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Background: cOVID-19 infection, preeclampsia and gestational diabetes mellitus in pregnancy cause 
similar changes in the placenta and influence development of the fetus between conception and birth in gesta-
tion. proper uterine and placental vascularization is essential for normal fetal development. The transpla-
cental exchange is regulated and maintained by the placental endothelium. During placental implantation, 
the trophoblast differentiates into two distinct layers, the inner cytotrophoblast and outer syncytiotropho-
blast, which are key elements of the human placental barrier. Proinflammatory cytokines exacerbate ischemic 
events and create an upward spiral of an inflammatory reaction in the placenta. Placental pathology in ges-
tational COVID-19 shows desquamation and damage of trophoblast and chronic histiocytic intervillositis. 
Similar lesions also occur in gestational diabetes mellitus and preeclampsia. common ground: The systemic 
inflammatory response of the mother, the increased inflammation in the placenta and cytokine production 
by placental trophoblasts should be monitored throughout pregnancy. placental angiogenesis can be evalu-
ated by serum vascular endothelial growth factor, Annexin A2, placental growth factor or sclerostin. Tissue 
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damage can be assessed by measuring levels of serum lactate dehydrogenase and myeloperoxidase. Blood 
flow can be monitored with three-dimensional Doppler and pathological changes can be documented with 
paraffin-embedded tissue sections stained with hematoxylin and eosin, and electron microscope images as 
well as immunohistochemistry tests for vascular endothelial growth factor, placental growth factor, sclerostin 
and Annexin A2. Opinion: The damage of maternal and fetal vascular perfusion (villitis and fibrin deposition) 
is a common mechanism of gestational diseases. The placenta lesions liberate anti-endothelial factors that 
lead to anti-angiogenic conditions and are the common mechanism of maternal placental vascular malperfu-
sion in gestational diseases. 

K e y w o r d s: pregnancy, placenta, inflammation, vascularization, dysfunction, pathology. 

abbreviations: PE – preeclampsia, GDM – gestational diabetes mellitus, GCD – gestational COVID-19, ACE2 – angio-
tensin-converting enzyme 2, PCD – placental cytotrophoblast dysfunction, VEGF – endothelial growth factor, PGF – 
placental growth factor, TNF-α – tumor necrosis factor-alpha, IL – interleukin, IFN-γ – interferon-gamma, MPO – my-
eloperoxidase, eNOS – endothelial nitric oxide synthase, NO – nitric oxide.

Authors reviewed placental vascular develop-
ment during pregnancy in gestational 
COVID-19 (GCD), preeclampsia (PE) and 

gestational diabetes mellitus (GDM). Appropriate 
uterine and placental vascularization is essential for 
the normal fetal development. During the placenta 
implantation, the trophoblast differentiates into two 
distinct layers – inner cytotrophoblasts and outer 
syncytiotrophoblasts – which are key elements of the 
human placental barrier. In placenta lesions during 
pregnancy, the systemic inflammatory response of 
the mother induces platelet activation, proinflamma-
tory cytokine production induces pathophysiological 
changes that occur at the maternal-fetal interface. 
The proinflammatory cytokines exacerbate ischemic 
events and create an upward spiral of inflammatory 
reaction in the placenta activating cytokine produc-
tion in the placental trophoblast. The pathology in 
placenta lesions shows inflammation, desquamation 
and damage of trophoblast and placental hypoplasia 
in GCD, PE and GDM. These disorders in preg-
nancy could trigger commonalities in lesions dur-
ing gestation including unusual or reduced blood 
flow – or malperfusion – in the placental maternal 
vasculature, increased intramural fibrin deposition, 
stromal-vascular karyorrhexis and chronic villitis. 

The authors concluded that different gestational 
diseases have a common mechanism with similar 
placenta lesions. The pathological changes in the pla-
centa during pregnancy may result in the inability  of 
the placenta to perform its normal function, which 
could cause placental insufficiency, induced fetal in-
flammatory response, vascular thrombosis, stillbirth, 
fetal growth restriction or delay of neurosensorial 
development.

