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ABSTRACT
Background and Aim: Umbilical cord is a pathway of oxygen and nutrient supplies 
between mother and fetus, whose normal growth is essential for normal fetal growth. Even 
though it is grown enough, anomaly of umbilical cord can have negative affection on the 
fetus and neonate. The study was conducted to explain several structural and histological 
features of the umbilical cord that affect asphyxia neonatorum. Methods: Specimens were 
obtained from 85 cases of umbilical cords diagnosed as asphyxia neonatorum. We have 
evaluated the amount of Wharton’s jelly, mast cell counts distributed around the umbilical 
vessels, muscular remnant and segmental thinning of umbilical vessels and the presence 
of thrombus. Results: At grade 2 asphyxia neonatorum, Wharton’s jelly which composes 
umbilical cord and mast cell counts distributed around the vessels were significantly lower 
than the control group. There was no significant difference in the presence of muscular 
remnant of umbilical vessels. Segmental thinning of umbilical vein was observed only in 
study group, and thrombus was observed in the group of grade 2 asphyxia. Conclusion: The 
structural and histological factors that can affect the asphyxia neonatorum include amount 
of Wharton’s jelly, mast cell counts distributed around the vessels, segmental thinning of 
umbilical vessels and thrombus.
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INTRODUCTION
Birth asphyxia is defined as a failure to initiate, 
establish and sustain breathing at birth.[1-4] Perinatal 
asphyxia is one of the most important causes of 
morbidity and mortality in neonates.[4-6] Over  
130 million infants born every year globally and 
about four million neonatal deaths occurred each 
year.[2,6,7]

About one-quarter of all neonatal deaths are caused 
by perinatal asphyxia in worldwide.[3,5] Prevalence 
of perinatal asphyxia varies from 1 to 6 per 1000 
live births.[8,9] Gebreheat et al. reported low birth 
weight, meconium-stained amniotic fluid, cesarean 
section, and prolonged maternal labour have been 
associated with perinatal asphyxia.[5] Nayeri et al. 
reported emergent cesarean section, preterm labor 
(<37 weeks), birth weight lower than 2500g, need 
for resuscitation, nuchal cord, impaired biophysical 
profile, neonatal anemia and maternal infertility and 
its treatment are risk factors of asphyxia.[10] Umbilical 
cord, which is mainly composed of umbilical 
vessels and elastic Wharton’s jelly surrounding 
it, is a pathway of oxygen and nutrient supplies 
between mother and fetus. Therefore, its structural 
and histological abnormality can cause passage 
dysfunction. In this study, we conducted a research 
to explain several structural and histological features 
of umbilical cord that can have affection on asphyxia 
neonatorum in our country among umbilical factors.

MATERIALS AND METHODS
The study group included 85 cases (54 cases; grade 1, 
31 cases; grade 2) which were diagnosed as asphyxia 
neonatorum between March 2019 and March 2021. 
Apgar scores were evaluated 2 times at 1 and 5 min 
just after birth and took the lowest scores to define 
asphyxia grade 2 for 1-4 points and asphyxia grade 1 
for 5-7 points. 102 cases (normal) over 8 points were 
included in control group.

Procedure
To obtain umbilical cord specimens, we divided 
umbilical cord with their arteries and veins into 5 
same parts and took 5mm of it from each division 
point. All specimens were fixed with 10% buffer 
formalin and embedded with paraffin and conduct 
thin segment as the thickness of 3mm. All segments 
were stained with Azan-Masson, toluidine blue, and 
hematoxylin-eosin. And we evaluated the percentage 
of Wharton’s jelly, the average of mast cell counts and 
presence of muscular remnant, segmental thinning 
of umbilical vessels, thrombus.
The amount of Wharton’s jelly was defined as the 
area percentage of Wharton’s jelly to slice area of 
umbilical cord by using image-analyzing program-
Motic Images Plus 2.0. Significance test was 
performed with t-test.
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RESULTS
As given in Table 1, the amount of Wharton’s jelly of umbilical cord 
was significantly small in grade 2 asphyxia as 33.3±7.0%, compared 
with 50.3±4.1% in control group. As given in Table 2, mast cell counts 
infiltrated around umbilical vessels in the group of grade 2 asphyxia were 
significantly small as 5.1±0.9/F, compared with 16.7±4.8/F in control 
group. As given in Table 3, there was no significant difference in the 
presence of muscular remnant of umbilical vessels between study group 
and control group. As given in Table 4, segmental thinning of umbilical 
vessels was never observed in control group. On the other hand, there 
were 4 cases (7.4%) in grade 1 asphyxia and 8 cases (25.8%) in grade 2 
asphyxia. Two cases with thrombus in umbilical vessels were observed in 
grade 2 asphyxia. Figure 1 shows the histology of the umbilicus.

