:  Summary of excluded studies  

Study Study Type Reason for Exclusion 

Ahlenius et al. (1995)16 Case series study Descriptive study; did not assess the value of a test or protocol for identifying the cause of stillbirth. 

Alderliesten et al. (2003)62 Cross-sectional 
analytic study 

The study population included stillborn fetuses < 20 weeks� gestational age, neonates that died after 
delivery, and elective pregnancy terminations. The results for stillborn fetuses ≥ 20 weeks� gestational age 
could not be separated from the aggregate data. 

Bohra et al. (2004)87 Case series study Descriptive study; did not assess the value of a test or protocol for identifying the cause of stillbirth. 

Bourlière-Najean et al. 
(2003)88 

Case series study Descriptive study; did not assess the value of a test or protocol for identifying the cause of stillbirth. 

Brady et al. (1991)89 Comparative study The test techniques were not compared with respect to their ability to identify the cause of fetal death.  

Brookes et al. (1996)60 Cross-sectional 
analytic study 

The study population included stillborn fetuses < 20 weeks� gestational age and elective pregnancy 
terminations. The results for stillborn fetuses ≥ 20 weeks� gestational age could not be separated from the 
aggregate data. 

Cernach et al. (2004)90 Case series study The test techniques were not compared with respect to their ability to identify the cause of fetal death. 

Christiaens et al. (2000)44 Comparative study The study population included stillborn fetuses < 20 weeks� gestational age and elective pregnancy 
terminations. The results for stillborn fetuses ≥ 20 weeks� gestational age could not be separated from the 
aggregate data. 

Craven et al. (1990)91 Comparative study The study population included stillborn fetuses < 20 weeks� gestational age. The results for stillborn 
fetuses ≥ 20 weeks� gestational age could not be separated from the aggregate data. 

Das et al. (1989)92 Two single arm 
studies 

Test techniques were not compared with respect to their ability to identify the cause of fetal death. 

Duley (1986)93 Case series study Descriptive study; did not assess the value of a test or protocol for identifying the cause of stillbirth. 

Faye-Petersen et al. 
(1999)51 

Cross-sectional 
analytic study 

The study population included neonates that died within 48 hours of birth. The results for stillborn fetuses 
≥ 20 weeks� gestational age could not be separated from the aggregate data. 

Genest et al. (1992)1 Comparative study The study population included stillborn fetuses < 20 weeks� gestational age and elective pregnancy 
terminations. The results for stillborn fetuses ≥ 20 weeks� gestational age could not be separated from the 
aggregate data.  

Genest et al. (1992)94 Comparative study The study population included stillborn fetuses < 20 weeks� gestational age and elective pregnancy 
terminations. The results for stillborn fetuses ≥ 20 weeks� gestational age could not be separated from the 
aggregate data.  
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Table B.1:  Summary of excluded studies (cont�d) 

Study Study Type Reason for Exclusion 

Genest et al. (1992)95 Comparative study The study population included stillborn fetuses < 20 weeks� gestational age. The results for stillborn 
fetuses ≥ 20 weeks� gestational age could not be separated from the aggregate data.  

Gorton & Alderman 
(1996)96 

Comparative study Two different study populations were compared. 

Gronvall & Graem 
(1989)97 

Case series study Descriptive study; did not assess the value of a test or protocol for identifying the cause of stillbirth. 

Hägerstrand & Lundberg 
(1993)98 

Cross-sectional 
analytic study 

Gestational age of stillborn fetuses included in the study was not defined.  

Hawass et al. (1989)99 Cross-sectional 
analytic study 

The study population included stillborn fetuses < 20 weeks� gestational age. The results for stillborn 
fetuses ≥ 20 weeks� gestational age could not be separated from the aggregate data. 

Hayati et al. (1998)100 Case series study Descriptive study; did not assess the value of a test or protocol for identifying the cause of stillbirth. 

Huisman et al. (2002)101 Cross-sectional 
analytic study 

The study population included stillborn fetuses < 20 weeks� gestational age and neonatal deaths. The 
results for stillborn fetuses ≥ 20 weeks� gestational age could not be separated from the aggregate data. 

Husain & O'Conor 
(1991)102 

Case series study Descriptive study; did not assess the value of a test or protocol for identifying the cause of stillbirth. 

Incerpi et al. (1998)103 Cross-sectional 
analytic study 

The study population included elective pregnancy termination. The results for stillborn fetuses ≥ 20 
weeks� gestational age could not be separated from the aggregate data. 

Kalifa et al. (1989)104 Cross-sectional 
analytic study 

The study population included stillborn fetuses < 20 weeks� gestational age. The results for stillborn 
fetuses ≥ 20 weeks� gestational age could not be separated from the aggregate data. 