The reviewed literature revealed that metabo-
lism of the placenta adapts to maternal physiologi-
cal changes, adjusting its responses to nutrients and 
endocrine regulations. This adaptability optimizes 
hormone synthesis, diversifying available sources 
for energy production, angiogenesis, immune acti-
vation and tolerance, and pregnancy outcomes [1,2]. 
The oxygen- and nutrient-rich blood is carried from 
the placenta to the fetus via the umbilical vein, while 
deoxygenated blood and waste products transport 
from the fetus to the placenta by two arteries. 

The chorionic plate, the umbilical cord and the 
chorionic villi are the main structural elements of 
the human placenta. The intervillous space is filled 
with maternal blood that enters in this cavity via 
remodeled and opened maternal spiral arteries and 
leaves via uterine veins [3]. Binding of SARS-CoV-2 
to the angiotensin-converting enzyme 2 (ACE2) and 
its entrance into endothelial cells play a crucial role 
in inflammation of the placental endothelium [4]. 
The upward spiral of an inflammatory reaction in the 
placenta is initiated and maintained by proinflam-
matory cytokines, which exacerbate the ischemic 
events that will ultimately affect fetal development 
[5]. The histomorphology of the placenta in patients 
with PE and GDM shows a significant number of 
capillaries in terminal villi, syncytial knots and stro-
mal fibrosis. Failure of placental angiogenesis and 
pseudo-vasculogenesis during placental development 
have been linked to the pathogenesis of GDM and 
PE, and recently published papers on GCD report 
similar placental changes [6]. Invasion of trophoblast 
cells into lymphatics occurs before the trophoblast 
cells remodel the spiral arteries in the decidua, and it 
is in line with immunomodulation as an early aspect 
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of pregnancy. However, endometrial lymphatics may 
later lose their functional significance [7]. 

Several published papers featuring diseases in 
pregnancy (GDM, PE, GCD) indicate the driving 
force of placental cytotrophoblast dysfunction (PCD) 
is the expression of decidual chemokines, cytokines, 
and growth factors such as endothelial growth fac-
tor (VEGF), placental growth factor (PGF) and An-
nexin A2 that affect trophoblast migration and/or 
invasion. Decreased expression of Annexin A2 and 
loss of its association with VEGF leads to deficient 
trophoblastic invasion in PE [8]. Some of these mole-
cules including sclerostin likely play numerous roles 
at the maternal-fetal interface including decidual  
angiogenesis, spiral artery remodeling and activa-
tion and maturation of immune cells, extravillous 
trophoblasts, uterine natural killer cells and decidual 
fibroblasts [9].

Authors believe that the vascular inflammatory 
disorders cause placental hypoplasia, fetal vascu-
lar thrombosis and may result in maternal vascular 
malperfusion and fetal vascular malperfusion that 
leads to possible long-term damaging effects for 
newborns [10]. Maternal vascular malperfusion re-
sults in trophoblast necrosis, trophoblast necrosis, 
increased intramural fibrin deposition, stromal-vas-
cular karyorrhexis and chronic villitis. Histopatholo-
gy, electron microscope images, and immunohisto-
chemistry are used to quantify pro-inflammatory 
and ischemic effects in the placenta [6]. Therefore, 
the risks due to GCD, GDM and PE include miscar-
riage, fetal inflammatory response, stillbirth, fetal 
growth restriction and delay of neurosensorial de-
velopment [11]. 

These findings highlight the importance of a 
combined assessment of the decidua and placenta 
for the understanding of pathophysiological changes 
occurring at the maternal-fetal interface. In clinical 
practice, three-dimensional power Doppler has ena-
bled us to study the morphology of the vascular tree 
in vivo and to calculate the direct blood flow of the 
placenta [12, 13]. 

