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Background:Background:Background:Background:Background: Abnormal diameters of foetal vessels are common findings in con-
genital heart defects. However, it is difficult for pathologist to assess whether the
diameters of the vessels are normal or not and to compare with echocardiographic
data. The Z-score is a dimensionless quantity representing the distance between
the raw score and population mean in standard deviation units. Using Z-score, we
can compare single cases to average standards in the population.
Aim:Aim:Aim:Aim:Aim: To compare diameters of great arteries measured in specimens fixed in 10%
formalin solution to normal values obtained on echocardiography using Z-scores.
Material and methods:Material and methods:Material and methods:Material and methods:Material and methods: The study was performed on 43 formalin-fixed normal
foetal hearts aged from 19 to 40 weeks of gestation. Each specimen was dissected
and the following diameters were measured: aortic valve (AoV), ascending aorta
(AAo), descending aorta (DAo), aortic isthmus (AoI), ductus arteriosus (DA), pul-
monary trunk valve (PV), and pulmonary arteries (RPA and LPA). Z-score parame-
ters were calculated for all structures using the Foetal Echo Z-score Calculator.
Results:Results:Results:Results:Results: Z-score values of all measured foetuses were mostly found to fit with-
in the echocardiographic norms, although the most reliable results were ob-
tained for foetuses aged 23 weeks. This group was represented by the highest
number of specimens. The minimal and maximal Z-score values were, respec-
tively: AoV –3.45, 1.4; AAo –4.24, –0.11; DAo –2.12, 1.29; PV –3.21, 0.69;
RPA –3.4, 0.84; LPA –2.25, 0.31; AoI –1.97, 0.96; DA –3.56, –1.52.
Conclusions:Conclusions:Conclusions:Conclusions:Conclusions: The diameters of great arteries measured on autopsy are compa-
rable to the results obtained from echocardiographic measurement. Z-score
values for foetal echocardiography can be applied to post-mortem examina-
tion. (Folia Morphol 2012; 71, 2: 86–92)
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INTRODUCTION
Post-mortem examination of the foetal heart is

a procedure of a great importance in confirmation
of prenatal echocardiographic findings. Due to dif-
ficulties with visualisation of the great arteries on

ultrasound, alterations to their morphology are of-
ten misdiagnosed in medical centres of prenatal care
[31]. Nowadays we can observe development of
screening techniques and an increasing number of
clinicians performing prenatal diagnostic proce-
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dures. In situations when the foetus dies, the find-
ings should be confirmed by autopsy. This is essen-
tial not only for educational but also for clinical rea-
sons [21].

All congenital heart diseases can be described by
the pathologist using sequential segmental analysis,
as described by Anderson et al. [1]. There are many
defects where we can observe abnormal diameters
of the great vessels, but in borderline cases it is diffi-
cult to recognize them by sight alone [5, 18]. Hypo-
plastic left heart syndrome, coarctation of the aorta,
interrupted aortic arch, aortic valve stenosis, and atre-
sia of the pulmonary trunk are easy to diagnose be-
cause of other features, for instance ventricular size,
morphology, and associated malformations.

Most ultrasound findings are described using the
Z-score value — a statistical parameter expressing
the distance between the raw score and the mean
in the population [22, 27]. It has been widely ap-
plied currently in prenatal and postnatal echocar-
diography. So far there has been a shortage of data
considering foetal autopsy employment. Lack of
standardised Z-score for post-mortem examination
hinders accurate assessment and impedes informa-
tion flow between various research centres and be-
tween echocardiographers and pathologists.

Percentiles tables are commonly used by clini-
cians in the evaluation of the normal development
of foetuses or children in clinics [33]. Unfortunately
they are generally standardised only to gestational
age; therefore, cardiac structures cannot be always
assessed in foetuses that are too small or too large
for their gestational age. Research shows that sim-
ple mathematical transformation allows normalisa-
tion of Z-score values for cardiac structures to di-
mensions commonly obtained on echocardiography,
e.g. femoral length [18, 27].

The aim of this study was to examine whether
there is a significant correlation between measure-
ments of the great vessels performed on echocar-
diography and post-mortem examination. Potential
convergence of this data might allow wider appli-
cation of Z-Score values established for echocardio-
graphers.