Keeling et al. (1989)105 Cross sectional 
analytic study 

Gestational age of stillborn fetuses included in the study was not defined. The study population included 
neonatal deaths and the results for stillborn fetuses ≥ 20 weeks� gestational age could not be separated 
from the aggregate data. 

Larsen & Graem (1999)106 Comparative study The study population included stillborn fetuses < 20 weeks� gestational age, elective pregnancy 
terminations, and neonatal deaths. The results for stillborn fetuses ≥ 20 weeks� gestational age could not 
be separated from the aggregate data. 

Lim et al. (2005)75 Prospective cohort 
study 

Descriptive study; did not assess the value of the protocol for identifying the cause of stillbirth (no 
comparison with another protocol). 

Meier et al. (1986)107 Cross-sectional 
analytic study 

The study population included neonatal deaths. The results for stillborn fetuses ≥ 20 weeks� gestational 
age could not be separated from the aggregate data. 
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Table B.1:  Summary of excluded studies (cont�d) 

Study Study Type Reason for Exclusion 

Michalski et al. (2002)108 Cross sectional 
analytic study 

The definition of stillbirth did not match that outlined in the inclusion criteria for this review. 

Olsen et al. (2003)109 Cross-sectional 
analytic study 

The study population included stillborn fetuses < 20 weeks� gestational age and neonatal deaths. The 
results for stillborn fetuses ≥ 20 weeks� gestational age could not be separated from the aggregate data. 

Petersson et al.(2002) 110 Case series/cross 
sectional analytic 
study 

The reference standard was not performed in all of the study population. 

Porter & Keeling (1987)111 Cross-sectional 
analytic study 

Gestational age of stillborn fetuses included in the study was not defined.  

Rodriguez et al. (2002)52 Case series study Descriptive study; did not assess the value of a test or protocol for identifying the cause of stillbirth. 

Ros et al. (1990)112 Cross sectional 
analytic study 

The study population included < 10 stillborn fetuses ≥ 20 weeks� gestational age. 

Sharma et al. (1994)113 Cross sectional 
analytic study 

The study population included < 10 stillborn fetuses ≥ 20 weeks� gestational age. 

Sheffield et al. (2002)114 Cross-sectional 
analytic study 

Gestational age of stillborn fetuses included in the study was not defined. 

Tasdelen et al. (1995)115 Cross-sectional 
analytic study 

Gestational age of stillborn fetuses included in the study was not defined. 

Tennstedt et al. (2001)116 Comparative study Two different study populations were compared. 

Teramo et al (2002)13 Case series study Descriptive study; did not assess the value of a test or protocol for identifying the cause of stillbirth. 

Thornton & O'Hara 
(1998)117 

Cross-sectional 
analytic study 

The study population included neonatal and infant deaths. The results for stillborn fetuses ≥ 20 weeks� 
gestational age could not be separated from the aggregate data. 

Tolfvenstam et al. 
(2001)118 

Cross-sectional 
analytic study 

The study population included < 10 stillborn fetuses ≥ 20 weeks� gestational age. 

Vujanic et al. (1995)119 Case series study Descriptive study; did not assess the value of a test or protocol for identifying the cause of stillbirth. 

Vujanic et al. (1998)120 Comparative study Did not assess the value of a test or protocol for identifying the cause of stillbirth. 
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Table B.1:  Summary of excluded studies (cont�d) 

Study Study Type Reason for Exclusion 

Walters et al. (1997)121 Cross-sectional 
analytic study 

The study population included < 10 stillborn fetuses ≥ 20 weeks� gestational age. 

Wendel et al. (1989)122 Cross-sectional 
analytic study 

The study population included < 10 stillborn fetuses ≥ 20 weeks� gestational age. 

Woodward et al. (1997)123 Cross-sectional 
analytic study 

The study population included stillborn fetuses < 20 weeks� gestational age, elective pregnancy 
terminations, and neonatal deaths. The results for stillborn fetuses ≥ 20 weeks� gestational age could not 
be separated from the aggregate data. 

Yeo et al. (2002)124 Cross-sectional 
analytic study 

The study population included stillborn fetuses (gestational age not defined), elective pregnancy 
terminations, and neonatal deaths. The results for stillborn fetuses ≥ 20 weeks� gestational age could not 
be separated from the aggregate data. 
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APPENDIX C:  METHODOLOGICAL ASSESSMENT RESULTS 
Study Quality Assessment Checklist 
(Adapted from the QUADAS tool78 with additional guidance80-82) 

Reporting 

1. Is the hypothesis/aim/objective of the study clearly described? 

2. Are the characteristics of the study population clearly described? 

 This item is scored �yes� if at least two of the following parameters are reported: 
estimated gestational age, gender mix, birth weight, distribution of anomalies 
(stage or severity), condition (fresh or macerated), source/referral history. 

