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Background: The foramen ovale, present in foetal interatrial septum, plays an 
important role during foetal life. During delivery, foramen ovale closes and be-
comes fossa ovalis, starting the pulmonary circulation. The aim of our study was to 
describe the growth of the interatrial wall and changes in location of the foramen 
ovale, and fossa ovalis during the ontogenesis in the human hearts. 
Materials and methods: The study was performed on post-mortem material 
obtained from 92 human hearts from 22nd week of foetal life up to 1 year of age, 
fixed in a 4% formalin solution.
Results: The interatrial wall size in the studied development period was greater 
in the horizontal than in the vertical dimension. During ontogenesis up to 1 year 
old, the anterior and inferior parts of the interatrial wall increased their shares 
considerably by 8% and 6%, respectively. The percentage participation of foramen 
ovale in the interatrial wall construction in the foetal period formed more than 
50% of its size and fairly decreased reaching in infants about 39%. 
Conclusions: Our study demonstrated that during ontogenesis, from the foetal 
period to infancy, the parts of the interatrial wall increase their dimensions une-
venly. The foramen ovale growth is smaller, compared to the rest of the interatrial 
wall development. On the basis of our data we can assume that the foramen ovale 
centre tends to be found in the postero-inferior quadrant of the interatrial wall 
(foetuses) and in postero-superior quadrant of the interatrial wall — in infants. 
(Folia Morphol 2020; 79, 4: 736–741)
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INTRODUCTION
The foramen ovale (FO), present in foetal atrial 

septum, plays an important role during foetal life as 
it allows blood to flow from the inferior vena cava 
(IVC) directly to left atrium bypassing pulmonary 
circulation. During delivery, foramen ovale closes and 
becomes fossa ovalis (fo), starting the pulmonary cir-

culation. The process of atrial septation in the human 
hearts is very sophisticated. At the end of embryonic 
stage, the primary septum forms the bottom, or flap 
valve of the fo, with the secondary foramen, recog-
nisable as the FO. The true atrial septum is only the 
fo and its antero-inferior rim [1]. In patients with 
congenital heart malformations, most often with 
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the transposition of great arteries, maintaining the 
functional blood passage within the atrial septum is 
a matter of life or death of the child. In this case, the 
closure of foramen ovale may lead to disabled gas 
exchange and the development of respiratory failure. 
Then, atrial septostomy is a suggested life-saving 
procedure in the majority of neonates with the trans-
position of great arteries [7, 9, 10]. 

The aim of our study was to describe the growth 
of the interatrial wall and changes in location of the 
FO and fo during the ontogenesis, in normal, human 
hearts. 

MATERIALS AND METHODS
Our research project was approved by Independent 

Research Bioethics Committee of Medical Universi-
ty of Gdansk (IRBC) and achieved permit number: 
NKBBN/165/2018. Investigation has been conducted 
according to the principles expressed in the Declaration 
of Helsinki. The decision of IRBC repeals the need for 
the consent of donors and their next of kin for the im-
plementation of the research presented in the article. 
IRBC specifically waived the need for written informed 
consent from the donors/next of kin. The study was 
performed on post-mortem material obtained from 
92 human hearts from 22 week of foetal life up to 
1 year of age, fixed in a 4% formalin solution. Only 
those hearts were used for research, which macro-
scopically showed no developmental anomalies and 
had no medical history of any chromosomal anomalies 
or any diseases. Moreover, the hearts included to our 
study were taken from mothers who had no medical 
records of chronic diseases like hypertension, diabe-
tes, or renal failure and the pregnancy period was 
not disturbed, like for example by HELLP syndrome. 
The available material was divided into three age 
groups: the first group (1) consisted of 41 hearts be-
tween 22nd and 37th week of foetal life (Hbd), (Fig. 1A)  
the second group (2) consisted of 30 hearts of ne-
onates — from birth until the end of the 4th week 
of life (Fig. 1B); the third group (3) accounted for  
21 hearts of infants from 1 to 12 months old (Fig. 1C).  
Due to the very similar dimensions of hearts in the 
early stages of individual development (until the first 
year of life), and quite a significant measurement error  
(0.5 mm), the test was carried out without taking 
into account gender. Classical anatomical studies were 
applied. We opened the right atrium by an incision 
extending from the orifice of the superior vena cava 
(SVC) to the orifice of the IVC. We made some meas-

