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ABS TRACT  
 

 

BACKGROUND 

The human umbilical arteries form an important component involved in the 

exchange of materials between the foetus and the mother. Hypertensive disorders 

in pregnancy are responsible for a significant amount of maternal and perinatal 

morbidity and mortality. It complicates about 6 - 20 % of all pregnancies. Although 

PIH (Pregnancy-induced hypertension) is one of the major causes of maternal death, 

especially in developing countries; its perinatal outcomes are also not so favourable. 

We wanted to study the ultrastructure of Hyrtl’s anastomosis between the 

normotensive and hypertensive placentas. 

 

METHODS 

A cross-sectional study was carried out to assess the variable anatomy in Hyrtl’s 

anastomosis and determine the alterations of the Hyrtl’s anastomosis in the case of 

pregnancy-induced hypertension from the year 2017-2018 at Sikkim Manipal 

Institute of Medical Sciences. For TEM (transmission electron microscopy) the 

portion of the Hyrtl’s anastomosis was carefully dissected out and processed. The 

study included women with pregnancy-induced hypertension if their arterial blood 

pressure with systolic as ≥ 140 mm Hg and diastolic ≥ 90 mm Hg measured on two 

or more occasions at least after the 20th week of gestation with or without oedema. 

Due to an inadequate number of cases essential hypertensive cases were excluded. 

 

RESULTS 

From the study conducted, transmission electron microscopy revealed a disrupted 

muscular layer in pregnancy-induced hypertension when compared to normal 

Hyrtl’s anastomosis. Thickening of the muscular layer was observed in the 

pregnancy-induced Hyrtl’s anastomosis. Statistical Analysis - Independent t-test 

was considered in the analysis for continuous among the ultrastructure of the 

Hyrtl’s anastomosis between the normotensive and hypertensive groups. P ≤ 0.05 

was considered significant. SPSS 20.0 was used for data analysis. 

 

CONCLUSIONS 

The effect of hypertension brought about structural changes in the blood vessel 

which might probably have an effect on the fetoplacental circulation and therefore 

adversely affecting the foetal outcome. 
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BACK GRO UND  
 

 

 

The human umbilical arteries form an important component 

involved in the exchange of materials between the foetus and 

the mother. Hyrtl’s anastomosis, connecting the two umbilical 

arteries has been described by many authors.1,2 Many 

theories have been put forward explaining its function in 

equalizing the pressure between the two arteries.1,2,3,4,5,6 

The importance of an intact endothelium and recognizing 

the value of the blood vessel endothelium in the 

uteroplacental circulation has been greatly increased. 

Reduction in the uteroplacental blood flow, abnormal 

placentations are often associated with pregnancy-induced 

hypertension.7 

In a specimen of pre-eclampsia, an ultrastructural study 

was performed and the study revealed extensive endothelial 

cell injury. A two-staged disease was attributed to it. Firstly, 

the uteroplacental blood flow is affected and secondly the 

placental ischemia affecting the maternal and foetal 

circulation.8 

Disrupted endothelial cells were reported from the 

umbilical arteries of infants from pre-eclamptic women.9 

Ultrastructural study in normal umbilical arteries by 

Inger Asmussen revealed the endothelial cells in the intimal 

layer to be closely held together by tight junctions and gap 

junctions and these cells containing the cell organelles, the 

rough endoplasmic reticulum, mitochondria and Golgi 

apparatus.10 A thin irregular basement membrane of 0.1µ 

separated the media from the intimal layer. 

Histological study of blood vessels of foetal umbilical 

cords demonstrated in the umbilical arteries, absence of 

external elastic lamina, adventitia or vasa vasorum. Internal 

elastic lamina is not distinguishable. At the junction of the 

tunica intima and media, a discontinuous segment of elastic 

lamina was reported. The arrangement of smooth muscle 

cells was mostly helical or circular displaying a dense 

intercellular matrix. The smooth muscle cells of the intima 

were, closely and longitudinally arranged with varying 

thickness and partial folding into longitudinal pleats and the 

lumen narrow and distorted. The smooth muscle cells were 

found to be thin, elongated and wavy as if relaxed or possibly 

degenerated. 

In the ultrastructural study, in the media, the smooth 

muscles were not closely packed and irregularly in the 

outline of the nuclei and peripheral concentration. The 

location of the cell organelles was predominantly perinuclear 

and para nuclear and in the myofibrils, cytoplasmic densities 

were seen. Smooth muscle cells were abundant in glycogen 

and were seen as elongated perinuclear collections of black 

granules, in the proximity of the plasma membrane. Post-

partum autolysis showed loss of cristae in mitochondria and 

a clear matrix. The thin and deficient basement membrane of 

the smooth muscle cell was occasionally multiple featuring 

unusual elevations with delicate folds often separated from 

the plasma membrane. Deep cytoplasmic extension held the 

endothelial cells of the umbilical artery with the underlying 

tunica intima. Nuclei of the endothelial cells exhibited 

peripherally located chromatin. The basement membranes 

were separated from the endothelial plasma membrane and it 

was thick and discontinuous. 