3. Is the execution of the index test described in sufficient detail to permit replication of the 
test? 

4. Is the execution of the reference test described in sufficient detail to permit replication of 
the test? 

 Items 3 and 4 are scored �yes� if:  
 clear definitions of positive and/or negative test results are reported; or  
 a detailed description of how the test was conducted is given; or 
 a description of the basic elements of the test is given. 

5. Are intermediate results or test �failures� reported? 

This item is scored �yes� if: 
 the test does not produce any uninterpretable/intermediate results; or 
 the study reports the proportion of population in which the test �failed�, 

that is was infeasible or the results were uninterpretable/intermediate. 

Applicability 

6. Is the spectrum of individuals included in the study representative of those who will 
receive the test in practice? 

This item is scored �yes� if the spectrum of stillbirths included in the study is 
representative of those in whom the test will be used in practice, based on 
setting, degree of specimen preservation at time of testing (fresh or macerated), 
time lag between death and performance of the test, previous tests/referral filter, 
distribution of anomalies (stage or severity), and demographic information 
(estimated gestational age, gender, birth weight, other relevant variables).  

7. Are selection criteria clearly described? 

This item is scored �yes� if at least one inclusion and/or exclusion criterion is 
given.  
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Validity 

8. Is selection bias minimized? 

This item is scored �yes� if the study population is selected from a consecutive 
series of individuals or is a random sample of a consecutive series of individuals.  
If this information is not reported then the item is scored �unclear�. 

9. Is a valid reference test used? 

This item is scored �yes� if the reference standard is likely to correctly classify the 
cause of death or is the best method available to do so.  

10. Does the entire study population undergo a reference test for verification? 

All individuals examined with the index test should also be examined with a 
reference test, either before or after the index test, to verify the cause of death.  
This item is scored �yes� if all individuals in the study population underwent a 
reference test. 

11. Does the entire study population receive the same reference test regardless of the index 
test result? 

This item is scored �yes� if all individuals in the study population underwent the 
same reference test.  If some individuals were assessed with a different reference 
test, then this item should be scored �no�.  If this information is not reported then 
the item is scored �unclear�. 

12. Is the reference test independent of the index test (i.e., the index test does not form part of 
the reference test)? 

This item only applies when a composite reference test is used to verify disease 
status.  The item is scored �yes� for studies in which a single reference test is used. 

13. Is the time period between the performance of the index and reference test short enough 
that the fetal specimen does not change before the second test is undertaken? 

 This item is scored �no� if the fetal specimen or tissues is stored in a way that may 
alter it, or if the time lag between the two tests is long enough that the ability of 
the second test to determine the cause of death is compromised by changes in the 
fetal specimen or tissues. 

14. Is the order of testing valid? 

This item is scored �no� if the order of testing means that the fetal specimen is 
altered by the first test before the second test is undertaken, as would occur if an 
autopsy is performed prior to an MRI examination. 

15. Are the index test results interpreted without knowledge of the results of the reference 
test? 
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16. Are the reference test results interpreted without knowledge of the results of the index 
test? 

If the study clearly states that each test was undertaken and interpreted blind to 
the results of the other test, then items 15 and 16 are scored �yes�.  If this 
information is not reported, then it is scored �unclear�. 

17. Is the index test measured independently of all other clinical information?  

 If the index test is intended to replace other clinical tests, then clinical data 
should be not be available, or should be available for all index tests.  If clinical 
data (any information relating to the patient obtained by direct observation, such 
as age, sex, symptoms) would normally be available when the test is interpreted 
in practice, and similar data were available when the index test is interpreted in 
the study, then this item is scored �yes�.  This item does not apply when the 
interpretation of the index test is fully automated and does not involve a 
subjective interpretative component. In this case, the item is scored �yes�. 

18. Are withdrawals from the study explained? 

 This item is scored �yes� if it is clear what happened to all individuals in the 
study population. If any individuals did not undergo both the reference and 
index tests and were not accounted for, this item is scored �no�. 
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Table C.1:  Study quality assessment results 

Study Characteristic Agapitos et al. 
(1996)45 

Cartlidge et al. 
(1995)56 

Killeen et al. 
(2004)69 

Kock et al. 
(2003)70 

Is the hypothesis/aim/objective of the study clearly described?     

Are the characteristics of the study population clearly described? X   X 

Is the execution of the index test adequately described?  X   

Is the execution of the reference test adequately described? X   X 

Reporting 

Are intermediate results or test �failures� reported?     

