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Abstract
Background: Massive	 perivillous	 fibrin	 deposition	 (MPFD)	 is	 associated	 with	
adverse	pregnancy	outcomes	and	is	mainly	caused	by	maternal	factors	with	lim-
ited	involvement	of	fetal	or	genetic	causes.	We	present	one	consanguineous	cou-
ple	with	six	fetuses	developing	Fetal	Akinesia	Deformation	Sequence	(FADS)	and	
MPFD,	with	a	possible	underlying	genetic	cause.	This	prompted	a	literature	re-
view	on	prevalence	of	FADS	and	MPFD.
Methods: Fetal	 ultrasound	 examination,	 motor	 assessment,	 genetic	 testing,	
postmortem	 examination,	 and	 placenta	 histology	 are	 presented	 (2009–	2019).	
Literature	was	 reviewed	 for	 the	association	between	congenital	anomalies	and	
MPFD.
Results: All	six	fetuses	developed	normally	during	the	first	trimester.	Thereafter,	
growth	restriction,	persistent	flexed	position,	abnormal	motility,	and	contractures	
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1 |  INTRODUCTION
Fetal	Akinesia	Deformation	Sequence	(FADS)	 is	a	rare	
disorder	 with,	 in	 general,	 autosomal	 recessive	 inheri-
tance	 (Filges	 &	 Hall,	 2013)	 with	 a	 prevalence	 of	 1	 per	
13:000	 pregnancies	 (Lowry	 et	 al.,	 2010).	 The	 prenatal	
expression	 of	 FADS	 is	 visible	 by,	 among	 other	 things,	
reduced	 fetal	 motility	 and	 varies	 from	 the	 presence	 of	
multiple	contractures,	flattening	of	facial	profile	(FADS	
facial	 anomalies)	 during	 early	 pregnancy	 to	 observed	
growth	 restriction,	 polyhydramnios,	 and	 suspicion	 of	
lung	 hypoplasia	 during	 later	 gestation.	 In	 some	 cases	
additional	abnormalities	are	seen	such	as	brain	or	car-
diac	 anomalies	 (Skaria	 et	 al.,	 2019).	 FADS	 may	 mimic	
fetuses	 exposed	 to	 uteroplacental	 insufficiency	 as	 they	
both	show	reduced	fetal	movements	and	growth	restric-
tion.	FADS,	however,	differs	from	severe	uteroplacental	
insufficiency	as	FADS	is	usually	accompanied	by	poly-
hydramnios	and	uteroplacental	 insufficiency	has	no	or	
limited	influence	on	body	posture	and	joints	(Bekedam	
et	 al.,	 1985;	 Sival	 et	 al.,	 1992a).	 FADS	 prognosis	 is	 de-
pendent	on	its	cause,	namely	whether	it	is	genetic	and/
or	 neuromuscular	 (Hall,	 2014;	 Hall	 &	 Kiefer,	 2016;	
Hellmund	 et	 al.,	 2016).	 The	 outcome	 of	 FADS	 varies	
with	 ~30%	 of	 fetuses	 being	 stillborn	 and	 the	 major-
ity	of	 live-	born	 infants	dying	of	pulmonary	hypoplasia	
(Jones,	 2013).	 To	 improve	 the	 detection	 of	 FADS,	 we	
demonstrated	 in	 a	 prospective	 cohort	 study	 between	
2007	 and	 2016	 that	 motor	 assessment	 is	 of	 additional	
value	 to	structural	assessment	 in	diagnosing	FADS	be-
fore	 24  weeks	 of	 gestation	 (Tjon	 et	 al.,	 2019).	The	 un-
derlying	 genetic	 cause	 of	 FADS	 was	 demonstrated	 in	
about	 half	 of	 the	 fetuses	 (Tjon	 et	 al.,	 2019).	 Presently,	
more	than	400	genes	have	been	found	to	be	associated	
with	FADS	(Kiefer	&	Hall,	2019).	In	general,	when	the	
underlying	cause	 is	 genetic,	parents	 can	be	counselled	

about	 the	prognosis	and	outcome	of	 the	genetic	cause,	
the	 recurrence	 risk	 and	 their	 reproductive	 options	 in-
cluding	prenatal	diagnostics	or	preimplantation	genetic	
testing.	Therefore	 a	 joint	 effort	 to	 mobilize	 knowledge	
about	 possible	 additional	 genetic	 abnormalities	 is	 par-
amount	 (Tjon	 et	 al.,	 2019).	 Whole	 exome	 sequencing	
(WES)	and	whole	genome	sequencing	(WGS)	have	been	
used	with	great	success	 to	 identify	novel	disease	genes	
for	a	broad	spectrum	of	monogenic	disorders	including	
FADS	(Neveling	et	al.,	2013).	GeneMatcher	can	be	help-
ful	 in	 collecting	 multiple	 cases/families	 with	 a	 similar	
phenotype	 and	 a	 (candidate)	 variant	 in	 the	 same	 gene	
(Sobreira	et	al.,	2015).	However,	many	cases	remain	un-
resolved	and	a	detailed	description	of	such	cases	could	
aid	in	resolving	these	in	the	future.

