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Abstract
Introduction: Our	aim	was	to	investigate	the	accuracy	of	postmortem	fetal	magnetic	
resonance	imaging	(MRI)	compared	with	fetal	autopsy	in	second	trimester	pregnan‐
cies	 terminated	due	 to	 fetal	anomalies.	A	secondary	aim	was	 to	compare	 the	MRI	
evaluations of two senior radiologists.
Material and methods: This	was	a	prospective	study	including	34	fetuses	from	preg‐
nancies	 terminated	 in	 the	 second	 trimester	due	 to	 fetal	 anomalies.	All	women	ac‐
cepted	 a	 postmortem	 MRI	 and	 an	 autopsy	 of	 the	 fetus.	 Two	 senior	 radiologists	
performed	 independent	 evaluations	 of	 the	MRI	 images.	 A	 senior	 pathologist	 per‐
formed	the	fetal	autopsies.	The	degree	of	concordance	between	the	MRI	evaluations	
and	 the	 autopsy	 reports	 was	 estimated	 as	 well	 as	 the	 consensus	 between	 the	
radiologists.
Results: Thirty‐four	fetuses	were	evaluated.	Sixteen	cases	were	associated	with	the	
central	 nervous	 system	 (CNS),	 five	were	musculoskeletal,	 one	 cardiovascular,	 one	
was associated with the urinary tract, and 11 cases had miscellaneous anomalies such 
as chromosomal aberrations, infections and syndromes. In the 16 cases related to the 
CNS,	both	radiologists	reported	all	or	some,	including	the	most	clinically	significant	
anomalies	in	15	(94%;	CI	70%‐100%)	cases.	In	the	18	non‐CNS	cases,	both	radiolo‐
gists	 reported	all	or	some,	 including	the	most	clinically	significant	anomalies	 in	six	
(33%;	CI	5%‐85%)	cases.	In	21	cases	(62%;	CI	44%‐78%),	both	radiologists	held	opin‐
ions	 that	were	consistent	with	 the	autopsy	 reports.	The	degree	of	agreement	be‐
tween	the	radiologists	was	high,	with	a	Cohen's	Kappa	of	0.87.
Conclusions: Postmortem	fetal	MRI	can	replace	autopsy	for	second	trimester	fetuses	
with	CNS	anomalies.	For	non‐CNS	anomalies,	the	concordance	is	lower	but	postmor‐
tem	MRI	can	still	be	of	value	when	autopsy	is	not	an	option.
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1  | INTRODUC TION

In	Sweden,	all	pregnant	women	are	offered	a	fetal	ultrasound	exami‐
nation	around	gestational	week	18.1 Severe fetal anomalies can be 
detected	during	this	examination	and	subsequently	lead	to	a	termi‐
nation	of	the	pregnancy.

Thereafter,	an	autopsy	of	the	fetus	is	recommended	to	verify	the	
diagnosis	and	reveal	other	anomalies	of	importance	when	counsel‐
ing	 the	 couple	 concerning	 forthcoming	 pregnancies,	 including	 the	
risk	of	recurrence.	Moreover,	the	autopsy	can	serve	as	a	quality	con‐
trol	of	the	prenatal	ultrasound.2

This recommendation, however, is not always in line with the 
wishes	of	the	pregnant	woman	and	her	partner.	Despite	the	increase	
in	pregnancy	terminations,	a	 reduction	 in	 fetal	autopsies	has	been	
recognized	 in	 the	 last	 few	decades.	A	main	 reason	 is	 that	 couples	
decline	fetal	autopsies.3,4

Therefore,	 non‐invasive	 postmortem	 fetal	 investigations	 using	
ultrasound, magnetic resonance imaging (MRI), and minimal invasive 
endoscopy	or	biopsy	have	been	suggested	as	replacements	or	com‐
plements	to	the	conventional	autopsy.5‐7

However,	 postmortem	MRI	 is	 still	 not	 implemented	 in	 routine	
clinical	work	due	to	 limited	knowledge.6	Existing	reports	are	often	
small	and	concern	a	mixture	of	cases	including	infants,	stillbirths,	as	
well	 as	 fetuses	 from	 spontaneous	 abortions	 and	 terminated	preg‐
nancies,	 often	 with	 non‐specific	 gestational	 ages.	 Many	 are	 also	
specified	to	the	central	nervous	system	(CNS),	and	often	only	one	
radiologist analyzed the MRI images.6‐11	The	largest	study	published	
comprises	185	fetuses	from	the	second	trimester.12 That study, how‐
ever,	contains	a	mixture	of	fetuses	from	spontaneous	and	induced	
abortions,	 and	 early	 pregnancy	 cases	 are	 defined	 as	 at	 or	 below	
24	weeks.

