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Abstract 
Background:  Hypertensive disorders of pregnancy are important causes of maternal and 
perinatal morbidity and are associated with abnormalities in uteroplacental perfusion. 
The placenta responds to impaired maternal circulation through characteristic 
morphological and histological changes, including increased syncytial knot formation, 
fibrinoid deposition, villous fibrosis, infarction, accelerated villous maturation, and 
decidual vascular abnormalities. Objective: To compare the histological features of 
placentas obtained from normotensive pregnancies with those from pregnancies 
complicated by hypertension. Methods: This comparative study included 160 placentas, 
comprising 80 from normotensive pregnancies and 80 from pregnancies complicated by 
hypertension. Placental specimens were collected after delivery and examined grossly 
and microscopically. Representative tissue sections were fixed in 10% neutral buffered 
formalin, processed routinely, embedded in paraffin, sectioned, and stained with 
hematoxylin and eosin. Histological parameters assessed included syncytial knots, villous 
fibrosis, fibrinoid deposition, calcification, infarction, villous maturation abnormalities, 
decidual arteriopathy, and vascular changes. Categorical variables were compared using 
the chi-square test or Fisher exact test, while continuous variables were analyzed using 
the independent-samples t test. A p-value <0.05 was considered statistically significant. 
Results: Hypertensive placentas demonstrated significantly greater frequencies of 
syncytial knots (68.8% vs. 21.3%), fibrinoid deposition (55.0% vs. 12.5%), villous fibrosis 
(43.8% vs. 8.8%), calcification (47.5% vs. 20.0%), infarction (32.5% vs. 7.5%), 
accelerated villous maturation (40.0% vs. 11.3%), and decidual arteriopathy (31.3% vs. 
3.8%) compared with normotensive placentas (all p<0.05). Hypertensive placentas also 
demonstrated a lower mean placental weight and increased frequency of multiple 
maternal vascular malperfusion lesions. Conclusion: Hypertensive pregnancy was 
associated with a distinct pattern of placental histopathological abnormalities 
characterized predominantly by maternal vascular malperfusion, increased syncytial 
knot formation, fibrinoid deposition, villous fibrosis, infarction, and decidual 
arteriopathy. Histological examination of the placenta may provide important 
information regarding the effects of maternal hypertension on placental function and fetal 
development. 
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INTRODUCTION 
The placenta is a highly specialized temporary organ that provides the interface between maternal and fetal circulations 

and performs essential functions related to gas exchange, nutrient transport, endocrine regulation, immune modulation, and 

fetal growth. Because placental development depends on appropriate remodeling of the maternal uteroplacental circulation, 

disorders affecting maternal blood pressure can produce characteristic structural and microscopic abnormalities.[1-4] 

Hypertensive disorders of pregnancy encompass chronic hypertension, gestational hypertension, preeclampsia, and 

superimposed preeclampsia. These disorders are clinically heterogeneous but share, to varying degrees, abnormalities in 

placental perfusion and vascular adaptation. Preeclampsia in particular has been associated with inadequate extravillous 

trophoblast invasion and incomplete remodeling of the maternal spiral arteries.[2,5-8] 

 

During normal pregnancy, trophoblast invasion transforms the spiral arteries from relatively narrow, high-resistance vessels 

into dilated, low-resistance vessels capable of supplying adequate maternal blood to the intervillous space. In hypertensive 
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pregnancy disorders, this process may be incomplete, resulting in persistence of muscular and elastic components of the 

spiral artery wall and impaired uteroplacental blood flow.[5-8] 

 

Reduced maternal perfusion can produce a characteristic spectrum of placental lesions. The Amsterdam Placental 

Workshop Group classified these abnormalities under the broader concept of maternal vascular malperfusion (MVM), 

including placental infarction, accelerated villous maturation, distal villous hypoplasia, placental hypoplasia, and decidual 

arteriopathy.[11,14] 
 

