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Abstract

Numerous studies have reported that all components of the cerebral arterial circle in the 4-month-old human fetus
are more slender than adult vessels, and of equal caliber. After that period, a degree of caliber differentiation
is present, especially at the level of the posterior communicating arteries. The aim of this study was to determine
arterial diameters in the posterior part of the fetal cerebral arterial circle from the 4th month (IV) to the 6th (VI).
One hundred and seventy-two fetal cerebral arterial circles were examined by means of a surgical microscope. It
was determined that average diameters of the left (right) pre-communicating parts of the posterior cerebral artery
ranged from 0.30 + 0.03 (0.29 + 0.02) mm in month IV, to 0.36 + 0.04 (0.36 = 0.03) mm during month V and up to
0.55 + 0.22 (0.50 + 0.18) mm in month VI. The average diameters of the left (right) posterior communicating artery
ranged from 0.24 + 0.02 mm (0.25 + 0.02) in month IV, to 0.30 + 0.03 mm (0.29 + 0.05) during month V and up to
0.38 + 0.08 (0.44 + 0.10) in month VI. Gender differences between posterior cerebral artery and posterior commu-
nicating artery diameters were not significant. Average posterior cerebral artery diameters were significantly
larger than posterior communicating artery diameters in months IV and V, but not in month VI. It was established
that caliber differentiation in the posterior part of the cerebral arterial circle began from gestational month 1V,

and that gender differences in arterial diameters were not significant until month VI of gestation.
Key words artery; CAC; diameter; human fetus; posterior part.

Introduction

The basilar artery from the vertebral system divides into
right and left posterior cerebral arteries (PCAs). Bilaterally,
these arteries are connected with the posterior communic-
ating artery (PCoA) from the internal carotid artery (ICA).
The pre- and post-communicating parts of the PCA can be
differentiated towards the point of the PCoA junction.
Each cerebral part of the ICA distributes an anterior cerebral
artery (ACA). The anterior communicating artery that
unites the ACAs and divides ACA at pre-communicating
and post-communicating parts completes the cerebral
arterial circle (CAC) (Marinkovi¢ et al. 2001).

In studying the normal development and congenital
malformations of the cerebral arteries, a variety of diagnostic
procedures have been used in fetuses and infants: anatomical
microdissections (Seydel, 1964; Dovguiallo & Pekar, 1966;
Lazorthes et al. 1971; Milenkovi¢ et al. 1985; Van Overbeeke
et al. 1991; Vasovi¢ et al. 2002), histological examinations
(Fujimoto, 1996; Napoli et al. 1999), classic or 3-D magnetic
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resonance (MR)-angiographic studies (Jeanmart, 1974;
Malamateniou etal. 2006), and transcranial Doppler
(Wladimiroff et al. 1986; Van den Wijngaard et al. 1989;
Fong et al. 1999; Komwlaisak et al. 2002; Konje et al. 2005;
Tontisirin et al. 2007). In a study of human fetuses of
different gestational ages, Jeanmart (1974) found similar
patterns of vessel variation in cerebral arteriographs of
the youngest fetuses compared to more mature fetuses
and infants. In their investigation of the flow velocity
waveform in the ICA, thoracic aorta, and umbilical artery
in human fetuses, Wladimiroff et al. (1986) emphasized
that the velocity profile in the ICA is a critical component
in the qualitative assessment of cerebral blood flow.
Napoli et al. (1999) examined the basilar and middle
cerebral arteries in order to investigate potential mecha-
nisms responsible for delayed atherogenesis in fetuses.
Malamateniou et al. (2006) recently determined the
normal range for gestational age of the descending aorta,
the umbilical, middle cerebral and renal artery diameters.

