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KEYWORDS Abstract

Post-mortem imaging; Purpose: To determine the sensitivity and specificity of post-mortem ultrasound in the diagnosis
Fetal ultrasound; of major congenital abnormalities of fetuses using conventional autopsy as the standard of
Termination of reference.

pregnancy; Material and methods: All fetuses coming from terminations of pregnancy or intrauterine fetal
Intrauterine fetal deaths in a single institution were included. A total of 75 fetuses were included during the
death; study period. The results of post-mortem ultrasound examinations were compared to those of

Autopsy conventional autopsy that served as standard of reference.
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* Prospective study

» Single referral institution

* 11 months

» Consecutive cases of TOP and IUFD
* Body storage 4°C, < 60 hours
*Whole-body US
* Full autopsy as Gold Standard
*US / Autopsy blinded to each other
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* Whole-body US (average 20 min)
* One experienced perinatal radiologist
« Blind form prenatal data
* Supine position
- Brain / fontanelles
* Chest, abdomen, pelvis
- Bones
* Prone position
- Kidneys, adrenals, spine
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*  Autopsy
* 3 experienced perinatal pathologists
« SOFFOET recommendations
* Aware of prenatal data
* Full
- External
* Macro
* Micro
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* 75 cases included
« TOP 79 %
 [UFD 21 %
 Mean GA: 24,4 (15-39)
« WBPMUS feasible 100 %
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Abnormal organ US Autopsy
[ Brain 22 27 |
Lung 6 8
Heart 3 24
Digestive 2 3
Urinary 9 10
Spine 10 10
Bones 3 S

TOTAL 57 87
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- 30 WG, right isomerism

24 WG, spina bifida

16 WG, polycystic kidney disease 24 WG, bilobed right lung
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 Feasibility 100 %

 Variable difficulty
* Maceration

* +++ Brain
« Small GA

* Lack of contrast resolution : +++ Brain
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WB-PM-US as a first line screening tool in perinatal death
?

* NPV 100 %
« Except Brain 97 %
* Dedicated MRI for brain ?

* Very low PPV for Heart
* 15% ... Dedicated Angio CT ?



The latest on perinatal post-mortem ultrasound / Gorincour / ESPR 2022

And then ?
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Ultrasound Obstet Gynecol 2019; 54: 791-799 ||IIII
Published online in Wiley Online Library (wileyonlinelibrary.com). DOI: 10.1002/u0g.20217 =

Postmortem fetal imaging: prospective blinded comparison
of two-dimensional ultrasound with magnetic resonance

maging
X. KANG!, T. COS SANCHEZ', O. . ARTHURS?, E. BEVILACQUA', M. M. CANNIE*?, - -
V. SEGERS®, 5. LECOMTE®, N. . SEBIRE? and ]. C. JANI! Hﬂzfi'pg;;ded
Incomplete Incomplete Incomplete Incomplete
—# PM-US report (n=4) | PM-US report (n=2)| —# PM-USreport (n=2)| | PM-USreport (n=13)
No PM-MRI (n=1) No PM-MRI (n=1) No PM-MRI (n=1) No PM-MRI (n=1)
Conclusions PM-MRI performed significantly better than 3 !
) B . . Brain imagin Thorax imagin, H i i Abdomen imagin, Spine imagin
PM-US in this unselected population, due mainly to a ‘ 160 © ‘ ‘ ne1ssy ‘ e ‘ ‘ sy E ‘ Pt ‘
lower non-diagnostic rate. PM-MRI should remain the
first-line imaging investigation for perinatal autopsy, but N :
] . i i - ) Declined brain Declined thorax Declined heart Declined abdomen Declined spine
PM-US could be considered if MRI is not available, albeit autopsy (n=68) autopsy (n=41) autopsy (n=42) autopsy (n=42) autopsy (n=42)
with a higher non-diagnostic rate. Copyright © 2019
. - i ~ k. ¥ L 4 v
iSUDC' PMb:ISJi?BE!I by j(}hﬂ WI'EF}' = SU s er Brain autopsy Thorax autopsy Heart autopsy Abdomen autopsy Spine autopsy
(1=92) (n=114) (n=115) (1=115) (n=114)
ND brain autopsy
("
A A
Diagnostic brain Diagnostic thorax Diagnostic heart Diagnostic Diagnostic spine
autopsy autopsy autopsy abdomen autopsy autopsy
(n=59) (n=114) (n=115) (n=115) (n=114)

Figure 1 STARD flow diagram summarizing cases included in study which underwent both postmortem ultrasound (PM-US) and
postmortem magnetic resonance imaging (PM-MRI). ND, non-diagnostic.
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Table 2 Comparison of diagnostic accuracy between postmortem ultrasound imaging (PM-US) and postmortem magnetic resonance
imaging (PM-MRI) when both techniques were diagnostic, using autopsy as gold standard

