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Malperfusion: A Case Series and Literature Review
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D. Tortora, “*'P. Moretti, “’L. Ramenghi, “*'E. Fulcheri,

A. Rossi, and ““’M. Severino

SUMMARY: Fetal vascular malperfusion includes a continuum of placental histologic abnormalities increasingly associated with

perinatal brain injury, namely arterial ischemic stroke. Here, we describe the clinical-neuroimaging features of 5 neonates with arte-

rial ischemic stroke and histologically proved fetal vascular malperfusion. All infarcts involved the anterior territories and were mul-

tiple in 2 patients. In 2 neonates, there were additional signs of marked dural sinus congestion, thrombosis, or both. A mixed

pattern of chronic hypoxic-ischemic encephalopathy and acute infarcts was noted in 1 patient at birth. Systemic cardiac or throm-

botic complications were present in 2 patients. These peculiar clinical-radiologic patterns may suggest fetal vascular malperfusion

and should raise the suspicion of this rare, underdiagnosed condition carrying important implications in patient management, medi-

colegal actions, and future pregnancy counseling.

ABBREVIATIONS: FVM = fetal vascular malperfusion; PAIS = perinatal arterial ischemic stroke

erinatal stroke is a group of cerebrovascular diseases occurring

between 20 weeks of fetal life and 28 postnatal days caused by
focal disruption of normal (arterial or venous) cerebral blood
flow."? Many patients are diagnosed several months after birth
and therefore classified as having “presumed” perinatal stroke."

Perinatal arterial ischemic stroke (PAIS) and presumed PAIS
are the most frequent subtypes of perinatal stroke,> with an
overall incidence up to 1 per 1600 live births.* They represent an
important cause of cerebral palsy and are frequently associated
with epilepsy and abnormal cognitive, neurosensory, and behav-
ioral outcomes.>” The pathomechanisms of PAIS and presumed
PAIS are very likely similar but remain elusive, with multiple
maternal, fetal, and placental risk factors proposed.”® Of these,
placental abnormalities are the least investigated.® Indeed, scant
data about the placenta have been presented in the largest multi-
center PAIS studies published so far.”
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Fetal vascular malperfusion (FVM), previously known as fetal
thrombotic vasculopathy,® is an umbrella term introduced in
2015 by the Amsterdam International Consensus group of path-
ologists, encompassing a spectrum of histologic placental abnor-
malities, frequently at different stages compatible with reduced or
absent perfusion in any location of the fetoplacental vasculature,
such as occlusive thrombi, mainly in large-stem vessels, accompa-
nied by downstream changes, including organization, septation,
red cell extravasation, endothelial destruction, loss of vascularity
(avascular villi), and ultimately fibrosis.” According to the loca-
tion or extension of placental abnormalities, it can be further clas-
sified into low- or high-grade FVM.” The exact pathogenesis of
FVM is still not clear. However, venous stasis, endothelial or ves-
sel wall damage, and hypercoagulability are potentially involved
(Virchow triad).”'® Importantly, there is increasing evidence that
FVM plays an important role in neonatal mortality, morbidity,
and outcome, including brain injury.!"* In particular, the

Ethics approval: All procedures performed in studies involving human participants
were in accordance with ethical standards of the institutional and/or national
research committee and with the 1964 Helsinki declaration and its later
amendments or comparable ethical standards.

Informed consent was waived due to retrospective nature of the study.

Please address correspondence to Marta Bertamino, MD, PhD, Physical Therapy
and Rehabilitation Unit, IRCCS Istituto Giannina Gaslini, Genoa, Italy; e-mail:
MartaBertamino®gaslini.org; @MBertamino

O= Indicates open access to non-subscribers at www.ajnr.org
E Indicates article with supplemental on-line tables.