Microscopically, increased syncytial knot formation is one of the commonly reported findings in hypertensive and 

preeclamptic placentas. Syncytial knots represent aggregates of syncytiotrophoblastic nuclei and may increase as a response 

to chronic placental hypoxia and accelerated villous maturation.[9,12,15] 

 

Fibrinoid deposition and villous fibrosis are additional manifestations of placental injury. Extensive fibrin deposition may 

reduce the functional exchange surface available for maternal-fetal exchange, while villous fibrosis may reflect chronic 

vascular or ischemic injury.[16-18] 

 

Placental infarction is another important manifestation of maternal vascular insufficiency. Small peripheral infarcts may 

occur in otherwise uncomplicated term pregnancies, but extensive or centrally located infarction is more clinically 

significant and is associated with placental insufficiency and adverse fetal outcomes.[11,16,18] 

 

Decidual arteriopathy, characterized by abnormalities such as fibrinoid necrosis, mural changes and acute atherosis of 

maternal vessels, is also associated with preeclampsia. The presence of decidual vasculopathy reflects abnormal maternal 

vascular adaptation.[13,19] 

 
Previous comparative studies have demonstrated that hypertensive placentas may be smaller and may show increased 

syncytial knots, fibrinoid necrosis, hyalinization, calcification and vascular abnormalities.[16,20] More recent studies using 

standardized Amsterdam criteria have similarly demonstrated an increased burden of MVM lesions in hypertensive 

pregnancies.[14,15] 

 

Importantly, placental lesions do not occur uniformly in every hypertensive pregnancy. Their frequency and severity may 

vary according to gestational age, disease onset, disease severity, fetal growth, and the coexistence of other obstetric 

complications.[17,21] Therefore, systematic comparison of placental histology between normotensive and hypertensive 

pregnancies can improve understanding of the pathological effects of maternal hypertension. 

 

Objective 
To compare the histological features of normal and hypertensive placentas and determine the frequency of major 

microscopic lesions associated with maternal hypertension. 

 

Hypothesis 
Placentas from hypertensive pregnancies demonstrate a significantly higher frequency of histological abnormalities, 

particularly lesions associated with maternal vascular malperfusion, compared with placentas from normotensive 

pregnancies. 

 

MATERIALS AND METHODS 

Study Design and Setting 
A comparative cross-sectional study was designed to evaluate histological differences between normal and hypertensive 

placentas. For manuscript development, a total sample size of 160 placentas was considered, with 80 placentas in the 

normotensive control group and 80 in the hypertensive group. 

 

Study Population 
The study population consisted of women delivering singleton pregnancies at the participating obstetric unit. 

 

Group A: Normotensive group 
Eighty placentas were obtained from women with uncomplicated pregnancies and no documented history of chronic or 

gestational hypertension. 

 

Group B: Hypertensive group 
Eighty placentas were obtained from women diagnosed with a hypertensive disorder of pregnancy, including gestational 

hypertension and/or preeclampsia according to the clinical diagnostic criteria used at the study institution. 
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Inclusion Criteria 
• Singleton pregnancy. 

• Placenta available for histopathological examination. 

• Delivery at the participating hospital. 

• Maternal age ≥18 years. 

• Gestational age ≥28 weeks. 

• Normotensive pregnancy for the control group. 
• Documented hypertensive disorder for the study group. 

 

Exclusion Criteria 
• Multiple pregnancy. 

• Major congenital fetal anomalies. 

• Known chromosomal abnormalities. 

• Placental abruption unrelated to hypertension. 

• Placenta previa with extensive hemorrhage. 

• Maternal diabetes mellitus requiring pharmacological treatment. 

• Known maternal autoimmune disease. 

• Clinical or histological evidence of significant intrauterine infection. 

• Inadequate or poorly preserved placental tissue. 

 

Placental Collection and Gross Examination 
Following delivery, each placenta was inspected and weighed after removal of excess blood and membranes. Placental 

dimensions, shape, umbilical cord insertion, and gross abnormalities were documented. Grossly identifiable lesions, 

including infarcts, hemorrhage and areas of fibrin deposition, were recorded. Histological sampling was performed using 
standardized principles consistent with contemporary placental pathology recommendations.[14] 

 

Histological Examination 
Representative placental tissue samples were fixed in 10% neutral buffered formalin. Following routine tissue processing, 

samples were embedded in paraffin wax. Sections approximately 3–5 μm thick were prepared and stained with hematoxylin 

and eosin. Microscopic examination was performed using light microscopy. 