Is the spectrum of individuals included in the study representative of those who 
will receive the test in practice? ?    Applicability 

Were selection criteria clearly described?     

Is selection bias minimised? ?   X 

Is a valid reference test used?     

Does the entire study population undergo a reference test for verification?     

Does the entire study population receive the same reference test?     

Is the reference test independent of the index test?     

Is the time period between the performance of the index and reference test valid? ? ? ? ? 

Is the order of testing valid? NA ?   

Are the index test results interpreted without knowledge of the results of the 
reference test? X X X X 

Are the reference test results interpreted without knowledge of the results of the 
index test? ?    

Is the index test measured independently of all other clinical information?     

Validity 

Are withdrawals from the study explained? X    

Key: Yes = ; No = X; Unclear = ?; Not applicable or not possible because of the nature of the test = NA 
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Study Characteristic Rasmussen et al. 

(2003)58 
Rayburn et al. (1985)71 Saller et al. (1995)72 

Is the hypothesis/aim/objective of the study clearly described?    

Are the characteristics of the study population clearly described? X  X 

Is the execution of the index test adequately described? X   

Is the execution of the reference test adequately described? X   

Reporting 

Are intermediate results or test �failures� reported?    

Is the spectrum of individuals included in the study representative of those who 
will receive the test in practice? 

  ? Applicability 

Were selection criteria clearly described?    

Is selection bias minimised?  ? ? 

Is a valid reference test used?    

Does the entire study population undergo a reference test for verification?    

Does the entire study population receive the same reference test?  ?  

Is the reference test independent of the index test?    

Is the time period between the performance of the index and reference test valid? ? NA ? 

Is the order of testing valid?  NA  

Are the index test results interpreted without knowledge of the results of the 
reference test? X ? X 

Are the reference test results interpreted without knowledge of the results of the 
index test? 

 ?  

Is the index test measured independently of all other clinical information?    

Validity 

Are withdrawals from the study explained?    

Key: Yes = ; No = X; Unclear = ?; Not applicable or not possible because of the nature of the test = NA 
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APPENDIX D:  DATA EXTRACTION TABLES 
List of abbreviations for Appendix D 
[Ref] � reference test 

n � number of cases included 

p � p-value 

SB � stillbirth(s) or stillborn(s) 

US � ultrasound/ultrasonography 

USA � United States of America 

WHO � World Health Organization 
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Table D.1:  Profile of included studies  

Authors/ 
Location 

Type of investigation Study Design Study Population 

Agapitos et al. 
199645 
 
Athens, Greece 
 
(PR1) 

1) Reference Test/Protocol [Ref]: 
Clinical data + Autopsy data 
Large organs were examined macroscopically, 
counted, and weighed; parts were taken for 
histological examination.  
2) Index Test/Protocol: 
[Ref] + placental examination data 
The placentas were examined macroscopically. 
After removal of the umbilical cord and 
membranes, they were weighed and measured. 
Sections were taken from the umbilical cord, the 
membranes, the placental surface, the uterine 
surface, and from areas with macroscopic 
lesions for histological examination. 
Cause of Death Classification Used: 
Wigglesworth classification 

Prospective cross-sectional 
analytic study (examination of 
placentas over 3 years to 
evaluate the significance of 
placental histological 
examination during routine post-
mortem) 
Details of Blinding: Not stated 
Eligibility Rate for Study: Not 
stated 
Study Period: from 1988 to 1991 
Investigation Setting: Not stated 
Investigator/Assessor Details:  
Not stated  

Population Characteristics:  
n = 164 stillborn fetuses with autopsies and their placentas;  
Intra-partum deaths were not included.  
Referral Base: Not stated 
Definition of Stillbirth: Death occurring in utero after the 22nd 
week. Stillborn fetuses were differentiated from live born 
according to WHO criteria (lack of breath, heart beat, 
umbilical cord pulses or evident voluntary muscle 
movement). 
Determination of Intrauterine Death: Not stated 
Determination of Gestational Age: Clinical evidence and 
measurements of multiple body dimensions (such as body 
length, circumference of the head, thorax and stomach, 
weight and morphology of the brain and lungs). 
Gestational Age at Death: Not stated 
Gestational Age at Delivery: Not stated 
Time interval between fetal death and delivery: Not stated 
Weight at Delivery: Not stated 
Gender Mix: Not stated 
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Table D.1:  Profile of included studies (cont�d) 

Authors/ 
Location 

Type of investigation Study Design Study Population 

Cartlidge et al. 
199556 
Cardiff, Wales, 
United Kingdom 
 
(PR2) 