Massive	Perivillous	Fibrin	Deposition	(MPFD)	of	the	
placenta	has	a	 low	prevalence	of	about	1.1%	 (Devisme	
et	 al.,	 2017).	 The	 obstetrical	 outcome	 of	 MPFD	 varies	
with	recurrent	miscarriage,	fetal	demise,	preterm	birth,	
and	 fetal	 growth	 restriction	 in	 ongoing	 pregnancies	
being	described	(Faye-	Petersen	&	Ernst,	2013;	Katzman	
&	 Genest,	 2002).	 Histologically,	 MPFD	 is	 classified	 as:	
presence	 of	 perivillous	 fibrinoid	 material	 extending	
from	the	maternal	to	fetal	surface,	transmural,	encasing	
≥50%	of	the	villi	 in	at	 least	one	slide	during	pathologi-
cal	examination,	whereas	in	borderline	MPFD	25%–	50%	
of	the	villi	are	encased	by	fibrinoid	material	(Katzman	
&	Genest,	2002).	A	related	placental	disorder,	 classical	
maternal	floor	infarction	(MFI),	is	classified	when	basal	
villi	 of	 the	 entire	 maternal	 floor	 are	 encased	 by	 periv-
illous	 fibrinoid	 with	 a	 thickness	 of	≥3  mm	 on	 at	 least	
one	 slide	 (Katzman	 &	 Genest,	 2002).	 Recurrence	 of	
MPFD	and	MFI	in	following	pregnancies	varies	between	
12%	 and	 88.9%	 (Becroft	 et	 al.,	 2004;	 Chen	 &	 Roberts,	
2018;	He	et	al.,	 2018).	This	 recurrence	does	not	 follow	

in	4/6,	consistent	with	FADS	occurred.	All	placentas	showed	histologically	con-
firmed	MPFD.	Genetic	analyses	in	the	five	available	cases	showed	homozygosity	
for	two	variants	of	unknown	significance	in	two	genes,	VARS1	(OMIM*192150)	
and	ABCF1	 (OMIM*603429).	Both	parents	are	heterozygous	for	 these	variants.	
From	63/1999	manuscripts,	403	fetal	outcomes	were	mobilized.	In	14/403	fetuses,	
congenital	abnormalities	in	association	with	MPFD	were	seen	of	which	two	fe-
tuses	with	contractures/FADS	facial	anomalies.
Conclusion: The	 low	 prevalence	 of	 fetal	 contractures/FADS	 facial	 anomalies	
in	association	with	MPFD	in	the	literature	review	supports	the	possible	fetal	or	
genetic	contribution	causing	FADS	and	MPFD	in	our	family.	This	study	with	lit-
erature	review	supports	the	finding	that	fetal,	fetoplacental,	and/or	genetic	com-
ponents	may	play	a	role	in	causing	a	part	of	MPFDs.
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a	 Mendelian	 inheritance	 pattern	 related	 to	 the	 fetus,	
but	 its	 recurrence	 rate	 is	 suggestive	of	a	genetic	or	ac-
quired	mechanism	originating	 in	 the	mother	 (Redline,	
2020).	 Such	 a	 mechanism	 is	 probably	 not	 based	 on	 a	
single-	disease	entity	but	a	 reaction	 triggered	by	a	vari-
ety	 of	 underlying	 conditions	 such	 as	 an	 autoimmune	
disease,	thrombophilia	and/or	maternal	hematogenous	
infections	 (Redline,	 2020).	 A	 few	 reports	 emphasize	
the	 possibility	 of	 a	 fetal	 contribution	 to	 the	 causation	
of	MPFD	concerning	genetic	abnormalities	Long	Chain	
3-	hydroxyacyl	 coenzyme	 A	 dehydrogenase	 (LCHAD)	
mutation	 and	 kidney	 abnormalities	 (Griffin	 et	 al.,	
2012;	Matern	et	al.,	2001;	Taweevisit	&	Thorner,	2010).	
Moreover,	fetoplacental	contribution	has	been	reported	
in	association	with	MPFD	(Taweevisit	&	Thorner,	2010,	
2016).	Oligohydramnios	has	been	reported	as	a	key	fea-
ture	of	MFI/MPFD	seen	during	prenatal	ultrasound	ex-
amination,	together	with	placental	thickening	and	cysts	
(Mandsager	et	al.,	1994;	Viero	et	al.,	2004).

The	aim	of	this	article	was	to	describe	the	phenotype	of	
FADS	inducing	MPFD	or	vice	versa	and	the	genetic	eval-
uation	in	six	fetuses	in	one	single	consanguineous	couple	
between	2009	and	2019	in	the	Netherlands.	We	performed	
a	literature	review	to	examine	the	prevalence	of	FADS	and	
other	 congenital	 anomalies	 in	 pregnancies	 affected	 by	
MPFD.