B Indicates article with supplemental on-line photos.
http://dx.doi.org/10.3174/ajnr.A6857

AJNR Am J Neuroradiol 41:2377-83 Dec 2020 www.ajnr.org 2377


https://orcid.org/0000-0002-9663-4387
https://orcid.org/0000-0002-3463-3004
https://orcid.org/0000-0002-8096-7806
https://orcid.org/0000-0003-1086-2651
https://orcid.org/0000-0003-4164-2125
https://orcid.org/0000-0002-5621-4046
https://orcid.org/0000-0002-9840-282X
https://orcid.org/0000-0003-0065-762X
https://orcid.org/0000-0002-9041-4981
https://orcid.org/0000-0001-8575-700X
https://orcid.org/0000-0003-4730-5322
mailto:MartaBertamino@gaslini.org
mailto:@MBertamino
http://dx.doi.org/10.3174/ajnr.A6857

FIG 1. Brain MR imaging of patient 1 performed on day 1. Axial TI-weighted image (A), T2-weighted image (B), and ADC maps (C and D) demonstrate
acute ischemic infarcts in the territory of the right MCA (arrowhead) and right anterior cerebral artery (ACA) (open arrow) associated with mild dif-
fuse atrophy of this cerebral hemisphere as well as a late subacute infarct in the territory of the left MCA (arrow). In addition, there are signs of
early secondary network injury of the right thalamus (asterisk) and splenium of the corpus callosum (black arrow) as well as subcortical and deep
white matter injury and laminar cortical necrosis (small arrows). Axial Tl-weighted image (E) and sagittal T2-weighted image (F) depict marked dis-
tension of the transverse and superior sagittal sinuses (arrows) with signs of slowing of the venous blood flow, confirmed on the coronal view of
MRV (G). MRA (H) shows reduced visualization of the right MCA and ACA branches compared with the contralateral side (small arrows).

association between FVM and perinatal arterial and venous
stroke is increasingly acknowledged.'”'""*"'” On the other hand,
FVM remains an underrecognized cause of PAIS because the
onset of clinical manifestations is usually around 12-72hours af-
ter birth or even months later in presumed PAIS, thus limiting
the availability of placental tissue for histologic examination.>'®"?
Moreover, reports focusing on imaging data of patients with
PAIS in the context of proved FVM are still limited, especially
within the radiology literature.' "1>1°"1® Nevertheless, failure to
recognize this etiology may have important implications in
patient management, as well as in medicolegal actions and future
pregnancy counseling.'® Therefore, it is crucial to increase aware-
ness of FVM-related PAIS in the neuroradiology community and
to highlight the importance of knowing the results of placenta ex-
amination when reporting these cases.

Here, we describe the neuroradiological features of 5 neonates
with PAIS and histologically proved FVM and their correlation with
histopathologic and clinical findings as well as neurologic outcome.

CASE SERIES

Regional review board approval was obtained for this single-center
series (N.096/2019), waiving parental written informed consent.
Five patients with PAIS and histologically proved FVM were identi-
fied from the institutional database of pediatric patients treated for
stroke at the Gaslini Children’s Hospital between 2012 and 2019. All
patients were initially investigated by cranial sonography followed
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by brain MR imaging in 4 patients (range: 1day-2.3 months).
Longitudinal brain MR imaging were obtained in 3 neonates (range:
14 days-2.4 years). In total, 11 brain MR imaging and 2 head CT
studies were available for review. Images were analyzed in consensus
by 2 pediatric neuroradiologists (M.S. and A.F.G., 10 and 5 years’
experience, respectively). FVM histologic features were reviewed by
2 pathologists (E.F. and F.B.,, 30 and 5 years’ experience, respec-
tively) and classified into high or low grade.” Clinical data at diagno-
sis and follow-up (range: 15days-5years) were obtained from
electronic charts.