MATERIAL AND METHODS
The study was based on 43 specimens aged from

the 19th to the 40th week of gestation, fixed in 10%
formalin solution. They were derived from the col-
lection of the Department of Descriptive and Clini-
cal Anatomy Centre of Biostructure Research of the
Medical University of Warsaw. They were obtained

after spontaneous abortion (42 foetuses) or death
caused by intrauterine infection (one foetus). No
cardiac abnormalities were found on autopsy or in
echo. All of them were dissected using microsurgi-
cal instruments under stereoscopic microscope SMZ
1500 microscope, and the following dimensions
were measured: aortic valve (AoV), ascending aorta
(AAo), aortic arch (AoA), aortic isthmus (AoI), duc-
tus arteriosus (DA), pulmonary valve (PV), and right
and left pulmonary arteries (RPA and LPA) (Fig. 1).
Callipers were used to obtain particular values, and
therefore only the external diameter was of inter-
est. Measurements were performed twice and mean
diameter was calculated as a final result.

Z-scores were calculated using the Foetal Echo
Z-Score Calculator. The database of this calculator
is based on population of normal foetal hearts mea-
sured by echocardiography. We strived to assess if
diameters acquired in post-mortem examination of
normal foetal heart, when input to the Echo Z-Score
Calculator, would appear to fit within the range of
normal values.

RESULTS
Z-score values of all measured structures except

the DA are mostly found within the confidence inter-
val (CI) of 0.9 ± 1.645 (Fig. 2, Table 1). A statistically
significant difference (p < 0.05) is observed in case
of the DA, where calculated Z-scores are remarkably
lower (Fig. 3). In this case, the mean Z-score value is
comparable to the echocardiographic normal lower
limit, and the maximum measured diameter is close
to the mean normal value. From the fact that the rest

Figure 1. The location of measurements performed in the study;
AoV — aortic valve; AAo — ascending aorta; AoA — aortic arch;
AoI — aortic isthmus; DA — ductus arteriosus; DAo — descend-
ing aorta; LPA — left pulmonary arteries; PV — pulmonary trunk
valve.
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of measured structures, including the AoI, do not
show such a tendency, disproportional shrinkage of
the DA during the process of specimen fixation in
10% formalin solution can be implied.

As measurements of the DA made on fixed speci-
mens are not reliable, they should be converted us-
ing an appropriate mathematical formula. In order
to develop it, we plotted mean normal (Dn) and
measured (Dm) values of the DA diameter [mm]
against foetal age [weeks] and calculated regres-
sion equations for both groups (Fig. 4). Subsequent-
ly, by combining them, an equation enabling cor-
rection of the measured diameters was constructed.

Figure 2. Plot showing the distribution of Z-score values of mea-
sured structures for all age groups. The horizontal lines represent
the confidence interval (CI) of 0.9 ± 1.645 for normal echocardio-
graphic measurement. Remarkably low values are observed for
the ductus arteriosus, contrary to other structures, the Z-scores
of which mostly fall within the CI; AoV — aortic valve; AAo —
ascending aorta; DAo — descending aorta; AoI — aortic isth-
mus; DA — ductus arteriosus; PV — pulmonary trunk valve;
RPA — right pulmonary artery; LPA — left pulmonary artery.

Figure 3. Statistically significant difference in ductus arteriosus
(DA) diameter measurement.

Table 1. Extreme and mean values and standard deviation of Z-scores of measured structures for all age groups.
Uneven distribution and lowered values observed in the case of the ductus arteriosus

Structure Measured Z-scores

Minimum Maximum Mean Standard deviation

Aortic valve –3.45 3.96 1.23 1.17

Ascending aorta –4.24 2.40 –0.33 1.12

Descending aorta –2.12 3.47 0.34 1.07

Aortic isthmus –1.97 4.18 0.56 1.13

Ductus arteriosus –4.41 0.27 –1.53 1.11

Pulmonary trunk valve –3.21 2.95 0.55 1.07

Right pulmonary arteries –3.40 2.23 0.26 1.07

Left pulmonary arteries –3.13 1.39 –0.30 0.88

Figure 4. Measured ductus arteriosus (DA) diameters compared
to normal values in all age groups. Echocardiographic norms can-
not be used directly for the assessment of measurement data col-
lected on post-mortem examination. Raw scores should be cor-
rected using the appropriate mathematical formula. From the
analysis of regression equations presented above, an exemplary
equation can be developed: Dc = 1.0496*Dm + 0.5911, where
Dc is the corrected value of the DA diameter.
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It is: Dc = 1.0496*Dm + 0.5911, where Dc is the
corrected value of the DA diameter, which can be
compared to echocardiographic norms. However,
the number of specimens in the study group impos-
es certain restrictions over the applicability of the
equation. It should not be used when the difference
between Dm and Dn for the same age is less than
10%. Further studies are needed to make the for-
mula more accurate, especially to determine its de-
pendence on foetal age.

