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Abstract

Objective: To review the information on fetal and perinatal autopsies,

the process of obtaining consent, and the alternative information-
gathering options following a prenatal diagnosis of non-
chromosomal malformations, and to assist clinicians in providing
postnatal counselling regarding fetal diagnosis and recurrence risks.

Outcomes: To provide better counselling about fetal and perinatal

autopsies for women and families who are dealing with a
prenatally diagnosed non-chromosomal fetal anomaly.

Evidence: Published literature was retrieved through searches

of PubMed or Medline, CINAHL, and The Cochrane Library in
2009 and 2010, using appropriate key words (fetal autopsy,

This document reflects emerging clinical and scientific advances on the date issued and is subject to change. The information
should not be construed as dictating an exclusive course of treatment or procedure to be followed. Local institutions can dictate
amendments to these opinions. They should be well documented if modified at the local level. None of these contents may be

reproduced in any form without prior written permission of the SOGC.
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postmortem, autopsy, perinatal postmortem examination,
autopsy protocol, postmortem magnetic resonance imaging,
autopsy consent, tissue retention, autopsy evaluation). Results
were restricted to systematic reviews, randomized controlled
trials/controlled clinical trials, and observational studies.
Additional publications were identified from the bibliographies of
these articles. There were no date or language restrictions. Grey
(unpublished) literature was identified through searching the
websites of health technology assessment and health technology
assessment-related agencies, clinical practice guideline
collections, clinical trial registries, and national and international
medical specialty societies.

Benefits, harms, and costs: This update educates readers about
(1) the benefits of a fetal perinatal autopsy, (2) the consent process,
and (3) the alternatives when the family declines autopsy. It also
provides a standardized approach to fetal and perinatal autopsies,
emphasizing pertinent additional sampling when indicated.

Values: The quality of evidence was rated using the criteria described
in the Report of the Canadian Task Force on Preventive Health
Care (Table 1).

Recommendations

1. Standard autopsy should ideally be an essential part of fully
investigating fetal loss, stillbirths, and neonatal deaths associated
with non-chromosomal fetal malformations. (II-3A)

2. Clinicians and health care providers approaching parents for
autopsy consent should discuss the options for a full, limited, or
step-wise postmortem examination; the issue of retained fetal
tissues; and the value of autopsy and the possibility that the
information gained may not benefit them but may be of benefit to
others. This information should be provided while respecting the
personal and cultural values of the families. (IlI-A)

3. If parents are unwilling to give consent for a full autopsy,
alternatives to full autopsy that provide additional clinical
information must be presented in a manner that includes
disclosure of limitations. (IlI-A)

4. External physical examination, medical photographs, and standard
radiographic or computed tomography should be offered in all
cases of fetal anomaly(ies) of non-chromosomal etiology. (II-2A)

5. Well-designed, large prospective studies are needed to evaluate
the accuracy of postmortem magnetic resonance imaging. It
cannot function as a substitute for standard full autopsy. (l11-A)

6. The fetal and perinatal autopsies should be performed by trained
perinatal or pediatric pathologists. (II-2A)

7. The need for additional sampling is guided by the results of
previous prenatal and/or genetic investigations, as well as the type
of anomalies identified in the fetus. Fibroblast cultures may allow
future laboratory studies, particularly in the absence of previous
karyotyping or if a biochemical disorder is suspected, and DNA
analysis. (1I-3A)

8. In cases requiring special evaluation, the most responsible
health care provider should have direct communication with the
fetopathologist to ensure that all necessary sampling is
performed in a timely manner. (11-3A)

9. The most responsible health care providers must see the
families in follow-up to share autopsy findings, plan for the
management of future pregnancies, obtain consent for additional
testing, and offer genetic counselling to other family members
when appropriate. (l1I-A)
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INTRODUCTION

he major objectives of the fetal or perinatal autopsy

are to determine gestational age, document growth
and development, detect congenital abnormalities, analyze
clinical diagnosis and treatment, and determine the cause
of death and possible recurrence risk.!

The approach to fetal or perinatal autopsy is very different
from the approach to adult autopsy. Fetal development
is, in part, dependent on maternal health and intrauterine
environment. In addition, the diseases and conditions
considered in the fetus are not the same as in adults.
Genetic syndromes must be identified if present.

The answers provided by the fetal or perinatal autopsy
benefit the parents and extended family as well as allowing
the treating physician to understand and counsel about the
etiology identified for the loss. Most parents after losing a
pregnancy or newborn have many questions that can be
answered only after a high quality autopsy. The autopsy can
provide valuable explanations, and it allows care providers
to offer more accurate genetic counselling to the family and
helps in planning for the management of future pregnancies.

Autopsy findings are more likely to be useful when no
clear clinical diagnosis is available or when there is a fetal
malformation.” The need for a fetal or perinatal autopsy
must be evaluated by the clinician and adapted to the
results of the investigation performed before fetal or
neonatal demise.” For example, the need for a fetal autopsy
after pregnancy termination for a confirmed diagnosis
of fetal trisomy 18 is different from the need for autopsy
of a fetus with unexplained multiple malformations. The
presence of prenatally diagnosed fetal malformation(s)
with no chromosomal diagnosis is a clear indication for a
fetal autopsy.

The main objectives of this technical update are to review

1. The benefits of a fetal or perinatal autopsy
The consent process

3. The alternatives when the family declines the full
autopsy.

A standardized approach to the fetal and perinatal autopsy
is provided in the Appendix.