Our	 aim	was	 to	 investigate	 the	 accuracy	 of	 postmortem	 fetal	
MRI	compared	with	fetal	autopsy	as	gold	standard	in	second	trimes‐
ter	pregnancies	terminated	due	to	fetal	anomalies.

A	secondary	aim	was	to	compare	the	MRI	evaluations	of	two	se‐
nior radiologists.

2  | MATERIAL AND METHODS

Women	who	came	to	the	Fetal	Medicine	unit	at	Uppsala	University	
hospital	for	termination	of	pregnancy	in	the	second	trimester	due	to	
fetal	anomalies,	were	informed	verbally	about	the	study	and	asked	if	
they	would	be	willing	to	participate.	All	anomalies	were	diagnosed	by	
ultrasound	and	assessed	as	either	not	being	compatible	with	life	or	
leading	to	serious	morbidity.	In	10	cases,	the	prenatal	diagnosis	was	
confirmed	by	MRI.	Gestational	age	was	estimated	by	ultrasound	or	
in	a	few	cases	by	last	menstrual	period.	A	prerequisite	for	participa‐
tion	was	that	the	woman	accepted	both	an	autopsy	and	a	postmor‐
tem MRI of the fetus.

All	participants	were	prospectively	recruited	between	2006	and	
2013	 and	 signed	 an	 informed	 consent.	Non‐participants	were	not	

registered.	Most	MRI	examinations	were	performed	outside	of	of‐
fice	hours	in	order	not	to	disturb	the	clinical	routines.	We	decided	
arbitrarily to include at least 30 cases that we thought would result 
in	a	diversity	of	anomalies	and	not	 risk	making	the	data	collection	
period	too	unwieldly.

All	fetuses	were	kept	in	a	refrigerator	from	termination	of	preg‐
nancy	to	time	of	autopsy.

A	senior	pathologist	at	the	Department	of	Pathology	at	Uppsala	
University	hospital	performed	the	fetal	autopsies.	MRI	examinations	
were	performed	at	Uppsala	University	Hospital	on	a	1.5	T	scanner	
(first	 Gyroscan	 ACS	 Intera,	 later	 upgraded	 to	 Gyroscan	 Achieva,	
Philips	Medical	 Systems,	Best,	 the	Netherlands)	 using	 a	 knee	 coil.	
T2‐weighted	images	were	acquired	in	the	three	main	planes	of	the	
fetus	(sagittal,	coronal	and	axial)	using	a	turbo	spin	echo	sequence	
with	 a	 repetition	 time	 of	 1586	ms,	 echo	 time	 100	ms,	 slice	 thick‐
ness	2	mm	and	 in‐plane	resolution	0.6	×	0.6	mm.	 In	addition,	a	3D	
T1‐weighted	magnetization	 prepared	 gradient	 echo	 sequence	was	
performed	in	the	sagittal	plane,	with	a	repetition	time	of	12	ms,	echo	
time	6	ms,	 flip	 angle	8	degrees,	 slice	 thickness	1	mm	and	 in‐plane	
resolution	of	0.6	×	0.9	mm.	Axial	and	coronal	 images	were	also	re‐
constructed	 from	 this	 sequence.	 The	 total	 examination	 time	 was	
approximately	1	hour.	Two	senior	radiologists,	subspecialists	in	neu‐
roradiology	and	pediatric	radiology,	respectively,	evaluated	the	MRI	
images	 independently.	 The	 radiologists	 and	 the	 pathologist	 were	
aware	of	the	prenatal	ultrasound	findings	but	were	blinded	to	each	
other's	reports.

The	 findings	of	 the	 fetal	 autopsy	 reports	were	compared	with	
the MRI evaluations and classified in consensus between four of the 
authors	(A.H,	A.M.L,	J.W.	and	O.A.).

The cases were allocated into four categories:

1.	 All	 major	 anomalies	 detected	 by	 MRI.
2. Some major anomalies detected by MRI, including the most clini‐

cally significant.
3. Some major anomalies detected by MRI, but not the most clini‐

cally significant.
4. None of the major anomalies detected by MRI.