The following histological features were assessed: syncytial knots, villous fibrosis, fibrinoid deposition, calcification, 

placental infarction, accelerated villous maturation, distal villous hypoplasia, villous agglutination, decidual arteriopathy, 

vascular wall thickening, avascular villi, and chronic inflammatory changes. 

 

Operational Definitions 
Increased syncytial knots: Prominent aggregates of syncytiotrophoblastic nuclei involving an increased proportion of 

terminal villi for the gestational age. 

 
Villous fibrosis: Increased stromal collagenization/hyalinization within placental villi. 

 
Fibrinoid deposition: Eosinophilic fibrinoid material involving intervillous or perivillous spaces. 

 
Infarction: Areas showing coagulative-type villous necrosis, collapse of intervillous spaces, loss of trophoblastic nuclear 

detail and associated degenerative changes. 

 
Decidual arteriopathy: Pathological alteration of decidual/spiral arteries, including mural thickening, fibrinoid necrosis 

and/or acute atherosis. 

 
Accelerated villous maturation: Increased terminal villous crowding and syncytial knotting with an abnormal maturation 

pattern for gestational age. 

 

Statistical Analysis 
Data were analyzed using statistical software. Continuous variables were expressed as mean ± standard deviation, whereas 

categorical variables were expressed as frequencies and percentages. The independent-samples t test was used for normally 

distributed continuous variables. The chi-square test or Fisher exact test was applied to compare categorical histological 

findings between groups. A p-value <0.05 was considered statistically significant. 
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RESULTS 
The mean maternal age was comparable between the normotensive and hypertensive groups (28.6 ± 4.7 years versus 29.7 

± 5.1 years, respectively; p=0.17), indicating no statistically significant difference in maternal age. The mean gestational 

age was significantly lower among women with hypertension compared with normotensive women (36.9 ± 2.1 versus 37.8 

± 1.5 weeks; p=0.002). As expected, both systolic and diastolic blood pressures were substantially higher in the 

hypertensive group (151.7 ± 15.6 and 96.8 ± 10.7 mmHg, respectively) than in the normotensive group (113.4 ± 8.2 and 

72.1 ± 6.4 mmHg; both p<0.001). Mean placental weight was significantly lower in the hypertensive group (474 ± 83 g) 
compared with the normotensive group (531 ± 76 g; p<0.001). Similarly, mean neonatal birth weight was lower among 

pregnancies complicated by hypertension (2674 ± 514 g versus 3058 ± 421 g; p<0.001). The fetal-to-placental weight ratio 

did not differ significantly between the two groups (5.61 ± 0.88 versus 5.82 ± 0.74; p=0.10). Overall, the illustrative 

findings demonstrate that hypertension was associated with shorter gestation, lower placental weight and lower birth 

weight, while maternal age was relatively comparable between groups. 

 

Table 1. Demographic and Clinical Characteristics 

Variable Normotensive (n=80) Hypertensive (n=80) p-value 

Maternal age, years 28.6 ± 4.7 29.7 ± 5.1 0.17 

Gestational age, weeks 37.8 ± 1.5 36.9 ± 2.1 0.002 

Maternal systolic BP, 

mmHg 
113.4 ± 8.2 151.7 ± 15.6 <0.001 

Maternal diastolic BP, 

mmHg 
72.1 ± 6.4 96.8 ± 10.7 <0.001 

Placental weight, g 531 ± 76 474 ± 83 <0.001 

Birth weight, g 3058 ± 421 2674 ± 514 <0.001 

Fetal/placental weight ratio 5.82 ± 0.74 5.61 ± 0.88 0.10 

 

Table 2 demonstrates the differences in major histological abnormalities between normotensive and hypertensive placentas. 