2 	 | 	 METHODS

A	33-	year-	old	woman	of	Mediterranean	origin	with	a	con-
sanguineous	relationship	(first	cousins)	had	nine	pregnan-
cies	 in	 the	 period	 2009–	2019.	 She	 had	 five	 intra-	uterine	
fetal	deaths	between	20	and	24 weeks	gestational	age,	one	

neonatal	death	after	immature	delivery	at	21 weeks,	one	
healthy	 child	 and	 two	 first-	trimester	 miscarriages.	 The	
family	tree	is	depicted	in	Figure	1.

In	 all	 deceased	 fetuses,	 the	 FADS	 phenotype	 was	
identified.	 All	 fetuses	 and	 the	 healthy	 son	 were	 born	 in	
Amsterdam	 UMC	 in	 the	 Netherlands.	 Since	 no	 definite	
underlying	genetic	cause	was	found,	prenatal	genetic	di-
agnostic	testing	or	preimplantation	genetic	testing	could	
not	be	performed.

Serial	 structural	 and	 motor	 assessments	 were	 per-
formed	 in	 consultation	 with	 the	 parents	 in	 the	 sub-
sequent	 pregnancies	 for	 detection	 of	 early	 signs	 and	
deterioration	of	motility	(Donker	et	al.,	2009;	Tjon	et	al.,	
2019).	 Motor	 assessments	 were	 performed	 from	 the	
third	 fetus	 onwards	 according	 to	 Donker	 et	 al.	 (2009)	
who	 described	 a	 prospective	 cohort	 between	 1996	 and	
2007.	The	assessment	consists	of	three	aspects,	see	Table	
1.	Characteristics	of	abnormal	motility	 in	 fetuses	with	
FADS	 have	 been	 described	 previously	 Donker	 et	 al.,	
2009;	Tjon	et	al.,	2019).

Serial	 fetal	 growth	 and	 Doppler	 flow	 velocities	 were	
measured	to	detect	early	signs	of	placental	insufficiency.	
Aspirin	and	low	molecular	heparin	were	prescribed	to	the	
mother	from	fetus	4	onwards	because	of	the	unexplained	
recurrent	abnormal	sonographic	and	histological	findings	
of	 the	 placenta	 compatible	 with	 MPFD,	 despite	 the	 ab-
sence	of	maternal	thrombophilia	factors.

The	 placentas	 were	 examined	 for	 histological	 abnor-
malities	and	MPFD	was	classified	according	to	Katzman	
and	Genest	(2002).

Postmortem	examinations	were	performed	in	fetuses	4	
and	5,	in	line	with	the	parents	wish.	Additional	tests,	in-
cluding	genetic	testing	were	performed	with	the	available	
techniques	over	time	and	were	repeated	if	indicated.

F I G U R E  1  Family	three	showing	affected	and	non-	affected	family	members	with	VUS	VARS1	and	ABCF1
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2.1	 |	 Literature review

A	systematic	search	was	performed	on	January	18,	2021	
(by	 GLB	 and	 JT)	 using	 the	 databases	 PubMed,	 Embase.
com,	Clarivate	Analytics/Web	of	Science	Core	Collection,	
and	the	Cumulative	Index	to	Nursing	and	Allied	Health	
Literature	(CINAHL).

Initially,	 a	 search	 was	 performed	 with	 keywords	
and	 free	 text	 terms	 for	 (synonyms	 of)	 “Fetal	 Akinesia	
Deformation	 Sequence”	 or	 “Arthrogryposis	 Multiplex	
Congenita”	combined	with	(synonyms	of)	“contractures”	
combined	with	(synonyms	of)	“massive	perivillous	fibrin	
deposits”	 or	 “abnormal	 placenta.”	 In	 addition,	 the	 syn-
onyms	Pena	Shokeir	 syndrome,	 type	1	OR	Pena-	Shokeir	
OR	Fetal	akinesia	OR	Fetal	akinesia	sequence	were	used.	
These	gave	no	relevant	hits.

A	 second	 search	 was	 performed	 with	 keywords	 and	
free	text	terms	for	(synonyms	of)	“massive	perivillous	fi-
brin	 deposits,”	 “maternal	 floor	 infarction”	 or	 “abnormal	
placenta.”	A	full	overview	of	the	search	terms	per	database	
can	be	found	in	Appendix	S1(A–	D).	No	limitations	on	date	
or	language	were	applied.

All	search	results	were	screened	by	JT	and	JV	by	assess-
ing	the	title	and	abstract	for	inclusion/exclusion	criteria.	
The	application	Rayyan	aided	this	process	(Ouzzani	et	al.,	
2016).	 If	 there	 was	 a	 disagreement	 in	 an	 article’s	 inclu-
sion	or	exclusion,	the	article’s	full	text	was	read	to	reach	
a	consensus.

