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INTRODUCTION

The cerebral circulation is mainly by the internal carotid 
artery(ICA) and the vertebro-basilar system which unite to 
form the circle of Willis(CoW). The posterior cerebral ar-
tery (PCA) is the terminal branch of the basilar artery that 
supplies the posteromedial surface of the temporal lobe and 
the occipital lobe. Posterior communicating artery (PCoM) 
anastomoses the PCA and ICA and forms the posterior part of 
CoW1. The PCA has four segments and six cortical branch-
es2. The pre-communicating segment (P1) of PCA extends 
from its origin to PCoM. The fetal variant of PCA(fPCA) 
arises directly from the ICA3. 

A fPCA can be either complete; or partial with a connection 
to the basilar artery through a hypoplastic P1 segment. These 
variants can be unilateral or bilateral4. The partial type of 
fPCA can be sub-divided based on the diameter of contribut-
ing arteries into embryonic, adult, and transitional configura-
tions. When the PCA diameter is less than PCoM it is said 

to embryonic configuration. If the PCA diameter is equal to 
PCoM it is said to be transitional configuration. Whereas if 
the diameter of PCA and PCoM are equal it is called adult5.  
The fPCA could be a developmental anomaly as in cases of 
complete fPCA or acquired due to vascular conditions like 
atherosclerotic diseases in cases of partial fPCA. It could 
also be accompanied by other CoW variations. The variation 
in blood vessels alters the flow dynamics and development 
of collateral vessels 6,7 .

In individuals with fetal-type PCA, the lack of proper collat-
erals may hemodynamically compromise the anterior as well 
as posterior cerebral circulation. In cases of complete fPCA 
the entire posterior circulation depends on the ICA which 
can lead to hypoperfusion. This would mean that the inci-
dence of strokes could be more in such a population than the 
population with normal cerebral circulation. Magnetic reso-
nance angiography (MRA) of the brain can provide informa-
tion on the anatomy of cerebral circulation 2. The aim of the 
study is to evaluate if individuals with partial and complete 
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fetal-type posterior cerebral artery could be more prone to 
ischemic strokes on Magnetic resonance (MR) angiogram.  

MATERIALS AND METHODS

A case-control study was conducted on patients who under-
went MRA at Ramaiah Hospitals from 2014 to 2018. Patients 
who underwent MRA with evidence of stroke were grouped 
in one category and those without evidence of stroke were 
grouped in the second category. A total of 150 MR angio-
grams were analyzed - 75 with evidence of stroke and 75 
without evidence of stroke. The images were analyzed for 
evidence of full or partial fPCA and ischemic strokes. Pa-
tients with a history of head trauma, previous illness, cer-
ebral surgery, arteriovenous malformations, and vasculitis 
syndromes were excluded from this study. 

The origin, diameter, course, and variations of PCA were 
analyzed for evidence of the presence of fPCA in the two 
subgroups - with evidence of stroke and without evidence 
of stroke. Ischemic strokes or infarction on MR scan images 
were defined as areas of low density in the arterial territory.

Statistical analysis of data –SPSS software was used for 
statistical analysis. Descriptive statistics of fPCA was ana-
lyzed and summarized in terms of percentage. Fisher’s exact 
test was used to find an association between the presence of 
fPCA and stroke. The Odds ratio was calculated. 

RESULTS

150 MR angiograms were studied which included 75 with 
evidence of stroke and 75 without evidence of stroke. There 
were 60 females and 90 males with a mean age of 58.14 
years. 

There were 20 individuals with fPCA out of 75 individuals 
with evidence of stroke. There were 6 complete fPCAs and 
14 partial fPCAs. Out of the 20 individuals, 3 had bilateral 
fPCA and 17 had unilateral fPCA - 9 right-sided and 8 left-
sided. In individuals without evidence of stroke, there were 
9 individuals with fPCA out of 75 individuals. There were 3 
complete fPCAs and 6 partial fPCAs. Out of the 9 individu-
als, 2 had bilateral fPCA and 7 had unilateral fPCA - 5 right-
sided and 2 left-sided. (Table 1) 

The presence of fPCA associated with stroke is statistically 
significant with P-value of 0.0375. The odds ratio was cal-
culated to be 2.66.

DISCUSSION

The Circle of Wills (CoW) is the anastomosis of vessels sup-
plying the cerebral area (fig 1). The PCA anastomoses with 

PCoM to form the posterior part of CoW. It creates an alter-
nate blood supply from both ICA and basilar artery to the 
posterior circulation. Variations in the CoW cause a com-
promise in blood flow during hemodynamically unstable 
states. A study conducted by Naveen SR et al. showed that 
only 16.6% of the study population had a complete CoW on 
MRA8.  In our study, we have focused on the fPCA variant 
only.