Milenkovi¢ et al. (1985) and Van Overbeeke et al. (1991)
performed anatomical studies of the arterial diameters of
the vessels of the fetal CAC many years ago. The aim of this
paper was to report new research on pre-communicating
part of the posterior cerebral artery (PCA-P1 or P1) and
PCoA diameters in human fetuses and thereby update the
state of knowledge in this field.
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Materials and methods

The research was carried out at the Department of
Anatomy of the Faculty of Medicine in Nis. We used 172
fetal brains (100 male and 72 female), aged from 13 to
24 weeks of gestation (gestational age here is reported
from the estimated date of conception). They were
selected from 200 fetuses whose vessels had been injected
with hydrosoluble solutions of Micropaque and latex
(Vasovi¢, 1990). All fetuses were obtained medicolegally
from the Clinic of Gynecology and Obstetrics. Documenta-
tion for the obtained fetuses did not include restricted
information on possible reasons for abortion. Macroscopic
examination did not reveal any congenital malformations.
The ages of the individual fetuses were determined according
to Patten’s scale (Patten, 1948). All external diameter
measurements of the left and right pre-communicating
parts of posterior cerebral arteries (IP1/rP1) and posterior
communicating arteries (IPCoA/rPCoA) (Fig. 1) were per-
formed using an ocular micrometer mounted on an
operative microscope with a lens magnification of 10x.
Calibration of the ocular micrometer was performed using
an objective micrometer (1:100).

Fig. 1 Normal vascular components of the CAC. Vascular components
of the posterior CAC are identified; vascular components of the anterior
CAC are labeled by numerals (1 = right internal carotid artery, cerebral
part, choroidal and communicating subparts, rlCA-C4*; 2 = left ICA-
C4*; 3 =right anterior cerebral artery, pre-communicating part,
ACA-A1; 4 = left ACA-A1; 5 = anterior communicating artery).

Statistical analysis was performed with NCSS-PASS
(2004-2005) statistical software (http:/www.ncss.com/),
which accompanied the textbook of Dawson & Trapp
(2004). We compared the P1 and PCoA external diameters
during gestation on both the left and right sides. Left-
right asymmetry was also assessed by comparing the P1
and PCoA external diameters on the left with the external
diameters of these blood vessels on the right side, for
every evaluated gestational month. Comparisons were
made between male and female fetuses to demonstrate
sexual differences. Finally, the P1 and PCoA external dia-
meters were also compared. Significance of differences
between the compared morphometric parameters was
assessed by application of Student’s t-test. In cases of
abnormal distribution of morphometric parameters, the
nonparametric Mann-Whitney U test was used to assess
the significance of differences between the medians
(Dawson & Trapp, 2004).

Results

General data

Diameter values (minimum, maximum and average) of the
P1s and PCoAs in fetuses from gestational weeks 13 to 24
are given in Table 1. Figure 2 shows CACs in the 4th (IV)
and 6th (VI) months, in fetuses of both genders.

Comparison of the P1 and PCoA average diameters

We established that the left P1 average external diameters
were 0.30 = 0.03 mm during month 1V, 0.36 + 0.04 mm
during month V and 0.55 = 0.22 mm during month VI of
the gestational period. There was a significant increase
(P < 0.05) in the left P1 diameters during months V and VI
compared to the values during month IV. This increase was
mainly the result of a significant increase in male fetus
diameters during gestation. There was also an insignifi-
cant increase in the P1 diameter on the left side in female
fetuses (Table 2, Fig. 3a).

Right P1 diameters ranged from 0.29 + 0.02 mm during
month 1V, to 0.36 + 0.03 mm during month V, and 0.50 +
0.18 mm during month VI. There was a significant increase
in the P1 diameter, in both male and female fetuses,
during month V and in female fetuses only, during month
VI. That resulted in a significant increase in total average
diameters during months V and VI (Table 2, Fig. 3b).

Left PCoA average diameters ranged from 0.24 + 0.02 mm
during month 1V, to 0.30 + 0.03 mm during month V and
0.38 + 0.08 during month VI. There was a significant increase
in the left PCoA diameter during months V and VI com-
pared to month IV, the result of the increase of diameter
in male fetuses. There was also an increase in the left PCoA
diameter in female fetuses, but this was not significant
(Table 2, Fig. 3c).

