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SUMMARY: This study aims at establishing whether transverse diameter (TD) and cross sectional-area (CSA) of the ascending
aorta (AA), descending aorta (DA) and pulmonary trunk (PT) measured by computerized tomographic angiography (CTA) altered by
sex, age, hypertension, smoking and diabetes. CTA examinations of the TD and CSA of the AA, DA and PT of 100 patients aged
49.5+16.9 years (range 1678 years) selected between January 2009 to May 2011 from those referred to Radiology Department, Jordan
University Hospital, Faculty of Medicine, University of Jordan, Amman, Jordan for advanced evaluation. Measurements were made i
the axial plane at the upper border of the six thoracic vertebrae. Patients were divided into three age groups. Sigdiffeseneces
in parameters between age groups was calculated. Assessment ratios were considered. It was found that parameterstefigg three a
were significantly larger in men than in women (P= < 0.05) and increased with age. Hypertension increased diameters & #A and D
both genders (P= 0.001) and of PT in men (P= 0.01). Smoking significantly decreased parameters of PT in men (P= 0.01). Diabetes
increased parameters of the three arteries in both genders, significantly increased parameters of PT in men (P= <OrAB)eanapara
DA in women (P= <0.05). It is concluded that studied parameters were larger in men and increased with age of our patiivs. Dist
differences in measurements appeared in hypertensive, smokers, and diabetic patients.

KEY WORDS: Ascending aorta; Descending aorta; Pulmonary trunk; Computerized tomographic angiography.

INTRODUCCION

The aorta and pulmonary trunk undergo continuousnd magnetic resonance imaging (MRI). However, these
structural remodeling of their wall and volumetric capacitynodalities have their diagnostic value, CT evolved to be the
throughout life presumably in response to hemodynamigainstay of evaluation owing to its accuracy, reproducibility,
changes consequence to body changing requests (etagasimplicity, speed, and true 3-dimensional capabilities (Wolak
al., 2002; Johnsoat al, 2008; Macet al, 2008). Various et al, 2008). With a standard method such as CT angiography
diseases that cause obstruction or dilatation of the aorta S{CITA), one should not employ values obtained from other
as stenosis, ectasia, hypoplasia, aneurysm, and aortomegadyniques.
could alter its structure and function (Hagsr al.).

Assessment and follow up of such structural changes done  Pulmonary hypertension (PH) can be potentially life-
by radiologic angiography, transesophageahreatening leading to heart failure and its early diagnosis
echocardiography (TEE), computerized tomography (CTiaybe the key to its optimal treatment (Rubin, 2006). Right
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heart catheterization is the gold standard for the measuremieotder of the sixth thoracic vertebra. A craniocaudal scanning
of pulmonary arterial pressure (Devaraj & Hansell, 2009)vas achieved in 30 seconds, using a single slice CT scanner
However, its invasive nature exacerbates its risk. @&an(Somatom Plus 4, Siemens, Erlangen, Germany); 5-mm thick
al. (2011) proved that measuring pulmonary artery diametsections, KV= 120, mA= 240, FOV = 330 X 330 mm.
by CT has an excellent diagnostic value for PH. Such non-
invasive approach can reduce patient’s risk and allow earlieasurements All images analyzed independently by two
PH diagnosis. Though management decisions strongtgnsultants on a workstation to resolve distinctions of
depends on comparison of measured parameters with noterpretation. The scans were viewed on mediastinal
mal values, little has been published in reference to normaindows. The CT source images reconstructed at 2-mm
CT limits of thoracic aorta and pulmonary trunk (PTklices on Syngo-workstation (Siemens Medical Solutions,
parameters, as well as their association to variable fact@tdangen, Germany) displayed on a 512 X 512 matrix. The
(Wolaket al; Lin et al, 2008; Nevsket al, 2011). best image showing the highest signal of the aorta and
pulmonary trunk was selected.