urements within the interatrial wall (IAW) viewed from 
the right atrium according to the schematic diagram 
showed in Figure 1D. Anterior limit of the IAW was 
the line running along the right atrio-ventricular ring. 
Posterior limit of the IAW was the line connecting 
the dorsal parts of the orifices of the superior and 
inferior caval veins. Inferior limit of the IAW was the 
line running from the lower part of the septal cusp 
of the tricuspid valve (SCTV) to the dorsal part of the 
IVC orifice. Superior limit of the IAW was the line be-
tween the upper part of the SCTV and dorsal part of 
SVC orifice. Dimension A was the distance from the 
posterior limit of the IAW to posterior limbus of FO/fo; 
dimension B — distance between the anterior and pos-
terior limbus of FO/fo; dimension C — distance from 
the anterior limbus of FO/fo to the anterior limit of the 
IAW; dimension D — distance from the inferior limit of 
the IAW to the inferior limbus of FO/fo; dimension E — 
distance between upper and bottom limbus of FO/fo; 
dimension F — distance from the superior limit of IAW 
to the upper limbus of FO/fo. All measurements were 
conducted by the use of the electronic calliper (Fig. 2).  
Gathered results were subjected to statistical analysis 
with the help of MatLab computer software. In order 
to determine whether a given set of results is character-
ised by normal distribution, we used the Shapiro-Wilk 
test as well as the Kolmogorov-Smirnov test. In case 
the tested parameter did not meet the criteria of nor-
mal distribution, the Kruskal-Wallis test was used. We 
assumed the statistical significance of p < 0.05.

RESULTS
Average values of the individual fragments of the 

IAW (according to the schematic diagram in Fig. 1D) 
are presented in Table 1. The posterior part of the in-
teratrial wall (dimension A) was 2 times smaller in the 
foetus group than in infants. The same correlation was 
observed in anterior part of the IAW (dimension C).  
The inferior part of the IAW (dimension D) in the foe-
tus group was about 2.5 times smaller than in infants. 
In case of the superior part of the IAW (dimension F) 
we observed the difference about 2.2 times. 

The interatrial wall size in the studied development 
period was greater in the horizontal than in the verti-
cal dimension. From foetal period to infancy, the IAW 
size increased twice, respectively: horizontally from  
10 mm to 18 mm and vertically from 7 mm to 14 mm. 
Analysis of gathered atrial measurements revealed, 
that the main part of the atrial septum — foramen 
ovale, and after birth — fossa ovalis, is slightly larger 
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when looking horizontally in comparison with the 
vertical perspective (dimensions B and E). In the group 
of infants the average size of the fossa ovalis from 
the horizontal perspective was almost 7 mm, while 
in foetuses and neonates, this value was comparable 
and it measured about 5 mm. Horizontal dimension of 
the FO/fo in all three age groups taken into account, 
was increasing gradually and reached approximately 
4 mm, 5 mm and almost 7 mm, respectively. 

The percentage share of all fragments included in 
the total horizontal (A+B+C) and vertical (D+E+F) 
axis of the IAW are presented in Table 2. Posterior part 
of the IAW, back to the FO/fo (dimension A), in all 
age groups constituted about 25% of the horizontal 
IAW dimension. Anterior part of the IAW, in front of 
the FO/fo (dimension C) constituted less than 30% in 
the group of foetuses and neonates, while in infant 
group its percentage increased significantly reaching 

35%. In the same age group the inferior portion of 
the IAW (dimension D) also increased significantly 
(from 20% to 26%), while the superior fragment of 
the IAW (dimension F) remained relatively unchanged 
during the individual development and accounted for 
approximately 26%. Our data clearly demonstrated 
that percentage share of the superior and posterior 
fragments in the IAW construction, does not increase 
during the individual development, while its anterior 
and inferior parts increased their shares considerably 
by 8% and 6%, respectively. In case of the FO/fo, 
percentage participation in the IAW construction 
(horizontal dimension) constituted 50% of its size 
in the foetal period and decreased reaching 39% in 
infants. In vertical dimension its size in foetuses and 
infants constituted 55% and 47%, respectively.