© 2007 The Authors
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Table 1 Diameter values (minimum, maximum and average) of the P1 s and PCoAs in fetuses from the 13th to 24th weeks of gestation

Left/Right PCA-P1 min-max (average) Left/Right PCo Amin-max (average)
Week* (CRL**, mm) No (3 + ?) 3 Q 3 ?
13th (91-93) 4+0 0.2-0.3 (0.27) 0.1-0.3 (0.20)
0.2-0.3 (0.27) 0.1-0.3 (0.20)
14th (105-107) 10+6 0.1-0.4 (0.26) 0.2-0.3 (0.25) 0.1-0.3 (0.21) 0.1-0.3 (0.21)
0.2-0.4 (0.28) 0.2-0.3 (0.25) 0.1-0.4 (0.27) 0.1-0.4 (0.25)
15th (119-121) 11+6 0.2-0.4 (0.30) 0.2-0.4 (0.31) 0.1-0.3 (0.22) 0.1-0.4 (0.26)
0.2-0.4 (0.31) 0.2-0.4 (0.28) 0.1-0.4 (0.26) 0.2-0.3 (0.26)
16th (132-134) 25+ 13 0.2-0.5 (0.33) 0.2-0.4 (0.33) 0.1-0.5 (0.27) 0.1-0.4 (0.23)
0.2-0.4 (0.32) 0.2-0.4 (0.30) 0.1-0.4 (0.25) 0.1-0.4 (0.25)
17th (147-) 11+14 0.2-0.4 (0.32) 0.2-0.5 (0.33) 0.1-0.4 (0.29) 0.1-0.5 (0.34)
0.2-0.4 (0.33) 0.2-0.6 (0.33) 0.1- 0.4 (0.28) 0.2-0.5 (0.35)
18th (160-) 10+7 0.2-0.6 (0.41) 0.1-0.4 (0.31) 0.1-0.5 (0.28) 0.1-0.5 (0.25)
0.2-0.6 (0.41) 0.1-0.4 (0.31) 0.1-0.4 (0.23) 0.1-0.4 (0.24)
19th (173-) 6+6 0.2-0.5 (0.36) 0.2-0.6 (0.38) 0.1-0.5 (0.26) 0.1-0.4 (0.31)
0.3-0.5 (0.36) 0.2-0.6 (0.36) 0.1-0.6 (0.33) 0.1-0.4 (0.21)
20th (185-) 13+4 0.2-0.7 (0.41) 0.3-0.4 (0.35) 0.1-0.5 (0.31) 0.3-0.5 (0.35)
0.3-0.6 (0.42) 0.3-0.4 (0.35) 0.1-0.7 (0.34) 0.1-0.5 (0.32)
21st (197-) 3+5 0.3-0.7 (0.53) 0.3-0.5 (0.42) 0.3-0.5 (0.40) 0.2-0.5 (0.34)
0.2-0.4 (0.30) 0.3-0.5 (0.44) 0.4-0.8 (0.56) 0.2-0.6 (0.32)
22nd (208-) 5+9 0.3-0.5 (0.40) 0.3-0.5 (0.36) 0.2-0.7 (0.40) 0.1-0.5 (0.33)
0.4-0.6 (0.46) 0.2-0.6 (0.37) 0.2-0.7 (0.36) 0.3-0.5 (0.38)
23rd (219-) 2+0 0.7-1.0 (0.85) 0.4-0.6 (0.50)
0.6-1.0 (0.80) 0.4-0.7 (0.55)
24th (230) 0+2 0.6-1.0 (0.80) 0.2-0.3 (0.25)
0.2-1.0 (0.60) 0.3-0.6 (0.45)

*Ageing according to Patten (1948).
**Crown-rump length.

Fig. 2 Fetal CACs from months IV to VI. Some of the carotid and vertebrobasilar system arteries are identified (1 = basilar artery; 2 = right internal
carotid artery, cerebral part, communicating and choroidal subparts (month IV) and right internal carotid artery, cerebral part and partially cavernous
part (month VI); 3 = left carotid artery, cerebral part, communicating and choroidal subparts (month IV) and left internal carotid artery, cerebral part
and partially cavernous part (month VI); 4 = right posterior communicating artery; 5 = left posterior communicating artery; 6 = right posterior cerebral
artery, pre-communicating part; 7 = left posterior cerebral artery, pre-communicating part; 8 = right posterior cerebral artery, post-communicating
part; 9 = left posterior cerebral artery, post-communicating part). Vascular components of the posterior CAC are labeled by numerals 4-7.

