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ABSTRACT
Introduction. Up to date studies dealing with embryogenesis of the pulmonary
trunk and arteries seldom analyze the anatomical variations between sexes and
proportions of the pulmonary arteries dimensions. A large number of investigated
subjects in our study enabled a detailed description of the growth of the pulmonary
trunk and pulmonary arteries. Other studies involved fewer subjects.
Aim. We aimed at investigating the development of the pulmonary trunk and its
branches, i.e., the left and the right pulmonary arteries, during a period between the
4" and 8" months of fetal life.
Materials and methods. We investigated 223 human fetuses, including 108 males and
115 females, aged between 4 and 8 months of prenatal life. All fetuses had been con-
served for a minimum period of 3 months in a 9% formaldehyde solution. All fetuses
of a normal karyotype were obtained from spontaneous abortions and none of them
revealed any external signs of malformations. We measured the diameters of the initial
part of the pulmonary trunk and of the two main arteries: right and left pulmonary
arteries. We determined the mean value of each assessed parameter for every age group,
the rate of growth of particular vessels, the variations in these parameters with relation to
sex, and the ratio between the left and the right pulmonary artery dimensions. For sta-
tistical analysis ANOVA, regression analysis, and Tukey’s HSD post hoc test were used.
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Results, Discussion and Conclusions. The growth of the diameters of pulmonary
vessels (pulmonary trunk, left and right pulmonary arteries) is linear in time. The
vessel dimensions do not differ with regard to sex. Only in the 5™ month was the
pulmonary trunk statistically significantly wider in female fetuses. The left pulmo-
nary artery is smaller than the right one.
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INTRODUCTION

Autopsy serves as an important and relevant source of information concerning the
development of the human circulatory system in prenatal life. Other methods, such
as radiographic imaging, cannot be widely employed being deleterious to the grow-
ing organism. Echocardiography is a useful, complimentary method as it employs
harmless radiation. It is not free from limitations however; not all cardiac structures
and large vessels, such as the pulmonary trunk and its divisions, can be visualized
in detail [3]. The importance of investigating the embryogenesis of pulmonary arte-
rial vessels arises from discrepancies in cardiovascular anatomy between fetal and
postnatal life. The assessment of diameters of these vessels is valuable in diagnosing
and monitoring congenital heart defects. Frequently, heart defects show up as, or co-
-occur with, abnormalities of the major arteries - including the pulmonary trunk
and its branches [2, 3, 5, 7, 8, 12, 14, 17, 21, 28, 34, 36, 38].

AIM

We aimed at investigating the development of the pulmonary trunk and its branches,
i.e., the left and the right pulmonary arteries, during that period between the 4 and
8™ months of fetal life. We also investigated sex related differences concerning the
diameters of these vessels. Also, we assessed the relationship between the dimensions
of the left and the right pulmonary arteries.

MATERIALS AND METHODS

Research material consisted of 223 human fetuses, including 108 males and 115 fe-
males, aged between 4-8 months of prenatal life. The entire material for this project
was obtained from the Department of Histology and Embryology of the Collegium
Medicum of Nicolaus Copernicus University in Bydgoszcz, Poland. The fetuses had
been conserved for a minimum period of 3 months in a 9% formaldehyde solution.
All fetuses of a normal karyotype had been aborted spontaneously. None of them
demonstrated any external signs of malformations or developmental abnormalities.
The morphological age of each fetus was determined according to the crown-rump
length (vertex-tuberale) using a polynomial initially proposed by Ifty et al. [19]. All
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specimens were categorized into monthly subgroups according to the determined
morphological age. Different numbers of fetuses were allocated to particular age
groups.

The vessel beds were filled with latex LBS 3060, without distorting the dimensions
of the vessels, at an amount of approximately 15-30 mL, through a catheter, which was
inserted by dorsal access into the thoracic aorta. During specimen preparation we used
binocular magnifying glasses (MBS-9, Russia, magnification 0.6-7 x 14). The meas-
urements were taken using digital calipers (INCO, Poland, resolution 0.0lmm) with
an accuracy range of 0.01 mm. We measured the diameter of the initial segment of the
pulmonary trunk (PT) and the diameters of the right (RPA) and the left (LPA) pulmo-
nary arteries — also in their initial segments (Fig. 1, 2). All measurements were taken
by two independent investigators. Each investigator took the measurements twice. For
further analyses the arithmetical means of the obtained values were used.