PM-US PM-MRI P
=49)
Sensitivity 70.8 (17/24) [48.9-87 4] 79.2 (19/24) [57.9-92.0]* NS
Specificity 100.0 (25/25) [86.3-100]* 84.0 (21/25) [63.9-95.5]* NS
Concordant with autops 85.7 (42/49)172.8-94.1]* 81.6 (40/49) [68.0-91.2]* NS
1scordant with autopsy = v =271 5.4 = 5 NS
Thorax (n=93)
Sensitivity 31.8 (7/22)[13.9-54.9]* 40.9 (9/22) [20.7-63.7]* NS
Specificity 98.6 (70/71) [95.9-100]* 98.6 (70/71) [95.9-100]* NS
Concordant with autopsy 82.8 (77/93) [75.1-90.5] 84.9 (79/93) [77.7-92.2] NS
Discordant with autopsy 17.2 (16/93) [9.5-24.9] 15.1 (14/93)7.8-22.3] NS
Heart (n=280)
Sensitivity 69.6 (16/23) [47.1-86.8]" 65.2 (15/23)[42.7-83.6]* NS
Specificity 93.0 (53/57)[83.0-98.1]* 100.0 (57/57) [93.7-100]* NS
Concordant with autopsy 86.3 (69/80) [78.7-93.8] 90.0 (72/80) [81.2-95.6]* NS
Discordant with autopsy 13.8 (11/80) [6.2-21.3] 10.0 (8/80) [4.4-18.8]* NS
Abdomen (n=288)
Sensitivity 61.5 (16/26) [40.6-79.8]* 7.7 (15/26) [38.7-76.7] NS
Specificity 85.5 (53/62)|74.2-93.1]% 91.9 (57/62) [82.2-97 3] NS
Concordant with autopsy 79.5 (70/88) [71.1-88.0] 81.8 (72/88) [73.8-89.9] NS
Discordant with autopsy 20.5 (18/88) [12.0-28.9] 18.2 (16/88)[10.1-26.2] NS
Spine (n=113)
Sensitivity 83.3 (5/6) [35.9-99.6]% 83.3 (5/6)[35.9-99.6]% NS
Specificity 97.2 (104/107) [92.0-99.4]* 100.0 (107/107) [96.6—100]* NS
Concordant with autopsy 96.5 (109/113) [91.2-99.0]* 99.1(112/113) [95.2-100]* NS
Discordant with autopsy 3.5 (4/113) [9.7-8.8] * 0.9 (1/113) [0.0-4.8]* NS

Data are given as % (n/N) [95% CI of %]. *Exact CI. NS, not significant.



Table 1 Comparison of ratcs of non-diagnostic cxamination
between postmortem ultrasound imaging (PM-US) and postmortem

est on perinatal post-mortem ultrasound / Gorincour / ESPR 2022

Non-diagnostic

Variable Fetuses PM-US PM-MR1

rain
Overall 160 (100) 43 (26.9)%¢ 7 (4.4)F I

Stillbirth 28 (17.5) 17 (60.7)** §(17.9)%*

TOP 109 (68.1) 21(18.3)%* 1(0.9)%%

Miscarriage 23(14.4) 5(21.7) 1(4.3)

Maceration

Yes 36 (22.5) 16 (44.4)* T(19.4)%

No 124 (77.5) 27 (21.8)%* 0o+
Gestational age

= 20wecks 27(16.9) 10 (37.0)* 3L R R R

- 20 weeks 133 (83.1) 33 (24.8)%¢ 4(3.0) Table 3 Abnormalities identified at autopsy not seen on diagnostic postmortem ultrasound imaging (PM-US) and/or postmortem magnetic
Thorax resonance imaging (PM-MRI)

Overall 155 (100) 27 (17.4)*= 8(5.2)%%
Causc of death

Stillbirth 26 (16.8) 8 (30.8) 5(19.2) Diagnosis missed at:

TOP 106 (68.4) 17 (16.0)%  2(L9)**

Miscarriage 23 (14.8) 2(8.7) 1(4.3) . Both PM-US and PM-MRI PM-US but not PM-MRI PM-MRI but not PM-US
Maceration Anatomical

Yes 32 (20.6) 10 {31.3)% 3(9.4)% region n Diagnosis n Diagnosis n Diagnosis

No 123 (79.4) 17 (13.8)* 541
Gestational kzlgc Brain 1 Thin lateral ventricular wall from 2 Tumor 0 —

= 20 weeks 27(17.4) 10 (37.0) 7 (25.9) N . .

= 20 weeks 128 (82.6) 17 (13.3)%¢  1{0.8)** probable ‘emmmom‘fgah
Heart 2 Increased folding by gyri without
Overall 157 (100) 48 (30.6)%* 6(3.8)* sign of micropolygyria
Cause of death g . . H

Sillbirth 27(17.2) 13 (48.1) 1(3.7) 1 Olf_‘icmr} bulb agenesis

TOP 107 (68.2) 31(29.0)%%  1{0.9)%% 1 L

Miscarriage 23 (14.6) 4{17.4) 1(43) IThorax 10 Abnormal lung lobulations 1 Absent thymus 0 —

Macerarion W

Yes 34(21.7) 19 (55.9)%= 4(11.8)%* N ) . X

No 123 (78.3) 2923.6)%F  2(L6)** 2 Hypoplastic lungs fistula in trachea
Gfglﬂﬁﬂﬂﬂlkﬂgf . - Heart 1 Atrial septal defect 1 Tetralogy of Fallot 1 Small rhabdomyoma

Z20w )

- ig o ,;g :;ZQ: 1,1 t;g:;i,w f :(1)88?:‘- 1 Transposition of the great vessels confirmed by histology
Abdomen with ventricular septal defect 1 Pulmonary artery
(?»chl 157 (100) 37 (23.6)%* 5(3.2)* 3 Dilated cardiac cavities stenosis
Cause of death . .

Stillbirth 27(17.2) 10 (37.0) 3(11.1) 1 Increased cardiac weight

TOP 107 (68.2) 20 (18.7)% 1(0.9)%* Abdomen 3 Meckel’s diverticulum 1 Volvulus 1 Asplenia

Miscarriage 23 (14.6) 7 (30.4)% 1(4.3)% 2 Malrotation
Maceration

Yes 34(217) 9 (26.5) 3(8.8) 1 Abnormal organ volume

No 123 (78.3) 28 (22.8)%¢ 2(1.6)%% 3 Polysplenia/asplenia
Gestational age B o 1 Bowel agenesis/absence of anus

< 20 weeks 27(17.2) 9(33.3) 4(14.8) . ] .