On-line Table 1 lists clinical and placental features and the out-
comes of our cohort. Neuroimaging features are summarized in
On-line Table 2. Parents were nonconsanguineous, and family his-
tory was unremarkable in all patients. All neonates were male and
born by cesarean section (4/5 urgent procedures). Two neonates
were born from dichorionic diamniotic twin pregnancies. Three
pregnancies were complicated by threatened preterm labor, pre-
term premature rupture of membranes, and preeclampsia. Mean
gestational age at birth was 34.2weeks (range: 30-39 weeks).
Intrauterine growth restriction was diagnosed in 3/5 patients. Mean
birth weight was 1843 g (range: 910-3280 g), length was 42cm
(range: 35-51 cm), and head circumference was 30 cm (range: 26—
34 cm). PAIS was symptomatic at birth in 3/5 neonates (clonic seiz-
ures and apneas) and was incidentally discovered in 2/5 neonates.
In all patients, coagulopathies and congenital cardiac malforma-
tions were not detected. Associated clinical findings included a large



FIG 2. Brain MR imaging of patient 2 performed on day 1. Axial Tl-weighted image (A and B), T2-weighted (C and D) and diffusion-weighted
(E-G) images show bilateral atrophy and abnormal T1and T2 signal intensity of the thalami (arrowheads) and perirolandic regions (arrows) in the
context of hypoxic-ischemic lesions. Also note multiple areas of acute ischemic infarct distributed in the right MCA territory and watershed
region (open arrows). MRA (H) demonstrates reduced flow-related signal of the right MCA branches (small arrow).

deep skin ulcer related to distal thromboembolism (7= 1, On-line
Fig 1), transient myocardial ischemia (n=1), respiratory distress
syndrome of prematurity (n=3), and necrotizing enterocolitis
(n=1).

Cranial sonography findings were abnormal in 4/5 patients,
showing unilateral or bilateral WM hyperechogenicity (n=3)
and a focal irregular cavitation in the parietal subcortical WM
(n=1, On-line Fig 2).

On imaging, PAISs were multiple in 2/5 patients and involved
the anterior circulation in all patients (MCA in 4 neonates, with
additional anterior cerebral artery involvement in 1 patient),
mostly with a superficial involvement (4/5 patients, On-line Fig
3). In 2/5 patients, PAIS was detected in different phases (acute,
subacute, or chronic) at birth (Figs 1 and 2). Signs of early corti-
cobasal diaschisis were noted in 3/4 patients, and early Wallerian
degeneration of the corticospinal tract was present in 2/4 patients
(Fig 3). Concomitant dural sinus congestion, thrombosis, or both
was depicted in 2/5 patients, 1 of whom also displayed signs of
chronic hypoxic-ischemic encephalopathy at birth (Figs 1, 2 and
On-line Fig 4). MRA at diagnosis was available in 2 patients,
showing reduced flow-signal in the involved arteries. Follow-up
brain MR imaging and MRA studies demonstrated chronic evo-
lutions of PAIS, without new arterial infarcts, in 2/3 patients. In 1
patient, we observed the phenomenon of DWI reversal of the
cortical ischemic lesions, in keeping with spontaneous blood flow
restoration in the affected distal MCA branches.”® Resolution of
dural sinus congestion and thrombosis was noted in 2/2 patients
(On-line Figs 4 and 5).

Histologic examination of the placenta revealed long-standing
high-grade FVM in different evolutionary stages in all affected
patients (Fig 4). In both dichorionic diamniotic twin pregnancies,
FVM was detected in the chorionic disk of each twin with brain
injury, but no signs of FVM were found in the chorionic disk of
the unaffected co-twin. The placentas of the co-twins presented
minor signs of long-standing hypoxic damage and asynchronous
patchy ischemic lesions in 1 patient and focal congestion with
recent intravillous hemorrhages in the other. Signs of maternal
vascular malperfusion were present in 4/5 patients. Umbilical
cord abnormalities were present in all affected patients: nuchal
cord (n=2), hypercoiled (n=1), hypocoiled (n=1), and false
knots with torsion (n=1). No signs of inflammation of the um-
bilical cord, membranes, or amniochorial vessels were depicted in
any of the patients.