1) Reference Test/Protocol [Ref]: 
Clinical data 
Data collected on the mother included medical 
and obstetrical history and current pregnancy, 
labour, and delivery information. Data collected 
on the fetus included gender, birth weight, and 
gestational age. 
2) Index Test/Protocol: 
[Ref] + Autopsy data 
No details given.  
Cause of Death Classification Used: 
Wigglesworth classification 

Retrospective cross-sectional 
analytic study (retrospective 
review and analysis of data from 
a perinatal survey to re-evaluate 
the contribution of perinatal and 
infant necropsy  to clinical 
practice)  
Details of Blinding: Assessors of 
the clinical data were blinded to 
the necropsy results.  
Eligibility Rate for Study: of the 
179 stillbirth cases, autopsy was 
not requested in 21 cases 
(11.7%) and refused in 54 cases 
(30.2%); The necropsy rate was 
43% after a fresh stillbirth and 
69% after a macerated stillbirth.  

Study Period: first 400 cases 
reported in 1993. 
Investigation Setting: Not stated 
Investigator/Assessor Details: 
Examination results were 
assessed by a panel consisting 
of a neonatal paediatrician, an 
obstetrician, a paediatric 
pathologist and a midwife.  

Population Characteristics:  
n = 104 stillborn fetuses with autopsies, grouped (according 
to timing of death) into 71 macerated stillbirths (68.3%) and 
33 fresh stillbirths (31.7%) 
Referral Base: Data derived from a population based 
surveillance of all fetal and infant deaths (from 20 weeks 
gestation to 1 year of age) in Wales. 
Definition of Stillbirth: Death occurring in utero ≥ 20 weeks� 
gestation.  
Determination of Intrauterine Death: Not stated 
Determination of Gestational Age: Not stated. 
Gestational Age at Death: Not stated 
Gestational Age at Delivery: Not stated 
Time interval between fetal death and delivery: Not stated 
Weight at Delivery: Not stated 
Gender Mix: Not stated 
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Table D1: profile of included studies (cont�d) 

Authors/ 
Location 

Type of investigation Study Design Study Population 

Killeen et al. 
200469 
 
Dublin, Ireland  
 
(PR3) 

1) Reference Test/Protocol [Ref]: 
Clinical data                                       
The clinical diagnosis was derived from 
the patient notes at the time of death of 
the fetus.  
Other data obtained were the mother�s 
age, antenatal history, infant�s birth 
weight, gender, gestational age at death, 
and post mortem measurements. 
2) Index Test/Protocol: 
[Ref] + Autopsy data 
The pathological diagnosis from the 
autopsy report was derived from clinical 
and autopsy data.   
The autopsy report comprised a review 
of the clinical records and documentation 
of placental as well as full post mortem 
anatomical, histological, microbiological 
and chromosomal findings. 
Cause of Death Classification Used:  
Not stated 
 

Retrospective cross-sectional analytic study (retrospective 
review of data from autopsy reports, patient notes at time of 
deaths and clinical records to quantify the diagnostic 
importance of the perinatal autopsy)  
Details of Blinding: Not stated 
Eligibility Rate for Study:  
Of all stillborn cases (total number not stated), consent for 
full post mortem obtained and autopsy performed in 80% of 
all early stillborn cases and in 88% of all late stillborn cases. 
Study Period: 1st January 1995-31st December 1999. 
Investigation Setting: Rotunda Hospital (tertiary referral 
maternity hospital, with an average birth rate of 6,080 per 
year). 
Investigator/Assessor Details:  
Individual members of a group (including a consultant 
pathologist, neonatal registrar, and an obstetric registrar) 
compared the pathological diagnosis and the documented 
clinical diagnosis independently.   
The team members reviewed any significant uncertainties or 
differences in the interpretation of the findings together and 
a consensus was achieved.   
 

Population Characteristics:  
n = 130 stillborn cases with autopsies 
grouped into 87 early stillborn cases (< 
37/40 weeks gestation) and 43 late 
stillborn cases (≥ 37/40 weeks 
gestation) 
Referral Base: all perinatal deaths 
delivered over a 5-year period in a 
tertiary referral maternity hospital. 
Definition of Stillbirth:  stillborn 
(regardless of gestation) with a birth 
weight > 500 g 
Determination of Intrauterine Death: Not 
stated 
Determination of Gestational Age: Not 
stated 
Gestational Age at Death: Not stated 
Gestational Age at Delivery: Not stated  
Time interval between fetal death and 
delivery: Not stated 
Weight at Delivery: Not stated 
Gender Mix: Not stated 
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Table D1: Profile of included studies (cont�d) 