DISCUSSION
Birth asphyxia is one of the worldwide problem of neonates.[2] Perinatal 
asphyxia remains a significant cause of perinatal morbidity and mortality 
the world over.[11] Wharton’s jelly, the main component of umbilical 
cord with arteries and veins, plays the role of buffer to support blood 
circulation of umbilical arteries and veins. Therefore, abnormality of 
Wharton’s jelly can have negative affection on maternal-fetal blood 
circulation. First of all, we estimated the amount of Wharton’s jelly which 
is component of umbilical cord. According to our data, Wharton’s jelly 
in grade 2 asphyxia was significantly small in study group as 33.3±7.0%, 
compared with 50.3±4.1% in control group (Table 1). This may remind 
that lack of Wharton’s jelly can be the cause of asphyxia neonatorum.

Next, we estimated mast cell counts distributed around the umbilical 
vessels. In Wharton’s jelly around the umbilical vessels, there appear 
mast cells after 3 months of pregnancy and they secrete heparin to 
prevent blood coagulation in long, curved umbilical cord. That is, we 
thought that this process is the basis of keeping pregnancy and one 
part of formation of umbilical cord and it might be related to pathway 
function of umbilical cord. According to the result of our research, in 
grade 2 asphyxia neonatorum, mast cell counts of umbilical cord were 
significantly small in study group as 5.1±0.9/F compared with 16.7±4.8/F 
in the control group (Table 2). Our data suggest that mast cell counts are 
related to asphyxia neonatorum. 
Next, we evaluated the relationship between muscular remnant of vessels 
and asphyxia. In the previous references, we haven’t found the data 
related to it. But existence of such remnant can cause the deficiency of 
maternal-fetal blood circulation. According to our data, there was no 
significant difference in the presence of muscular remnant of umbilical 
vessels between study and control group (Table 3). Finally, we observed 
the segmental thinning and presence of thrombus of umbilical vessels 
which are in direct charge of pathway function of umbilical cord. The 
segmental thinning of umbilical vein was never observed in control 
group. On the other hand, there were 4 cases (7.4%) in grade 1 asphyxia 
and 8 cases (25.8%) in grade 2 (Table 4).
We are not sure about the reason of the segmental thinning which is 
observed in asphyxia neonatorum, but it might be thought that it’s 
caused by outside pressure or hypoxia by reduction of Wharton’s jelly. 
And 2 cases with thrombus in umbilical vessels were observed in grade 2 
asphyxia. It suggests relationship with mast cell counts distributed around 
the umbilical vessels. As a result, the structural and histological factors 
that can affect the asphyxia neonatorum include amount of Wharton’s 
jelly, mast cell counts distributed around the vessels, segmental thinning 
of umbilical vessels and thrombus in our study.

Figure 1: Histological indices of umbilical cord in healthy neonate and 
asphyxia neonate.
Infiltration of mast cells in normal neonatal umbilical cord (arrow). Toluidine 
blue×400.
Wharton’s jelly (blue) and umbilical artery in normal neonatal umbilical cord 
(central). Azan-Masson×200.
C- Muscular remnant of umbilical vessels in grade 2 asphyxia (arrow). 
hematoxylin-eosin×200.
D- Segmental thinning of umbilical vessels in grade 2 asphyxia (arrow). 
hematoxylin-eosin×200.

Table 1: Amount of Wharton’s jelly of umbilical cord.

Component Amount of Wharton’s jelly

Study Group Grade 1 50.1±8.6

Grade 2 33.3±7.0*

Control group 50.3±4.1

* P<0.05 (compared with control group)

Table 2: Mast cell counts.

Component Mast cell counts

Study group Grade 1 12.2±4.7

Grade 2 5.1±0.9* 

Control group 16.7±4.8

*P<0.05 (compared with control group)

Table 3: Muscular remnant of umbilical vessels.

Component Muscular remnant

Study group Grade 1 1

Grade 2 1

Control group 2

Table 4: Segmental thinning of umbilical vessels and thrombus.

Component Segmental 
thinning

Formation of thrombus

Study group Grade 1 4 -

Grade 2 8 2

Control group - -
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