All	articles	describing	cases	with	MPFD	or	MFI	in	the	
placenta	 were	 included.	 Articles	 were	 excluded	 in	 cases	
where	 there	 was	 either	 no	 full	 text	 available,	 when	 the	
MPFD/MFI	 could	 not	 be	 related	 to	 the	 outcome,	 where	
no	cases	were	described	(overview	articles),	if	fibrin	depo-
sition	 was	 mentioned	 without	 definition	 of	 grading	 and	
when	the	article	was	a	reply	article.

All	 included	articles	were	read	in	full	 to	examine	the	
association	 between	 MPFD/borderline	 MPFD	 and	 fetal	
outcomes.	The	 factors:	 live	 born,	 deceased,	 fetal	 growth	
restriction,	congenital	anomalies,	and	maternal	underly-
ing	disease	were	assessed	per	article.

3 	 | 	 RESULTS

3.1	 |	 Findings on advanced ultrasound 
examination and outcome

From	the	seven	fetuses,	six	affected	and	one	healthy,	the	
individual	data	together	with	obstetrical	outcome	are	pre-
sented	in	Table	1.	All	fetuses	had	a	normal	growth	and	po-
sition	at	the	first	trimester	ultrasound	examination	(circa	
12 weeks’	gestational	age).

3.2	 |	 Histological findings

In	the	placentas	of	all	the	six	affected	fetuses,	MPFD	was	
found.	The	placental	parenchyma	showed	an	accelerated	
maturation.	There	were	no	other	signs	of	maternal	vascu-
lar	malperfusion	or	inflammation.	See	Table	2.	for	placen-
tal	 reports	and	Figure	2.	 for	macroscopic	pictures	of	 the	
placentas.

3.3	 |	 Postmortem examinations

The	external	inspection	was	performed.	In	all	affected	fe-
tuses	facial	anomalies	were	found,	in	line	with	FADS,	and	
contractures	were	found	in	four	out	of	six	(see	Table	2).	In	
addition,	a	complete	postmortem	autopsy	was	performed	
on	fetuses	4	and	5.	See	Figure	3.	for	pictures	of	fetus	1	and	
3.	An	overview	on	the	findings	of	the	postmortem	exami-
nation	is	presented	in	Table	2.

3.4	 |	 Additional testing

Since	 auto-	antibodies	 for	 acetylcholine	 and	 MUSK	 are	 as-
sociated	with	FADS,	these	were	examined	in	2012	with	the	
results	being	that	both	were	negative	in	the	mothers’	blood.	
Within	the	context	of	the	MPFD	and	the	high	grade	of	pla-
cental	tissue	maturity,	maternal	thrombophilia	was	tested	for	
and	revealed	no	inheritable	or	acquired	clotting	anomalies.

3.5	 |	 Genetic testing

The	 genetic	 testing	 performed	 over	 time	 is	 depicted	 in	
Table	3.	Postmortem	DNA	sampling	was	performed	in	all	
but	 the	 first	affected	fetus.	During	the	first	pregnancy,	a	
karyotype	was	performed	after	amniocentesis.

In	2014,	trio-	WES	analysis	was	performed	which	iden-
tified	no	(likely)	pathogenic	variants	but	which	found	two	
homozygous	 variants	 of	 unknown	 significance	 (VUS)	 in	
two	candidate	genes,	VARS1	 (OMIM*192150)	and	ABCF1	
(OMIM*603429).	 Both	 variants	 and	 genes	 were	 added	
to	 GeneMatcher,	 with	 no	 matching	 response	 thus	 far	
(Sobreira	et	al.,	2015).	WES	analysis	in	2014	was	performed	
at	 the	 Genome	 Laboratory	 of	 the	 VU	 medical	 center	 in	
Amsterdam	and	repeated	in	2017.	WES	analysis	on	another	
fetus	was	performed	in	2019	at	the	Genome	Laboratory	of	
Radboud	UMC	in	Nijmegen,	the	Netherlands.

In	VARS1	(NM_006295.2),	the	variant	c.518G>T,	p.(Ar-
g173Leu)	 was	 identified	 (Hg19	 chr6:31,760,767	 C>A),	
which	 is	 a	 non-	conservative	 missense	 variant	 of	 an	 in-	
mammals	conserved	amino	acid.	This	variant	of	unknown	
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significance	 has	 a	 low	 allele	 frequency	 in	 GnomAD	
v2.1.1:	2	heterozygous	alleles	out	of	a	total	of	247590.	The	
gene	 VARS1	 encodes	 the	 cytoplasmic	 aminoacyl-	tRNA	

synthetase	for	valine	(Friedman	et	al.,	2019).	In	addition,	
functional	 analysis	 of	 VARS1	 in	 fibroblast	 cells	 of	 one	
of	 the	 fetuses	 was	 performed	 and	 showed	 a	 decreased	