The immune status of pregnant women and 
consequently the newborn is altered in PE, GCD 
and GDM due to inflammation. Unpublished data by 
Vari SG et al. show the balance between proinflam-
matory cytokines and anti-inflammatory cytokines 
play a significant role in PCD. Immune activation 
at the maternal-fetal interface by proinflammatory 
cytokines like tumor necrosis factor-alpha (TNF-α), 
interleukins (IL) such as IL-1β, IL-2, IL-6, IL-12, 

IL-17A) and anti-inflammatory cytokines (human 
interferon-gamma (IFN-γ), IL-4, IL-5, IL-8, IL-10, 
IL-22) are main pathogenic factor in PE, GDM and 
GCD. Polymorphonuclear neutrophils are activated 
in PE patients, and IL-32 expression is upregulated 
in syncytiotrophoblasts [14]. 

It is well proven and reported that in the coro-
nary and peripheral circulation, oxidative stress and 
endothelial dysfunction have important prognostic 
implications. The endothelial nitric oxide synthase 
(eNOS) produces nitric oxide (NO) at low levels 
unless stimulated by bradykinin during inflamma-
tion [15]. At the same time, it is well known that NO 
plays a curtailing role in the intracellular antiviral 
defense and inhibits a broad spectrum of viruses in-
cluding SARS-CoV-19 [16].

Myeloperoxidase (MPO)-derived oxidants also 
contribute to tissue damage during inflammation 
leading to PCD. Throughout the progression of car-
diovascular disease, MPO-catalyzed reactions are 
attributed to pro-atherogenic biological activities in 
different phases of the atherosclerotic process that 
includes initiation, propagation, and acute complica-
tion [17]. 

Common ground

From our perspective, the placental cytotropho-
blasts convert from an epithelial to an endothelial 
phenotype during normal fetal development in PE, 
GDM and GCD. The changes in vasculogenesis 
throughout fetal development could lead to pseudo-
vasculogenesis and PCD [18, 19]. During COVID-19 
infection, changes in physiological features result 
from the harmful amplification loop between inflam-
mation and tissue damage and induced dysregulation 
of neutrophil extracellular traps formation [20, 21]. 

The maternal platelet count decreases gradu-
ally during pregnancy from the first, to second and 
to third trimester. It is our understanding that in PE 
and GDM, the maternal platelets promote endovas-
cular trophoblast infiltration and thus cause patho-
logical changes in the placenta [22]. In GCD, several 
factors accelerate platelet aggregation and micro-
vascular thrombosis in the placenta. Platelets are 
activated by proinflammatory cytokines that induce 
their binding to placental cytotrophoblasts [18]. PCD 
stimulates the production of placental IL-32 and pro-
inflammatory cytokines in gravid women trigger a 
coagulation cascade. The endothelial dysfunction in 
the maternal vasculature leads to thrombin genera-
tion, platelet activation and consumption. The syn-
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cytiotrophoblast layer damage within the placental 
intervillous space can activate maternal platelets and 
induce the formation of the fibrin-type fibrinoid [22] 
that has been found in the placenta of women with 
GCD [23]. On the other hand, decreased urokinase-
type plasminogen activator and increased plasmino-
gen activator inhibitor-1 will suppress the removal 
of fibrin depositions by fibrinolysis [24]. The his-
topathology of abnormal uterine perfusion during 
pregnancy in GCD, GDM and PE shows numerous 
pathological changes. In the literature, we found ac-
celerated villous maturation, increased perivillous, 
intervillous fibrin deposition, decidual vasculopathy, 
villous infarction and intervillous thrombosis. 