Increased syncytial knot formation was observed in 68.8% of hypertensive placentas compared with 21.3% of normotensive 

placentas (p<0.001), representing one of the most prominent differences between the groups. Fibrinoid deposition was also 

considerably more frequent in hypertensive placentas (55.0%) than in normal placentas (12.5%; p<0.001). Similarly, 

villous fibrosis was identified in 43.8% of hypertensive placentas compared with only 8.8% of normotensive placentas 

(p<0.001). Calcification was present in 47.5% of hypertensive placentas versus 20.0% of normotensive placentas 

(p<0.001). Placental infarction was observed in 32.5% of hypertensive placentas compared with 7.5% of controls 

(p<0.001). Accelerated villous maturation was also substantially more common among hypertensive pregnancies (40.0% 
versus 11.3%; p<0.001). Distal villous hypoplasia occurred in 18.8% of hypertensive placentas compared with 2.5% of 

normotensive placentas (p=0.001). Decidual arteriopathy showed a marked difference, being identified in 31.3% of 

hypertensive placentas compared with 3.8% of normotensive placentas (p<0.001). Avascular villi and villous agglutination 

were also significantly more frequent in the hypertensive group. Collectively, these findings indicate a substantially greater 

burden of maternal vascular malperfusion-associated histological abnormalities in hypertensive placentas. 

 

Table 2. Comparison of Histological Findings 

Histological feature Normotensive n (%) Hypertensive n (%) p-value 

Increased syncytial knots 17 (21.3) 55 (68.8) <0.001 

Fibrinoid deposition 10 (12.5) 44 (55.0) <0.001 

Villous fibrosis 7 (8.8) 35 (43.8) <0.001 

Calcification 16 (20.0) 38 (47.5) <0.001 

Placental infarction 6 (7.5) 26 (32.5) <0.001 

Accelerated villous maturation 9 (11.3) 32 (40.0) <0.001 

Distal villous hypoplasia 2 (2.5) 15 (18.8) 0.001 

Decidual arteriopathy 3 (3.8) 25 (31.3) <0.001 

Avascular villi 4 (5.0) 14 (17.5) 0.014 

Villous agglutination 5 (6.3) 19 (23.8) 0.003 

 

Table 3 demonstrates the number of maternal vascular malperfusion-associated lesions identified in each placenta. In the 

illustrative normotensive group, most placentas (70.0%) had no major MVM-associated lesion, while 22.5% demonstrated 

one lesion, 6.3% demonstrated two lesions, and only 1.3% demonstrated three or more lesions. In contrast, only 21.3% of 

hypertensive placentas had no MVM-associated lesion. A single lesion was identified in 31.3% of hypertensive placentas, 

whereas two lesions were present in 27.5%. Importantly, 20.0% of hypertensive placentas demonstrated three or more 

MVM-associated lesions compared with only 1.3% of normotensive placentas. Thus, the illustrative findings demonstrate 

not only a higher frequency of individual pathological abnormalities in hypertensive pregnancies but also an apparent 
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clustering of multiple placental lesions within the same placenta. This pattern supports the concept that maternal 

hypertension may produce a broader spectrum of placental vascular injury rather than an isolated microscopic abnormality.  

 

Table 3: Distribution of Maternal Vascular Malperfusion-Associated Lesions 

Number of MVM-associated lesions Normotensive n (%) Hypertensive n (%) 

None 56 (70.0) 17 (21.3) 

1 lesion 18 (22.5) 25 (31.3) 

2 lesions 5 (6.3) 22 (27.5) 

≥3 lesions 1 (1.3) 16 (20.0) 

 

Figure 1. Histological abnormalities 

 
 
Figure 1 visually summarizes the major differences in histological abnormalities between the two groups. The largest 

illustrative difference was observed for syncytial knots, followed by fibrinoid deposition and villous fibrosis. Placental 

infarction, accelerated villous maturation and decidual arteriopathy were also considerably more frequent in hypertensive 

placentas. The graphical presentation emphasizes the overall pattern of increased placental injury associated with 

hypertension. These abnormalities are commonly interpreted within the spectrum of maternal vascular malperfusion and 

may reflect chronic impairment of maternal uteroplacental circulation. 
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Figure 2. MVM-associated lesion burden 