F I G U R E  2  Macroscopic	pictures	of	placenta	of	Fetus	5	showing	Massive	Perivillous	Fibrin	Deposition

F I G U R E  3  Pictures	of	external	inspection	of	Fetus	1	(Ieft)	and	3	(middle	and	right)	showing	contractures	and	micrognathia
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VARS1	 activity	 of	 51%	 compared	 with	 normal	 controls,	
but	 a	 remaining	 activity	 that	 was	 higher	 than	 normally	
seen	in	defective	VARS1	cell-	lines	(which	is	below	30%).	
This	method	has	been	previously	described	(Griffin	et	al.,	
2012).	These	 results,	 therefore,	did	not	 confirm	a	causal	
relationship	 between	 the	 p.(Arg173Leu)	 variant	 and	 the	
disease	phenotype	in	our	family.

The	 second	 variant	 is	 c.1510G>A	 p.(Val504Ile)	 in	
ABCF1	 (NM_001025091.1)	 which	 is	 a	 conservative	 mis-
sense	 variant	 of	 a	 highly	 conserved	 amino	 acid	 (Hg19	
chr6:30,553,369	 G>A).	 The	 variant	 has	 a	 low	 allele	 fre-
quency	in	GnomAD	v2.1.1;	3	heterozygous	alleles	out	of	a	
total	of	246638	alleles.	ABCF1	(ATP	binding	cassette	sub-
family	F	member	1)	has	not	been	associated	with	a	human	
disease.	Both	genes,	VARS1	and	ABCF1	are	located	in	an	
overlapping	 region	 of	 homozygosity	 (ROH)	 on	 chromo-
some	6	of	~22 Mb	(Hg19	chr6:20,765,548–	42,615,698)	 in	
which	more	than	750 genes	are	located.	No	additional	ho-
mozygous	(likely)	pathogenic	variants	were	 identified	 in	
the	remaining	genes	in	this	overlapping	ROH.	Additional	
ROH-	analysis	 showed	 that	 there	 were	 no	 other	 overlap-
ping	 ROH	 regions	 larger	 than	 1  MB	 shared	 by	 all	 five	
affected	 fetuses	 for	whom	DNA	was	available	as	well	as	
for	 the	 healthy	 son.	 The	 couple	 refrained	 from	 prenatal	
genotyping	 by	 chorion	 villus	 sampling	 or	 amniocentesis	
during	subsequent	pregnancies	after	the	identification	of	
the	VUS	in	VARS1	and	ABCF1.

3.6	 |	 Literature review on MPFD/
MFI and congenital anomalies

The	search	on	MPFD	with	related	search	terms	resulted	
in	a	total	of	1999	publications	with	129	eligible	articles.	Of	
these,	12	could	not	be	 included	because	no	full	 text	was	
available.	After	reading	the	full	text	of	all	of	the	remain-
ing	 articles,	 63	 were	 included	 (Abdulghani	 et	 al.,	 2017;	
Achuthan	et	al.,	2017;	Adams-	Chapman	et	al.,	2002;	Al-	
Adnani	et	al.,	2008;	Al-	Sahan	et	al.,	2014;	Ananthan	et	al.,	
2019;	Andres	et	al.,	1990;	Bane	&	Gillan,	2003;	Batcup	et	al.,	
1985;	Bendon	&	Hommel,	1996;	Benirschke	et	al.,	2000;	
Brown	 et	 al.,	 2002;	 Chaiworapongsa	 et	 al.,	 2016;	 Chang	
et	al.,	2006;	Chisholm	et	al.,	2016;	Clewell	&	Manchester,	
1983;	 da	 Cunha	 Castro	 &	 Popek,	 2007;	 Devisme	 et	 al.,	
2017;	 Eom	 et	 al.,	 2008;	 Faye-	Petersen	 et	 al.,	 2018;	 Feist	
et	 al.,	 2015,	 2019,	 2020;	 Gao	 et	 al.,	 2021;	 Gestrich	 et	 al.,	
2020;	Gibbins	et	al.,	2020;	Griffin	et	al.,	2012;	Gupta	et	al.,	
2004;	Hannaford	et	al.,	2019;	He	et	al.,	2018;	Heller	et	al.,	
2016;	 Hung	 et	 al.,	 2006;	 Jaiman	 et	 al.,	 2020;	 Katz	 et	 al.,	
1987,	 2002;	 Kim	 et	 al.,	 2019;	 Leavey	 et	 al.,	 2019;	 Leong	
et	al.,	2013;	Linn	et	al.,	2013;	Makino	et	al.,	2004;	Maloney	
&	Baergen,	2010;	Man	et	al.,	2016;	Mandsager	et	al.,	1994;	
Matern	 et	 al.,	 2001;	 Minamoto	 et	 al.,	 2019;	 Mongula	