Data describing the centre position of FO in rela-
tion to the interatrial wall are shown in Table 3. In the 

Figure 1. View from the right side of the interatrial wall; A. Human heart, 22 Hbd, male; B. Human heart, 3 weeks old, male; C. Human heart,  
1 year old, female; D. The diagram of the interatrial wall. Horizontal dimensions (A, B, C), vertical dimensions (D, E, F); SVC — superior vena 
cava; IVC — inferior vena cava; FO — foramen ovale; fo — fossa ovalis; SCTV — septal cusp of the tricuspid valve; CS — coronary sinus; 
IAW — interatrial wall; A — dimension between posterior limit of the IAW and posterior limbus of FO/fo; B — distance between the anterior 
and posterior limbus of FO/fo; C — distance from the anterior limbus of FO/fo to the anterior limit of the IAW; D — distance from the inferior 
limit of the IAW to the inferior limbus of FO/fo; E — distance between upper and bottom limbus of FO/fo; F — distance from the superior limit 
of IAW to the upper limbus of FO/fo.

A B C

D



739

R. Kamiński et al., Development of the interatrial wall

group of foetuses as well as neonates and infants, the 
centre of the FO did not coincide with the centre of 
the IAW. These results suggest that the FO/fo centre is 
positioned in the infero-posterior quadrant of the IAW 
in foetuses group (closer to IVC) and changes toward 
the supero-posterior quadrant in infants (toward the 
SVC); however, in this case no significant statistical 
difference was found.

DISCUSSION
For many years the atrial septum of the heart has 

been the object of anatomical as well as cardiological 
research. The development of the interatrial wall as 
well as the true atrial septum during embryogenesis 
is quite complicated [1, 6, 8, 12]. The available liter-
ature provides many interesting reports about the 

construction of the interatrial wall, however, almost all 
data comes from research carried out on the hearts of 
adults. With the development of new diagnostic and 
treatment techniques, the number of interventions 
performed on the heart, even during intrauterine life 
or shortly after childbirth, steadily increases [3, 5]. 
Intracardiac procedures performed during foetal life 
should be reinforced not only by clinical practice, but 
also by the knowledge about the development and 
anatomical structure of the heart. Our study demon-
strated that during ontogenesis, from the foetal period 
to infancy, the fragments of the IAW increases their 
dimensions individually and unevenly. For example, 
the part of IAW, posterior to the FO/fo, increased its 
absolute dimensions almost twice but its percentage 
share in the horizontal dimension of the IAW did not 
increased — remained constant. In case of the anterior 
part of IAW (in front of the FO/fo) we observed that 
its absolute dimensions also became twice as large 
as before but, in contrast to the posterior part of 
the wall, its percentage share in the total horizontal 
dimension of the IAW increased by about 8%. Similar 
dependencies were observed in the vertical dimension 
of the septal wall, where both, its superior and inferior 
parts, increased its dimensions by two-fold. During this 
ontogenesis, the share of the superior part of the sep-
tal wall within the total vertical dimension of the IAW 
remained constant, while the proportion of the inferior 
part of the septal wall increased by about 6%. There-
fore, we can argue that in the early stages of life, from 
the foetal period to the infancy, the largest increase 
in the IAW construction was observed in its anterior 
and inferior parts. Vigneswaran et al. [13] performed 
the atrial septum and foramen ovale measurements 
on 40 foetuses in the third trimester of foetal life by 
performing prenatal echocardiography. They showed 
that FO size in the vertical dimension was on average 
8.8 mm and its ratio in relation to the entire length 
of the IAW accounted for 54%. In our morphological 
study, the absolute size of FO in the vertical dimension 
was smaller, in foetuses amounted to mean 4.5 mm, 
while the ratio of the vertical dimension size of FO to 
the total IAW size was comparable and constituted 
53.7%. The observed difference in the absolute size 
of FO was most likely due to the fact that the material 
we examined was fixed in formalin, which caused  
a minor shrinkage of the cardiac tissue. However, sim-
ilar percentual participation of FO in relation to the 
vertical dimension of the IAW described in both stud-
ies, suggests that the above differences may be indeed 

Figure 2. Method of taking measurements with electronic calliper; 
SVC — superior vena cava; IVC — inferior vena cava; fo — fossa 
ovalis.