We detected a significant increase in the right PCoA month VI, were significant for both male and female
average diameters during months V and VI. Values ranged fetuses (Table 2, Fig. 3d).
from 0.25 + 0.02 mm during month 1V, to 0.29 + 0.05 mm The average P1 diameters on the left side were larger
during month V and 0.44 + 0.10 mm during month VI. The in female fetuses during month 1V, and in male fetuses
increases in average diameters of the right PCoA, during during months V and VI, while average diameters on the

© 2007 The Authors
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Table 2 Average external diameter of the left and right PCA-P1 and PCoA during months 4 (IV) to 6 (V1) of the gestational period

PCA-P1 right side (mm) PCoA left side (mm) PCoA right side (mm)

PCA-P1 left side (mm)

Total

Total

Total

Total

Gestational

SD

D SD

age (month)

0.02
0.05
0.10

0.25

0.01

0.02 0.26

0.02 0.24
0.03 0.30*
0.08 0.49*

0.24 0.03 0.24

0.03
0.02

0.02 0.23

0.03 0.29

0.02 0.28

0.03 0.30

0.29 0.03 0.30 0.05 0.30

v

0.06 0.29*
0.06 0.44*

0.05 0.28

0.11

0.32 0.04 0.30*

0.03 0.29*
0.18 0.43*

0.02 0.36*
0.12 0.50*

0.04 0.34*
0.25 0.47*

0.04 0.35 0.03 0.36* 0.04 0.38*
0.23 0.51 0.22 0.52

0.38*

0.39*

0.056 0.33 0.07 0.38*

0.25 0.55*

0.59*

VI

*P < 0.05.

D - average external diameter.

right were larger in male fetuses from months IV to VI
(Table 2, Fig. 3a,b), although these differences were not
statistically significant. Left PCoA average diameters were
larger in female fetuses during months IV and V, while the
values were larger in male fetuses during month VI. The
right PCoA average diameters were larger in male fetuses
from months IV to VI (Table 2, Fig. 3¢c,d). However, these
differences were not significant.

The average P1 diameters were significantly larger than
the PCoA diameters, during months IV and V, both on the
left and right sides. These values also appeared larger
during month VI on both sides, but the differences were
not significant (Fig. 4a,b). The differences were the result
of the significantly larger average diameters of the P1
compared to PCoA in male fetuses, both on the left and on
the right sides during months IV and V (Fig. 5a—d). However,
these differences were not significant during month VI in
male fetuses and from months IV to VI in female fetuses.

Figure 6 presents examples of ‘ideal’ (a) and ‘average’
(b) posterior parts of the CAC, according to the relationship
between P1 and PCoA average diameters in human fetuses
from months IV to VI. There were bilaterally larger P1
diameters compared to PCoA, in both examples. However,
the P1 diameters were equal and larger than the PCoAs
which were also equal, in the first example, while in the
second example, their diameters were slightly unequal
(see also Table 2).

Discussion

Looking at a range of classic and more recent investiga-
tionsinto CAC angioarchiotecture reveals a series of theories,
each one replacing earlier ideas. We suppose that current
ideas, based on new data, as well as on our morpholog-
ical data, provide the most convincing theories so far.

Lavieille et al. (1966) quoted the ancient embryologists
who described a caudal branch of the primitive ICA appear-
ing in embryos at 20 mm, incorporated into the PCA and
PCoA. Marinkovi¢ et al. (2001) quoted embryological data
that the primitive PCA appears in embryos at 12.5 mm and
that the PCoA was not completed until embryos reached
50 mm in length. The arterial walls of a 7-week-old embryo
were composed of a single layer of endothelial cells, while
in a 9-week-old embryo, the walls of the cerebral arteries
consisted of an inner tunica intima, a central tunica media,
and an outer tunica adventitia (Fujimoto, 1996).