et	al.,	2020;	Montenegro	et	al.,	1997;	Nickel,	1988;	Pathak	
et	al.,	2011;	Qi	et	al.,	2016;	Redline	et	al.,	2003;	Redline	&	
O’Riordan,	2000;	Romero	et	al.,	2013;	Sebire	et	al.,	2002;	
Spinillo	et	al.,	2019;	Taweevisit	et	al.,	2020;	Taweevisit	&	
Thawornwong,	 2020;	 Taweevisit	 &	 Thorner,	 2010,	 2015,	
2016;	 Weber	 et	 al.,	 2006;	 Whitten	 et	 al.,	 2013;	 Yu	 et	 al.,	
2015).	The	reason	for	exclusion	of	the	other	54	articles,	22	
did	not	mention	MPFD,	10	mentioned	only	 fibrin	depo-
sitions,	 13	 were	 overview	 articles	 with	 no	 original	 cases	
described,	 7	 contained	 no	 numbers	 of	 MPFD	 or	 did	 not	
relate	 MPFD	 to	 outcome	 and	 2	 were	 replies	 to	 an	 arti-
cle.	Based	on	 these	63	articles,	 an	overview	of	 the	preg-
nancy	outcomes	of	MPFD	is	presented	in	Table	4.	which	
describes	 the	cases	where	>50%	of	 the	villi	was	encased	
by	 perivillous	 fibrinoid	 or	 the	 placenta	 was	 defined	 as	
MFI.	Table	5	describes	 the	cases	with	borderline	MPFD	
where	25%–	50%	villi	was	encased	by	perivillous	fibrinoid.	
Fetuses	with	congenital	abnormalities	in	association	with	
MPFD	were	found	in	12	out	of	63	articles.

4 	 | 	 DISCUSSION

Here	 we	 present	 a	 consanguineous	 couple	 who	 lost	 six	
fetuses	before	a	gestational	age	of	24 weeks,	but	who	all	
developed	 normally	 up	 to	 the	 beginning	 of	 the	 second	
trimester.	From	a	gestational	age	of	around	20 weeks	on-
wards,	 all	 deteriorated	 in	 growth,	 posture,	 and	 motility,	
with	 the	 development	 of	 placental	 anomalies	 and	 oligo-
hydramnios.	The	couple	also	conceived	one	healthy	son.	
In	all	six	cases,	the	fetal	phenotype	of	the	affected	fetuses	
resembled	FADS	together	with	severe	early	onset	of	pla-
cental	 thickening	 with	 cysts	 on	 ultrasound	 examination	
and	histologically	confirmed	MPFD	in	the	placentas.

We	expected	to	find	literature	supporting	our	case	with	
the	association	of	FADS	and	MPFD	since	MPFD	is	known	
to	cause	oligohydramnios	which	can	cause	anomalies	 in	
face	and	extremities	in	line	with	FADS	(Mandsager	et	al.,	
1994).	Our	literature	review	describes	the	outcome	of	403	
fetuses	of	which	only	fifty	percent	were	live	born,	a	large	
proportion	 being	 delivered	 preterm.	 Congenital	 anom-
alies	 were	 described	 in	 only	 14/403	 cases,	 of	 which	 the	
majority	 in	 deceased	 fetuses.	 Despite	 our	 expectations,	
the	 search	 only	 revealed	 one	 report	 of	 bilateral	 clubfeet	
with	normal	karyotype	(Chaiworapongsa	et	al.,	2016)	and	
one	case	with	facial	changes	in	line	with	FADS	(Qi	et	al.,	
2016).	 Other	 congenital	 anomalies	 reported	 were	 renal	
anomalies	in	seven	cases	with	contractures	in	four	out	of	
seven	(Chang	et	al.,	2006;	Leong	et	al.,	2013;	Linn	et	al.,	
2013;	Taweevisit	 &	Thorner,	 2010),	 three	 cases	 of	 muta-
tion	in	LCHAD	(Griffin	et	al.,	2012;	Matern	et	al.,	2001),	
one	 osteochondral	 junction	 lesions	 (da	 Cunha	 Castro	 &	
Popek,	2007),	one	aplasia	of	the	left	diaphragm,	and	one	
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pulmonary	valve	dysplasia	(Montenegro	et	al.,	1997).	The	
combination	of	MPFD	with	hypercoiling	of	the	umbilical	
cord	was	reported	in	six	cases	(Feist	et	al.,	2020;	Gestrich	
et	al.,	2020;	Taweevisit	&	Thorner,	2016).

It	is	remarkable	that	borderline	MPFD	resulted	in	live	
born	infants	in	the	majority	(84/89)	and	except	for	1	tri-
somy	21,	no	other	congenital	or	chromosomal	anomalies	
were	 reported.	The	 search	 contradicts	 the	 premise	 that	
the	FADS	phenotype	in	our	cases	is	the	result	of	MPFD	
only.