740

Folia Morphol., 2020, Vol. 79, No. 4

attributable to the properties of tissue-preserving fluid, 
acting on the structure of the tested material.

Analysis of our results let us conclude that during 
the individual development from the foetal period to 
the infancy, the FO/fo is modestly larger horizontally 

than in its vertical perspective. In the foetus group, 
the average FO size in the horizontal dimension was 
approximately 5 mm, while in infants, fo was 2 mm 
larger. Vertical dimension of FO/fo in turn, increased 
from about 4 to less than 7 mm within this timescale. 
In the study of Kucybała et al. [4] we can find the 
similar tendency, that horizontal dimension of the fo 
is slightly bigger than vertical one. In their work the 
mean antero-posterior and cranio-caudal diameters 
of the fo were: 14.1 mm and 12.1 mm, respectively. 
Interestingly, the study by Joshi et al. [2], where 50 
adult hearts were taken into account, demonstrated 
the same relation in fo dimensions: the horizontal 
dimension was shown to be greater than vertical:  
14.5 mm and 12.6 mm, respectively. In addition, Joshi 
et al. [2] stated that in as many as 82% of the exam-
ined hearts, fo was of oval shape and the remaining 
ones were round. Similar results regarding the shape 

Table 1. The mean dimensions of the interatrial wall in particular age groups (1 — foetuses, 2 — neonates, 3 — infants)

Interatrial wall dimensions [mm] 1. Foetuses  
(n = 41)

2. Neonates  
(n = 30)

3. Infants  
(n = 21)

P: Group 1–2 P: Group 1–3 P: Group 2–3

A 2.46 2.73 4.67 > 0.05 < 0.05 < 0.05

B 5.17 5.20 6.95 > 0.05 < 0.05 < 0.05

C 2.78 3.20 6.05 > 0.05 < 0.05 < 0.05

Horizontal dimension (A+B+C) 10.41 11.13 17.67

D 1.49 1.93 3.71 > 0.05 < 0.05 < 0.05

E 4.07 4.97 6.71 < 0.05 < 0.05 < 0.05

F 1.78 2.60 3.81 < 0.05 < 0.05 < 0.05

Vertical dimension (D+E+F) 7.34 9.5 14.23

E/B (%) 78.72 95.57 96.55

Vertical/Horizontal dimensions (%) 70.51 85.35 80.53

IAW — interatrial wall; FO — foramen ovale; fo — fossa ovalis; A — dimension between posterior limit of the IAW and posterior limbus of FO/fo; B — distance between the anterior and 
posterior limbus of FO/fo; C — distance from the anterior limbus of FO/fo to the anterior limit of the IAW; D — distance from the inferior limit of the IAW to the inferior limbus of FO/fo; 
E — distance between upper and bottom limbus of FO/fo; F — distance from the superior limit of IAW to the upper limbus of FO/fo

Table 2. Percentage share of individual parts included in the total size of the horizontal (A+B+C) and vertical dimension (D+E+F) of 
the interatrial wall in individual age groups: (1 — foetuses, 2 — neonates, 3 — infants)

Percentage share of individual parts of IAW Group 1  
(n = 41)

Group 2  
(n = 30)

Group 3  
(n = 21)