Fig. 1. Heart and the great arteries of a 28-weeks old female fetus, anterior surface. Comments: AA -
ascending aorta, PT - pulmonary trunk, LPA - left pulmonary artery, DA - ductus arteriosus, ARA
- auricle right atrium, ALA - auricle left atrium

Fig. 2. The great arteries of a 24-weeks old male fetus, view from the diaphragmatic surface, the heart
was removed. Comments: AA - ascending aorta, PT - pulmonary trunk, LPA - left pulmonary artery,
DA - ductus arteriosus, ARA - auricle right atrium, ALA - auricle left atrium
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Statistica 8.0 software (StatSoft Polska) was used for statistical analysis of the ob-
tained data. We calculated mean values and standard deviations for each age group
with respect to sex. The results obtained were analyzed by the one-way ANOVA test
for unpaired data (age) and two-way ANOVA test for unpaired data (age and sex),
and Tukey’s HSD post hoc test for non-equal populations. The differences between
pulmonary artery dimensions were analyzed using a two-way (side of the body and
age) analysis of variances (ANOVA) for dependent variables and Tukey’s HSD post
hoc test for non-equal populations. Statistical significance was defined as p<0.05.

RESULTS

The diameter of the pulmonary trunk increases according to the linear regression curve
y=-86.8853+0.8744x. Initially, in the 4" month, the diameter of the pulmonary trunk
was 1.51£0.24 mm, and it grew to 4.85+0.31 mm by the 8" month (Tab. 1). The pul-
monary trunk diameter correlation coefficient for age was r = 0.9364, and it was highly
statistically significant (p < 0.001) (Fig. 3). We found no significant sex differences in the
pulmonary trunk diameter within each group (p = 0.2945). Only in the 5% month was
that diameter larger in females (p = 0.0084) (Tab. 1). The diameter of the right pulmonary
artery also increases according to the linear regression curve y=-48.9848 +0.4925x. The
correlation coefficient for age was r = 0.8873, with a high level of significance p < 0.001
(Fig. 4). In the 4" month the right pulmonary artery diameter was 0.69+0.18 mm, and
it grew to 2.74+0.31 mm by the 8™ month (Tab. 2). The diameter of the right pulmo-
nary artery within the entire group was 1.59+0.51 mm. There were no sex related dif-
ferences with regard to that vessel's diameter (p>0.05), neither in the whole study group
(p = 0.2603) nor within particular age groups (Tab. 2).

Tab. 1. Mean pulmonary trunk diameter in particular monthly age groups shown for the entire group
and with regard to sex

Age N X+SD [mm] P val
[month] | total | male | female total | male | female vate
4 18 8 10 1.51+0.24 1.44+0.28 1.57+0.2 0.3162
5 70 32 38 2.34+0.24* 2.22+0.22% 2.44+0.22* 0.0084
6 105 50 55 3.26+0.32% 3.27+0.32% 3.24+0.33* 0.6091
7 18 12 6 3.95+0.39* 3.95+0.39% 3.94+0.45% 0.9957
8 12 6 6 4.85+0.31* 4.86+0.24* 4.83+0.39* 0.8639
Total 223 108 115 2.9340.86 2.99+0.88 2.87+0.84 0.2945

Comments: * - indicates statistically significant difference of the marked subgroup when compared to
the immediately younger subgroup (p < 0.05), N — number, X - parameter value, SD - standard devia-
tion, P value - the differences between mean values in the female and male fetuses in particular age
groups (p<0.05).
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Tab. 2. Mean right pulmonary artery diameter in particular monthly age groups shown for the entire
group and with regard to sex