A	major	anomaly	was	defined	as	an	anomaly	that	could	have	led	to	
fetal or infant death or resulted in severe morbidity of an infant.8 The 
reports	from	the	radiologists	were	compared	regarding	the	unanimity	
in	the	categorization.	Changes	normally	observed	in	postmortem	MRI	
examinations	were	not	regarded	as	pathological	findings.	This	included	
fluid	accumulations	in	the	pleura,	pericardial	sac	and	peritoneum;	gas	
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accumulations; minimal amounts of intraventricular blood; head mold‐
ing;	skin	maceration.13

2.1 | Statistical analyses

The	method	described	by	Clopper	and	Pearson14 was used to calcu‐
late	95%	confidence	intervals	(CI)	for	the	percentages	in	the	result	
section. The degree of agreement between the radiologists was es‐
timated	by	Cohen's	Kappa.

2.2 | Ethical approval

The	regional	ethics	committee	 in	Uppsala	approved	the	study	(dnr	
2005:194, 31 October 2005).

3  | RESULTS

All	MRI	 images	were	of	such	quality	 that	an	evaluation	was	possi‐
ble.	The	gestational	ages,	at	termination	of	pregnancy,	varied	from	
15	weeks	4	days	 to	22	weeks	5	days	 (Tables	1	and	2).	The	median	
was	18	weeks	3	days.

The	 time	 from	 termination	 of	 pregnancy	 to	 the	 postmortem	
MRI	 examination	 ranged	 from	0	 to	 7	days.	 The	median	was	 1	day	
(Tables	1	and	2).	The	time	from	termination	of	pregnancy	to	autopsy	
ranged from 2 to 11 days. The median was 4 days (Tables 1 and 2).

Of	35	participants,	34	had	a	complete	fetal	autopsy	and	reports	
from	 the	 two	 radiologists.	One	 case	was	 excluded	 due	 to	 a	miss‐
ing	autopsy	report	and	a	missing	report	from	one	of	the	radiologists	
(Tables 1 and 2).

Sixteen	 cases	 belonged	 to	 the	 CNS	 (examples	 are	 shown	 in	
Figures	1–4),	five	to	the	musculoskeletal,	one	to	the	cardiovascular,	
one to the urinary tract, and 11 cases had miscellaneous diagnoses 
(an	example	is	shown	in	Figure	5)	including	complex	anomalies,	syn‐
dromes, cytomegalovirus infection and chromosomal aberrations. 
In	 the	 16	 cases	 related	 to	 the	CNS,	 both	 radiologists	 reported	 all	
or some, including the most clinically significant anomalies (catego‐
ries	one	and	 two),	 in	15	 (94%;	CI	70%‐100%)	cases.	The	one	case	
not correctly diagnosed had severe brainstem malformation as the 
most clinically significant anomaly, which neither of the radiologists 
identified.	The	other	 anomalies,	 corpus	 callosum	agenesis	 and	hy‐
drocephalus,	however,	were	reported	by	both	radiologists.

In	the	18	non‐CNS	cases,	both	radiologists	reported	all	or	some,	
including	 the	 most	 clinically	 significant	 anomalies	 in	 six	 (33%;	 CI	
13%‐59%)	cases.

Of	 the	 five	 cases	with	musculoskeletal	 anomalies,	 the	 radiolo‐
gists could see some, including the most clinically significant anoma‐
lies	in	two	(40%;	CI	5%‐85%)	cases.

In the case with a cardiovascular diagnosis, none of the radiolo‐
gists could see the major anomaly. In the case with the urinary tract 
anomaly, both radiologists could see some, including the most clini‐
cally significant anomalies.

Of the 11 cases with miscellaneous diagnoses, both radiolo‐
gists	 reported	 all	 or	 some,	 including	 the	most	 clinically	 significant	
anomalies	in	three	(27%;	CI	6%‐61%)	cases.	Radiologist	number	one	
detected all or some, including the most clinically significant anom‐
alies	 in	 five	 (45%;	CI	32%‐77%)	cases,	and	radiologist	number	 two	
detected	anomalies	in	three	(27%;	CI	6%‐61%)	cases.

In	total,	radiologist	number	one	reported	all	or	some,	 including	
the	most	 clinically	 significant	 anomalies	 in	 23	 (68%;	CI	 49%‐83%)	
cases	and	radiologist	number	two	in	21	(62%;	CI	44%‐78%)	cases.

In	21	(62%;	CI	44%‐78%)	cases,	both	radiologists	held	opinions	
that	 were	 consistent	 with	 the	 autopsy	 result	 (categories	 one	 and	
two).	 In	 13	 (38%;	CI	 22%‐66%)	 cases,	 at	 least	 one	of	 the	 radiolo‐
gists	did	not	report	all	or	some	anomalies,	including	the	most	clini‐
cally significant. The gestational ages in those 13 cases varied from 
15	weeks	6	days	to	21	weeks	5	days.

