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Cineangiographic aortic dimensions in normal children
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Abstract Knowledge of normal aortic dimensions is important in the management of children with aortic disease.
So as to define such dimensions, we undertook a retrospective review of clinical data and aortic cineangiograms
from 167 subjects without aortic disease having a mean age of 3.67 years, with a range from 0.01 to 14.95
years. Amongst the patients, 56 were without detectable cardiac lesions, 66 patients had mild pulmonary
stenosis, 30 were seen with Kawasaki disease, and 15 with small interatrial defects within the oval fossa. Aorto-
grams were available in all. No patient had any hemodynamic derangement that would have affected the aorta
during intrauterine life or childhood. Systolic dimensions were measured in the ascending and descending aorta
at the level of the carina, at the transverse aortic arch distal to the brachiocephalic, of the left common carotid
artery at its origin, at the transverse aortic arch distal to the left common carotid artery, at the aortic isthmus,
and of the aorta at the level of the diaphragm. A regression analysis model was used to establish the range of
predicted normal values, with their confidence limits, standardizing the values to height as the biophysical
parameter having the highest correlation to aortic dimensions. Normal ranges were established for all the levels
of measurement. The data should prove useful in identifying abnormalities of the thoracic aorta during childhood,
and when assessing the outcomes of interventions.
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KNOWLEDGE OF NORMAL AORTIC DIMENSIONS IS
important for management of children with
aortic disease. Reports in the literature of

normal cineangiographic dimensions of the aorta in
infancy and childhood are scarce.1'2 Furthermore, the
validity of the data which exists is limited, due to
small size of the samples, and frequent extrapola-
tion from data obtained in patients with lesions that
cause significant alterations in hemodynamics.1'2

Additionally, there is a poor correlation between data
derived from autopsy or non-invasive modalities of
imaging and cineangiocardiographic studies.3"8 Cine-
angiography is an objective and an accurate method
for determination of the dimensions of vessels. Deci-
sions regarding surgical or catheter interventions are

routinely based upon data obtained from cineangio-
graphic studies.9 The purpose of our study, therefore,
was to establish normal values for the ascending and
descending aorta and the transverse arch by studying
aortic cineangiograms from a group of children. The
subjects were chosen either because they were without
aortic disease, or because any hemodynamic alterations
present would have been so small that we deemed
them unlikely to have affected the aorta or the pattern
of flow within it. We then assessed various biophys-
ical parameters of growth and age so as to identify
the single parameter with the best correlation to aor-
tic dimensions. This proved to be height, permitting
us to establish reproducible data for normal aortic
dimensions at different heights.

Correspondence to: L. N. Benson MD, Division of Cardiology, Room 4515, The
Hospital for Sick Children, 555 University Avenue, Toronto, Ontario, Canada
M5G 1X8. Tel: 416 813 3523; Fax: 416 813 7547; Email: benson@sickkids.ca

Accepted for publication 15 February 2002

Materials and methods

We studied the medical records and cineangiograms
of 167 patients seen at the Hospital for Sick Chil-
dren, Toronto between January 1975 and December
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1989, selecting the patients from the computerized
cardiac database. Selection was based upon adequate
delineation of the aorta and its branches on cineangiog-
raphy, and the absence of cardiac lesion of a magni-
tude deemed sufficient to have caused alteration of
aortic patterns of flow or dimensions, either in intra-
uterine or postnatal life. Body surface area was calcu-
lated from the equation established by Dubois and
Dubois based on height and weight.10

Retrograde cineangiocardiograms of the aorta and
its branches had been obtained in the left anterior
oblique projection at 60 frames/s using a non-ionic
contrast injection (Isovue, Bracco, Montreal CA), with
1—2 ml of injectate per kilogram being delivered at
20 ml/s. Images were projected onto a white projec-
tion screen using a Cipro 35N, 35 mm cinemato-
graphic film projector (Seimens, Stockholm, Sweden).
Correction for magnification was calculated from the
known diameter of the catheter. Measurements of the
largest dimension in systole were obtained perpendi-
cular to the longitudinal axis of the vessel. Electronic
calipers (Mitutoyo Corp, Japan) were used to trace
the dimension to the nearest 0.5 mm.