Age N X+SD [mm)] |
[month] | total | male | female total | male | female Palue
4 18 8 10 0.69+0.18 0.70+0.18 0.69+0.19 0.9540
5 70 32 38 1.27+0.23* 1.26+0.24* 1.28+0.22* 0.7361
6 105 50 55 1.74+0.22% 1.75+0.22* 1.7340.21* 0.6508
7 18 12 6 2.19+0.36* 2.23+0.38% 2.11+0.33* 0.5279
8 12 6 6 2.74+0.31* 2.80+0.33* 2.69+0.32* 0.5717
Total 223 108 115 1.59+0.51 1.64+0.54 1.56+0.48 0.2603

Comments: * - indicates statistically significant difference of the marked subgroup when compared to
the immediately younger subgroup (p <0.05), N — number, X - parameter value, SD - standard devia-
tion, P value - the differences between mean values in the female and male fetuses in particular age
groups (p <0.05).

The average diameter of the left pulmonary artery within the entire group was
1.33+0.40 mm. It ranged from 0.78+0.22 mm in the 4™ month to 2.2+0.18 mm by the
8" month of prenatal life (Tab. 3). The growth of the diameter of the left pulmonary
artery was reflected in a linear regression curve y=-35.0635+0.3544x. The correla-
tion coefficient was r=0.8128, which was highly statistically significant (p <0.001)
(Fig. 5). There were no significant sex differences with regard to that parameter with-
in the entire study group (p=0.2465), nor within particular age groups (p>0.05)
(Tab. 3).

Tab. 3. Mean left pulmonary artery diameter in particular monthly age groups shown for the entire
group and with regard to sex

Age N X+SD [mm)] I
[month] | total | male | female total | male | female Pvalue
4 18 10 8 0.78+0.22 0.86+0.17 0.7240.25 0.2036
5 70 32 38 1.12+0.21* 1.12+0.20* 1.134+0.21* 0.7585
6 105 50 55 1.36+0.22* 1.36+0.25* 1.36+0.19* 0.9811
7 18 12 6 1.98+0.3* 2.03+0.32* 1.940.26* 0.4277
8 12 6 6 2.2+0.18* 2.14+0.19* 2.2740.17* 0.2501
Total 223 108 115 1.33+0.40 1.37+0.42 1.31+0.39 0.2465

Comments: * - indicates statistically significant difference of the marked subgroup when compared to
the immediately younger subgroup (p <0.05), N — number, X - parameter value, SD - standard devia-
tion, P value - the differences between mean values in the female and male fetuses in particular age
groups (p<0.05).
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Fig. 4. Regression curve for the left pulmonary artery diameter versus fetal age (x)

The development of the pulmonary trunk and of the left and the right pulmo-
nary arteries in consecutive months showed significant dimension changes when
compared to preceding months. These differences were notable in the entire group
between the 5% and the 6™, the 6™ and the 5%, the 7" and the 6™, the 8™ and the 7!
months. As far as the sex of fetuses was concerned, these differences were marked
between the 5" and the 4™, the 6™ and the 5, the 7™ and the 6™, and the 8 and the
7t months, both in females and males (Tab. 1-3).

We found a significant difference between the dimensions of the two main pulmo-
nary arteries (p=0.0031). The right pulmonary artery was consistently larger. The ratio
of the two diameters calculated for the entire group was 1.21+0.27 and it changed in time
only slightly and insignificantly (p>0.05) within a range from 1.08 to 1.25 (Tab. 4). Also,
this ratio did not differ statistically significantly between sexes (p>0.05).

Tab. 4. The ratio of the right to left pulmonary artery diameters (x)