In	31	(91%;	CI	76%‐98%)	cases,	the	radiologists	had	concordant	
opinions,	meaning	that	the	evaluations	fell	 into	the	same	category.	
Cohen's	Kappa	for	the	degree	of	agreement	was	0.87.	In	three	cases	
(numbers	3,	 11	 and	29)	 the	 reports	 from	 the	 radiologists	 differed	
(Table	2).	The	 time	 interval	 from	 termination	of	pregnancy	 to	MRI	
was	0‐1	day	in	these	three	cases.

Both	radiologists	found	case	number	32	with	trisomy	18	and	sev‐
eral anomalies difficult to assess. In this case, the time from termina‐
tion	of	pregnancy	to	MRI	was	2	days.

Corpus	callosum	agenesis	was	detected	at	autopsy	in	five	cases,	
and both reviewers confirmed this by MRI in four cases. In addition, 
corpus	callosum	agenesis	was	diagnosed	at	MRI	but	not	at	autopsy	
in eight cases for radiologist number one, and in two cases for radiol‐
ogist number two.

4  | DISCUSSION

In	contrast	to	most	previous	studies,	all	our	cases	involved	fetuses	
from	the	second	trimester,	which	makes	our	study	unique.	Both	ra‐
diologists	presented	correct	(categories	one	and	two)	reports	com‐
pared	with	autopsy	in	21/34	(62%)	of	all	cases.	The	corresponding	
figure for the CNS cases was 94%. The radiologists held discordant 
opinions	in	only	three	cases.	All	of	these	were	non‐CNS	cases.	This	
was not due to a longer interval between the termination and the 
MRI	examination.	Thus,	the	CNS	anomalies	were	correctly	assessed	
by the radiologists to a high degree, which confirms the results from 
previous	studies.8,15,16 These studies, however, mostly included fe‐
tuses of higher gestational ages and infants.

We	have	shown	that	these	satisfactory	results	also	hold	true	for	
second	 trimester	 fetuses	 at	 about	18	weeks,	where	diagnoses	 are	
more difficult due to smaller fetal sizes.17	Our	 finding	 is	of	special	
importance	 in	 countries	where	 there	 is	 a	 gestational	 age	 limit	 for	
pregnancy	termination.	Non‐CNS	anomalies	were	too	few	to	allow	
for	a	conclusion	for	separate	organ	systems.	Previous	reports	have	
found	 a	 lower	 accuracy	 of	 postmortem	MRI	 concerning	 non‐CNS	
cases, which is well in line with our results.15
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In our study, we only had access to a 1.5 T scanner. It has been 
reported	that	a	3	T	equipment	improves	the	accuracy	of	postmortem	
MRI	examinations	of	fetuses	less	than	20	gestational	weeks.18 Such 
a difference could not be detected concerning the CNS but was ev‐
ident	for	the	thorax,	heart	and	abdomen.	Thus,	our	results	for	the	
non‐CNS	anomalies	would	most	probably	have	been	improved	if	a	3	
T	scanner	had	been	used.	Even	9.4	T	MRI	equipment	has	previously	
been	tested	with	excellent	results.9 Such advanced machines, how‐
ever, are not in clinical use in Sweden today, but may well be a valu‐
able	 tool	 in	 the	 future.	 Another	 method,	 postmortem	microfocus	TA
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F I G U R E  1  Case	6.	Transverse	image	of	fetal	brain	with	a	mixed	
cystic	and	solid	extra‐axial	lesion	in	the	right	temporal	region,	
which turned out to be a teratoma

F I G U R E  2   Case 22. Transverse image of brain showing 
intraventricular	bleeding	(black)	originating	from	left	germinal	
matrix	(arrow)
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computed	tomography,	has	recently	been	reported	as	an	alternative	
to	MRI	for	postmortem	imaging	of	fetuses.19

One of the strengths of our study is the short time interval be‐
tween	the	pregnancy	terminations	and	the	MRI	examinations,	with	a	

median	of	just	1	day.	Another	strength	is	that	two	radiologists	inter‐
preted	the	MR	images,	enabling	an	assessment	of	the	inter‐reviewer	
agreement.	 The	 high	 concordance	 between	 the	 radiologists	 sup‐
ports	that	our	results	are	generalizable.	Moreover,	the	radiologists	
and	the	pathologist	were	blinded	to	each	other's	findings	but	not	to	
the	prenatal	ultrasound	findings.	By	having	such	an	arrangement,	we	
imitated	 the	 clinical	 situation	where	 information	 from	prenatal	 in‐
vestigations	is	available	for	pathologists	and	radiologists	performing	
postmortem	examinations.	Our	choice	of	not	using	minimally	inva‐
sive	postmortem	investigations12,15	 implies	that	there	should	be	as	
few	hesitations	from	women	and	partners	concerning	postmortem	
examinations	as	possible.