= 20 weeks 130 (82.8) 28 (21.5)%¢ 1(0.8)%= Spine 1 Open spina bifida 0 - 0 -

Spine

Overall 156 (100) 2(1.3) 0 (0.0
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Impact of the delay between fetal death and delivery on the success of
postmortem ultrasound following termination of pregnancy

Xin Kang, Serena Resta, Teresa Cos Sanchez, Andrew Carlin, Elisa Bevilacqua and Jacques C. Jani

Department of Obstetrics and Gynecology, University Hospital Brugmann, Université Libre de Bruxelles, Brussels, Belgium

ABSTRACT ARTICLE HISTORY
Objective: To evaluate the impact of the delay between fetal death and delivery on the non- Received 30 May 2019
diagnostic rates of post-mortem ultrasound (PM-US), following the termination of preg- Accepted 9 July 2019
nancy (TOP).

Methods: We reviewed 204 cases of fetal two-dimensional PM-US performed in our center as KEYWO“DS,

part of a post-mortem imaging research program, over the last 5 years. Informed consent was Pfg""’"e',“’ postmortem-
. . ultrasound; termination of

obtained from the parents for all cases. PM-US was performed and reported according to a pre- pregnancy; virtual

specified template with operators blinded to the prenatal diagnosis. In order to calculate the autopsy; maceration

precise delay between the fetal death and the delivery, we included 107 fetal TOP's > 20 weeks

of gestational age (GA), where feticide was performed using an injection of lidocaine 2% prior

to induction of labor. Logistic regression analysis was conducted to analyze the impact of delay

between fetal death and delivery (in hours), the GA at TOP (in weeks) and the method of feti-

cide (intracardiac versus intraumbilical injection) on the PMUS nondiagnostic rates.

Results: The delay between fetal death and delivery increased the nondiagnostic rate of PM-US

for cerebral examinations (OR 1.04, IC 95%: 1.01-1.08, p< .05). For PM-US cardiac examination,

the delay did not influence the nondiagnostic rate. However, GA (OR: 1.25, IC 95%: 1.10-1.46,

p < 01) and feticide with intracardiac injection (OR: 4.29, IC 95%: 1.68-12.02, p < .01) were asso-

ciated with higher nondiagnostic rates. For noncardiac thoracic and abdominal examinations,

none of the studied variables influenced the nondiagnostic rate.

Condlusion: The success rate of cerebral PM-US was influenced by the delay between fetal

death and delivery, suggesting a possible advantage of performing the feticide closer to the

delivery where the examination of the brain is planned. For cardiac abnormalities, feticide by

intraumbilical, rather than intracardiac injection improves diagnostic rates of cardiac PM-US.
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70

20
1 Table 1. Logistic regression analysis evaluating various factors associated with nondiagnostic rate of PM-US.
o Univariate analysis

Multivariate analysis

Non-diagnostic examinations (%)
g & &

s

Brain Thorax Heart Abdomen
[0<12zh mz12hand<24h m224hand<48h mz48h

Figure 2. Correlation of PM-US nondiagnostic rate and time interval between fetal death and the delivery for each anatomical
region. The time interval was arbitrarily divided into 4 groups: < 12h, > 12h and < 24 h, > 24 and < 48h, and > 48h between
fetal death and delivery.

OR (Cl 55%) p OR (Cl 95%) p

1.04 (1.01-1.08; | 1.04 (1.01-1.08)

oT,

Feticide method

Intracardiac injection 1.68 (0.63-452) NS
Intraumbilical injection 1
Thorax
Delay 1.03 (0.99-1.07) NS
GA 1.10 (0.93-1.30) NS
Feticide method
Intracardiac injection 1.25 (0.36-4.38) NS
Intraumbilical injection 1
Heart
D acs
GA 1.18 (1.05-1.33) <.01 1.25 (1.10-1.46) <.01 ”
Intracardiac injection 268 (1.16-6.22) <.05 4.29 (1.68-12.02) <.01
Intraumbilical injection 1
Abdomen
Delay 1.00 (0.99-1.01) NS
GA 1.06 (0.91-1.24) NS
Feticide method
Intracardiac injection 0.52 (0.16-1.67) NS
Intraumbilical injection 1

OR: odds ratio; Cl: confidence interval; GA: gestational age; NS: not significant.
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Ultrasound Obstet Gynecol 2020; §5: 667-675 gll“
Published online in Wiley Online Library (wilcyonlinelibrary.com). DOIL: 10.1002/uog.20387. —
This is an open access article under the terms of the Creative Commeons Attribution License, which permits use, distribution and
reproduction in any medium, provided the original work is properly cited.

Feasibility of INTACT (INcisionless TArgeted Core Tissue)

blOpSY procedure for perlnatal autopsy Results Thirty fetuses underwent organ sampling. Mean

gestational age was 30 weeks (range, 18—40weeks) and

S. C. SHELMERDINE!? @, J. C. HUTCHINSON??, L. WARD?, T. SEKAR?, M. T. ASHWORTH?, mean delivery-to-biopsy interval was 12days (range,

S. LEVINE?, N. J. SEBIRE2? and O. J. ARTHURS!? 6-22 days). The averall biopsy success rate was 153/201
(76.1%) samples, with the success rates in individual
organs being highest for the heart and lungs (93% and
91%, respectively) and lowest for the spleen (11%).
Excluding splenic samples, the biopsy success rate was
150/173 (86.7%). Histological abnormalities were found
in 4/201 (2%) samples, all of which occurred in the lungs
and kidneys of a fetus with pulmonary hypoplasia and
multicystic kidney disease.