The fPCA arises directly from the ICA. It can either be com-
plete or partial; unilateral or bilateral (fig 2,3). It is a fairly 
common variant in the population. A study conducted by 
Chauhan et al. on MR angiograms found the incidence of 
fPCA to be 54.3%3. Another study by Lochner et al. reviewed 
the prevalence of fPCA to be between 15% and 46% based 
on both anatomic and angiographic studies9.  In our study, the 
total incidence of fPCA was found to be 19.33%. 

The presence of fPCA could predispose the individual to 
stroke by various factors. Some of the proposed factors for 
this association are altered flow dynamics, lack of develop-
ment of leptomeningeal collaterals 10,11.  A study conducted 
by Wentland et al. showed that individuals with fPCA had 
asymmetrically smaller perfusion transit parameters in the 
brain12. A study by de Monyé et al. also hypothesised that 
patients with stroke in posterior circulation have a fPCA 
in combination with high-grade stenosis of the ipsilateral 
ICA13.  However, they did not find any statistically signifi-
cant association between them. 

A study conducted by Arjal et al. on CT angiograms of the 
brain found the incidence of fPCA to be 36.2% in individu-
als with stroke and 22.7% in individuals without stroke. The 
odds ratio for stroke was found to be 3.027 with partial fPCA 
and 1.448 with complete fPCA in their study 6. In our study, 
on MR angiograms of the brain, the incidence of fPCA was 
26.6% in individuals with stroke and 12% in individuals 
without evidence of stroke. Our results show that individuals 
with fPCA have 2.66 times the odds of stroke (Table 2).

The posterior circulation in cases of complete fPCA is de-
pendent completely on the ICA. This could mean more 
chances of hypoperfusion in cases of complete fPCA than 
in those with partial fPCA. However, in our study, the in-
cidence of partial fPCA with stroke was found to be higher 
than that of complete fPCA. 

We also found that unilateral fPCA was more frequent than 
bilateral fPCA. These findings are consistent with studies 
conducted by Chauhan et al., Arjal et al.4,5. The incidence of 
right-sided fPCA (12.6%) was higher than left-sided fPCA 
(10%). These findings are consistent with studies done by 
Chauhan et al., Amir et al.4,6.

The fPCA predisposes the individual to stroke and this asso-
ciation can help monitor individuals with this variant closely 
and provide appropriate measures for prevention and surgi-
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cal management of stroke.  Recognition of fPCA is important 
to prevent errors in cerebral perfusion studies interpretation, 
enhance pre-operative planning in the surgical approach to 
minimize the risk of perioperative cerebral hypoperfusion or 
embolization. The clinical influence of the presence of fPCA 
on the outcome of ischemic stroke patients could be further 
studied. 

The major limitation of this study is that it cannot determine 
whether the altered cerebral blood flow was the only cause 
for stroke in these individuals. The other limitations include 
a small sample size and the possibility of some selection bias.

CONCLUSION 

The presence of fPCA and its association with stroke was 
found to be statistically significant in our study. Individuals 
with fPCA have higher odds of developing stroke. Recogniz-
ing this variant is important for coming up with appropriate 
preventive measures and management of stroke. It is also 
important for surgeons to recognize this variant to minimize 
complications.
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Table 1: Percentage of  PCA and fPCA in patients with stoke and without stoke
Category PCA fPCA

With evidence of stroke 55 (73.3%) 20 (26.6%)

Unilateral -17  Bilateral - 3

Complete - 6  Partial – 14

Without evidence of stroke  66 (8
8%)

9 (12%)

Unilateral – 7  Bilateral – 2

Complete – 3  Partial - 6 

P value-0.037
Odds ratio-2.66.
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Table 2: Comparison of data with previous studies
Study Sample size fPCA P value Odds ratio

Chauhan et al.3 92 MR angiograms 54.3% - -

Arjal et al.4 203 CT angiograms
(58S+145NS)

S - 36.2% 
NS - 22.7%

0.0307
0.391

0.0552

partial fPCA- 3.027
complete fPCA - 1.448
Both - 1.926

Present study 150 MR angiograms
(75S+75NS)

S - 26.6%
NS - 12%

0.0375 2.66

S - Stroke, NS - Non Stroke

Figure 1: MR angiogram of Normal circle of Willis (PCA arises 
from basilar artery and is greater than PCoM).

Figure 2: MR angiogram Complete Right fPCA.  Red arrow 
shows the absence of  pre-communicating segment of the 
PCA. PCoM is continuing as PCA.

Figure 3: MR angiogram partial  Right fPCA.  Hypoplastic  
PCA is seen.