Extensive	genetic	 testing	 in	our	case	was	performed	
through	the	years.	Repetitive	WES	identified	two	homo-
zygous	 missense	 variants	 of	 unknown	 clinical	 signif-
icance,	 one	 in	 the	 VARS1	 gene	 and	 one	 in	 the	 ABCF1	
gene,	 both	 located	 on	 chromosome	 6	 in	 the	 only	 over-
lapping	 and	 shared	 22  Mb	 ROH	 and	 within	 near	 dis-
tance	of	1 Mb.	Additional	genetic	analyses	revealed	no	
other	 likely	 or	 certain	 pathogenic	 cause.	 At	 this	 stage,	
it	 remains	 uncertain	 whether	 the	 homozygous	 variant	
in	either	 the	VARS1	 gene	or	 the	ABCF1	 gene	might	be	
associated	with	the	fetal	phenotype,	or	that	the	cause	is	
still	not	elucidated	but	likely	present	in	this	homozygous	
region	on	chromosome	6.	Amongst	others	lethal	congen-
ital	contracture	syndromes,	types	1,	2,	and	3	are	located	
on	 chromosomes	 other	 than	 chromosome	 6	 (GLE1	 on	
chromosome	9,	ERBB3	on	chromosome	12,	and	PIP5K1C	
on	chromosome	19,	respectively).	Kiefer	and	Hall	(2019)	
provide	the	most	recent	update	of	the	diversity	of	genetic	
anomalies	of	various	forms	of	AMC	and	FADS.	In	none	
of	these	genes,	(likely)	pathogenic	variants	were	identi-
fied	in	our	cases.

This	is	the	first	article	describing	a	possible	association	
of	a	fetal	genetic	anomaly	and	MPFD	other	than	LCHAD.	
In	2014,	during	the	first	WES	analysis,	no	disease	was	as-
sociated	 with	 VARS1	 pathogenic	 variants.	 However,	 at	
that	time,	mouse	mutants	of	GARS,	encoding	glycyl-	tRNA	
synthetase	 had	 been	 described	 to	 cause	 embryonic	 le-
thality	suggesting	a	possible	link	between	VARS1	and	the	
phenotype	 in	 the	 foetuses	 (Seburn	 et	 al.,	 2006).	 In	 2019,	
biallelic	pathogenic	(missense)	variants	in	VARS1	were	as-
sociated	with	an	autosomal	 recessive	 form	of	progressive	
neurodevelopmental	 epileptic	 encephalopathy	 with	 mi-
crocephaly	and	often	associated	with	early-	onset	epilepsy	
(OMIM#617802;	 Friedman	 et	 al.,	 2019;	 Siekierska	 et	 al.,	
2019).	ABCF1	has	been	described	to	function	in	innate	im-
mune	response	and	was	studied	in	2017	in	mice	by	Wilcox	
et	al	 (Arora	et	al.,	2019;	Wilcox	et	al.,	2017).	They	used	a	
single	gene	trap	insertion	in	the	ABCF1	gene	in	murine	em-
bryonic	 stem	cells	 and	demonstrated	 that	knockout	mice	
(ABCF-	/)	were	found	to	be	embryonic	lethal	at	3.5 days	post	
coitum,	while	ABCF1+/−	mice	appeared	developmentally	
normal.	The	lethal	consequences	in	ABCF1	knockout	mice	
possibly	resemble	with	the	IUFD	cases	in	the	family.

The	 literature	 on	 the	 phenotype	 FADS	 illustrates	
its	variable	expression,	describing	deterioration	that	
starts	either	with	its	expression	in	the	fetal	motility	or	
in	contractures	(Hellmund	et	al.,	2016;	Hoellen	et	al.,	
2011).	 All	 fetuses	 in	 our	 case	 had	 FADS-	like	 facial	
abnormalities,	 flexed	 posture,	 contractures	 in	 four	
out	 of 	 six	 and	 abnormal	 motility	 in	 all.	The	 sudden	
onset	of 	abnormal	motility	and	postural	anomalies	in	
these	fetuses	can,	in	our	experience,	not	be	explained	
by	 merely	 the	 placental	 abnormalities.	 Warrander	
et	 al.	 found	 placental	 abnormalities	 in	 correlation	
with	 reduced	 fetal	 movements	 consisting	 maternal	
vascular	 malperfusion	 lesions,	 but	 MPFD	 was	 not	
found	 (Warrander	 et	 al.,	 2012).	 Reports	 of 	 reduced	
variation	 in	 quality	 and	 quantity	 of 	 general	 move-
ments	 have	 been	 published	 in	 relation	 to	 placental	
insufficiency	and	fetal	growth	restriction	with,	first,	
reduced	 variation	 of 	 the	 amplitude	 and	 thereafter	 a	
more	 flexed	 posture.	 Posture	 has	 been	 addressed	 as	
being	 slightly	 more	 crouched,	 with	 more	 flexion	 in	
cervical	 spine	 in	 fetal	 growth	 restriction	 related	 to	
placental	 insufficiency,	 however,	 not	 as	 extreme	 as	
in	our	case	 (Bekedam	et	al.,	 1985;	Sival	 et	 al.,	 1990,	
1992a,	1992b).