Conclusions Incisionless ultrasound-guided organ biopsy
using the INTACT procedure is feasible, with an
overall biopsy success rate of over 75%. This novel
technique offers the ideal combination of an imaging-led
autopsy with organ sampling for parents who decline the
conventional invasive approach. © 2019 The Authors.
Ultrasound in Obstetrics & Gynecology published by
John Wiley & Sons Ltd on bebalf of the International
Saciety of Ultrasound in Obstetrics and Gynecology.
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Expert Review ajog.org

Fetal postmortem imaging: an overview of current
techniques and future perspectives

Xin Kang, MD, PhD; Andrew Carlin, MD; Micke M. Cannie, MD, PhD; Teresa Cos Sanchez, MD; Jacques C. Jani, MD, PhD

etal loss owing to , still-

birth, or termination of pregnancy
is tragic for any family, Therefore,
determining the Gause of death or diag-
nosis of fetal disease is essential to better
understand and prevent such events, in
addition to evaluating the risk of recur-
rence for future pregnancies.’” Routine
prenatal diagnosis has developed rapidly
in the past 10 years because of im-
provements in prenatal imaging ' and
invasive and noninvasive prenaml ge-
netic testing, ™ ™ which hasled to earlier
and more frequent diagnoses of fetal
slru(lu(al abmirmahnn and syndromic
diseases. ™ * Consequently, the current
usefulness of fetal postmortem exami-
nations could be questionad. However,
although the importance of the educa-
tional role of autopsy is undervalued, ™
recent series have shown that invasive
autopsy provided additional findings in
16%—22% of cases in devdoped coun-
tries, ™ induding 1% of major
findings, and revised the prenatal diag-
nosis in 40% of cases in devdoping
countries’® indicating that fetal post-

Fetal death because of miscamiage, unexpected intrauterine fetal demise, or termination
of pregnancy is a traumatic event for any family. Despite advances in prenatal imaging
and genetic diagnosis, convertional autopsy remains the gold standard because it can
provide additional information not available during fetallite in up 1o 40% of cases and this
by itself may change the recurrence risk and hence future counseling for parents
However, conventional autopsy is negatively affected by procedures involving long
reporting times because the fetal brain is prone b the effect of autolysis, which may
result in suboptimal examinations, particularly of the central nervous system. More
importantly, fewer than 50%—60% of parents consent to invasive autopsy, mainly owing
1o the concems about body disfigurement.
Consequertly, this hes led to the development of noninvasive perinatal virtual
autopsy using imaging techniques. Because a significant component of conven-
tional autopsy involves the anabmic examination of organs, imaging technigues
such as magnetic resonance imaging, ultasound, and computed tomography are
possible afternatives. With 2 parental acceplance rale of nearly 100%, imaging
techniques as part of postmorem examination have become widely used in recent
years in some countries.
Postoremn magnetic resonance imaging using 15-Tesla magnets is he most studied
technigue and offers an overall diagnostic accuracy of 77%—94%. It is probably the best
chice &s a virbial autopsy technique for fetuses >20 wesks' gestation. However, for
fetuses <20 wesks' gestation, it perfrmance is poor. The use of higher magnetic
resonance imaging magnetic fiekds such as 3-Tesla may shightly improve performance,
Of nate, in cases of fetal macerafion, magnetic resonance imaging may offer diagnoses
in & proportion of brain lesions wherein conventional aulbpsy fails. Postmortem wllra-
sound examination using a high-frequency probe offers overall sensi fvity and specificity
of 67%—77% and 74%—90%, repectively, with the advantage of easy access and
sffordability. The main difference between postmortem unm&uum and magnetic reso-
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Gynscoiony {irs Kang, Carin, Gos Sandhez,
‘andd Jani) and Radiology (Or Canvis), Uriversty
Hospisl Brugmann, Universits Litre de
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Uriversitsit Brussel, Brussels, Beigium (I
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nance imaging relates to their ctive abilities for
a confident diagnosis. The nondiagnostic rate using postmortem ultrasound ranges from
17% 10:30%, depending on the organ examined, whereas the nondiagnostic rate using
postmortem magnefic resonance imaging in most situations is far less than 10%. For
fetuses <20 weeks' gestation, microfocus computed tomography achieves close 1o
1008% agreement with autopsy and is likely to be the technique of the future in this
subgroup. The lack of histology has always been listed as 1 limitation of all postmortem
imaging technigues. image-guided needie tissue biopsy coupled with any postmorntem
imaging can overcome this limitaton,

In eddiion 1o deserbing the diegnostic accuracy and limilations of each imeging
technology, we propose & novel, stepw stic: possible
application of these techniques in clinical practice as an altemative or an adjunct or for
triage 10 select cases that would specifically benefit from invasive examination, with the
gim of reduging parental distress and patologist workload. The widespread use of
postmortem fetal imaging is inevitable, meaning that hurdies such as specialized training
and dedicated financing must be overcome to improve access to these newer, well-
validaied techniques.

Key words: autopsy, tongenital anomalies, diagnoss, management, micro-CT, mii-
mally imvasive, MRI, postmortem, stilbirth, termination, ullrasound, virtual aubpsy
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FIGURE 5

Pulmonary hypoplasia at 31 weeks

Furness ¢ al' ™ first described almost
30 years ago a technique for performing
on fetal viscera

Bl views of 3-T postmoriem magnesic resonance imaging of the thorax of a fetis of 31-week
gestaional age terminaed for puimonary hypaplasia showing normal right lung () with right

main bronchus (armow) and agenesis of the left lung and keft main bronchus.
Kang. Real psooriesm imaging. Am | Olbser Gynecol 2031

demonstrates higher quality imaging
with better tissue contrast than 15-T
MRI. This ¢nabled 3-T MRI to provide
a higher success rate of about 609 than
success rate of less than 1086 for 1.5-T."