Aging signs that may influence arterial dimensions
are changes of vascular wall structure and elastin The TD and CSA of the AA, DA and PT were
fragmentation (Wolalet al). Investigations related to measured by Syngo fastView software (Siemens Medical
hypertension and large size capacitance arteries are sc&okitions, Department SW, Erlangen, Germany) at the same
and almost limited to the aortic root (Cuspidial, 2011). slice images and recorded to the nearest millimeter. The
Age, sex and blood pressure as well as cardiovascular ngklest intraluminal TD of the AA (TAA), DA (TDA) and
factors such as smoking and diabetes could play a role ®m (TPT) were done at the same level (Fig. 1). The
dilatation or constriction of large thoracic vessels (Webb &traluminal CSA of the AA (AAA), DA (ADA) and PT
Higgins, 2004). (APT) were measured by presuming the cross sections to be

circular and labeled in ¢hiFig. 2). The parameters of each

The purposes of this study were to detect effect afrtery were measured at the external confines of the contrast.
sex, age, hypertension, smoking and diabetes mellitus
the transverse diameter (TD) and cross sectional-area (C{
of the ascending aorta (AA), descending aorta (DA) and H
in the same patient by using CTA. In addition, seleq
signifying ratios relating various parameters.

MATERIAL AND METHOD

One hundred patients (49 men and 51 wome
49.5t16.9 years, range 16—78 years) were randomly selec
between January 2009 to May 2011 from those referred
the Radiology Department, Jordan University Hospita
Amman, Jordan, for thoracic CTA for advanced evaluatig
of possible cardiac or pulmonary diseases. Patients refer
with trauma from the emergency, or from critical care unif
and those proved to have aortopathy; cardiopathy
pulmonary diseases were excluded. Patients were divided i
three age subgroups (Table IV). All patients provided informeg
consents. Our Institutional review Board approved this stud

y /
g. 1. Axial CTA image of the thorax, demonstrates asc:nding
dorta, descending aorta and pulmonary trunk at the upper border

of the sixth thoracic vertebra. Showing positions of markers for

Technique. Each patient received 100 ml of lopromidemeasuring the widest intraluminal transverse diameters. AA=
(Ultravist, Bayer Health Care Pharmaceuticals, Schering AG@scending aorta, DA= descending aorta, PT= pulmonary trunk.
Berlin, Germany) containing 370 mg of lodine /ml via me-
dian cubital vein while in supine position. The injection rate The meart SD of the TDs and CSAs were calculated.
was automated at 3 ml/ second. Thirty seconds post injecti@valuator ratios were considered such as TAA/TDA, TAA/
arterial phase axial images in full inspiration done beloWPT, TDA/TPT, AAA/ADA, AAA/APT and ADA/APT to
bifurcation of the trachea on the section through the uppéstect any correlation between parameters in each sex. Paired
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t-test used to determine significance of differences betweBESULTS

the TD and CSA for each individual artery in each sex and

significance of differences of the TD and CSA for AA, DA

and PT between the three age subgroups in each sex was The meart SD of TD and CSA of the AA, DA and
calculated by ANOVA (single factor test). The level ofPT are reported in relation to sex, along with significant
significance was accepted as@05. All data were analyzed differences in (Table I). In general, the TD and CSA of AA,
by using an IBM compatible PC. DA and PT were significantly larger in men than in women
(P=<0.05) (Table I). The TAA/TDA, TAA/TPT, AAA/ADA,
and AAA/APT ratios showed high significant correlation in
men and women (Table Il and IIl). The TDA/TPT ratio
showed significant correlation (P= <0.001) in women only
(Table I1). Moreover, ADA/APT ratio showed significant
correlation (P=<0.01) in women only (Table III).

The meant SD of TD and CSA of the AA, DA and
PT in the different age subgroups of men and women are
given in (Table IV). The Table indicates that the TD and
CSA of the AA, DA and PT showed a continuous increase
from younger age subgroup to older ones in men and women.
Another indication obtained, while TD and CSA of AA, DA
and PT demonstrated significant age-related differences (P=
0.05) in both sexs, the CSA of PT in women failed. Values
of AAiin men subgroups were larger than in women. Values
of AA were larger than DA in all subgroups of both sexs
(Table IV).