DEMONSTRATED BENEFITS OF A
FETAL OR PERINATAL AUTOPSY

Gordijn et al.* reviewed the performance of perinatal
autopsies by comparing the clinical and autopsy diagnoses
in stillbirths, neonatal deaths, and therapeutic terminations.
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Table 1. Key to evidence statements and grading of recommendations, using the ranking of the Canadian Task Force

on Preventive Health Care

Quality of evidence assessment*

Classification of recommendationst

I: Evidence obtained from at least one properly randomized
controlled trial

11-1:  Evidence from well-designed controlled trials without

randomization

11-2: Evidence from well-designed cohort (prospective or
retrospective) or case—control studies, preferably from
more than one centre or research group

11-3: Evidence obtained from comparisons between times or

places with or without the intervention. Dramatic results in
uncontrolled experiments (such as the results of treatment with
penicillin in the 1940s) could also be included in this category

Ill:  Opinions of respected authorities, based on clinical experience,
descriptive studies, or reports of expert committees

A

E.

L.

There is good evidence to recommend the clinical preventive action

There is fair evidence to recommend the clinical preventive action

. The existing evidence is conflicting and does not allow to make a

recommendation for or against use of the clinical preventive action;
however, other factors may influence decision-making

. There is fair evidence to recommend against the clinical preventive action

There is good evidence to recommend against the clinical preventive
action

There is insufficient evidence (in quantity or quality) to make
a recommendation; however, other factors may influence
decision-making

*The quality of evidence reported in these guidelines has been adapted from The Evaluation of Evidence criteria described in the Canadian Task Force on

Preventive Health Care.®

tRecommendations included in these guidelines have been adapted from the Classification of Recommendations criteria described in the Canadian Task Force

on Preventive Health Care.*

The autopsy revealed a change in diagnosis or additional
findings in 22% to 76% of cases. If confirmation of
clinical findings is also considered, then perinatal autopsy
had value in up to 100% of cases. The factors that may
influence the value of perinatal autopsies include the type
and definitions of perinatal loss, autopsy rates and protocol
use, expertise of pathologists and level of hospital care,
and antenatal diagnosis.*

More recently, Phadke and Gupta® obtained similar
indicators of performance in 91 autopsies performed
after antenatal identification of fetal malformations: fetal
autopsy provided a definite diagnosis in 79.1% of the
cases and confirmed the sonographic findings in 97.8%.
Additional findings helped in redefining the diagnosis in
33% of the cases.’

Dickinson et al.® published a series of 1012 consecutive
terminations for fetal abnormality. Autopsy was performed
in 809 cases (79.9%). In euploid cases, autopsy confirmed
the prenatal diagnosis with no additional information in
63.5% (357 of 562). In 1.1% (6 cases), autopsy added
major diagnostic information, and in 15.1% (85 cases),
significant information was provided. Autopsy provided
diagnosis or clarification of some prenatal findings in 16%
of cases.’ Previous studies reported an overall refinement
of the recurrence risk in 27% of the cases.’

Therefore, in around 30% of perinatal postmortem
examinations, some additional information is obtained
from autopsy that changes either the underlying diagnosis
or information given to patents during counselling®

Autopsy findings are more likely to contribute additional
information when the examination is completed as soon
as possible after fetal demise.”

Clinicians can confidently advise parents of the usefulness
of autopsy in ascertaining the cause of death and for
counselling themin their future pregnancies.* Other benefits
of perinatal autopsy include auditing of perinatal program
outcomes, ensuring that families receive emotional support
and bereavement care, and enhancing teaching and medical
knowledge.’

OBTAINING CONSENT FOR A
FETAL OR PERINATAL AUTOPSY

It is imperative that clear information be provided to the
parents so their consent for full or limited autopsy is truly
informed." The topic of a postmortem examination
can be brought up when withdrawal of treatment
and/or pregnancy termination is first considered.
Clinicians approaching patents for autopsy consent
should discuss the options for a full, limited, or step-wise
postmortem examination. They should also discuss the
issues of retained fetal tissues, the value of autopsy, and
the possibility that information gained may not benefit
them directly but may benefit others.!’ There must also
be written information available to parents, describing
the perinatal autopsy, as an adjunct to the explanations
given by the clinical team.

Health care professionals need to tailor the information they
provide to each specific situation, as some people may insist
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on in-depth detail, whereas others would prefer to have only
the basics of the procedure explained to them. The ability to
be sensitive in communicating the rationale for postmortem
examination and alternatives to parents is as crucial as
the ability to be skilful in the collection of specimens and
performance of autopsy.” The treating team should discuss
the autopsy with the family in a timely and accurate manner
in a quiet environment, allowing sufficient time to answer
questions. Addressing specific cultural and/or religious
values is essential, and there are published studies that will
help care providers in doing this." It is important to inform
the parents that their baby will be treated with respect and
dignity at all times. Agreeing to autopsy does not prevent a
family from spending time with their baby or choosing to
have a funeral or memorial service.

The guidelines from the European Parliament and Council
advised that postmortem consent forms should include a
section explicitly addressing the issue of organ retention."”
Parental agreement to organ retention has been reported
to be as high as 60%.'"* Laws specific to fetal autopsy may
vary by jurisdiction.