P: Group 1–2 P: Group 1–3 P: Group 2–3

A/horizontal dimension of IAW 24% 24% 26% > 0.05 > 0.05 > 0.05

B/horizontal dimension of IAW 50% 47% 39% > 0.05 < 0.05 < 0.05

C/horizontal dimension of IAW 26% 29% 34% > 0.05 < 0.05 > 0.05

D/vertical dimension of IAW 20% 21% 26% > 0.05 < 0.05 < 0.05

E/vertical dimension of IAW 55% 53% 47% > 0.05 < 0.05 < 0.05

F/vertical dimension of IAW 25% 26% 27% > 0.05 > 0.05 > 0.05

IAW — interatrial wall; FO — foramen ovale; fo — fossa ovalis, A — dimension between posterior limit of the IAW and posterior limbus of FO/fo; B — distance between the anterior and 
posterior limbus of FO/fo; C — distance from the anterior limbus of FO/fo to the anterior limit of the IAW; D — distance from the inferior limit of the IAW to the inferior limbus of FO/fo; 
E — distance between upper and bottom limbus of FO/fo; F — distance from the superior limit of IAW to the upper limbus of FO/fo

Table 3. The position of the centre of the foramen ovale and 
fossa ovalis within the interatrial wall in the vertical and hori-
zontal dimension in particular age groups

Foetuses  
(n = 41)

Neonates  
(n = 30)

Infants  
(n = 21)

Horizontal: (C+0.5B)/(A+B+C) 0.51 0.52 0.54

Vertical: (D+0.5E)/(A+B+C) 0.48 0.47 0.50

IAW — interatrial wall; FO — foramen ovale; fo — fossa ovalis; A — dimension be-
tween posterior limit of the IAW and posterior limbus of FO/fo; B — distance between 
the anterior and posterior limbus of FO/fo; C — distance from the anterior limbus of FO/fo  
to the anterior limit of the IAW; D — distance from the inferior limit of the IAW to the 
inferior limbus of FO/fo; E — distance between upper and bottom limbus of FO/fo;  
F — distance from the superior limit of IAW to the upper limbus of FO/fo
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of the fossa ovalis were obtained by Reig et al. [11] 
who analysed the atrial septum in 100 human hearts. 
Their data show that the dominant, oval shape of 
fossa ovalis was found in 78% of examined hearts 
while in other cases the one was round. Somehow 
relating to the above we demonstrated that in both, 
foetal and infant developmental periods, more than 
70% of hearts were characterised by the presence of 
oval-shaped FO and fo, respectively. As for the FO and 
fo changing with time, our analysis of development 
of the ones indicated that during foetal life it consti-
tuted the largest part of the septum while after birth, 
its share in the interatrial wall construction gradually 
decreased. While in foetuses it made up for more than 
50% of the IAW size in both, vertical and horizontal 
dimension, in the subsequent months of ontogenesis, 
its share was significantly decreasing. In infants its size 
constituted about 39% of the horizontal dimension 
and 47% of the vertical dimension. Decrease in the 
share of FO and fo in the IAW construction resulted 
from increased as well as uneven growth of individual 
IAW parts and this process was particularly noticeable 
in the inferior and anterior part of the atrial septal wall. 
We can therefore conclude that in all three groups, 
foetuses as well as neonates and infants, the centre 
of the FO and fo, respectively does not coincide with 
the centre of IAW. On the basis of our data we can 
assume that the FO centre tends to be found in the in-
fero-posterior quadrant of the IAW (closer to IVC) but 
fo centre is mostly in the supero-posterior quadrant, 
however, this tendency is not statistically significant. 

CONCLUSIONS
Our study demonstrated that during ontogen-

esis, from the foetal period to infancy, the parts of 
the IAW increase their dimensions unevenly. The FO 
growth is smaller, compared to the rest of the IAW 
development. Our analysis of FO development indi-
cated that during foetal life it constituted the largest 
part of the septum, while after birth, the fossa ovalis 
share in the IAW construction gradually decreased. 
Moreover, we can assume that the FO centre tends 
to be found in the postero-inferior quadrant of the 
IAW but fossa ovalis in postero-superior quadrant of 
the IAW. It seems that understanding the processes 
taking place in particular parts of IAW at various 
stages of individual development, potentially earliest 
possible, may facilitate making key decisions as to 
the appropriate timing to introduce given medical 
intervention and the manner of its implementation.
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