When hypertension correlated as a clinical predictor
Fig. 2. Axial CTA image of the thorax, demonstrates ascending TD and CSA of the AA, DA and PT, hypertensive patients
aorta, descending aorta and pulmonary trunk at the same levekgbwed high significant increasing effect on the AAand DA
Figure 1. It shows positions of markers for measuring the Wideﬂ both sexes (P= 0.001) and the PT in men (P=0.01) (Table
intraluminal cross sectional-area. AA= ascending aorta, DA[_V) Effect of smokiﬁ on TD and CSA of AA DA.and PT
descending aorta, PT= pulmonary trunk, T6= sixth thoracic ” .g o T
vertebra. revealed that smoking had significant decreasing effect on

TD and CSA of the PT in men only (P= 0.01) (Table IV).

Table I. Transverse diameter and cross sectional-area of ascending aorta, descending aorta and pulmonary trunk in
relation to sex.

Sex Patients Transverse diameter / mm Cross section area / mm>

n=100 AA DA PT AA DA PT
Men 49 3.37+0.56 2.59+0.48 2.65+0.51 9.03+3.22 5.44+2.02 5.72+2.20
Women 51 3.02+0.40 2.21+0.38 2.4340.37 7.28+1.90 3.98+1.33 4.73+1.44
P value * 0.001 <0.001 0.009 <0.001 <0.001 0.01

Values are expressed as Maa8D. n= number of patients, AA= Ascending aorta, DA= Descending aorta, PT= Pulmonary trunk.
*= Student t-test

Table Il. The ratio between transverse diameters of the ascending aorta, descending aorta and pulmonary trunk correlated

in each sex.
Ratio between Ratio between Ratio between
Variables TD of AA and DA TD of AA and PT TD of DA and PT
TAA / TDA P value * TAA / TPT P value * TDA / TPT P value *
Men 1.32+0.17 <0.001 1.30+0.21 <0.001 1.00+0.18 0.54
Women 1.38+0.16 <0.001 1.26+£0.18 <0.001 0.92+0.16 0.01

Values are expressed as MeaBD. TD= transverse diameter, AA= ascending aorta, DA= descending aorta, PT= pulmonary trunk.
TAA= transverse diameter of ascending aorta, TDA= transverse diameter of descending aorta, TPT=transverse diametegof pulmonar
trunk. *= Student t-test.
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Diabetic patients had larger TD and CSA of AA, DA and Pdiabetic women showed high significant increase in TD and
than non-diabetics in both sexs. While diabetic men show&SA of DA (P= <0.05) (Table IV).
significant increases in TD and CSA of the PT (P= <0.05),

Table IIl. The ratio between cross sectional-area of the ascending aorta, descending aorta and pulmonary trunk correlated

in each sex.
Ratio between Correlation between Correlation betwe en
Variables CSA of AA and DA CSA of AA and PT CSA of DA and PT
AAA / ADA P value * AAA / APT P value * ADA / APT P value *
Men 1.7440.49 <0.001 1.69+0.60 <0.001 1.02+0.37 0.52
Women 1.92+0.43 <0.001 1.62+0.47 <0.001 0.88+0.30 0.01

Values are expressed as MeaSD. CSA= cross sectional-area, AA= ascending aorta, DA= descending aorta, PT= pulmonary
trunk. AAA= cross sectional-area of ascending aorta, ADA= cross sectional-area of descending aorta, APT= cross secfional-area o
pulmonary trunk. *= Student t-test.

DISCUSSION

Reference values for TDs and CSAs of the AA, DAal., 2009). The current study has the novelty in describing
and PT at the upper border of the sixth thoracic vertebratae relation between parameters of PT in men and women.
confirmed by CTA are limited in adults. The present stud¥hese results confirmed that TD and CSA of PT were
has confirmed that the TDs and CSAs of the AA, DA anglignificant with sex (Table I). In addition, men had larger
PT were larger in men than in women (Table I) and vaiyT values than in women (Table ), concordant with the
significantly in the three-age subgroups (Table 1V). Weesults of Edwardst al. (1998) and Karazincet al. (2008).
presumed that the age- and sex-related nature of change®dstosterone might cause vasodilation of pulmonary vessels
the relevant parameters of aorta and PT could increaseimour men (Rowelét al, 2009).
decrease in some age groups; suggest that these are probably
normal changes determined by changing functional demands  The TAA/TDA, TAA/TPT, AAA/ADA, and AAA/
on these large vessels as the individual ages. APT ratios showed high significant correlation in men and