Despite	 the	 fact	 that	 fetal	 growth	 restriction	 is	 fre-
quently	found	in	fetuses	with	FADS,	in	general	it	has	been	
found	 during	 the	 late	 second	 or	 third	 trimester	 of	 preg-
nancy,	whereas	it	was	already	present	during	early	second	
trimester	 in	 this	 family	 (Hellmund	 et	 al.,	 2016;	 Hoellen	
et	al.,	2011).	Moreover,	placental	abnormalities	like	MPFD	
have	not	been	described	in	pregnancies	with	fetuses	hav-
ing	 the	 complete	 spectrum	 of	 FADS.	 Perivillous	 fibrin	
depositions	show	a	high	recurrence	rate	with	intra-	uterine	
fetal	death	though	the	underlying	pathogenic	cause	is	still	
unknown	(Becroft	et	al.,	2004;	Chen	&	Roberts,	2018).	The	
clinical	 presentation,	 however,	 is	 generally	 later	 during	
the	third	trimester	of	pregnancy	(Becroft	et	al.,	2004).	The	
earlier	onset	of	similar	fetal	and	placental	anomalies	in	all	
affected	 fetuses	of	 the	 family	suggests	a	genetic	 involve-
ment	too.

This	 study’s	 strength	 lies	 in	 the	 well-	documented	
ultrasound	and	postpartum	findings	in	six	fetuses	who	
underwent	 similar	 deterioration	 over	 time	 which	 can	
best	be	considered	to	be	a	form	of	FADS	phenotype	to-
gether	 with	 outspoken	 placental	 anomalies	 including	
cysts	 as	 have	 been	 found	 in	 MPFD.	This	 was	 comple-
mented	 with	 a	 literature	 review	 which	 included	 dedi-
cated	examination	of	the	MPFD/MFI	classification	and	
fetal	outcomes.	While	the	literature	review	contradicted	
the	expectation	that	the	most	severe	form	MPFD,	often	
associated	with	oligohydramnios,	would	induce	FADS-	
like	 anomalies,	 several	 congenital	 anomalies	 were	 de-
scribed	 in	 association	 with	 MPFD.	 This	 leads	 to	 the	
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conclusion	that	MPFD	is	not	only	associated	with	ma-
ternal	factors	influencing	the	vascular	system	through	
chronic	endothelial	damage	(obesity,	autoimmune	dis-
ease,	 diabetes	 mellitus)	 or	 acute	 damage	 during	 viral	
infections	 (coxsackie	 virus	 A9/A16,	 cytomegaly	 virus,	
SARS-	COV-	2).	Furthermore,	from	the	literature	search,	
the	 unexpected	 reports	 on	 four	 discordant	 twins	 with	
one	 normal	 placenta	 and	 one	 abnormal	 supports	 the	
theory	that	it	is	not	simple	maternal	influence	causing	
the	MPFD	(Faye-	Petersen	et	al.,	2018;	Feist	et	al.,	2015;	
Gupta	et	al.,	2004;	Redline	et	al.,	2003).	Unfortunately,	
in	 the	 literature	 search	 from	 the	 129	 eligible	 articles	
only	 63	 could	 be	 included	 to	 relate	 MPFD	 with	 fetal	
outcome.	 This	 search	 should	 increase	 the	 awareness	
that	lumping	the	histological	placental	data	without	in-
dividual	outcomes	hinders	the	examination	for	possible	
underlying	causes.

5 	 | 	 CONCLUSION

In	 one	 consanguineous	 couple	 a	 strikingly	 similar	 phe-
notype	 of	 FADS	 was	 encountered	 in	 six	 affected	 fetuses	
(male	 and	 female)	 causing	 intra-	uterine	 fetal	 deaths	 be-
tween	20	and	24 weeks	gestational	age.	No	(likely)	patho-
genic	cause	was	identified,	but	two	homozygous	variants,	
both	of	unknown	clinical	significance	in	the	VARS1	gene	
and	 ABCF1	 gene,	 both	 located	 in	 the	 only	 overlapping	
homozygous	region	larger	than	1 Mb,	on	chromosome	6,	
were	 identified.	These	were	 the	only	consistent	overlap-
ping	genetic	finding	in	all	five	affected	fetuses	for	whom	
DNA	was	available.	The	only	healthy	child	is	not	a	carrier	
of	 these	variants.	The	severe	 fetal	growth	restriction,	re-
duced	variability	of	motility,	 flexed	posture	and	oligohy-
dramnios,	together	with	MPFD	in	all	placentas	showed	an	
extraordinary	presentation	of	FADS.	This	study	with	 lit-
erature	review	supports	the	finding	that	fetal,	fetoplacen-
tal,	and/or	genetic	components	may	play	a	role	in	causing	
some	MPFDs.
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