Authors/ 
Location 

Type of investigation Study Design Study Population 

Kock et al. 
200370 
 
Odense, 
Denmark 
 
(PR4) 

1) Reference Test/Protocol [Ref]:  
Clinical data (as provided in death certificate) 
The �clinical diagnosis� in the death certificate was 
based on clinical history data and the clinician�s 
evaluation of the data at hand at the time of death 
or stillbirth. 
The main diagnosis was recorded as the first 
diagnosis and was considered the most likely 
cause of death.  If the cause of death was �not 
explained� clinically, the death certificate might 
correctly state this as a valid diagnosis. 
No medical records were included in this study. 
2) Index Test/Protocol: Autopsy   data                                                        
As a basic standard, a full autopsy was performed 
including opening of the skull, and tissue samples 
were examined microscopically.  Microbiological 
examinations, X-ray or karyotyping were 
performed in some cases (not described), but not 
as part of a standard procedure. 
Cause of Death Classification Used:  
Not clearly stated.  The investigators used 
�homogeneous groups of causes of infant death 
and stillbirth� established in 3 other studies (not 
clear which classification was used). 
 

Retrospective cross-sectional analytic study 
(retrospective review of data from death 
certificates and autopsy reports, to evaluate the 
information gained by performing an autospy) 
Details of Blinding: Not stated 
Eligibility Rate for Study: of all 273 stillbirths, 
autopsy was performed in 192 cases (70%); in 
15/192 cases (7.8%) autopsy reports were not 
available, and data were not reported for these 
cases. 
Study Period: from 1986 to 1996 
Investigation Setting: Not stated 
Investigator/Assessor Details:  
The majority of autopsies in stillbirths and infants 
during the study period were performed or 
supervised by a perinatal pathologist or a 
forensic pathologist (for the unexpected infant 
deaths).   
The death certificates and autopsy reports were 
examined by the authors (their professional 
backgrounds not stated) 

Population Characteristics:  
n = 177 stillbirths with autopsy and 
autopsy reports available;  
Referral Base: data derived for all 
stillbirths and infant deaths with an 
address in the County of Funen, Denmark 
at time of death; deaths taking place 
outside the County were also included 
Definition of Stillbirth: intrauterine death or 
death during delivery with a gestational 
age of ≥28 weeks. 
Determination of Intrauterine Death: Not 
stated 
Determination of Gestational Age: Not 
stated 
Gestational Age at Death: Not stated 
Gestational Age at Delivery: Not stated 
Time interval between fetal death and 
delivery: Not stated 
Weight at Delivery: Not stated 
Gender Mix: Not stated 
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Table D1: Profile of included studies (cont�d) 

Authors/ 
Location 

Type of investigation Study Design Study Population 

Rasmussen et 
al. 200358 

 

Oslo, Norway 

 

(PR5) 

1) Reference Test/Protocol                                      
[Ref]: Clinical data 
Clinical data were retrieved from hospital 
records (delivery logs and clinical records). 
2) Index Test/Protocol: 
[Ref] + Autopsy  data 
Autopsy data were retrieved from autopsy 
records. 
Cause of Death Classification Used: 
Each fetal death was assigned a cause of 
death based on: clinical data alone, 
combined clinical and autopsy data, and 
Registry data.  
The system applied to determine the cause 
�combined elements from clinopathologic 
systems described earlier for classifying 
perinatal deaths whether or not a post-
mortem examination had been carried out�.                    
If the used diagnostic procedure failed to 
identify a cause, the fetal death was 
considered unexplained. 

 

Retrospective cross-sectional analytic 
study (retrospective review and 
comparison of data on unexplained  
fetal deaths in the Medical Birth 
Registry of Norway to validate the 
diagnosis of an unexplained antepartum 
fetal death in the Registry against 
hospital records alone and combined 
with autopsy records). 
Details of Blinding: Not stated 

Eligibility Rate for Study: Not stated 

Study Period: from 1985 to 1997 

Investigation Setting: Aker Hospital and 
Haukeland Hospital (university 
hospitals) 
Investigator/Assessor Details:                                   
At each hospital fetal deaths were 
reviewed by a clinician and a 
pathologist.  To ensure comparability 
between the two hospitals all cases 
were finally re-reviewed by one of the 
authors (professional backgrounds not 
stated). 

 

Population Characteristics: n = 325 intrauterine 
antepartum fetal deaths recorded with unexplained 
causes of death in the Registry (all singletons) 
Referral Base: Each case of intrauterine death identified 
in delivery logs from 2 university hospitals was linked with 
the Medical Birth Registry of Norway, using the national 
identification number.              