Weiss reported in the muscle layer the smooth muscle 

cell of the umbilical artery was longitudinally oriented with 

the consistent proliferation of the intima that develops during 

gestation. In post-natal life, the concept of tunica intima and 

media (inner and outer muscle layer) was clearly demarcated 

by the prominent elastic tissue. 11 

Roach in their studies reported the stellar lumens of 

umbilical arteries and the collapsed vessels were due to the 

intimal mounds (valves of Hoboken).12 Postpartum the 

contraction of the longitudinal muscles in the media and 

intima shortens and the girth increases laterally, encroaching 

the lumen and this explains the narrowing of the lumen. 

The endothelial muscular layer of the Hyrtl’s anastomosis 

has however received scant attention. Indeed to the better of 

our knowledge only one brief description on histology of the 

structure of the muscular layer of Hyrtl’s anastomosis by 

Ullberg exists.13 

Therefore, the present study was conducted to study the 

ultrastructural features of Hyrtl’s anastomosis of 

normotensive and hypertensive umbilical arteries. 

 

 
 

ME TH OD S  
 

 

20 cases of Hyrtl’s anastomosis of pregnancy-induced 

hypertension and normal were collected and processed for 

histological examination from the year 2017 - 2018 at Sikkim 

Manipal Institute of Medical Sciences. 

A cross-sectional study was carried out to assess the 

variable anatomy in the Hyrlt’s anastomosis for a better 

understanding of the physical characteristics involving 

placentas from normotensive and pregnancy-induced 

hypertensive mothers. 

Samples taken were approved by the Institutional Ethics 

Committee and the patient’s written consent was obtained. 

Procedures for the histological sections followed. Fixation in 

10 % formalin solution, dehydrated in graded ethanol series, 

cleared in xylene and embedded in paraffin. Sections of 5µm 

Hyrtl’s anastomosis were stained with haematoxylin and 

eosin (H & E) and were identified under a microscope (10x, 

20x). 

For the ultrastructural study, the specimens were 

immediately dissected after the delivery. For TEM the portion 

of the Hyrtl’s anastomosis was carefully dissected out and cut 

into small blocks (1 mm) and immediately transferred to 3 % 

cacodylate buffered glutaraldehyde (pH 7.4) for a minimum 

of 4 hours. Post fixation was performed in 1 % buffered 

osmium tetroxide for 1 hour. Tissue rinsed in 0.1 M 

cacodylate buffer for 10 minutes. Tissue blocks were 

dehydrated in graded ethanols, cleared in propylene oxide, 

and embedded in resin (Agar 100). After the tissue blocks 

were prepared, ultra-thin sections were cut off 40 nm 

thickness; sections were taken on 200 mashes thin bar Nickel 

grid and stained with 2 % Uranyl acetate and 0.2 % lead 

citrate. Then it was ready to observe in TEM. Images were 

taken at 100 kV. TEM was FEI Tecnai Biotwin 12. 

 

 

In clu si o n Cr i ter i a  

Inclusion criteria included women with pregnancy-induced 

hypertension if their arterial blood pressure with systolic ≥ 

140 mm Hg and diastolic ≥ 90 mm Hg measured on two or 

more occasions at least after the 20th week of gestation with 

or without oedema. 
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Ex clu si o n Cr i ter i a  

Due to the inadequate number of cases essential hypertensive 

cases were excluded. 

 

 

S ta ti s ti cal  An aly si s  

Independent t-test was considered in the analysis for 

continuous variables among two or more groups. P ≤ 0.05 

was considered significant. SPSS 20.0 was used for data 

analysis. 

 

 
 

 

RES ULT S  
 

 

 

In transmission electron microscopy of pregnancy-induced 

hypertensive Hyrtl’s anastomosis the muscular layer was 

disrupted when compared to normal Hyrtl’s anastomosis. 

The muscular layer was thickened (Table. 1) and blood clots 

were also seen with hyalinization in pregnancy-induced 

hypertensive Hyrtl’s anastomosis. (Fig; 1) 

 

 

Figure 1. TEM of Tunica Media of Pregnancy Induced Hypertensive 

Hyrtl’s Anastomosis Showing the Smooth Muscle Cells Thickening.                  