The preterm neonate who developed necrotizing enterocoli-
tis died at 15 days of life. Mean age at last clinical follow-up of
the remaining patients was 28 months (range: 6-60). Moderate
to severe developmental delay was diagnosed in 3 children,
associated with microcephaly in 2 patients. Motor deficits were
present in 3/5 children; 1 developed drug-resistant epilepsy,
required noninvasive respiratory support and enteral artificial
nutrition through gastrostomy at 9 months of age, and died at
10 months after a respiratory infection. Both co-twins of the 2
affected patients were born with appropriate birth weight,
length, and head circumference for gestational age and pre-
sented with normal psychomotor development at last follow-up
(24 and 36 months, respectively).
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FIG 3. Longitudinal neuroimaging evaluation of patient 5. Initial brain MR imaging obtained at 18 days of life, including axial TI-weighted image (A), axial
(B) and coronal (C) T2-weighted images, axial T2* image (D) and diffusion-weighted image (E), demonstrate a large ischemic infarct in the superficial
and deep territory of the right MCA in the late subacute or early chronic phase (arrows). There are associated areas of cortical laminar necrosis (thin
white arrow) and a focus of hemorrhagic transformation (thin black arrow). Also note signs of ipsilateral thalamic diaschisis (thick black arrow) and
Wallerian degeneration of the corticospinal tract (arrowhead). Follow-up brain MR imaging performed at 6 months (F-J). Axial Tl-weighted image (A)
and axial (B) and coronal (C) T2-weighted images depict progressive cystic encephalomalacia and atrophy in the infarcted area with ex vacuo enlarge-
ment of the adjacent CSF spaces (asterisks). MRA reveals reduced visibility of right MCA branches (arrow). Axial directionally encoded color fractional

anisotropy (FA) map at the level of the basal ganglia shows markedly reduced FA of the posterior limb of the right internal capsule (arrowhead).

DISCUSSION

Data on neuroimaging features of neonatal stroke associated with
thrombotic or inflammatory placental disorders are very rare.'>'”
In the largest study, which was by Bernson-Leung et al,'” collecting
46 children with neonatal arterial or venous ischemic stroke from
3 academic medical centers, 13/28 (46.4%) PAISs and 10/18
(55.5%) venous strokes were linked to FVM. Regarding the imag-
ing pattern, PAIS mostly involved the left hemisphere in the MCA
territory and was frequently multiple or superficial, but the right
hemisphere or perforator territories were affected only in a minor-
ity of patients.'>'” Similarly, we found that the anterior territories
were always involved with sparing of the posterior circulation. In
addition, multiple recurrent infarcts and/or small corticosubcorti-
cal infarcts were prevalent, suggesting a thromboembolic phenom-
enon occurring at different phases as the most plausible
pathomechanism linking FVM to PAIS. Indeed, because the rate
of thrombophilia is similar in placentas with and without
FVM,'>"* the main hypothesis is the spread of FVM-related
thromboemboli into the venous fetal circulation, in turn reaching
the aorta and then the intracranial vessels through a patent fora-
men ovale and a right-to-left direction of blood flow in the fetal

21,22

ductus arteriosus. Predominant involvement of the MCA terri-

tory is also described in most studies including patients with PAIS

. 37,23
of mixed or unknown cause,

though multiple infarcts are usu-
ally less frequent (<20%-30%).> Interestingly, some of the recur-
rent infarcts seen in our cohort appeared to be chronic with
cortical T1 hyperintensity indicative of laminar necrosis despite
having been detected in neonates on day 1; such observation favors

an intrauterine onset, as expected to occur in FVM.
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Reduced flow signal involving distal arterial branches ipsilateral
to the ischemic strokes was present in 2 patients in this series.
Intracranial arterial abnormalities have been reported in a subset of
neonates with PAIS of variable causes,”* likely reflecting reduced
arterial blood supply to the infarcted territory and/or persistently
occluded or near-occluded vessels in the context of a proximal