Definition of Stillbirth: antepartum fetal death at a 
gestational age  ≥28 weeks or a birthweight ≥ 1000 g. 
Determination of Intrauterine Death: Not stated;  

Determination of Gestational Age: in the clinical dataset, 
information of gestational age was based on US dating 
between 16 and 19 weeks�gestation when available, 
otherwise on the last menstrual period 

Gestational Age at Death: Not stated 

Gestational Age at Delivery: median gestational age for 
an unexplained death was 38 weeks and for an explained 
death was 35 weeks. 

Time interval between fetal death and delivery:  
investigators assumed that time of death coincided with 
time of birth 

Weight at Delivery: Not stated 

Gender Mix: Not stated 
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Table D1: Profile of included studies (cont�d) 

Authors/ 
Location 

Type of investigation Study Design Study Population 

Rayburn et al. 
198571 
Michigan USA 
 
(PR6) 

1) Reference Test/Protocol [Ref]:   
Clinical data and/or Autopsy data 
The clinical history was documented on 
admission and at delivery.  Conditions thought 
to be associated with the intrauterine deaths 
were recorded. 
All autopsies were complete gross 
examinations and only selected cases 
underwent bacterial culturing or microscopic 
evaluation of specific organs or tissues. 
2) Index Test/Protocol: 
Placental histologic examination data + [Ref] 
(clinical data) 
After delivery, placenta was placed as soon as 
possible in a 10% neutral-buffered formalin 
solution in an adequate-size plastic container.  
Cultures were not obtained routinely before 
fixation.  Representative areas of grossly 
normal and abnormal tissues were examined 
and approximately 8 tissue blocks were excised 
and prepared per specimen from the placenta, 
cord and membranes.   
Cause of Death Classification Used:  
Not stated 
 

Prospective cross-sectional analytic study 
(examination of placentas over 4.5 years 
to determine whether the histologic 
findings contributed to a better 
understanding of the cause for an 
intrauterine fetal death) 
Details of Blinding: Not stated 
Eligibility Rate for Study: of 97 stillborn 
infants delivered over a 4.5-year period, 
89 cases (92%) had adequate information 
about the clinical history, fetal autopsy, 
and placental histologic examination 
Study Period: between January 1979 and 
June 1983 
Investigation Setting: University of 
Michigan�s Women�s Hospital 
Investigator/Assessor Details:  
All autopsies were performed by the same 
teratologist who was aware of the clinical 
history.   
The placentas were examined by the 
same pathologist according to the method 
of Benirshke and with knowledge of the 
clinical history. 
 

Population Characteristics: n= 89 stillborn infants 
with adequate information about the clinical history, 
autopsy examination, and placental histologic 
examination delivered at one institution (there were 
no clearly reported data on one case); intrapartum 
deaths were excluded. 
Referral Base: 81 of all pregnant women who 
delivered stillborn infants over a 4.5-year period at 
the University of Michigan�s Women�s Hospital, had 
received their primary care elsewhere and were 
referred after the diagnosis of fetal death 
Definition of Stillbirth:  stillborn infants beyond 20 
weeks gestation 
Determination of Intrauterine Death: Not stated  
Determination of Gestational Age: clinical history 
and measurements of multiple fetal body 
dimensions such as body and foot length, brain 
weight, and lung weight. 
Gestational Age at Death: Not stated 
Gestational Age at Delivery: Not stated 
Time interval between fetal death and delivery: 
delivery occurred within 24 hours of death in 6 
cases (7%), within 1 week in 71 cases (80%), and 
beyond 1 week in 12 cases (13%). 
Weight at Delivery: Not stated 
Gender Mix: Not stated 
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Table D1: Profile of included studies (cont�d) 

Authors/ 
Location 

Type of investigation Study Design Study Population 

Saller et al. 
199572 
 
Providence, 
Rhode Island, 
USA 
 
(PR7) 

1) Reference Test/Protocol [Ref]: 
Clinical examination 
A critical review of the obstetrical and 
neonatal chart was performed for obstetrical 
complications, prenatal diagnoses, delivery 
and neonatal data, and any clinical 
impressions of the clinical diagnosis was 
performed.   
2) Index Test/Protocol: 
[Ref] + autopsy  
The autopsy examinations routinely included 
a review of clinical record and a systematic 
body examination (body weight and external 
measurements, photographs and X-ray 
examination, external gross examination, 
examination of brain and organs of the 
thoracic, abdominal and pelvic cavities, 
recorded weights and microscopic 
examination of all major organs, gross and 
microscopic placental examination, bacterial 
cultures of blood and lungs, viral cultures 
where history of pathologic findings were 
suggestive, and cytogenetic studies when 
anomalies were noted.                                               
Cause of Death Classification Used: 
Not stated 
 