However, the overall acuracy obtained
is only 55%, and the diagnostic rate for
fetuses 6 weeks GA is even worse
Furtharmore, our experience of staining
fetuses with gadoli based 3-T MRI

Solution Inc) for examination of the
head and extremitics, We anticipate that
access to these newer 7-T MRI machines
will progressivdy improve, making their
use in routine dinical practice a realistic
possibility in the Ruture. However,
further studiss with large sample sizes
are needed to explore the use of these
pumrrful machines for fetal postmortem

was also unsuccessful.''” These results
suggest that spatial resolution is subop-
timal whenusing 1.5-Tand 3-T MRIs for
the examination of small fetuses. High-
fidd MRI at 9.4-T or 7-T has shown
higher sensitivity and spedficity in small
sample studies. ™" However, access
to these machines is currently restricted
because they are only available in rela-
tively few centers for research purposes
only. The US Food and Drug Adminis-
tration and the Furepean Union have
recently approved a 7-T MRI device
(Magnetom  Terra, Siemens Medical

as all previously published
data on fetal high-fidd MR used
experimental machines with small-bore

diameters of 20—30 cm.”™* "

Postmortem Ulrasound

Ultrasound is less expensive and more
widdy availible even in developing
countries compared with MRL High-
frequency transducers provide high-
resolution images particularly when the
targeted organis near, as is the case in the
postmortem setting, wherein the fetus is
examined by direct contact with the
transducer (Figu

12 American Joumal of Obstetrics & Gynecalogy MONTH 2020

in a water bath or after gelatin prepara-
tion. Only recently hasa feasibility study
been conducted on fetuses. This single-
reporter unblinded study showed a
sensitivity of 86%—91% and a specificity
of §7—95% for postmortem ultra-
sound using transducers at a maximum
of between 9 and 18 MHz.'™ However,
when postmortem ultrasound was per-
formed blindly and by multiple opera-
tors, it demonstrated lower accuracy
with overall sensitivities and specificities
of 67%—77% and 74%—90%, respec-
) s

Abdominal argans, in particular the
kidneys, are the casiest to assess with
postmortem  ultrasound, which en-
courages its use for future wltrasound-
guided postmortem  biopsy  studies
(Figures 2—4). Conversely, cardiac
anatomy is more difficult 1o assess
because postmortem intracardiac blood
clots have echogenicities very similar 1o
those of the myometrium, and artifacts
arising from the presence of air in the
cardisc  chambers  are  fequenty
encountered after feticide by intracar-
diac injections (Figure 6)."*'™ An
additional limitation of postmortem
ultrasound is its higher nondiagnostic
examinations rate of 17%—30% than
the 3%—5% nondiagnostic rate of
postmortem MRI for fetuses =20 weeks
GA'" Finally, discrepancies between
single-operator and multiple-operator
studies may indicate that postmortem
ultrasound  performana is operator
dependent and that the leaming effect
should be investigated in further
studies.

Postmortem Computed Tomography
Scan and X-Ray Examination

Routine fetal postmortem x-ray cxami-
nations or babygrams are routindy per-
formed as an adjunct to invasive autopsy
in many centers. However, this practice
has been proven to be neither diagnos-
tically useful nor dfective in a
retrospective study'™ It should only be
used in selected cases of prenatally sus-
pected skeletal abnormalities or when a
pathologist needs to include or exclude

Postmortem Ultrasound

Ulrasound is less expensive and more
widdy available even in developing
countries compared with MRI. High-
frequency  transducers provide high-
resolution images particularly when the
targeted organ is near, as is the case in the
pos tmortem setting, wherein the fetus is
examined by direct contact with the
transducer ( Figure 1),
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Published online in Wiley Online Library (wileyonlinelibrary.com). DOI: 10.1002/u0g.22012. —_—
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DlagHOStlc accuracy Of pOStmOl‘t.em UI.':I'aSOUI:ld Us Results During the study period, 136 cases underwent
postmortem 1.5-T MRI for non-invasive perinatal autopsy both PM-US and PM-MRI, of which 8§ (64.7%) also

underwent autopsy. There was no significant difference
s . a4 in the rates of concordance with autopsy between the
S. C. SHELMERDINE®, N. J. SEBIRE*** and O. J. ARTHURS two modalities for overall diagnosis (PM-US, 86.4%
(95% CI, 77.7-92.0%) vs PM-MRI, 88.6% (95% CI,
80.3-93.7%)) or in the sensitivities and specificities
for individual anatomical regions. There were more
non-diagnostic PM-US than PM-MRI examinations for
the brain (22.8% vs 3.7%) and beart (14.7% vs 5.1%).
If an “imaging-only” autopsy bad been performed, PM-US
would have achieved the same diagnosis as 1.5-T PM-MRI
in 86.8% (95% CI, 80.0-91.5%) of cases, with the
highest rates of agreement being for spine (99.3%
(95% CI, 95.9-99.9%)) and cardiac (97.3% (95% CI,
92.4-99.1%)) findings and the lowest being for brain
diagnoses (85.2% (95% CI, 76.9-90.8%)).

Conclusion Although there were fewer non-diagnostic
cases using PM-MRI than for PM-US, the high

concordance rate for overall diagnosis suggests that
PM-US could be used for triaging cases when PM-MRI
access is limited or unavailable. © 2020 The Authors.

Jobn Wiley & Sons Ltd on bebalf of International Societ;u
of Ultrasound in Obstetrics and Gynecology.
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Table 2 Postmortem ultrasound (PM-US) and magnetic resonance imaging (PM-MRI) diagnostic accuracy for individual body systems, all
body systems summated and overall diagnoses, using autopsy as reference standard