Another method enabling comparison of the
measured DA diameter to echocardiographic norms
could be by calculating a “shrinkage factor” (SF)
defined as the mean [mean normal diameter/mea-
sured diameter] ratio. For the data analysed here
SF = 1.34. Therefore, Dc can be calculated from the
formula: Dc = SF*Dm = 1.34*Dm. This method, al-
beit easier, has the same disadvantages as the
former one and its precision is even lower.

The results show several correlations between mea-
sured structures. There was a linear increase in the di-
ameters of these vessels within the developmental
period studied. At the level of arterial valves, the pul-
monary trunk diameter was greater than the aortic
diameter in all but five cases (42/47). The average PV/
/AoV ratio value was 1.12 ± 0.15 and the extreme val-
ues were 0.71 and 1.66. It showed a slight tendency
to increase with age (Fig. 5). The diameter of the RPA
was larger than the diameter of the left one in 43/45
specimens with an average RPA/LPA ratio of 1.23 ± 0.2.
The maximum value was 1.78 and the minimum was
0.91; there was no tendency observed. The diameter
of the aorta changed over its run, with the aortic
isthmus as the narrowest segment (Table 2). The di-
ameter of the AoI was greater than that of the DA in
all foetuses aged less than 29 weeks and in only 6/12
foetuses aged from 29 weeks to term (Fig. 6).

Table 2. Changes of the aortic diameter over its run. The widest part is at the level of the aortic valve, and then it
narrows gradually, with the narrowest segment in the aortic isthmus

AAo/AoV AoI/AoV DAo/AoV

Mean 0.93 0.75 0.87

Standard deviation 0.09 0.10 0.12

Maximum 1.18 0.95 1.15

Minimum 0.72 0.55 0.64

AAo — ascending aorta; AoV — aortic valve; AoI — aortic isthmus; DAo — descending aorta

Figure 5. Pulmonary trunk valve (PV)/aortic valve (AoV) ratio
and its changes during pregnancy. The value of the ratio was
below 1 only in five cases. A slight tendency to increase with
gestational age was observed; however, there is no direct cor-
relation (r = 0.2).

Figure 6. Ductus arteriosus (DA)/aortic isthmus (AoI)ratio and its
changes during pregnancy. In all foetuses below 29 weeks of
gestation the mentioned ratio was below 1. After that time, it
was greater in half of the cases. Nonetheless, the ratio does not
correlate well with gestational age (r = 0.47).
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DISCUSSION
The use of Z-scores instead of percentiles is cur-

rently well established in both foetal and postnatal
cardiology [14, 17–19, 22, 23, 27]. By allowing ex-
act, quantitative assessment of obtained data, it
constitutes a powerful tool in diagnosis and mana-
gement of multiple defects of the heart and great
vessels. However, to date this system has been de-
veloped sufficiently only for the echocardiography.
On foetal post-mortem examination of the great
arteries there are no such standards available. There-
fore, it is very difficult for both pathologists and
cardiologists to assess whether the vessel diame-
ters measured on autopsy are normal or not.

Using already available echocardiographic stan-
dards for foetal post-mortem study of the great ar-
teries would be very useful; however, they should
not be applied recklessly. There are significant dif-
ferences in examination protocols of such tech-
niques, which can lead to unacceptable mistakes.
Firstly, in our study we used standard autopsy tech-
nique, measuring the external diameter of vessels.
Measurement of the internal diameter, the way it is
done on echo, would be discrepant with the rou-
tine and bring in additional confusion. Secondly,
post-mortem studies are usually performed on spe-
cimens fixed in formalin solution, which causes
shrinkage of tissues depending on their hydration
and content of elastic elements [2, 15].

Our study showed that, despite the mentioned
differences, echocardiographic Z-scores can be most-
ly applied to post-mortem examination. Excluding
the diameter of the vessel lumen itself, two variables
have an impact on the absolute measured value: the
thickness of the vessel wall and its shrinkage ratio
in formalin solution. Their influences are contradic-
tory and, apparently, cancel each other to a high
degree.