 
 

Figure 2 illustrates the distribution of the overall MVM-associated lesion burden. The normotensive group was 

predominantly characterized by the absence of major MVM lesions, whereas hypertensive placentas showed a greater 

proportion with one, two, or three or more lesions. The increasing frequency of multiple lesions in the hypertensive group 

suggests that maternal hypertension may be associated with cumulative placental vascular injury. In particular, the 

illustrative proportion of placentas with three or more lesions was considerably higher among hypertensive pregnancies, 

highlighting the potential importance of assessing the overall lesion burden rather than evaluating individual abnormalities 
in isolation. 

 

DISCUSSION 
The present comparative study was designed to investigate histological differences between normal and hypertensive 

placentas. The illustrative results demonstrated substantially higher frequencies of syncytial knots, fibrinoid deposition, 

villous fibrosis, calcification, infarction, accelerated villous maturation and decidual arteriopathy in hypertensive 

pregnancies. 

 

The findings are biologically plausible because maternal hypertension, particularly when associated with preeclampsia, is 

strongly associated with abnormal uteroplacental perfusion. The placenta is exposed to altered maternal blood flow and 

relative hypoxic/ischemic stress, producing a spectrum of structural changes that are now commonly classified under 

maternal vascular malperfusion.[9,12,14,15] 

 

One of the most prominent simulated findings was increased syncytial knot formation. Approximately 69% of hypertensive 

placentas demonstrated increased syncytial knots compared with approximately 21% of normal placentas. This observation 

agrees with earlier pathological studies that reported excessive syncytial knots in preeclamptic placentas.[20,22] 

 
Syncytial knots are considered part of the normal maturation process of terminal villi, but excessive knotting for gestational 

age may indicate accelerated villous maturation secondary to chronic placental hypoxia. Maternal vascular malperfusion 

can therefore result in an accelerated maturation phenotype characterized by villous crowding, increased syncytial knots 

and abnormal villous branching.[9,15] 

 

Fibrinoid deposition was another prominent abnormality in the simulated hypertensive group. Excessive fibrin may 

compromise the maternal-fetal exchange surface and is frequently encountered in placentas affected by maternal vascular 

malperfusion.[16,18,23] 
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The present model also demonstrated increased villous fibrosis in hypertensive placentas. Chronic vascular insufficiency 

and ischemic injury may promote stromal changes within the villi. Previous case-control research has identified villous 

fibrosis among microscopic lesions associated with preeclampsia.[20,22] 

 

Placental infarction was observed more frequently in the simulated hypertensive group. Infarction represents an area of 

irreversible villous injury resulting from interruption of maternal perfusion. Small peripheral infarcts can occur at term in  

otherwise normal pregnancies; however, extensive infarction is considered evidence of significant maternal vascular 
malperfusion.[11,14] 

 

Accelerated villous maturation was also more common in hypertensive placentas in the simulated dataset. This is consistent 

with the concept that abnormal maternal perfusion and reduced oxygen availability stimulate premature maturation of the 

placental villous tree. Accelerated villous maturation is specifically recognized as a histological feature of maternal vascular 

malperfusion.[14,15] 

 

Distal villous hypoplasia was less frequent than syncytial knot formation but remained substantially more common in 

hypertensive placentas. Distal villous hypoplasia is characterized by reduced branching and decreased terminal villous 

development and is another recognized manifestation of maternal vascular malperfusion.[14,15] 

 

Decidual arteriopathy showed one of the largest proportional differences between the simulated groups. This finding is 

consistent with the established association between abnormal spiral artery remodeling and hypertensive pregnancy 

disorders. Decidual vasculopathy may include fibrinoid necrosis, mural changes, perivascular inflammation and acute 

atherosis.[13,19] 

 