ND No No Sensitivity Specificity PPV NPV Concordance
TP FP EN TN [ topsy imaging autopsy (%) (%) (%) (%) (%)
BramPM-US 7 0 1 11 5 3 105 87.5 100 100 91.7 94.7
(52.9-97.8) (74.1-100) (64.6-100) (p4.6-98.5) (75.4-99.1)
Brain 10 0 2 14 5 0 105 83.3 100 100 87.5 92.3
PM-MRI (55.2-95.3) (78.5-100) (72.2-100) (64.0-96.5) (75.9-97.9)
Cardiac 4 1 4 64 3 0 48 50.0 98.5 80.0 94.1 93.2
PM-US (21.5-78.5) (91.8-99.7) (37.6-%6.4) (85.8-97.7) (84.9-97.0)
Cardiac 9 1 2 69 3 1 48 81.8 98.6 90.0 97.2 96.3
PM-MRI (52.3-94.9) (92.3-99.7) (59.6-98.2) (90.3-99.2) (89.7-98.7)
Thoracic 6 1 9 71 1 0 48 40.0 98.6 85.7 88.8 88.5
PM-US (19.8-64.3) (92.5-99.8) (48.7-97.4) (80.0-94.0) (80.1-93.6)
Thoracic 11 3 4 68 1 1 48 73.3 95.8 78.6 94.4 91.9
PM-MRI (48.0-89.1) (88.3-98.6) (52.4-92.4) (86.6-97.8) (84.1-96.0)
Abdominal 14 3 0 68 3 0 48 100 95.8 82.4 100 96.5
PM-US (78.5-100) (88.3-98.6) (§9.0-93.8) (94.7-100) (90.1-98.8)
Abdominal 14 5 0 65 3 1 48 100 91.9 73.7 100 94.0
PM-MRI (78.5-100) (84.3-96.9) (51.2-88.2) (94.4-100) (86.8-97.4)
Total body 31 § 14 214 12 3 249 68.9 97.7 86.1 93.9 92.8
systems (54.3-80.5) (94.8-99.3) (71.3-93.9) (90.0-96.3) (89.0-95.3)
PM-US
Total body 44 9 8§ 216 12 3 249 84.6 96.0 83.0 96.4 93.9
systems (72.5-92.0) (92.6-97.9) (70.8-90.8) (93.1-98.2) (90.4-96.1)
PM-MRI
Overall 32 03 9 44 0 0 48 78.0 93.6 91.4 83.0 86.4
diagnosis* (63.3-88.0) (82.8-97.8) (77.6-97.0) (70.8-90.8) (77.7-92.0)
PM-US
Overall 37 6 4 41 0 0 48 90.2 87.2 86.0 91.1 88.6
diagnosis® (77.5-96.1) (74.8-94.0) (72.7-93.4) (79.3-96.5) (80.3-93.7)
PM-MRI

Values in parentheses are 95% CI. There were no statistically significant differences in diagnostic accuracy between two imaging modalities.
*Overall diagnosis refers to major pathology identified as cause of perinatal death. FN, false negative; FP, false positive; ND, non-diagnostic;
NPV, negative predictive value; PPV, positive predictive value; TN, true negative; TP, true positive.
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Isolated Congenital Heart Defects omonl
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Termination of Pregnancy foural agepu.comhomelpd
®SAGE

Camilla Struksnzs', Harm-Gerd K Blaas'?, Sturla H Eik-Nes'"?,
Eva Tegnander'?, and Christina Vogt'"

Abstract

Objectives: To investigate the correlation between prenatal ultrasound (US) and autopsy findings in pregnancies terminated
due to isolated congenital heart defects (CHDs), including CHDs associated with heterotaxy syndrome.

Materials and methods: The material consists of 67 fetuses with prenatally detected isolated CHDs or CHDs associated
with heterotaxy syndrome at a tertiary center in Norway between 1985 and 2014. The main CHDs were categorized into
subdiagnoses of CHDs in accordance with ICD-10. The US and autopsy findings were categorized according to degree of
concordance.

Results: Gestational age at termination was 12 + 0-22 + 6 weeks. Hypoplastic left heart syndrome was the most common
main diagnosis among the 67 fetuses (32.8%). There was full agreement between US and autopsy findings in 97.4% (222/228)
of all subdiagnoses. The discrepant findings in three fetuses had no influence on the decision to terminate the pregnancy.
Conclusions: The correlation was high between prenatal US and postmortem findings in fetuses with isolated CHDs.
Meticulous assessment of cardiac anatomy is particularly necessary when the decision to terminate relies on isolated CHDs.
The trend of earlier termination challenges verification of diagnoses at autopsy. Consequently, the fetus should be examined
at a tertiary center with fetal medicine specialists, pediatric cardiologists and perinatal pathologists.
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Table 2. Main Diagnosis Based on Autopsy Results in 67
Pregnancies Terminated due to Isolated CHDs.

Main Diagnosis n %
HLHS 22 328
Left atrial isomerism 6 8.9 Table 5. Correlation Between Prenatal US and Autopsy Findings
DORV simpl 5 7.4 . . .
Sy SmPS in All Subdiagnoses of CHDs in 67 Fetuses.
Tricuspid atresia complex 5 74
Truncus arteriosus 4 6.0 i o
TGA complex 3 45 Categories N %
DILV complex 3 4.5
HRHS 2 30 I: Full agreement between US and autopsy 222 974
AVSD simple 2 3.0 findi
TGA simple 2 3.0 Indings
Mitral atresia/stenosis simple 2 3.0 2: Minor autopsy findings not seen or recorded at | 04
Pulmonary stenosis simple 2 3.0 US examination
Tricuspid atresia/stenosis simple 2 3.0 . i
Right atrial isomerism 2 3.0 3: Major autopsy findings not detected at US 3 1.3
Other CHDs with heterotaxy 2 3.0 examination
TGA, corrected | 1.5 .
DIRV complex | 15 4: None of the autopsy findings suspected at US - -
Mitral atresia complex I 1.5 examination
Total 67 100 . .
5: US findings not confirmed or not possible to 2 0.9
confirm at autopsy
1-5: Total 228 100

CHDs, congenital heart defects; US, ultrasound.
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Table 6. Cases With Disagreement Between Ultrasound and Postmortem Findings.