The different shrinkage ratio of the DA compared
to other structures may be due to the specific ultra-
structure of this vessel and its different response to
the process of fixation in formalin. The DA is a mus-
cular artery connecting the pulmonary trunk and the
aortic arch, distally to the origin of the left subclavi-
an artery. Its media is abundant in well-differentiat-
ed smooth muscle cells (oriented circumferentially)
and relatively deficient in elastic elements. The inti-
ma forms characteristic cushions composed of pro-
liferating endothelial cells, migrating smooth mus-
cle cells from the media and subendothelial oede-
ma [4, 28, 29]. During pregnancy DA plays the role

of right to left shunt, enabling blood to omit a high-
resistance pulmonary vascular bed. It closes after
birth together with the foramen ovale, thus sepa-
rating pulmonary and systemic circulations.

Ductal constriction and functional closure usual-
ly occurs by the first 48 hours of postnatal life and
is a result of the interaction of several mechanisms
[10]. Immediately after birth, the DA is exposed to
an increased arterial oxygen tension of about 40–
–60 mm Hg, compared to 18–28 mm Hg in utero
[13]. This leads to constriction of the vessel wall,
probably mediated by cytoplasmatic calcium release
and secretion of endothelin-1 [7, 20]. Moreover, DA
produces several vasodilating substances, among
which prostaglandin E2 (PGE2) seems to be the most
important [7, 20]. Most of the circulating PGE2 is of
placental origin. The main place of its inactivation is
the pulmonary vascular bed, constricted during preg-
nancy. Removal of the placental source, increased
metabolism in newly inflated lungs, and decreased
number of PGE2 receptors in the ductal wall causes
its constriction in full-term newborns [6, 32].

The sensitivity of the DA to prostaglandins has
an important clinical application. In ductal-depen-
dent congenital heart diseases, including e.g. pul-
monary atresia/stenosis, tricuspid atresia/stenosis,
transposition of the great arteries, coarctation of the
aorta, hypoplastic left heart syndrome, critical aor-
tic stenosis, and interrupted aortic arch, it is essen-
tial to maintain ductal blood flow after birth, until
the improvement of the newborn’s condition and
adequate surgical intervention. This is usually done
by administration of prostaglandin E1 in form of
the preparation named Alprostadil in doses of
0.01–0.1 mg/kg per minute [8, 11].

A structure that is both anatomically and func-
tionally connected with the DA is the AoI, the seg-
ment of the aorta located between the left subcla-
vian artery and the DA. It is the most common site
for pathological narrowing of the aorta, referred to
as coarctation. The reason for this condition is now
thought to be the presence of ductal tissue in the
wall of the AoI, where it forms a narrow ridge, easily
recognisable in histological preparations [12]. In our
study, which included only anatomically normal
hearts and vessels, the shrinkage ratio of the AoI was
not proportional to that of the DA in any case. There-
fore, we infer that there was no migration of ductal
tissue into the AoI walls within the material studied.

Correlations between the measured structures
observed in our study are consistent with the litera-
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ture. The growth of vessels with advancing foetal
age showed a linear tendency [16, 30, 34]. The dia-
meter of the pulmonary trunk was greater than that
of the aorta at the level of the arterial valves in most
cases [16, 30, 34]. Similarly, the RPA diameter was
greater than LPA diameter [3, 9]. The narrowest
segment of the aorta was always the AoI; how-
ever, its diameter was still larger than the DA dia-
meter in all foetuses below 29 weeks of gesta-
tion. After that age, the DA was greater than the
AoI in half of the cases. According to Ursell et al.
[34] and Rudolph et al. [24–26], the explanation
for such a situation may be as follows. The rela-
tive narrowing of the AoI compared to AAo and
DAo may result from reduced blood flow through
this segment (“flow dependence rule”). Indeed,
it is located between the cephalic branches of the
aortic arch and the outlet of the DA and carries
less blood than adjacent parts. During the last
trimester of pregnancy, blood flow to the brain
and other parts of the body increases dramati-
cally, which requires growth of the AAo and DA,
which outstrips that of the AoI. As a result, the
narrowing is accentuated and the DA/AoI diame-
ter ratio may invert.

CONCLUSIONS
Whereas echocardiographic standards for foetal

great vessel measurement are already available and
widely used, there is still a paucity of analogous data
concerning post-mortem examinations. In this study
we tried to determine the applicability of echocar-
diographic norms in autopsy routines and proved
them useful in most of cases. The use of the Z-score
method additionally enables more precise quantifi-
cation of obtained data, when compared to percen-
tiles. However, further studies involving greater num-
bers of specimens are needed to fully confirm the
observed correlation.
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