The consent for autopsy should be recorded on an
approved consent form relevant to the jurisdiction.”
Molecular diagnostic analyses from a fetal sample may
be discussed and recorded on a specific consent form. If
parents are unwilling to give consent for a full autopsy,
alternatives to autopsy must be presented in a manner that

includes disclosure of limitations.'

APPROACH TO THE FETAL
OR PERINATAL AUTOPSY

These autopsies should be performed by trained perinatal,
pediatric, or fetal pathologists and should follow accepted
protocols.

Information for the pathologist should be provided in a
timely and accurate manner and should include the details
of the complete obstetrical and medical history, invasive
testing, imaging, and family history. In cases requiring
special evaluation (e.g., eye examination, metabolic autopsy,
and suspected myopathies), direct communication with
the pathologist is preferable to ensure that all necessaty
sampling is performed. Details of the approach to the
perinatal autopsy are included in the Appendix.

ALTERNATIVES WHEN A FAMILY
DECLINES AN AUTOPSY

Standard autopsy provides the only process for fully
investigating fetal loss, stillbirths, and neonatal deaths
associated with non-chromosomal fetal malformations.
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The rates of fetal and perinatal autopsy are higher
than the rates of autopsy for any other age group but
have expetienced a decline in recent decades.'”” The
controversies surrounding the issue of organ retention
are likely to have had an impact.'® The year after the
implementation of a guideline for investigating stillbirths
in Alberta there was an increase from 54% to 74.5% in
fetal autopsies and a decrease to 48% 3 years later.” A
similar decrease has been reported in other countries.'®'®!
Khong and Tanner reported a 58% acceptance for fetal
autopsy in a group of 305 women following pregnancy
terminations.'’

Autopsy may be declined because (a) the parents feel the
baby has already suffered enough, (b) the parents assume
that prenatal investigations were sufficient, (c) health care
professionals failed to provide adequate explanation of
autopsy, and (d) the parents were not offered options to
postmortem examination.”’ Declining autopsy rates may
also be linked to personal values and cultural or religious
prohibitions. Knowledge of the circumstances in which
a postmortem examination is permitted may improve
the clinician’s ability to discuss in a sensitive manner the
options acceptable to the family."” Cultural and religious
considerations pertaining to fetal and perinatal autopsies
are reviewed in the literature.'>"” The treating team should
respect the parents’ decision

When parents are reluctant to consent to a full autopsy, they
may agree to a limited autopsy, including examination of
specific body cavities, or full body imaging techniques, which
will allow specific questions or concerns to be addressed and
which may be more acceptable to some families. Alternatives
to autopsy must be presented in a manner that includes the
disclosure of limitations and how those limitations may
affect the management of future pregnancy.”

The pathologist should be informed if parents have
consented to a limited autopsy. Consent specific to
the extent of the examination should be obtained and
recorded. Biometric measurements, clinical photographs,
external examination, and radiographs are generally
acceptable to most parents. The findings should be
recorded in the medical chart. Obtaining samples of
blood, body fluids, skin, and placenta is important to allow
specific ancillary testing (Tables 2 and 3). Examination
of targeted internal organs or specific tissue sampling, as
dictated by the phenotype of the fetus, can be suggested
to the family.

MRI may be offered to parents who decline an autopsy
investigation,” although the limited availability of MRIand
the need for prioritization are concerns in most countties.
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Table 2. Additional sampling in fetal anomalies

Collection of placenta tissue for cytogenetic studies (if karyotype not known)

1. After delivery of the placenta and before the placenta is sent to pathology, a sample of placenta tissue should be collected from all stillborns
and stored until the clinician or pathologist decides whether or not the specimen requires cytogenetic studies.

2. Collect the placenta tissue sample from the fetal side by the site of cord insertion beneath the amnion. Remove 1 cm? of placenta tissue
with a sterile surgical knife and dissecting forceps. The sample should be placed in sterile saline or other appropriate tissue culture media,
sealed, and labelled. Ensure that the media container is completely filled, as the sample may stick to the lid of the container in transport.

3. If necessary, the sample can be stored in the refrigerator at 4°C. DO NOT FREEZE. (The length of time the specimen can be stored should be
determined locally in conjunction with the genetics laboratory.) The sample should be transported to the cytogenetics laboratory promptly.

Microbiology (when needed)

Placenta tissue

1. Using sterile technique, collect and send placenta tissue culture for Group B Steptococcus, Listeria, Enterovirus, and Cytomegalovirus
(check with laboratory for appropriate culture media).

2. To collect: swab surface of placenta membranes with alcohol prior to cutting, incise amnion and peel away from incision site, and then
resect a 1 cm® segment of subamniotic chorionic plate along with underlying villi. Place in culture medium.

Table 3. Algorithm for use of ancillary tests in perinatal pathology

For every fetal case

Detailed gross description and detailed records (written, radiographic, photographic)
Frozen samples of liver and placenta (-70 °C)

And if the phenotype

Includes = 1 major malformation unfixed fetal and/or placental tissue for cytogenetics/microarray

Suggests aneuploidy fresh fetal or placental tissue for cytogenetics/microarray

Suggests DiGeorge/velo-cardio-facial
syndrome

fetal and/or placental tissue for cytogenetics and FISH 22g11.2

Suggests hypokinesia EM fixed and frozen skeletal muscle for histochemistry, (if fresh sample) rapid autopsy to ensure

preservation of cerebral structures; discuss with neuropathologist

Suggests Fanconi anemia culture fetal and/or placental tissues for cytogenetics and breakage studies