Retrospective cross-sectional analytic study 
(retrospective review of medical and pathology 
records to evaluate clinical utility of perinatal 
autopsy in determining the cause of a perinatal 
death) 
Details of Blinding: clinical diagnosis made without 
knowledge of autopsy results;  
Eligibility Rate for Study: of all 93 fetal deaths 
identified, autopsies were performed in 77 cases 
(83%) 
Study Period: from 1990 and 1991 
Investigation Setting: Women and Infants Hospital, 
Brown University School of Medicine, Providence, 
Rhode Island (university affiliated, private, tertiary 
care hospital, limited to obstetrics, gynecology, and 
neonatology) 
Investigator/Assessor Details:  
All autopsies were performed by or under the direct 
supervision of a perinatal pathologist. 
A different investigator performed an independent 
review of the pathology records, which did include 
a summary of pertinent clinical information. 
 

Population Characteristics:  
n = 77 fetal deaths with autopsy performed 
and pathology records available;  
Referral Base: all fetal deaths from 1990 
and 1991  at Women and Infants Hospital 
identified through a search of medical and 
pathology records. 
Definition of Stillbirth:  fetal deaths with an 
estimated gestational age of ≥20 weeks 
(based on standard definition of perinatal 
death). 
Determination of Intrauterine Death: Not 
stated 
Determination of Gestational Age: Not 
stated 
Gestational Age at Death: Not stated 
Gestational Age at Delivery: Not stated 
Time interval between fetal death and 
delivery: Not stated 
Weight at Delivery: Not stated 
Gender Mix: Not stated 
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Table D.2:  Diagnostic contribution of the protocol, test, or examination being assessed  

 Agapitos et al. (1996)45 Cartlidge et al. (1995)56 Killeen et al. (2004)69 Kock et al. (2003)70 

Clinical data + 
Autopsy data 

[Ref] 

[Ref] + 
Placental 

Examination 

Clinical data 
[Ref] 

[Ref] + Autopsy 
data 

Clinical data          
[Ref] 

[Ref] + 
Autopsy data 

Clinical data 
(as stated on 

death 
certificate)        

[Ref] 

Autopsy 
data 

Outcomes 

n = 164 n = 104 

[n=71 macerated SB; n=33 fresh 
SB] 

n = 130 

[n=87 early SB; n=43 late SB] 

n =177 

Cause of death 

Explained 

 

 

42.1% 

 

 

88.4% 

 

    

89% (early SB) 

62% (late SB) 

 

53.7% 

 

60.5% 

Unexplained 57.9% 11.6%    11% (early 
SB)* 

38% of late 
SB* 

46.3% 39.5% 

Confirmative       51% (early 
SB)* 

33% (late SB)* 

 89.8% 

Diagnostic  46.3%║  11.5% (all SB) 

[11.3% 
macerated SB; 
12.1% fresh SB] 

 38% (early 
SB)* 

29% (late SB)* 

 10.2% 

Changed from unexplained 
 to explained 

       6.8% 

Additional information 
provided but no change in 
diagnosis 

   21.2% to 22% 
(all) 

[2.8% macerated 
SB; 12.1% fresh 
SB] 

   24.3% 

 
Confirmative  = cause of death confirmed or agreement between the reference and index test/protocol/examination in the case of unexplained death 
Diagnostic = cause of death found, or cause of death changed, or definitive diagnosis made 
║Statistically significant contribution (p not stated) 
* P<0.1 
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Table D.2:  Diagnostic contribution of the protocol, test, or examination being assessed (continued) 

 Rasmussen et al. (2003)58 Rayburn et al.(1985) 71 Saller et al. (1995)72 

Clinical data 
[Ref] 

[Ref] + Autopsy data 
 

Clinical data and/or 
Autopsy  data 

[Ref] 

Placental examination 
+ [Ref] (clinical data) 

Clinical data 
[Ref] 

[Ref]  + Autopsy 
data  

Outcomes 

n = 325 n = 89 n = 77 

Cause of death 

Explained 

 

 

60% 

 

66% 

  

98% 

  

62.3% 

Unexplained 40% 34%    1.1%   

Confirmative     75%  28.6% 

Diagnostic    22.5%  29.9% 

Changed from unexplained 
 to explained 

 6%    11.2%   

Additional information 
provided but no change in 
diagnosis 

     3.9% 

 
Confirmative  = cause of death confirmed or agreement between the reference and index test/protocol/examination in the case of unexplained cause of death 
Diagnostic = cause of death found, or cause of death changed, or definitive diagnosis made 
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