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ABSTRACT 

The aim of this study is to establish anatomical reference regarding PFO among Sudanese as 
increasing evidence was found that PFO is culprit in paradoxical emboli events; this led to the re-
evaluation of this relatively important anomaly. We included 60 apparently normal hearts available in 
Dissection Rooms in five faculties of medicine in Sudan. The rate of PFO was 7 (11.7%) and the 
diameter was ranging between 5 mm and 21 mm, with average of 0.87 mm. We conclude that PFO 
is common among Sudanese and was seen in seven cadavers (11.7%). 

INTRODUCTION 

Patent foramen ovale (PFO) is a flap like 
opening between the atrial septa primum and 
secundum at the location of the fossa ovalis 
that persists after age of one year (Phibbs, 
2007). In utero, the foramen ovale serves as a 
physiologic conduit for right-to-left shunting. 
When the pulmonary circulation is established 
after birth and the fetus takes first breath at 
birth, pulmonary respiration begins (Moore et 
al., 2013). This increases the amount of blood 
traversing via pulmonary trunk into pulmonary 
arteries and Pulmonary veins in turn carry this 
oxygenated blood from lungs to the left atrium 
(Goss, 2010). Shunting of blood to the right 
side of the heart, builds up pressure in the 
lungs which form the basis of symptoms of 
pulmonary hypertension that usually appear in 
the thirties. A small isolated patent oval 
foramen is of no hemodynamic significance 
however, if there are other defects (e.g. 
pulmonary stenosis or atresia) they may 
present early in childhood. Blood is shunted 
through the foramen ovale into left atrium and 
produce cyanosis; a sign of deficient 

oxygenation of blood. A probe patent oval 
foramen is present in up to 25% of population 
(Hagen et al.1984). In this condition a probe 
can be passed from one atrium to other 
through the foramina, but it is functionally 
closed. However, this defect is not clinically 
significant, it’s a potential site that may be 
forced open by co-existing functional 
pathology of the heart (Sadler, 2011; 
Rosenthal and Harvey, 2010). 

In some instances, patent foramen ovale (PFO) 
is detectable with color flow Doppler imaging. 
A small "flame" of colour signal may be seen in 
the middle region of the atrial septum. Contrast 
echocardiography is usually required to detect 
small PFO (Shanks M, 2012). 

Most patients with a patent foramen ovale 
(PFO) as an isolated finding receive no special 
treatment. No consensus exists on treatment 
of PFO in patients with transient ischemic 
attack (TIA) or stroke. When PFO is associated 
with an otherwise unexplained neurologic 
event (Steenblik et al., 2009), traditional 
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treatment has been antiplatelet (i.e. Aspirin) 
therapy alone in low-risk patients or combined 
with warfarin in high-risk individuals to prevent 
cryptogenic stroke (Polzin A et al., 2015 ; Perk 
J et al. 2012). 

Surgical closure of patent foramen ovale (PFO) 
with double continuous suture has resulted in 
elimination of residual shunt across the PFO. 
Indications include the following: PFO more 

than 25 mm in size, inadequate rim of tissue 
around the defect and Percutaneous device 
failure (Mirzaali M et al., 2015). 

The aim of this study is to establish anatomical 
reference regarding PFO among Sudanese as 
increasing evidence was found that PFO is 
culprit in paradoxical emboli events; this led to 
the re-evaluation of this relatively important 
anomaly. 

MATERIAL AND METHODS 

This study was conducted on 60 apparently 
normal hearts available in Dissection Rooms in 
five faculties of medicine in Sudan. We include 
all the cadavers or hearts that have not been 
dissected before and all specimens used were 
formalin fixed. Exposure of the heart after 
opening the thoracic cage was done following 

classical incision and dissection procedures 
(Penther, 1994). The chambers of the heart 
were opened to study the interior. In the right 
atrium, the foramen ovale was noticed. All 
other chambers were also opened and studied. 
The measurements were taken using tissue 
forceps, small probe and tape. 

RESULTS 

This study included 60 cadavers where 7 
(11.7%) of them showed presence of PFO 
while 53 of them were negative. Measurements 
of diameter of PFO in this study range was 
between 5 mm and 21 mm, with average of 
0.87 mm. Associated aberrant cardiac 

anomalies in was found in one heart in which 
there was trapped clot in PFO and extending 
through the right atrium and right ventricle 
(image 1). Table 1 shows the rate of PFO 
among different studies (Table 1). 

 

Table 1: Rate of PFO among different studies. 

Study  date PFO Country 

S.D. Joshi et al. 2016. 2015 18% India 

Klimek-Piotrowska W et al. 2016. 2016 24.4% Poland 

Hagen PT et al. 1984. 1984 27% USA 

Penther P 1994. 1994 14.6% France 

This study 2019 11.7% Sudan 
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Figure 1: A trapped clot in PFO and extending through the right atrium and right ventricle. 

 

DISCUSSION 

This study included 60 specimens from 
different medical schools in Khartoum state. Up 
to our knowledge, there is no similar report 
neither in Sudan nor in Africa.  

In this study the presence of PFO was found to 
be 11.7% of Sudanese cadavers. Although 
there is difference in number of cadavers, our 
result is similar to a French study done in 
autopsy of 500 specimens, with a result of 
14.6% PFO (Penther, 1994).  However; our 
obtained results were different from a polish 
study which revealed a percentage of 24.4% of 
PFO in a cadaveric study (Klimek-Piotrowska et 
al., 2016). The same way, our results are 
different from radiologic study done in the 
United State of America in which the 
prevalence was 27%.4 this difference may be 
explained by the different methodology that 
American study was done by echocardiography 
(Hagen et al., 1984). (Table 1)  

The widest diameter of PFO documented in this 
study was 21 mm with average 87 mm and 
This is similar to the average surface area in a 
French study which is 5 mm (range 2 mm to 
15 mm) (Penther, 1994). The widest diameter 
documented in literature was 34 mm reported 
in India (Homma et al. , 2005). 

Regarding male: female difference, in this 
study it was difficult to determine because 
there were no enough available female 
specimens in most of the studied dissecting 
rooms. So, the result 96.7% male and 3.3 
female does not reflect true picture. 
Internationally male to female ratio1:2 (Joshi 
et al., 2016). 

The common associated pathologies reported 
in literature with PFO were stroke and migraine 
(Penther, 1994). In this study, I haven’t found 
any aberrant haemorrhage in the brain or other 
brain anomalies. Due to lack of records and 
clinical history of cadaveric specimens it was 
difficult to investigate accurately the 
association between PFO and other anomalies.  

 

In conclusion, the anatomical knowledge of 
PFO is important to facilitate the diagnosis and 
treatment of PFO and enhancement of clinical 
practice of cardiology. PFO is common among 
Sudanese and was seen in seven cadavers 
(11.7%) with different diameter ranging from 
5 mm up to 21 mm with average of 8.7 mm. 

We recommend large studies to be taken in 
both cadavers and living with large sample size 
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in African population due to lack of researches 
in this particular topic. 
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