Van Overbeeke et al. (1991) described diameters of the
CAC vessels from gestational weeks 12 to 16 as ranging from
0.1 to 0.15 mm. According to these data, we expected that
the P1 and PCoA calibers would be equal in the 13th week.
However, only about one third of examined fetuses, of
both male and female gender, during the period from
gestational weeks 13 to 16 fit bilaterally into this ‘rule’
while one third fit unilaterally. Secondly, the caliber of P1
was 0.3 mm on the left and 0.29 mm on the right side

© 2007 The Authors
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Fig. 3 Average external diameters of vascular components in the posterior CAC: Left PCA-P1 (a), right PCA-P1 (b), left PCoA (c) and right PCoA (d),

in fetuses of both genders during the gestational months IV, V and VI.
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during month IV, while the PCoA diameter was 0.24 mm
on the left and 0.25 mm on the right side.

Dovguiallo & Pekar (1966) noted that the average width
and length of the P1, between months IV and V, were
5.3 mm and 24.8 mm, respectively, on the right, and 4.5 mm
and 26.7 mm, respectively, on the left side. They also
reported that the width and length of the PCoA were
4 mm and 67 mm, respectively, on the right and 4.08 mm
and 68.2 mm, respectively, on the left side. These measure-
ments were made at the base of the brain under a magni-
fying glass in 100 fetuses that were not classified by gender,
and whose ages ranged from IV to X months. There were
no data about the magnification of the eyepiece used, and
no indication if the actual measurements might be less by
a factor of 10 or 20. Thus direct comparisons to our data
are not possible. Nevertheless, the authors noted larger
PCA width on the right than on the left side, which is not
in agreement with our data. However the average left and
right PCoA calibers in month V were almost equal in
Dovguialo and Pekar’s report (1966), which is in agreement
with the present results.

Van Overbeeke et al. (1991) reported that the caliber of
the P1 and PCoA in fetuses after the 16th week of gesta-
tion ranged from 0.15 to 0.2 mm. The same authors did
not note any sex differences between the right and left

Fig. 4 Average external diameters of the PCA-P1 and PCoA on the left
(a) and right (b) sides during gestational months IV, V and VI.
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Fig. 5 Average diameters of the PCA-P1 and PCoA, on the left and right sides, during gestational months IV, V and VI, in male (a, b) and

female (c, d) fetuses.

sides, nor that the PCoA was larger than the P1, or that it
was a ‘striking characteristic’ of those CACs. The author’s
conclusions were rather ambiguous; they noted that
73% of the fetuses had a posterior part of the CAC of the
transitory type, in which the P1 and PCoA were of equal
diameter, while only 9% were of the fetal type, in which
the PCoA was larger than the P1. The average month V
arterial caliber values in our study were 0.36 mm for P1,
and 0.29 mm for PCoA on the right side, and 0.36 mm for
P1 and 0.30 mm for PCoA on the left side. The average
month VI arterial caliber values measured were 0.50 mm
for P1, and 0.44 mm for PCoA on the right side, and 0.55 mm
for P1, and 0.38 mm for PCoA on the left side. Dovguiallo

Fig. 6 Cases showing bilaterally larger
diameters of P1 (1 and 2) in relation to the right
(3) and left (4) PCoAs. The P1 diameters were
equal or larger than the PCoAs, which were
also equal in the first model, and slightly
unequal in the second model.

& Pekar (1966) noted that the average P1 width and length
between months VI and VIl were 5.8 mm and 22.4 mm,
respectively, on the right and 6.09 mm and 21.5 mm,
respectively, on the left side, and the average PCoA width
and length were 4.2 mm and 57.7 mm, respectively, on the
right and 4.1 mm and 62.3 mm, respectively, on the left side.
It may be confirmed that there is concordance if laterality
in the CAC's posterior part is taken into account.

We detected a significant increase of the left P1 caliber
in male fetuses from months V to VI, compared to that of
the right P1, in month V in fetuses of both genders, and in
month VI in female fetuses. The P1 average diameters
were significantly larger than those of the PCoA in months

© 2007 The Authors
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IV and V, on both the left and right sides. The values were
also larger in month VI on both sides, but those differences
were not significant. In contrast to our results, Dovguiallo
& Pekar (1966) reported that the diameters of the PCoAs
increased more slowly and regularly than the larger
cerebral arteries.