Measurements were taken at the following sites
(Fig. 1):

1. The ascending aorta, at the level of carina.
2. The descending aorta, at the level of carina.

BCA
LCCA

Figure 1.
Site of angiographic measurements. Abbreviations: Ah aortic isthmus;
BCA: bracbiocephalic artery; LCCA: left common carotid artery;
LSA: left subclavian artery; C: tracheal carina.

3. The proximal transverse aortic arch between the
brachiocephalic artery and the left common carotid
artery.

4. The left common carotid artery, at its origin.
5. The distal transverse aortic arch between the left

common carotid artery and the left subclavian
artery.

6. The aortic isthmus, defined as the segment of the
aorta distal to the left subclavian artery and prox-
imal to the site of origin of the arterial duct.

7. The aorta, at the level of the diaphragm.

Data analysis

Data are presented as frequencies, medians with range,
and means with standard deviation. Where there was
missing data, the number of non-missing values is
given. As age, weight, height and body surface area,
as well as all of the angiographic measurements, had
a very skewed distribution, a normalizing transforma-
tion was performed using the natural logarithm. A
general linear regression model was used to determine
bivariable and multivariable associations between the
natural logarithm of the angiographic measurements
and gender, and the natural logarithm of age, weight
and height, and body surface area. All analyses were
performed with SAS Version 6.12 statistical software
(SAS Institute, Inc., Cary, North Carolina). A p value
of less than 0.05 was set as the level of statistical
significance.

Results

Of the 167 patients, 87 (52%) were male and 81 were
female. The median age at cineangiography was
2.9 years, with a range from 4 days to 15 years.
The median weight, measured in 158 patients, was
14.1 kg, with a range from 2.8 to 51.6 kg. The median
height, available in 145 patients, was 95 cm, and
ranged from 50 to 166 cm. The median body surface
area, calculated in 145 patients, was 0.60 m2, and
ranged from 0.19 to 1.47 m2. In 56 patients (34%),
there were no intracardiac lesions. Of the remainder,
66 (45%) had mild pulmonary stenosis, with gradients
of less than 40 mmHg, a history of Kawasaki disease
without known cardiac sequels had pre-existed in
30 (20%), and the other 15 (11%) had a small defect
within the oval fossa, with a shunt of less than 1.5 to 1.
There were no significant differences in gender regard-
ing the natural logarithm of age, weight and height or
body surface area.

When we assessed the cineangiographic measure-
ments, we found no significant associations between
gender and type of lesion, with the exception of
the aortic dimension at the level of the diaphragm.
Significantly greater diameters were found in the
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Table 1. Associations between angiographic measurements and
biophysical characteristics.*

30n

Measurement
Age** Weight Height BSA
(n = 157) (n = 157) (n = 145) (n = 145)

Ascending aorta
Descending aorta
TA at BCA
TA at LCA
TA at LSA
Isthmus
Aorta at diaphragm

0.59
0.66
0.66
0.67
0.70
0.75
0.65

0.68
0.74
0.72
0.69
0.74
0.79
0.72

0.73
0.77
0.77
0.72
0.79
0.82
0.75

0.72
0.75
0.75
0.71
0.77
0.81
0.73

All data were normalized with a natural logarithmic transformation
before analysis; Data in all columns represent Pearson correlation
coefficients; all p values were <0.0001
Abbreviations: TA: transverse arch; BCA: brachiocephalic artery; LCA: left
common carotid artery; LSA: left subclavian artery; BSA: body surface area

Table 2. General linear regression analysis of angiographic
measurement (mm) versus patient height (cm).*