opinion

The leading cause of changes in the placenta 
is inflammation that is characterized by immuno-
globulins, C-reactive protein, interleukins and cy-
tokines TNF-α and IFN-γ, as well as decidual cy-
tokine IL-32. Inflammation induces tissue damage 
that can be measured by lactate dehydrogenase and 
oxidative stress that can be monitored by eNOS and 
MPO. Factors that accelerate platelet aggregation 
and microvascular thrombosis in the placenta during 
GCD, PE and GDM should be explored. Analysis of 
platelet count, the release of adenosine diphosphate 
during collagen- or thrombin-induced platelet ag-
gregation and platelet-derived cytokines in pregnant 
women could predict thrombotic complications and 
placental disorders. The pro-angiogenic effects on 
the fetoplacental circulation supports trophoblast 
growth, and thus placental angiogenesis shall be 
monitored by measuring serum VEGF, Annexin A2, 
and PGF. Also, it is required to investigate umbili-
cal cord plasma sclerostin as a predictor of placental 
and newborn weight. The evaluation of the vascu-
lar tree morphology and placental blood flow with 
three-dimensional power Doppler will help to estab-
lish a protocol for monitoring pregnant women with 
comorbidities such as pregnancy-induced hyperten-
sion, GDM and GCD. Histopathologic changes shall 
be documented in the placenta using electron micro-
scope images, and/or formalin-fixed, paraffin-em-
bedded tissue sections stained with hematoxylin and 
eosin, also using immunohistochemistry involving 
antibodies for VEGF, sclerostin, PGF and Annexin 
A2. The selected markers could be evaluated using 
enzyme-linked immunosorbent assays to monitor 
changes in blood serum, and monoclonal antibodies 
could be used for immunohistochemistry. 

The associations of placental changes in preg-
nant women with GCD, PE and GDM should be in-
vestigated during gestation to find a solid fundament 
for the selection of biomarkers in these complex 
pregnancy disorders. 
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Коронавірусна інфекція, прееклампсія та 
гестаційний цукровий діабет під час вагітності 
спричинюють подібні зміни у плаценті та впли-
вають на розвиток плода від зачаття до пологів і 
народження дитини. Відповідне кровопостачан-
ня матки та плаценти є необхідною умовою для 

нормального розвитку плода. Трансплацентар-
ний обмін регулюється та підтримується через 
функціонування плацентарного ендотелію. Під 
час формування плаценти трофобласт диферен-
ціюється у два окремих шари: внутрішній цито-
трофобласт та зовнішній синтиціотрофобласт, 
які є ключовими елементами фето-плацентарно-
го бар’єру у людини. Прозапальні цитокіни по-
силюють ішемічні прояви та запускають каскад 
процесу запалення у плаценті. У разі COVID-19 
під час вагітності у плаценті спостерігається де-
сквамація і пошкодження трофобласта та хро-
нічний гістіоцитарний інтервільозит. Подібні 
зміни також розвиваються при гестаційному ді-
абету та прееклампсії. Під час вагітності потріб-
но моніторити показники системної запальної 
відповіді організму жінки, запальні процеси у 
плаценті та продукцію цитокінів плацентарним 
трофобластом. Процеси ангіогенезу у плаценті 
можна оцінити за вмістом у сироватці крові вас-
кулярного ендотеліального фактора росту, ан-
нексину А2 та плацентарного фактора росту або 
склеростину. Маркерами ушкодження тканин 
слугують лактатдегідрогеназа та мієлоперокси-
даза. Стан кровотоку можна оцінити за допомо-
гою тривимірної допплерографії, а структурні 
зміни – за допомогою гістологічних досліджень,  
електронної мікроскопії, а також імуногістохі-
мічних досліджень з використанням васкуляр-
ного ендотеліального фактора росту, аннексину 
А2 та плацентарного фактора росту або скле-
ростину. Порушення судинної перфузії матері і 
плода (вітіліт та накопичення фібрину) – це ти-
повий механізм у патогенезі гестаційних хвороб. 
Ушкодження плаценти вивільняє анти-ендотелі-
альні фактори, що призводить до порушення ан-
гіогенезу та розвитку плацентарно-васкулярної 
мальперфузії при захворюваннях, пов’язаних із 
вагітністю.

К л ю ч о в і  с л о в а: вагітність, плацентар-
не запалення, васкуляризація, дисфункція, пато-
логія.
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