Case Year GA Ultrasound Diagnosis Final Diagnosis After Autopsy Disagreement

I 2004 18 Tricuspid atresia, hypoplastic HRHS with tricuspid atresia, VSD not seen at US (category 2). Suspected

RV, suspected truncus hypoplastic RY, complete truncus arteriosus at US was diagnosed as
arteriosus TGA, VSD and LVOTO complete TGA (category 3), VSD and
LYOTO at autopsy (category 3)

2 2001 17 HLHS with mitral atresia, HLHS with mitral atresia, DORY not verified at autopsy (category 5,
VSD, DORY, hypoplastic VSD, hypoplastic aorta false positive)
aorta with preductal with preductal coarctation
coarctation

3 2014 21 TOF with VSD, overriding DORY, aortic stenosis, VSD, Aortic stenosis, interrupted aortic arch, left
aorta and pulmonary interrupted aortic arch, left subclavian artery rising from pulmonary
artery smaller than aorta. subclavian artery rising artery were not seen at US (category 3).
Suspected DORY variant from pulmonary artery Overriding aorta and pulmonary artery

smaller than aorta were not confirmed
(category 5, false positive)

GA, gestational age; RV, right ventricle; HRHS, hypoplastic right heart syndrome; TGA, transposition of the great arteries; VSD, ventricular septal defect;
LVOTO, left ventricle outflow tract obstruction; US, ultrasound; HLHS, hypoplastic left heart syndrome; DORY, double outlet right ventricle; TOF, Tetralogy
of Fallot.
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Table 1

Demographic details of popul ation studied for all artices

Sample size, Patent Median gestation at Gestationalage Median post- Weight
Author, year Country n group death range (weeks) mortem weight ([g) range(d)  Mode of death
Prodhommea  France 168 Fetuses 27 waeks 15-38 Mot statad Mot stated 87 % (164) terminations
etal, 2018" 3% (5) intrauterine deaths
Tuchtan &t al, Franca 75 Fatizes Mat statad, 1538 Mat statad Mat statad T9% (59) tarmiratians
2018 howavar 42 casas A% (3) miscarniages
wera=2dweaks, 33 17% (13)intrauterine deaths
W 2 wea hE
Votino et &, Belgum 88 Fetuses 2 weeks 11-40 To2 4020 B6% (58) terminations
2018™ 17 % (15) miscarriages
17% (15)intraut erine deat hs
Kang et &, Belgum 163 imaged, Fetizes Z3weasks 1342 Mot statad Mot stated S0% (B2) tarmirations
2018’ and UK 123 with 219 (34) mis carriages

referencs tast

29% (47) irtrauterina deaths

Table 2 Sy characteritics forartieles nchded insystematic review

Sample Hurmniber af
Author, year Countiy slre Study design centres Patient sslection Study pedod  Index test Refe mnce test
Prodhomme  Franoe 188 Fetmepective  Single Linclear 4 years 20 wheole-bedky ultrascund  Conventlonal autopsy
etal, 2015" (2008-2013)
Tuchtan et&!, France 75 Prospecive Single Consecutive 1 year 20 whole-body ulrasound  Conventlonal autopsy
2018 {2014)
Wotino et @, Belghm 88 Prospective Singk Comseciithe 1 9marithe 20 and 30 who ke-body Corwvertiona| autopsy
2ms™ (2r2-213)  ulrasound
Kang et al, Begium and 163 Prospedive ultiple, Consecutie 2 years 20 whole-body ultrascund  Conventional and minimally
a01a'” LI twis centras (2014-2018) invasive autopsy

20, twordiménaiors; 30, theé-dimensiona.
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Table 3 Detalls of index st for studies included for systematc review

Di agros tic
Ultrasound Blinded Time batwean accumcy
Ultr e und tran edu cers’ Imaging Pt imnt Ultrasound op srator, toclinical  delivery to subgroup
Author, year rraching probes time (min) preparation axpariance Mo oparators history imaging Mmeas. res
Prechermme et @, Phiips IL22 58 MHz Motstaled Moaddliond  Peedaricradclogist,  Singe Ma hort stated Agreement wih
2016'"° miGrocomex preparation over >10years of experience final autop sy
5-12 MHz Inesr cold storage of dagnosis, Listof
517 MHz inear body diagroses ghen
Tuchtan ef &, Toshiba Toshiba: =1} Mo additiond  Pasdialic Radiologist,  Single as Mot stated Aratornica
201 Apllo 500, 7-10 MHz curved preparaton over 1 5years ultmsound and struciures were
Superaonic 10-15 MHz linear cold storage of  Byears poat-mortem divided into
Alxplomr Supersonic: body irraging expariance savan calagories:
GE Voluson BB B-10 MHz curved brain, sping, lung,
11-15 MHz lingar hesart, skalatal,
GE: gastmintestinal and
5-10 MHz cumved genitourirany.
10-14 MHz lingar Ol and
Indivdual body ' . Applicability
e ——— Risk of Bias Concems
raes gven
Watino &f ai, GE Volieon EB  B-1B MHz inear, 15 Fetusea ether  Fetal medidne doctor, Singe M Median time Diagrozes 2 e
2018 6-12 MHz curved, feed infornalin  10years of ultrasound 2days(1hour- caegodsed into £ 3 ) < ©
58 MHz curved (=15 weasaks aperience 4ctays) thres body systams: b= g E = g
geatationi, neurological (bran' Ko n il 2 «
otherwisa no spine), thorax & B 3 = 3 B 3
addifonal fincluding hearf and T L s & S 5
preparation. abdoman. 2 2 2 z £ g 8
nivicual body c £ £ @ ¢ £ e
S SLEM AGCUIMACY
Fateg glven Votino 2016
Kang et al, 219" GE Valusen BB; GEViolusen: Notstaled  Moaddtiond  Fetl medidne docter Twa Yes Madan me  19inemal crgans
GE LOGIQ 6-18 MHz ingar preparation over or pasdiatic radiologet  one from 2 davs(0- asseased and Prodhomme 2015
ED; Sameung 612 MHZ cured cold storage ol (> SyEaErs eperance each Cantna) Bdays) grouped into faur
HMT DA B0 MHz curved body each) aratomic regions Kang 2017
GE Logig: for analysis:
258 MHz linear neurclogaal (brand Tuchtan 2017
-5 MMz curved apine), thorax, heart
Samsung: ard abdomean,
7-16 MHz Inear Overall and

indivdual body Hian Low
sy slam accuracy g unclear

ratas ghen
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Open access

Table 6 Estimates of mean sensitivity and specificity (with =
95% Cls), overall and split by different body systems =