(SM - Smooth Muscle Cells) 

 

Irregularities in the endothelial lining and the cells of the 

smooth muscles were flat and thick similar to fibroblast. In 

the tunica intima of normal Hyrtl’s anastomosis, the 

endothelial cells were placed in close proximity and were 

joined by gap junctions. The arrangement of the smooth 

muscles was loose and the muscle cells were long and 

slender.                  (Fig. 2) 
 

 

Figure 2. TEM of Tunica Media of Normal Hyrtl’s Anastomosis.                           

(SM - Smooth Muscle) 

Specimen 
Thickness of the 

Muscle Layer (mm) 

Hyalinization 

Thickness (mm) 
Normal Hyrtl’s 

Mean 

St.dev 

N 

S.E 

 

0.312 

±0.13 

30 

0.0231 

 

0.41 

±0.31 

30 

0.0566 

PIH Hyrtl’s 

Mean 

St. Dev 

N 

S.E 

 

0.39 

±0.214 

30 

0.0391 

 

0.32 

±0.18 

30 

0.0329 

T- Value -1.7058 1.375 

P - Value 0.094 0.174 

Table 1. Measurement of the Thickness of Muscle Layer in Normal and 

Pregnancy Induced Hypertension Hyrtl’s Anastomosis. 

 

 
 

 

DI SCU S SI ON  
 

 

A varied difference was observed in the Hyrtl’s anastomosis 

of pregnancy-induced hypertensive umbilical cords when 

compared to that of normotensive umbilical arteries. 

The present findings are in accordance with previous 

studies in relation to smooth muscle fibres. Studies related to 

the ultrastructure of human umbilical vessels at term are 

numerous10,12,14 but there are no studies comparing the 

ultrastructure of the Hyrtl’s anastomosis of pregnancy 

induced hypertension. 

Reports on the orientation of the smooth muscle cells 

were done by many authors, the arrangement of the smooth 

muscle layer in two distinct layers: an outer circular layer 

surrounding an internal longitudinal layer.15 

Hamilton and Boyd reported the arrangement being 

longitudinal mainly with intermittent circular layers, whereas 

in term umbilical vessels, a predominant helicoidal layer was 

proposed by Gebrane - Younes et al.16,17 The present study 

showed that the circular muscle layer was predominant in 

the Hyrtl’s anastomosis of pregnancy-induced hypertensive 

and normotensive groups. 

In the peripheral region of the vessel wall, fibroblast like 

cells were seen. Takechi et al. described in detail the 

fibroblast like cells in the umbilical artery and their cells act 

as an adventitial layer around all three vessels of the 

umbilical cord.18 

In a fully patent umbilical artery, the endothelial lining 

arrangements were described and composed of spindle-

shaped cells, which were longitudinally arranged and 

connected by cell junctions.19 

Our findings in normal Hyrtl’s anastomosis were similar 

and revealed a relatively smooth and uniform endothelial 

lining which were connected by tight junctions. 

In the preeclamptic groups, the muscular layer was 

thicker than in normal pregnancies as reported by Junek et. 

al.20 These observations were made in the tunica intima and 

media. Similar observations were noted from our study. 

The muscular layer of Hyrtl’s anastomosis of pregnancy 

induced hypertensive was thicker and the smooth muscle 

cells appeared to be thicker with short abrupt ends, the cells 

were also flat whereas in normotensive, the smooth muscle 

cells were arranged in few layers and loosely with visible 

space and circular arrangement with the cells being slender 

in shape. 

The absence of nerves, vasa vasorum or elastic lamina 

were observed throughout the whole investigation of Hyrtl’s 
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anastomosis which was in agreement with the findings of 

Manuel et al. who demonstrated in the umbilical arteries.21 

 

 
 

 

CONC LU S ION S  
 

 

 

From the study conducted, transmission electron microscopy 

revealed thickening and hyalinization along with disrupted 

muscular fibres and blood clots were visible. Overall, the 

adventitia, vasa vasorum, nerve fibres and the elastic lamina 

were not seen. In summary, there was a difference in the 

structure of the vessel wall of the normotensive Hyrtl’s 

anastomosis and pregnancy-induced hypertensive Hyrtl’s 

anastomosis. The effects of hypertension brought about 

structural changes in the blood vessels which might probably 

have an effect on the fetoplacental circulation and therefore 

adversely affecting the foetal outcome. 

 

 

Li mi t a ti on s o f  the  S tudy  

The length of the Hyrtl’s anastomosis ranging from 1mm-

5mm, making the sample collection restricted to few 

numbers and also the availability of the pregnancy-induced 

hypertensive samples within a stipulated time, hindered the 

study. 

 
Data sharing statement provided by the authors is available with the 

full text of this article at jemds.com. 
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