The	 rather	 small	 sample	 size	 can	 be	 seen	 as	 a	 limitation.	
However,	 compared	 with	most	 previous	 studies	 concerning	 fe‐
tuses	 from	 early	 second	 trimester,	 our	 sample	 size	 is	 relatively	
large.7,9	The	 long	study	period	 is	also	a	 limitation.	 It	was	due	 to	
practical	problems	such	as	the	availability	of	an	MR	scanner	and	
requiring	 women	 to	 accept	 that	 the	 fetus	 would	 undergo	 both	

F I G U R E  3   Case 27. Coronal image showing alobar 
holoprosencephaly	with	a	large	monoventricle	surrounded	by	a	thin	
parenchyma	(arrow)

F I G U R E  4   Case 31. Fetus with enlarged ventricles and signs of 
agenesis	of	the	corpus	callosum	(arrow),	which	was	confirmed	by	
autopsy

F I G U R E  5   Case 8. Coronal image showing fetus with Vacterl 
syndrome.	MRI	revealed	absent	kidneys	(white	arrows	point	to	
adrenal glands), vertebral deformities (arrow head) and lung lesions 
(black	arrow)	but	did	not	show	the	associated	esophageal	and	anal	
atresia
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an	 autopsy	 and	 an	MR	 examination.	 Our	 hope	 to	 include	 a	 di‐
versity	of	anomalies	was	not	achieved.	 It	 is	highly	probable	that	
colleagues	who	were	responsible	for	the	clinical	care	prioritized	
the	CNS	cases.	A	reason	for	this	could	be	that	a	previous	study	
from	our	department	concerning	prenatal	MRI	showed	that	fetal	
CNS anomalies were well diagnosed by MRI;20 thus, a selection 
bias	is	most	probable.

MRI	cannot	reveal	histological	abnormalities,	which	is	a	weak‐
ness.	Moreover,	as	evident	from	Table	1,	histological	examinations	
can	 provide	 valuable	 information	 in	 some	 cases.	 However,	 his‐
tological	 brain	 abnormalities	 are	 unlikely	 in	 cases	with	 a	 normal	
MRI19 and major brain anomalies are well diagnosed by an MRI 
examination.11 Previous	studies	have	shown	that	MRI	can	provide	
additional	information	in	some	cases,	especially	where	a	diagnosis	
is	difficult	using	conventional	autopsy	due	 to	autolysis.11	Corpus	
callosum	agenesis	was	detected	at	MRI	but	not	at	autopsy	in	eight	
cases by radiologist number one and in two cases by radiologist 
number	 two.	This	 can	be	 compared	with	Thayyil	 et	al,12 who re‐
ported	on	cases	with	corpus	callosum	agenesis	 identified	by	MRI	
but	 not	 seen	 at	 autopsy.	 It	 can	 only	 be	 speculated	whether	 our	
cases	 represent	 false	MRI	diagnoses	or	examples	of	higher	diag‐
nostic	capacity	with	MRI.

Studies	on	postmortem	fetal	MRI	have	been	carried	out	for	de‐
cades,	but	 there	 is	 still	no	consensus	 regarding	 its	place	 in	clinical	
practice.	 To	 date,	 many	 smaller	 centers	 have	 to	 refer	 to	 regional	
hospitals,	but	modern	techniques	make	it	possible	to	send	only	the	
images	for	evaluation,	since	the	problem	is	not	the	MRI	equipment	
but	the	presence	of	a	radiologist	with	special	competence.	Such	new	
options	make	our	results	useful	also	for	minor	centers,	although	our	
study	is	performed	at	a	single	tertiary	unit.

5  | CONCLUSION

Postmortem	fetal	MRI	can	replace	conventional	autopsy	for	second	
trimester	fetuses	with	CNS	anomalies.	For	non‐CNS	anomalies,	the	
accuracy	is	lower;	however,	a	postmortem	MRI	can	still	be	of	value	
when	autopsy	is	not	an	option.
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