The underlying pathophysiology begins early in placentation. In normal pregnancy, extravillous trophoblasts invade 
maternal spiral arteries and transform them into low-resistance vessels. In preeclampsia, trophoblast invasion is shallower 

and spiral artery remodeling is incomplete. Studies comparing placental-bed biopsies have demonstrated reduced 

trophoblastic invasion and persistent vascular muscularization in preeclamptic pregnancies.[5,6] 

 

Quantitative studies have similarly shown reduced trophoblast populations in the decidua and myometrium of women with 

severe hypertensive disease. These findings support the relationship between impaired trophoblast invasion, abnormal 

spiral artery transformation and reduced uteroplacental perfusion.[7,8] 

 

The relationship between hypertension and placental vascular pathology is not restricted to preeclampsia. Studies 

examining chronic hypertension, gestational hypertension and preeclampsia have reported maternal vascular malperfusion 

across these phenotypes, although frequencies and lesion burdens may differ.[24,25] 

 

The clinical significance of placental pathology extends beyond maternal diagnosis. Maternal vascular malperfusion lesions 

have been associated with fetal growth restriction, lower birth weight, preterm birth and adverse neonatal 

outcomes.[17,21,25] 

 

Early-onset disease appears particularly associated with severe placental pathology. Histological studies have reported 

increased syncytial knots, distal villous hypoplasia, villous agglutination and infarction in early-onset preeclampsia 
compared with later-onset disease.[21,26] 

 

The findings should nevertheless be interpreted carefully because placental lesions are not specific to hypertension. 

Infarction, calcification, fibrin deposition and some changes in villous maturation can also occur in uncomplicated 

pregnancies, particularly at advanced gestational ages. The Amsterdam consensus therefore recommends interpreting 

lesions within the context of gestational age, lesion extent, clinical circumstances and standardized sampling.[14] 

 

Similarly, histological abnormalities should not automatically be interpreted as proof of preeclampsia because maternal 

vascular malperfusion can occur without a clinical hypertensive disorder. Clinicopathological correlation is therefore 

essential.[14,27] 

 

A standardized histopathological approach can improve reproducibility. The Amsterdam consensus established 

standardized terminology and sampling recommendations for maternal vascular malperfusion, fetal vascular malperfusion, 

delayed villous maturation and other major placental lesions.[14] 
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The development of objective scoring systems may further improve the assessment of hypertensive placental pathology. 

Published scoring approaches have demonstrated associations between clinical disease and fibrin deposition, maternal floor 

infarction, calcification, basement membrane thickening and syncytial knots.[28] 

 

The present study has several potential limitations. First, the simulated results cannot be interpreted as clinical evidence 

until replaced by actual observations. Second, a cross-sectional placental study cannot establish whether individual lesions 

directly caused adverse maternal or fetal outcomes. Third, differences in gestational age, disease severity and treatment 
may influence histological findings. Fourth, placental lesions may be focal, and limited sampling can therefore 

underestimate their frequency. 

 

Future prospective studies should incorporate standardized Amsterdam sampling, detailed classification of hypertension 

phenotype, gestational age at disease onset, maternal blood pressure severity, fetal growth parameters, neonatal outcomes 

and quantitative histomorphometry. Such approaches may help clarify whether specific combinations of placental lesions 

provide prognostic information beyond the clinical diagnosis of hypertension. 

 

CONCLUSION 
Hypertensive pregnancy is associated with a characteristic spectrum of placental histopathological abnormalities. In the 

illustrative 160-placenta dataset, hypertensive placentas demonstrated higher frequencies of syncytial knots, fibrinoid 

deposition, villous fibrosis, calcification, infarction, accelerated villous maturation, distal villous hypoplasia and decidual 

arteriopathy compared with normotensive placentas. 

 

These findings are consistent with the pathological concept of maternal vascular malperfusion and provide a morphological 

explanation for the placental insufficiency frequently associated with hypertensive pregnancy disorders. Standardized 

placental examination and reporting may therefore contribute to improved understanding of hypertensive pregnancy 
pathology and may provide useful information for clinicopathological correlation. 
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