Age [months] | N | X | SD
4 18 1.08 0.09

5 70 1.16 0.26

6 105 1.21 0.27

7 18 1.12 0.21

8 12 1.25 0.15

Total 223 1.21 0.27

Comments: SD - standard deviation. There is no difference between consecutive age groups (p>0.05).
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DISCUSSION
In this study we found that the pulmonary trunk and arteries growth rates have a lin-
ear pattern. Similar results were found in other studies where echocardiography [28,
38, 39] or autopsy [4, 6, 24] were used. Also, Szpinda et al. [31, 32] found that the
growth of the pulmonary trunk was proportional to fetal age and followed a linear
regression. This was found at the correlation coeflicient for age r=0.86 (p<0.001).
Alvarez et al. [4], who also described a linear growth pattern concerning the pul-
monary trunk, pointed to a highly statistically significant correlation coefficient
(r=0.852; p<0.0001). Hyett et al. [18] in their study concerning 61 fetuses aged be-
tween 3 and 5 months, plotted a linear regression curve showing the relationship
between the diameter of the pulmonary trunk and age (r=0.889, p<0.0001). These
autopsy findings confirm echocardiographic observations. Studies of Chaoui et al.
[10] and Gembruch et al. [15] demonstrated a linear pattern of the pulmonary trunk
growth. Also Achiron et al. [1] in their study concerning 139 fetuses, aged between
4 and 7 months, and Firpo et al. [13] in their study concerning 181 fetuses, aged
between 4 and 9 months, proved that the diameter of the pulmonary trunk grew
linearly in time. The correlation coefficient was very high in both studies: r=0.94
(p<0.0001) according to Achiron et al. [1], and r=0.9081 (p <0.01) according to Fir-
po et al. [13]. Similar findings were reported for the pulmonary arteries diameters.
A linear growth rate of the fetal pulmonary arteries was confirmed both in anatomi-
cal [4, 18, 33, 37] and echocardiographic studies [13, 17]. We found the diameter of
the right pulmonary artery to be consistently larger than the left one (p < 0.001). This
is in accordance with other authors’ findings [6, 9, 11, 16, 20, 27, 30, 31, 33]. Only Tan
etal. [35] in their study concerning fetuses aged between 6 and 9 months did not find
any difference between the diameters of the two main pulmonary arteries (p=0.254).
The diameters of the pulmonary trunk, the left and the right pulmonary arteries
that we found in our material are similar to data presented in available literature.
Ursell et al. [37] discovered that the diameter of the pulmonary trunk was 1.1 mm
before the 3" month, 2.0 mm in the 4" month, 2.5 mm in the 5 month, and 3.5 mm
following the 6 month of fetal life. Castillo et al. [9] in their material consisting of
103 fetuses, aged between 4 and 9 months, found that the pulmonary trunk diameter
ranged from 2.1 mm to 4.2 mm. The diameter of the right pulmonary artery was
1.2-2.5 mm, and the left one 0.9-2.18 mm [9]. Szpinda [32] found the diameter of
the pulmonary trunk in the 4" month to be 1.51 mm, and in consecutive months:
the 5% — 2.44 mm, the 6" - 3.79 mm, the 7" - 4.16 mm, the 8" - 5.15 mm. Also
according to Szpinda [33], the left pulmonary artery diameter in the 4™ month was
0.88 mm, in the 5™ - 1.09 mm, the 6™ - 1.87 mm, the 7 - 2.1 mm, and the 8 -
2.35 mm. According to Szpinda [33], the right pulmonary artery diameter in the 4"
month was 0.93 mm, in the 5% - 1.19 mm, the 6™ - 2.05 mm, the 7 - 2.32 mm, and
the 8 - 2.62 mm.
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Within the entire study group, we did not find any sex related differences with respect
to the dimensions of the analyzed pulmonary vessels. Also, no differences with regard to
sex were reported by Firpo et al. [13], Szpinda et al. [31], and Szpinda [32, 33]. Similar
conclusions were reached by Schulz and Giordano [29] in their study concerning fetuses
and newborns (526 subjects). Other studies on cardiovascular embryology also failed
to show any sex related differences [22, 23, 25, 26]. However, Malinowski et al. [22, 23]
found female fetuses to have slightly larger vessel diameters, which he then explained to
be as a result of accelerated organogenesis in females. Such an explanation would justify
the larger pulmonary trunk and the left pulmonary artery diameters found in females in
the 5 and 6™ months of prenatal life respectively (Tab. 1, 3).

CONCLUSIONS

1. Growth with respect to the diameters of the pulmonary trunk and arteries is li-
near in time.

2. These dimensions do not differ between the sexes.

3. The left pulmonary artery is smaller than the right pulmonary artery.
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