thromboembolism.***

We did not identify large-vessel occlusions
in any of our patients, but these have only been exceptionally
described in FVM-related PAIS,'”*" probably caused by rapid vessel
recanalization in neonates and/or more distal embolization."*”
Interestingly, 2 of our neonates presented additional features
related to severe venous congestion and/or thrombosis involving
the superior sagittal and transverse sinuses. The co-occurrence of
both arterial and venous complications in the setting of FVM has
not been reported before but is theoretically plausible because FVM
has been described in association with both PAIS and isolated neo-
natal cerebral sinovenous thrombosis.>'” In particular, this peculiar
combination might be caused by common risk factors underlying
FVM, activating coagulation and inflammatory pathways in both
the arterial and venous system® or by secondary marked reduction
of venous flow in the dural sinuses caused by diffuse fetoplacental
venous stasis."” On the other hand, additional risk factors previ-
ously described in the literature for neonatal dural sinovenous

thrombosis®**°

and not necessarily related to FVM, such as emer-
gent cesarean section, might have contributed to venous complica-
tions in the present patients. Therefore, future studies on larger
series are needed to elucidate the role of FVM in perinatal venous
stroke and to estimate the exact prevalence of both arterial and ve-

nous abnormalities in neonates with documented FVM.



=

FIG 4. Schematic representation of the placental fetal vascularization and histologic features of fetal vascular malperfusion. 1. Vessel of umbili-
cal cord. 2. Amniochorial vessels (A, A’, B, B'). 3. First-order stem vessels (C, C'). 4. Second-order stem vessels (D, D’). 5. Third-order stem vessels
(E, E', F). 6. Fourth-order stem vessels (F/, G, G', H). A. Amniochorial vessel with dilated lumen occupied by a floating thrombus adhering to the
wall by means of coagulation (patient 5). A’. Detail of the previous figure: evidence of wall damage in the form of a necrotic fibrinoid band
(patient 5). B. Amniochorial vessel with dilated lumen in which a thrombus in various phases of evolution adheres to the wall; the thrombus has
a fibrous nucleus, at the margins of which a recent coagulation and a fibrous thrombus in a medium stage of evolution are observed (patient 5).
B’. Detail of B: granulocytic infiltrate of the wall indicating vasculitis as the cause of thrombosis (patient 5). C. First-order stem vessel totally
occupied by a long-standing thrombus adherent to the wall (patient 1). C'. Detail of C, a segment of the destructured wall shows evolving lesions
after adhesion of the thrombus (patient 1). D. Second-order stem vessel with a thrombotic formation occluding the lumen without adhering to
the wall (patient 3). D’. Second-order stem vessel with wall lesion and initial detachment of a floating thrombus into the bloodstream. E. Third-
order stem vessel displaying wall damage and initial adhesion of a fibrinoid thrombus. E. Third-order stem vessel with the lumen completely
occluded by a long-standing thrombotic formation hampering the recognition of vessel wall structure (patient 1). F. Third-order stem vessel with
a long-standing partly recanalized occlusive thrombus (patient 1). F'. Fourth-order stem vessel: occluded lumen with revascularization; adjacent
to this, a totally occluded vessel whose wall structure is no longer recognizable (patient 4). G. Fourth-order stem vessel displaying initial recanali-
zation and endothelial proliferation promoting endoluminal neoangiogenesis (patient 1). G'. Detail of G showing the intermixing of nonaggluti-
nated erythrocytes and incomplete neo-formed vessels (patient 1). H. Fourth-order stem vessel: the lumen is occupied by a long-standing
thrombotic formation but displays recanalization; villi undergoing ischemic necrosis caused by perfusion block (patient 1). H". Group of villi
undergoing ischemic necrosis; long-standing lesion integrates the picture of so-called avascularized villi (patient 3).

Another peculiar finding in our series was the concurrence
of clinical and imaging signs of chronic hypoxic-ischemic ence-
phalopathy and multiple acute infarcts in 1 neonate at birth.
Although it is accepted that FVM is a risk factor for both

$*"%2 and both neo-

hypoxic-ischemic encephalopathy and PAI
natal hypoxic-ischemic encephalopathy and PAIS involve hy-
poxia-ischemia, patients with a mixed pattern on neuroimaging
have not been described in the setting of proven FVM to the
best of our knowledge. Such combination, although rare, may
be a potential alerting sign of FVM in neonates with PAIS. In
addition, as documented in our series and previously described
in the literature, the presence of intrauterine growth retardation,
thromboembolism in multiple organs, or cardiac complications
in neonates with PAIS are also associated with FVM and should
raise suspicion of this underestimated condition.'>'*??