Suggests skeletal dysplasia collect cartilage and bones for histomorphologic analysis, tissues (fibroblasts, cartilage and bone)

saved frozen for future molecular testing®”

Is unexplained fetal hydrops culture fetal and/or placental tissues and amniotic fluid for cytogenetics microarray, viral studies and

possible lysosomal enzyme studies

Suspected metabolic blood on Guthrie card for future metabolic studies

fibroblasts in culture, frozen fetal liver or other tissues depending on the amount of maceration

Suggests fetal infection see Table 2

EM: electron microscopy
Adapted from: Kapur R. Use of ancillary tests in perinatal autopsy. In: Gilbert-Barness E, Kapur RP, Oligny LL, Siebert JR, eds. Potter’s pathology of the fetus,
infant, and child. 2nd ed. Philadelphia: Mosby Elsevier; 2007:871-82.%*

Clinicians should explain to the parents that a full autopsy
remains the gold standard because the MRI does not
supply tissue samples, and important information may
therefore be missed. Many limitations of using perinatal
postmortem MRI are cited in the literature: high cost,
limited availability, lack of experience, need for specialist
equipment, lower resolution, lack of detection of changes
at the histological level, and uncertain value when there
is an advanced degree of maceration or autolysis."”* MRI
also provides suboptimal resolution in assessing certain

malformations such as skeletal dysplasia.®

A 2008 overview underlined the non-invasive nature of
the MRI examination and the detection of pathologies
and malformations of the central nervous system.” There
was complete agreement in 60% of cases between MRI
and autopsy findings. The autopsy was essential to finding
the cause of death in 37% of the cases. If MRI had been
the only investigation, essential information would have
been lost in 17 of 24 cases (71%). Another smaller study
(n = 26) comparing postmortem MRI and autopsy for
all malformations demonstrated a 79% detection rate for
major malformations and a 9% detection rate for minor
malformations.” A recent meta-analysis comparing the
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performance of MRI with that of conventional autopsies
demonstrated a 69% sensitivity (95% CI 56% to 80%)
and 95% specificity (95% CI 88% to 98%) in determining
the final cause of death or most clinically significant
abnormality in 146 fetuses. Well-designed large prospective
studies are needed to evaluate the accuracy of postmortem
MRIL* Therefore, the integrated result obtained from the
traditional autopsy remains crucial in determining the cause
of the malformation or of the fetal or perinatal death.

MRI can detect some malformations and other macroscopic
lesions, but it cannot function as a substitute for standard
autopsy.'® However, thete is now public awareness of this
procedure, and a new specialty in radiology seems to be

emerging.*

New options such as postmortem needle biopsy,
laparoscopic autopsy, and small incision access are other
alternatives to a full postmortem examination for focused
investigation of suspected anomalies, and these should be
discussed with the pathologist. Aspiration of body fluids
(cord blood, cerebrospinal fluid, urine, cyst, edema) for
biochemical, hematologic, microbiologic, or metabolic
investigations may be considered. These methods have not
been fully assessed in the specific context of perinatal death.
Biopsy of individual organs clearly has a role in selected
cases.' When a fetal infection is suspected, it is often
possible to specify the infectious agent, particularly when
cultures of the placenta or infant are initiated promptly
after delivery. Finally, all fetuses with known congenital
malformations should have at least cytogenetic analyses
performed if this was not done antenatally. This analysis
can be done on cord blood, fetal tissues, or the placenta.
Fetal tissues and placenta are a good source of fetal DNA
that can be banked for further studies as indicated.

SUMMARY

Fetal and perinatal autopsies are an essential part of the
clinical management of families experiencing the loss
of a fetus or newborn with prenatally identified non-
chromosomal anomalies. The current literature emphasizes
the importance of autopsy in providing accurate etiologic
diagnosis necessaty for genetic counselling;

A standardized approach to fetal and perinatal autopsy
is crucial. It increases uptake after counselling from
better-trained care providers and allows consultation
with experienced colleagues by sharing samples. Such a
protocol can facilitate the introduction and use of newer
technology.>”’ By banking frozen samples and dividing
cells, patients and their families can access testing for
genetic disorders, currently and in the future. This will
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allow the clinician to offer, later if not at the time of fetal
or neonatal death, precise diagnosis, genetic counselling,
and prenatal diagnosis for future pregnancies.

The option of minimally invasive autopsy is available to
parents, but it has limitations that should be presented
to them. In this case, consent should be obtained for
biometry, clinical photographs, X-rays, placental pathologic
examination, and, when indicated, fluid aspiration/targeted
organ biopsies. The performance of postmortem MRI
remains to be established. Conventional autopsies remain
the gold standard.