Mean sensitivity Mean specificity o _|
Body system (95% CI) (95% Cl) o
Overall 73.3 (59.9 to 83.5) 96.6 (92.6 t0 98.4) 2 o |
Neurological 84.3 (70.8 t0 92.2) 96.7 (86.5 10 99.3) % = '
Cardiothoracic 52.1 (27.6 to 75.5) 96.6 (86.8 10 99.2) % = ; )

) [0} < | i i 2 Meurological
Abdominal 78.4 (61.0 to 89.4) 97.3 (88.9t0 99.4) }. + Abdominal
; a8 7 L4 Cardiothoracic
P value (neurovs  0.010 0.916 o * summary estimate
cardio) ™~ A (for each region)
38 S

Zb\:jazlzlrﬁ (neurovs  0.498 0.819 2. | -~ 8ROE Cardiothoracic
p-value (cardiovs ~ 0.059 0.731 ' ' ' ' : '
abdom) 0 10 20 30 40 50

False Positive Rate

diagnostic accuracy rates are highest for neurological Figure 4 Receiver operating characteristic plot of sensitivity
and abdominal abnormalities (mean sensitivity rates of  against false positivity rate (1, specificity) of 19 studies from
84.3% and 78.4%, respectively), but less effective for table 5 separated by body system. Bivariate overall summary
cardiothoracic abnormalities (mean sensitivity rate of estimates of sensitivity and false positivity rate for each body
52.1%). There were no studies reporting the PMUS accu-  system are overlaid with corresponding 95% confidence
racy rates in neonates and older children. ellipses. SROC, summary receiver operating characteristic
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Table 1. Benefits and drawbacks of different post-mortem imaging modalities for perinatal loss

High Field
MRI MRI
Radiographs Ultrasound CT (3Tor1.5T) Micro-CT (7T+)
Availability Easily available Easily available Easily available Moderate Limited: few select | Limited: few
centres/research select centres/
facilities research
facilities
Cost Cheap Cheap Cheap Expensive+ Same cost as CT Expensive+ +
scanner.
Size of foetus Any size Any size - although Technically Better for larger Up to 30cm in Similar to

gestational age,
diagnosis of skeletal
dysplasias and limb
anomalies

tissue/internal organ
detail

trauma; consider
for skeletal
dysplasias or
trauma (although
radiographs better
and cheaper)

tissuefinternal
organ detail

(<20 weeks
gestation) where
ultrasound and 1.5
T/3 T MRI non-
diagnostic.

intrauterine retention feasible, but foetuses, poorer length, limited by micro-CT
time may affect image poor diagnostic for body weight scanner bore.
quality. accuracy and lack <500 g.

of internal contrast

from lack of body

fat.

Advantages Easy to perform, Ease of access, cheap Highest accuracy Multiple Excellent Excellent
already part of and portable. for intracranial and | sequences, resolution & soft resolution &
routine autopsy Facilitates image- musculoskeletal multiplanar tissue detail. soft tissue detail
service. guided biopsies. trauma reconstructions Excellent bone No need for

(older children; detail without EXDZenous
trauma) EX0genous contrast
contrast.

Drawback No internal soft Operator-dependent Poor soft tissue Availability/access Todine contrast is Expensive,
tissue detail. Requires a hands-on detail due to lack may be limited required for soft limited access,
Only useful in approach (radiologist). of internal body Poorer resolution tissue detail, which | long scanning
minority (<5%) of fat. in smaller foetuses. | can cause tissue times (hours).
cases discoloration.

Indication: Estimation of foetal J Assessment of soft Bony injuries; Assessment of soft | Small foetuses Currently

research tool
only.

Reproduced from Shelmerdine SC et al, Insights into Imaging 20213
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Shelmerdine and Arthurs

Figure 2. Typical estimated gestational ages and the approximate post-mortem weights (g) at which various post-mortem imag-
ing modalities would provide diagnostic quality examinations. ** Technically, radiographs and CT can be performed at any age
after 8 weeks gestation (when the foetal skeleton beings to ossify), but in practice they are best reserved for specific clinical
situations, such as for suspected skeletal abnormalities or trauma.”* Reproduced from Shelmerdine SC et al, Insights into Imaging
202113

High-field MRI
@7

Micro-CT
Ultrasound
3T MRI
1.5T MRI
cT™

Radiographs**

L
I | J | ! | Neonatal Period Infancy

Age 10 weeks 20 weeks 30 weeks (0 - 28 days) (28 days — 1 year old)
‘...........................................................................................
Gestational age (in utero)
Term
Approximate |— — — — — — — — —_————_——}—_——_——_——}—_——_—_—_-—1—_—_ e —_—_—_——_—_—— =
e ey il ) I L

Weight (g)
5 70 300 700 1300 2300 3500 4000 4500




The latest on perinatal post-mortem ultrasound / Gorincour / ESPR 2022

Perinatal Loss
Referral for less invasive autopsy at local
specialist paediatric pathology services

External, placental examination
and clinical notes review

End of imaging examination, proceed to tissue biopsy if parental consent allows and pathology is warranted
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Perinatal Loss
Referral for less invasive autopsy at local
specialist paediatric pathalogy services

External, placental examination
and clinical notes review
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