Measurement site

Ascending aorta
Descending aorta
TA at BCA
TA at LCA
TA at LSA
Isthmus
Aorta at diaphragm

r2

0.54
0.59
0.59
0.52
0.62
0.68
0.57

RMSE

0.1458
0.1528
0.1378
0.1547
0.1370
0.1423
0.1474

Intercept

-0.0410
-0.7715
-0.2802
-1.1883
-0.5598
-1.1581
-0.7102

Parameter
estimate

0.5969
0.6911
0.6247
0.6178
0.6672
0.7758
0.6352

All analyses represent relationship between the natural logarithm of the
2 variables; all model p values were <0.0001
Abbreviations as for Table 1. RMSE: root mean square error

83 males, with a median of 9-2 mm, and a range
from 5.2 to 14.4mm, compared to the 74 females,
in whom the median was 8.7 mm, and the range
from 4.3 to 14.8 (p = 0.02). Gender was, therefore,
excluded as an important covariant in further analy-
sis. The associations between age, weight, height, and
body surface area are shown in Table 1. The greatest
correlation coefficients were noted with height for
all of the angiographic measurements. After enter-
ing height into the general linear regression models,
none of the other variables were significant. The
details of the linear regression models are shown in
Table 2, and represented graphically in Figure 2.

The aorta was noted progressively to taper from
its ascending to descending component at the level of
the diaphragm. When patients less than 30 months
of age were compared to the total population (Fig. 3),
there appeared to be a relative decrease of the dimen-
sion of the aortic isthmus.

Discussion

Establishment of accurate normal dimensions of
cardiac structures has to take into account several
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Figure 2.
Association between height and angiographic measurements. Outside
bands represent 95% confidence intervals, with the centerline repre-
senting the predicted value based on height, (a) Height versus
ascending aorta at the level of the carina; (b) Height versus descend-
ing aorta at the level of the carina; (c) Height versus transverse aortic
arch between the brachiocephalic artery and the left common carotid
artery; (d) Height versus the left common carotid artery; continued
on next page
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Figure 2. (Contiuned)
(e) Height versus transverse aortic arch, between the left common
carotid artery and the left subdavian artery; (f) Height versus aortic
isthmus; (g) Height versus aorta, at the level of the diaphragm.
Abbreviations: cm: centimeters; BCA: brachiocephalic artery;
LCC: left common carotid artery.

factors related to body growth.11'12 Complicating
the characterization of the relationship between the
size of a cardiac structure and body growth is its
non-linearity, which requires linearization of the data
set. Additionally, the normal variance in the dimen-
sion of a cardiac structure for any given body size must
also to be taken into account. To this end, the use of
a natural logarithm-natural logarithm form linearizes
the relation between body growth and the size of a
cardiac structure, and stabilizes the variance through-
out the range of body sizes. Amongst the various
measures that represent body size, we found height
to have the best correlation to aortic dimensions
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Figure 3.
Aortic tapering in the total population, and in infants aged less than
3 months (see (a) for aortic levels). Abbreviations: mm: millimeters.

(Table 1). Regression equations for aortic dimensions
at 7 sites (Fig. 1) were developed after transforming
the dimensions and the variables in height to a
natural logarithm—natural logarithm form (Table 2).

Objective and accurate methods for the determi-
nation of the dimensions of vessels are available using
a variety of imaging technologies, such as echocardiog-
raphy, computerized axial tomography, and magnetic
resonance imaging.13 These modalities have been used
to evaluate the size of the aorta and its branches in
various diseases. Attempts at defining normative
data, in contrast, have been limited. Unfortunately,
data obtained at autopsy, or based on non-invasive
modalities,2"8'16 have not been found to correlate
well with measurements made cineangiographically,
making longitudinal comparisons between the values
inaccurate. In this regard, criterions for surgical or
catheter based intervention, and assessment at follow-
up, are frequently determined from angiographic
appearance. Normative data of aortic dimensions
obtained by this method, therefore, have important
clinical utility. Furthermore, the validity of the
existing data is limited, due to the small size of sam-
ples, and the frequent extrapolation of data obtained
from populations of children with lesions that cause
hemodynamic alterations.12
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We have defined ranges of normal aortic dimen-
sions at 7 different sites (Fig. 1), studying children of
all ages and sizes, and with an equal gender distribu-
tion. The group did not have cardiovascular lesions
that were likely to affect patterns of flow in the aorta,
or growth from the fetus through to adolescence.
The indications for obtaining cineangiograms of the
aorta were for surveillance in children with Kawasaki
Disease, or for those with lesions of the right heart
of mild severity when non-invasive assessment was
not available. One-third of out population had no car-
diovascular lesions, and statistical methods did not
identify significant associations between the measured
dimensions of the aorta at different sites and the
known cardiovascular lesions in the overall group.