Recommendations

1. Standard autopsy should ideally be an essential
part of fully investigating fetal loss, stillbirths, and
neonatal deaths associated with non-chromosomal
fetal malformations. (II-3A)

2. Clinicians and health care providers approaching
parents for autopsy consent should discuss the
options for a full, limited, or step-wise postmortem
examination; the issue of retained fetal tissues; and
the value of autopsy and the possibility that the
information gained may not benefit them but may
be of benefit to others. This information should be
provided while respecting the personal and cultural
values of the families. (I1I-A)

3. If parents are unwilling to give consent for a
full autopsy, alternatives to full autopsy that
provide additional clinical information must be
presented in a manner that includes disclosure of
limitations. (III-A)

4. External physical examination, medical
photographs, and standard radiographic or
computed tomography should be offered in all
cases of fetal anomaly(ies) of non-chromosomal
etiology. (II-2A)

5. Well-designed, large prospective studies are
needed to evaluate the accuracy of postmortem
magnetic resonance imaging. It cannot function as a
substitute for standard full autopsy. (I11-A)

6. The fetal and perinatal autopsies should be
performed by trained perinatal or pediatric
pathologists. (II-2A)

7. The need for additional sampling is guided by
the results of previous prenatal and/or genetic
investigations, as well as the type of anomalies
identified in the fetus. Fibroblast cultures may allow
future laboratory studies, particularly in the absence
of previous karyotyping or if a biochemical
disorder is suspected, and DNA analysis. (II-3A)
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In cases requiring special evaluation, the most
responsible health care provider should have direct
communication with the fetopathologist to ensure
that all necessary sampling is performed in a timely
manner. (II-3A)

The most responsible health cate provider must see
the families in follow-up to share autopsy findings,
plan for the management of future pregnancies,
obtain consent for additional testing, and offer
genetic counselling to other family members when

appropriate. (I11-A)

REFERENCES

1

1

1

1

1.

2.

3.

4.

o

(=)

-

o]

=]

=

—_

N

(S5}

b

Siebert JR. Perinatal, fetal and embryonic autopsy. In: Gilbert-Barness
E, Kapur RP, Oligny LL, Siebert JR, eds. Potter’s pathology of the fetus,
infant, and child. 2nd ed. Philadelphia: Mosby Elsevier; 2007:685-729.

Corabian P. Guidelines for investigation stillbirths: an update of
a systematic review. ] Obstet Gynaecol Can 2007;29:560-7.

Gagnon A; Society of Obstetricians and Gynaecologists of Canada
Genetics Committee. Evaluation of prenatally diagnosed structural
congenital anomalies. SOGC Clinical Practice Guideline no. 234,
September 2009. ] Obstet Gynaecol Can 2009;31:875-81.

Gordijn SJ, Erwich JJ, Khong TY. (2002). Value of perinatal autopsy:
critique. Pediatr Dev Pathol 2002;5:480-8.

. Phadke SR, Gupta A. Comparison of prenatal ultrasound findings

and autopsy findings in fetuses terminated after prenatal diagnosis
of malformations: an experience of a clinical genetics center. ] Clin

Ultrasound 2010;38;244-9.

. Dickinson JE, Prime D, Charles AK. The role of autopsy following

pregnancy termination for fetal abnormality. Aust N Z J Obstet
Gynaecol 2007;47(6):445-9.

. Boyd PA, Tondi F, Hicks NR, Chamberlain PE. Autopsy after

termination of pregnancy for fetal anomaly: retrospective cohort study.
BM]J 2004;328:137—41.

. Thayyil S, Chitty LS, Robertson NJ, Taylor AM, Sebire NJ. Minimally

invasive fetal postmortem examination using magnetic resonance
imaging and computerised tomography:current evidence and practical
issues. Prenat Diagn 2010;30:713-8.

. Putman M. Perinatal perimortem and postmortem examination:

obligations and considerations for perinatal, neonatal, and pediatric
clinicians. Adv Neonatal Care 2007;7:281-8.

Khong TY, Tanner AR. Foetal and neonatal autopsy rates and use of
tissue for research: the influence of the organ retention controversy and
new consent process. | Paediatr Child Health 2006;42:366-9.

. Hutchins GM, Berman JJ, Moore W, Hanzlick R; the Autopsy

Committee of the College of American Pathologists (1994). Practice
guidelines for autopsy pathology: autopsy performing. Arch Pathol Lab
Med 1994;119:123-30.

Chichester M. Requesting perinatal autopsy: multicultural
considerations. MCN Am ] Matern Child Nurs 2007;32:81-6.

. Samuels A. Human Tissue Act 2004: the removal and retention of

human organs and tissue. Med Leg | 2004;72(Pt 4):148-50.

Wallace SV, Semeraro D, Darne FJ. Consent for fetal necropsy. Lancet
2001;357(9271):1884.

15.

16.

17.

18.

19.

20.

2

—

22.

23.

24.

[\S}
w

26.

27.

2

oo

29.

30.

3

—

32.

33.

34.

Alberta Medical Association Ad Hoc Working Group on Investigation of
Stillbirths. Investigation of stillborn protocol; February 10, 2009. Alberta
Medical Association: Available at:

http:/ /www.albertadoctors.org/bem/ama/ama-website.nsf/ AllDoc/
FB1F65D913EDB64787256E2A005E700E?OpenDocument.

Accessed June 8, 2009.

Wright C, Lee RE. Investigating perinatal death: a review of the options
when autopsy consent is refused. Arch Dis Child Fetal Neonatal Ed
2004;89:285-8.

Battaglia J. Paying our last respects: the neonatal autopsy as continuing
care and ethical obligation. Neoreviews 2003;4:E207.

Adappa R, Paranjothy S, Roberts Z, Cartlidge PHT. Perinatal and infant
autopsy. Arch Dis Child Fetal Neonatal Ed 2007;92:F49-F50.

Burton JL, Underwood J. Clinical, educational, and epidemiological value
of autopsy. Lancet 368:1471-80.

Lyon A. Perinatal autopsy remains the “gold standard.” Arch Dis Child
Fetal Neonatal Ed 2004;89:F284.