Milenkovi¢ et al. (1985) studied CACs of fetuses from
gestational weeks 20 to 40, and noted that PCoA dia-
meters ranged from 0.1 to 0.7 mm (0.34 mm, average) and
diameters of the P1 ranged from 0.1 to 0.8 mm (0.51 mm,
average). Due to having a lower number (26) of fetuses
that were older than 20 weeks, for our research, we can
suppose that while the range of these blood vessels
calibers may remain similar after the 24th week, the number
of cases with larger caliber values may change.

Feng et al. (1997) revealed an almost linear function of
the peak velocity for the anterior, middle and posterior
cerebral arteries with increasing gestational age from the
22nd to the 41st week. In addition, after an investigation
of the middle cerebral artery and ascending and descending
aortas normograms, Konje et al. (2005) reported an initial
rise to a peak between 30 and 32 weeks followed by a
gradual return to values at 38 weeks that were similar to
those at 24 weeks' gestation. However, in their earlier
work, Konje et al. (2000) established a significant correlation
between gestational age and the diameter of the middle
cerebral artery, ascending and descending aortas, and renal
arteries. The rate of increase in vessel diameters was found
to be steady throughout gestation, with maximal measure-
ments for the vessels obtained at 38 weeks’ gestation. Fukuda
et al. (2006) emphasized that the energy requirements of
fetal and neonatal brains were low, especially in prema-
ture infants, because of nonoxidative glucose metabolism.
These authors also reported that total brain tissue volume
increased linearly after the 29th gestational week.

In France, three sonograms are performed during a
normal pregnancy. Usually, these scans are done at about
12, 22, and 32 weeks of pregnancy (Manson & Dillon, 2006).
Thus, the present measurements taken from the 13th to 24th
week gestation coincide with the time of prenatal sono-
grams but not with the diameter values that were not
documented by previous authors.

The most intriguing finding of Feng et al. (1997) was a
difference in total peak flow velocity between the left and
right intracranial vessels. Van den Wijngaard et al. (1989)
described a decrease in pulsatility in the internal carotid,
middle cerebral, posterior, and anterior cerebral arteries,
during the third trimester of gestation. Komwlaisak et al.
(2002) endorsed use of the middle cerebral artery as the
vessel of choice for assessing fetal cerebral circulation.
However, Fong et al. (1999) reported a low positive pre-
dictive value of the pulsatility index of the middle cerebral
artery for adverse perinatal outcomes, especially when the
first Doppler ultrasound examination was performed at
less than 32 weeks of gestation.

© 2007 The Authors
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Van Overbeeke et al. (1991) found differences between
the neonatal and the adult P1 and PCoA in the CAC. Mala-
mateniou et al. (2006) noted that PCA diameters were
0.893 mm in premature infants and 0.867 mm in full-term
infants. These authors also noted that there were no
laterality or sex differences for PCAs in premature or
full-term newborns. The sex differences in the vessels
measured in our study, as well as in the study of Tontisirin
et al. (2007), are likely derived from inherent sex differences
in cerebral metabolic rates and/or estimated cerebrovascular
resistance. Seydel (1964) determined that the most signi-
ficant differences between adult and fetal diameters were
in the posterior part of the circle, where the P1 shows a
relatively smaller average diameter (34% of the diameter
of the ICA) than that described for adult specimens (47 %)
while the PCoAs were of similar diameter (~0.27 mm) in
both adults and fetuses.

Though pronounced inter-individual variability of the
CAC, including the posterior CAC, is apparently normal
(Vasovi¢ et al. 2002), it is our view that the relationships
between the P1 and PCoA diameters present prenatally will
not change during postnatal life unless some pathological
lesions appear. Types of posterior arterial patterns in the
CAC, according to the data summarized in Table 1, will be
described in another paper (L. P. Vasovic, I. D. Jovanovi¢,
S. Z. Ugrenovi¢, Z. P. Andelkovi¢, unpubl. data).

Note

All clinics and departments, as part of the Faculty of
Medicine in Nis, Serbia, have integrated professional
cooperation. There was internal ethical control over fetal
material used in the 1983-1990 time period. The Council
for Postgraduate Study of our Faculty of Medicine gave
permission to investigate the fetal material.
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