The sites for measurement of aortic dimension
(Fig. 1) were chosen with consideration to normal vari-
ability, reproducibility and clinical utility.1'2'4'5'20"22

The level of the carina as an anatomical landmark for
measuring the ascending and descending aorta has
not been described before, and is a consistent land-
mark that is easily identified on cineangiograms and
by other modalities such as computerized tomogra-
phy or magnetic resonance. The dimensions of the
transverse arch are useful in defining the adequacy of
the arch itself, while the aortic diameter at the level of
the diaphragm is conventionally used to normalize
a variety of indexes, such as the McGoon index.23

The aortic isthmus is subject to lower flows22 in
intrauterine life, and is smaller than the descending
aorta both in fetal life and postnatally to approxi-
mately 3 months of age.20' >25 After this period, the
isthmus remodels in all but 3%, and equalizes to
the descending aortic diameter and the diameter at
the diaphragm. This variability in size due to unique
patterns of flow in fetal life, and its changes, makes
it an important site to include in a study of norma-
tive aortic dimensions.

Our data confirms previous observations3'5'2 of
an increase in aortic dimensions with growth. Of
the various biophysical properties, we found height
to have the best correlation with dimension (Table
1). We have created, therefore, normal values with
their 95% confidence intervals for height (Fig. 2).
As an easily measured biophysical parameter, height
is generally not affected by nutritional status, nor
subject to variations in the methods of calculation as
in body surface area. The pattern of growth of the
isthmus, shown in previous studies, were confirmed
in our study.20'22'24'25 We also found that 3% of the
population continue to have smaller isthmuses after 3
months of age. Equalization was noted, however,
between the isthmus and the dimensions of the
descending aorta after 30 months of age.

Gender did not have a significant influence on the
aortic dimensions, even in adolescence where growth

differences were to be expected. Additionally, no
significant differences were noted between the sexes,
except for the aortic dimension at the level of the
diaphragm. At this level, the dimension was smaller
by about 5 mm in females than in males.

Previous studies of cineangiograms have demon-
strated the trend in growth of the aorta with age, and
produced a range of normal values, but the validity
of these data sets is limited due to small size of the
samples.1'2 Our larger study has now provided an
improved dataset for predicted values of aortic dimen-
sions by ensuring statistical power and established the
best correlate amongst different biophysical charac-
teristics (Table 1).
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Appendix

The formula describing the relationship between
height and aortic dimension at any of the designated
sites is:

Natural log of aortic dimension (mm)
= Intercept + (Parameter estimate)

X (Natural log of height (cm))

The predicted normal dimension for a patient can be
calculated from Table 2, by taking the antinatural
logarithm of the result from solving the following
equation:

T [Parameter! .,Intercept = . XF [estimate J

Natural log of
Patient height
(cm)

The Z score, which relates the measurement in terms
of the number of standard deviations it departs from
the mean normal value, can be calculated from the
following equation:

Natural log of
actual measurement
(mm)

-
Natural log of
predicted measurement
(mm)

Root mean square error

For example, a child whose height is 77 cms, the
normal dimension of the ascending aorta can be
predicted by first solving the following equation:

-0.0410 (Intercept) + 0.5969 (Parameter estimate)

X Natural log of 77 (Natural log of height (cm))

The natural logarithm of 77 is 4.34. The solved
equation equals 2.54. The antinatural logarithm of
2.54 is 12.7, which is the predicted normal dimen-
sion of the ascending aorta in millimetres. Further, if
the measured value of the ascending aorta was
11 mm, the Z score can be calculated by solving the
equation:

(Natural log 11 — Natural log 12.7) _
0.1458
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