. Alderstein MP. Perinatal mortality: clinical value of postmortem magnetic

resonance imagning compared with autopsy in routine obstetric practice.

BJOG 2003;110:378-82.

Huisman T. Magnetic resonance imaging: an alternative to autopsy in
neonatal death. Semin Neonatol 2004;9:347-53.

Cohen MC, Paley MN, Griffiths PD, Whitby EH. Less invasive autopsy:
benefits and limitations of the use of magnetic resonance imaging in the
perinatal postmortem. Pediatr Dev Pathol 2008;11:1-9.

Woodward PJ, Sohaey R, Harris DP, Jackson GM, Klatt E, Alexander AL,
et al. Postmortem fetal MR imaging: comparison with findings at autopsy.
AJR Am | Roentgenol 1997;168:41-6.

. Thayyil ST, Chandrasekaran M, Chitty LS, Wade A, Skordis-Worrall J,

Bennett-Britton I, et al. Diagnostic accuracy of post-mortem magnetic
resonance imaging in foetuses, children and adults: a systematic review.

Eur ] Radiol 2010;75:¢142-8.

Whitby EH, Paley, MN, Cohen M, Griffiths (2005). Postmortem MR
imaging of the fetus: an adjunct or a replacement for conventional

autopsy? Semin Fetal Neonatal Med 2005;10:475-83.

Newton DC. How the perinatal autopsy yields valuable information
in a vertically integrated health care system. Arch Pathol Lab Med
2004;128:1239—46.

. Hutchins GM, Berman JJ, Moore W, Hanzlick R; the Autopsy Committee

of the College of American Pathologists. Practice guidelines for autopsy
pathology: autopsy reporting. Arch Pathol Lab Med 1999;123:1085-92.

Gilbert-Barness E, Debich-Spicer D. Embryo and fetal pathology: color
atlas with ultrasound correlation. Cambridge: Cambridge University
Press; 2004.

Hall JG, Froster-Iskenius UG, Allanson JE. Handbook of normal physical
measurements. Oxford: Oxford Medical Publication;1989.

. Bove K. Practice guidelines for autopsy pathology: the perinatal and

pediatric autopsy. Arch Pathol Lab Med 1997;121:368-76.

Cox PM, Brueton LA, Bjelogrlic P, Pomroy P, Sewry CA. Diversity of
neuromuscular pathology in lethal multiple pterygium syndrome. Pediatr
Dev Pathol 2003;6:59—68.

Boyd, T. R. (2007). Pathology of the placenta. In: Gilbert-Barness E,
Kapur RP, Oligny LL, Siebert JR, eds. Pottet’s pathology of the fetus,
infant, and child. 2nd ed. Philadelphia: Mosby Elsevier; 2007:645-93.

Kapur R. Use of ancillary tests in perinatal autopsy. In: Gilbert-Barness
E, Kapur RP, Oligny LL, Siebert JR, eds. Potter’s pathology of the fetus,
infant, and child. 2nd ed. Philadelphia: Mosby Elsevier; 2007:871-82.

OCTOBER JOGC OCTOBRE 2011 ® 1053



SOGC TECHNICAL UPDATE

35. Olsen E OF, Espeland A, Maartmann-Moe H, Lachman RS, 37. Krakow D, Lachman R, Rimoin D. Guidelines for the prenatal diagnosis
Rosendahl K. Diagnostic value of radiography in cases of perinatal of fetal skeletal dysplasia. Genet Med 2009;11:127-33.
death: a population based study. Arch Dis Child Fetal Neonatal Ed

. . | .
2003;88(6):F521—4. 38. Woolf SH, Battista RN, Angerson GM, Logan AG, Eel Wi.

Canadian Task Force on Preventive Health Care. New grades for
36. Canadian College of Medical Geneticists. Position statement: use of array recommendations from the Canadian Task Force on Preventive
genomic hybridization technology in constitutional genetic diagnosis Health Care. CMA]J 2003;169:207-8.
in Canada. 2010 Available at: http:/ /www.ccmg-ccgm.org/ policy.html.
Accessed July 28, 2011.

APPENDIX. STANDARDIZED APPROACH TO THE PERINATAL AUTOPSY

The approach to autopsy must be systematic. Use of an autopsy protocol to record information ensures that all required
data are obtained and recorded. Measurements and their normal values for gestational age are recorded onto these forms,
and organ-directed checklists are useful time-saving adjuncts. The autopsy protocol and a list of possible diagnoses, a
clinical summary, and a clinico-pathologic discussion form the completed autopsy report. In the context of a fetal autopsy,
as opposed to those performed in adults, normality cannot be assumed; therefore, the autopsy protocol must document
both normal and abnormal findings. As a basic rule, everything that can be observed must be described and possibly
photographed, and everything that can be measured or weighed must be, with value recorded and compared with normality
charts. If the autopsy report fails to state that a particular structure is normal, the genetic syndromic differential diagnosis
may be hampered.

The autopsy results should be reported in a standard format: autopsy facesheet (demographics and list of anatomic diagnosis
and findings), a clinical summary, an objective description of the gross autopsy observations, a slide and block catalogue,
reports of ancillary studies, and a clinico-pathologic clinical summary. Communication of provisional autopsy findings
should be relayed to the clinician in a timely manner. Published guidelines regarding these items are available.” The written
report complements but cannot replace verbal communication between the pathologist and the clinical team.