Previous studies reported an extremely low rate of recurrence
of stroke after PAIS even in the context of FVM,'" supporting the

concept that risk factors associated with both FVM and PAIS
completely subside outside the perinatal period in most patients.
Similarly, we did not detect additional infarcts on follow-up stud-
ies nor the appearance of clinical manifestations related to new
arterial ischemic strokes. Independent of the subjacent etiology,
PAIS frequently results in epilepsy, cerebral palsy, and cognitive
deficits.> In our cohort, 1 preterm neonate died during the neo-
natal period because of severe necrotizing colitis. Adverse neuro-
logic outcomes were detected in most of the other patients,
representing a higher proportion than that described in most se-
ries of PAIS.?> However, these data should be considered with
caution because they might be related to selection bias caused by
nonsystematic evaluation of placenta histology.

High-grade FVM is associated with a higher risk of brain
injury.'® Indeed, all our patients were classified as having high-
grade FVM, showing occlusive thrombi, mainly in large-stem ves-
sels, accompanied by downstream changes, including organization,
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septation, red cell extravasation, endothelial destruction, loss of
vascularity and, ultimately, fibrosis. These changes are similar to
those seen in intrauterine fetal demise but are focal rather than dif-
fuse and, especially, in different stages of evolution.” However, no
differences in terms of severity and extension of FVM-related
lesions were noted among patients with severe or mild imaging
patterns in our series. This is in agreement with prior literature
showing no stringent correlation between MR imaging and histo-
logic data."

Although the likelihood of FVM and PAIS is thought to be
increased by endothelial damage caused by fetal inflammatory
response,” these lesions were not detected in the present series. On
the other hand, as documented in almost all our patients, FVM is
frequently associated with other placental abnormalities, such as
maternal vascular malperfusion.'®** Interestingly, we had 2 cases
of twin dichorionic diamniotic pregnancies, but no co-twin had a
stroke or evidence of FVM features in the corresponding placenta,
as previously demonstrated.!” Of note, umbilical cord abnormal-
ities (ie, potentially obstructing anatomic lesions and/or clinical
conditions) are considered major risk factors of FVM, probably
through promotion of venous obstruction, congestion, and sta-
sis.'”"" Accordingly, 4 neonates presented cord abnormalities asso-
ciated with FVM, including entanglements, hypercoiling, and/or
torsion. Unfortunately, placentas are generally discarded soon after
delivery, but the clinical presentation of PAIS is often mild and
nonspecific, and the diagnosis is most often made a few days or
even months after birth, as in the present series.>® These are major
limitations in the diagnosis of FVM in PAIS, and the extent to
which different FVM histologic patterns and umbilical cord
anomalies may impact on the type of PAIS or brain injury at birth
remains an intriguing issue awaiting further exploration.

In conclusion, we confirm the prevalent involvement of the an-
terior circulation in FVM-related PAISs that were frequently mul-
tiple, asynchronous, and distributed superficially, thus suggesting
an embolic origin. Moreover, we describe for the first time the co-
occurrence of imaging signs of hypoxic-ischemic lesions and/or
dural sinus congestion or thrombosis in these neonates, and the
association of these features with FVM is worth further investiga-
tion. Together with clinical manifestations such as intrauterine
growth retardation, thromboembolism in other organs, and car-
diac complications, these MR imaging features may raise the suspi-
cion of a subjacent FVM, a rare but likely underdiagnosed
condition. Larger prospective studies including placental examina-
tion in all neonates are needed to clarify the pathomechanisms of
FVM-related PAIS and the correlation between clinical, imaging,
and histologic findings.
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