1. Biometry
The size and weight of the body should correlate with age and are affected by disorders of growth and development.
These weights and measurements must be accurate and compared with normal charts.”

The crown—heel and crown—rump lengths should be determined to the nearest 5 mm. Normally in fetuses and young
infants, occipitofrontal circumference and crown—rump lengths should not differ by more than 10 mm. Distances
between inner canthi and outer canthi should be obtained. Chest and abdominal circumference are measured at the
level of the nipples and umbilicus respectively. Foot lengths should be obtained, as this measurement correlates well
with gestational age. Other specialized measurements can be obtained and compared with published norms™: width
and length of fontanelles, nasal height, philtrum length, mouth width, ear length, inter-nipple distance, lengths of limbs.

2. Photographs

High-quality photographs are an important part of the fetal autopsy procedure. Frontal, lateral, and dorsal pictures of
the fetus, with a close up of the cleaned face, of any unusual findings, and of both maternal and fetal placental surfaces,
are a strict minimum. A list of photographs should be mentioned in the report. The photographs should be labelled and
filed in the medical record or in a computerized archival system. The use of digital imaging for this purpose is optimal;
however, issues regarding patient consent and confidentially should be considered. The photographs can be used to
facilitate parental grief, for consultation with colleagues, and even for resolving medico-legal issues. Photographs are
useful for teaching and publication and can be used for external consultation when needed.

3. External Examination
This examination is of particular importance when the autopsy is declined.

It should be petformed by expetienced clinicians in the field of petinatal/pediatric pathology or clinical genetics or by
a pediatrician. In the absence of such expertise, detailed photographs must be taken for future evaluation (see prior
section). The clinician should document in the mother’s chart the presence of major fetal external malformations.
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Table 4. Data collection sheet for postmortem medical examination when autopsy is declined (adapted from

Alberta Medical Association, 2009')

Structure Normal Abnormal Comments

General appearance 0 normal O abnormal

Skin O normal O abnormal

Head O normal 0 abnormal

Scalp 0 normal O abnormal

Eyes O normal O abnormal

Nose OO0 normal 0 abnormal

Nostrils O normal O abnormal

Ears O normal O abnormal

Mouth O normal O abnormal

Mandible O normal O abnormal

Neck O normal O abnormal

Chest O normal O abnormal

Abdomen O normal 0 abnormal

Cord OO0 normal 0 abnormal

Genitalia O normal O abnormal

Anus O normal O abnormal

Spine 0 normal O abnormal

Arms O normal 0 abnormal

Hands O normal O abnormal

Legs O normal O abnormal

Feet OO0 normal 0 abnormal

Other O normal O abnormal

Gestational age (wks) | Birth weight (g) Circumference of | Crown-heel length Crown-rump length | Foot length (cm)
head (cm) (cm) (cm)

Completed by Signature/Status Date/time

Adapted from: Alberta Medical Association Ad Hoc Working Group on Investigation of Stillbirths. Investigation of stillborn protocol; February 10, 2009.

Alberta Medical Association.'®

Inspection of the external features of the body is similar to the physical examination on newborns performed in the
clinical setting (Table 4). Developing and following such a routine ensures that no pertinent feature is ovetlooked.'
The extent of maceration must be documented, as it correlates somewhat with the duration of postmortem retention.
Photographs are indicated.

Dysmorphism, deformations, disproportions, and malformations should be described. The shape of the skull and facial
hair should be noted. The face and palate must be described accurately, with attention to dysmorphism, deformations,
and iatrogenic lesions. The following must be described: size, shape and orientation of the eyes and eyelids; eyebrows;
nasal shape/insertion and angulation; choanal permeability; palate integrity; shape of the philtrum; size of the mouth;
ear otientation/implantation; chin; and presence of preauricular pits or branchial sinuses. Features of the neck, thorax,
abdomen, umbilical cord including abdominal insertion and vessel count, anus position and patency, spine, and genital
area must be noted. Limbs including digits, palmar creases, muscle mass, disproportion or abnormal positioning must
be desctibed in detail. Skin is examined for meconium staining, edema, constriction, pallor/anemia, petechia, purpura,

pustules, size of nails, sites of aplasia and, when present, position of shunts (see Table 4 for a summary sheet).
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4. Internal Examination and Routine Microscopic Sections
Several publications provide technical considerations.'”" All major organs must be weighed after careful dissection guided
by the published methodology, thereby allowing comparison with expected values. Organ maturity and structure can later
be assessed by macroscopic (e.g., cerebral gyration) and/or histologic (e.g., lungs and kidneys) evaluation. Histological
examination must assess the presence of changes that could indicate a storage disease or an intrauterine infection
(TORCH: toxoplasmosis, other infections, rubella, cytomegalovirus, herpes simplex virus).

5. Additional Sampling
The need for additional sampling is guided by the results of previous investigations, along with the type of anomalies
identified in the fetus. Obtaining skin or fasciae biopsy for fibroblast cultures may allow future studies, particularly in
the absence of previous karyotyping or if a biochemical disorder is suspected. Many units have protocols for handling
the tissue samples (e.g,, refrigerated if not handled immediately by the laboratory). When there is a strong suspicion of a
metabolic disorder, prior consultation with a physician specializing in metabolic disorders is recommended.

In the absence of a clear diagnosis, a sample of fetal liver should be obtained and frozen at —70°C for future studies if
tissues are not too macerated. Otherwise, less macerated tissues should be sampled, including chorionic villi.

A variety of muscles must be examined when central nervous or muscular system diseases are being considered. If
sampling of muscle and of central nervous system is performed adequately, a neuropathologist will subsequently be
able to assist with the diagnosis. Myopathies should be suspected if a fetus shows stigmata of in utero dyskinesia such as
multiple contractures and pterygia in association with polyhydramnios. For such cases, a comprehensive examination of
skeletal muscle includes routine histology, frozen-section histochemistry, and electron microscopy. In addition, muscle is
rapidly frozen and stored for additional biochemical studies.”

Bony tissue should be studied grossly and microscopically. A section of the growth plate should be frozen and kept long
term for additional studies as required. In some forms of skeletal dysplasia, the examination of long bones or of the
entire rib cage with the vertebral column may be necessary. Specific tissue sampling is presented in Table 3.

6. Placenta
The placental examination is useful in verifying infection, investigating stillbirth, and in cases where maternal disease
plays a large role in pregnancy outcome.” Gross examination of the placenta should follow a routine methodology and
should ideally be petformed on a fresh sample following brief drainage and removal of non-adherent blood.” Fresh
examination allows a better assessment of discoloration and weight (formalin fixation increases weight by 6% to 10%),
better photography of placental lesions, and special procedures requiring fresh tissues (culture, cytogenetics, RNA).

In specific situations, tissue sampling should occur prior to gross examination, to avoid contamination. A fresh placental
sample, from the fetal sutface, should be obtained and frozen at —70°C. The excision of placenta should be shallow to
minimize the risk of maternal cell contamination.**

Macroscopic examination is divided into portions of the placenta: umbilical cord, extraplacental membranes, and the
disc proper (fetal surface, maternal surface, and the cut surface). Careful examination may help distinguish between
amniotic fluid infection (progression including both fetal and maternal inflammation) and hematogenous placental
infection (placental disc).

7. Multiple Gestation and Stillborn Fetus

Multiple gestation

In a case of multiple gestations, additional studies should be considered. Examining the dividing membranes to establish
chorionicity is required. When a twin-to-twin transfusion is suspected, injection studies of the fetal vessels may help
demonstrate abnormal vascular communications on both amniotic surface and placenta body.*!

Stillborn fetus

It is important to establish the cause of death, and, if possible, to exclude the presence or role of congenital anomalies,
infection, or other diseases. Establishing the time of death may be difficult. Tables are available for estimation but can
be of limited accuracy (maceration is more rapid with chorioamnionitis). Examination is hampered by maceration of
the body which may vary from mild to extreme. The pathologist may still detive meaningful findings, such as congenital
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10.

anomalies, even when tissues are in poor condition. Histologically, viral inclusions are generally still apparent in fetuses
with advanced maceration. Skin or viscera are inappropriate for karyotyping in cases of advanced maceration. The
placenta can be useful in such cases, but genomic arrat-based techniques may well replace standard karyotyping in the
near future.

X-Rays

Standard radiographic or computed tomography should be used in all cases of fetal anomaly(ies) of non-chromosomal
' The fetogram should be performed
before the internal examination. Olsen et al.* report abnormal radiographs in 30% of fetograms performed in a
population-based set of 542 perinatal deaths. New information about the pathological process was found in 8.6%.
Radiographs were of vital importance for establishing the cause of death in 3.1 % of the cases. In the presence of fetal
anomalies, it is essential to obtain a fetogram to evaluate skeletal anomalies that could lead to the identification of a fetal
genetic syndrome.

etiology. Some advocate the use of radiography in every fetal or perinatal death.

Cultures and Toxicology

Specitying the infectious agent is often possible, particularly when cultures of the placenta or infant are initiated promptly
after delivery. Fetal fluid (blood, cerebrospinal fluid) and fetal tissues (spleen or lung) can be used for bacterial or viral
cultures. Increasingly, morphologic studies aided by molecular techniques may assist in the identification of pathogenic
organisms.”! When indicated, blood, urine, bile, and liver can be submitted to the appropriate toxicology laboratory.!

Ancillary Tests

All fetuses with known congenital malformations should have at least cytogenetic analyses performed if these were
not done antenatally. The key is to learn to recognize situations in which other types of tissue handling are requited.*
A frozen tissue sample (liver, placenta) is an important component of the perinatal pathologic examination. Frozen tissue
provides a source of DNA, RNA, proteins, and molecules that can be used in a variety of ways. When maceration is not
advanced, we recommend storage of fetal liver and placenta because of high concentration of DNA. Hepatic extracts
contain a large amount of DNA, and enzyme deficiencies may be specific to the liver. In addition, maternal perfusion
of the intervillous space maintains viability of fetal cells in the placenta long after fetal death. Targeted molecular testing
can later be performed after careful analysis of the autopsy findings that may suggest a specific genetic syndrome. Other,
newer approaches include microarrays and whole genome sequencing array.™ The contribution of these new molecular
tools in the etiologic elucidation of congenital anomalies is currently under evaluation. Consultation with a medical
geneticist is recommended to assist in the selection of the most appropriate molecular investigation.

Tissue culture can be obtained from fibroblast (skin, Achilles tendon, epicardium, subamniotic chorion). These dividing
cells can be used for cytogenetic testing (karyotyping, metaphase fluorescence in situ hybridization breakage studies) or
metabolic testing. Table 2 shows additional sampling in fetal anomalies, and Table 3 present a seties of tests indicated in
specific clinical situations.
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