women (Table Il and Ill). Since the TDA/TPT and ADA/

The sex-related changes in the transverse diamet@&BT ratios were significant in women only (Table Il and
of the AA and DA in the literature are controversial (Hagelll) and its failure in men may be related to the dilatation of
et al; Maoet al; Wolaket al; Aronberget al, 1984, Kaplan their PT by testosterone (Rowetlal, 2009). It is interesting
et al, 2007). The findings of the present study extend the note that these ratios maintained numbers as follows: TAA/
reports of Wolalet al (2008) and Kaplaet al (2007), by TDA and TAA/TPT <1.4 (Table 1), the AAA/ADA <2.0
showing that TAA and TDA are significantly larger in merand the AAA/APT <1.7 (Table Ill) in both sexes. In addition,
than in women (Table [). Haget al, concluded that sex the TDA/TPT and ADA/APT maintained a ratio 1.0 in men
has weak influence on aortic diameters and men had largeid <1.0 in women (Table 1l and 1ll). The question born in
values than women of 3.2 mm or below. This different viewind, are these numbers reliable to predict aortic or
could be related to measuring the aorta at lower levels thanlmonary diseases? This could be answered by contrasting
ours. Moreover, cross sectional area of the AA and DA iatios of patients to healthy subjects.
this paper (Table I) is sex-related and in agreement with
former findings (Towficet al, 1986). Published CT evidences showed that age is one of

the prime factors affecting parameters of aorta and PT of

Shearmaet al (2003) pointed out the important roleindividuals during aging (Towfiegt al; Edwardset al;
of estrogen on the vulnerability of cardiovascular diseaseBowell et al). The present study indicated that TD of the
Estrogen was found to have inhibitory effect related to aort'gA and DA related directly to age and showed significant
elastase enzyme that ceases degradation of aortic wall elagiiferences in both sexs (Table IV). The report by Hager
and collagen (Hannawet al, 2009). Estrogen deficiency al., confirmed that diameters of the thoracic aorta from valve
in post-menopausal women cause high frequency of aorsifus to diaphragmatic level increased significantly with age,
aneurysm, thus estrogen defined as the major factorthbugh done on CT sagittal images, still similar to our
increasing expandability of aorta (Hannagtaal, Satoet findings in that part. Furthermore, Wolak al. concluded
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Kaplanet al). These reports shed light on structural changegere larger in diabetics than in non-diabetics of both sexs
inside various components of thoracic arteries such as; th@iable 1V). Table IV showed that TPT and APT increased
dimensions characterized by alternating phases of increasgnificantly in diabetic men, may be attributed to
and decrease during aging. Signs of aging in the aorta &estosterone lowering resistance on vasodilatation of PT in
wall thickening, elastin fragmentation, cystic necrosis amaien (Rowellet al). The current study noted that diabetes
fibrosis of media and adventitia, thus aortic elasticityas a risk factor on parameters of DA and associated with
decreased followed by widening or narrowing (Hagjeal;  significant increase of TDA and ADA in diabetic women
Mao et al; Schlatmann & Becker, 1977). Histologiconly (Table V). This could be related to the inhibition effect
structural modifications of aorta are dictated by the functiortd estrogen on elastin degradation within aortic wall
it performs, thus elastin/collagen ratio is higher in AA thafShearmaret al), as well as, the wall of the DA in women
DA (Hageret al). Discrepancy of age-related changesontains lesser amount of elastin fibers (Hannatval).
between AA and DA was attributed to their functional anérevious reports suggested that etiology of aneurysms in the
histological differences during aging (Hager al.; AAdiffers than in DA and the pathogenesis of aneurysms in
Arnonberget al; Hannawaet al). In cardiac patients, the DAmay resemble that of abdominal aorta than AA (Webb
diameters of AA and DA found to increase with aging an& Higgins). Furthermore, Hannawet al and Satcet al
values of AA were larger than DA. correlated high frequency of aortic aneurysm in post-
menopausal women to estrogen deficiency and defined
Previous reports (Cuspidt al; Cipolli et al, 2009), estrogen as the major factor of increasing expandability of
noted that hypertension increased the size of abdominal a@tata. These findings support our result in that part.
in men but not in women, while our results showed that
hypertension significantly increased the TD and CSA of AA In conclusion, transverse diameters and cross-
and DA in men and women (Table IV). The current studgectional areas of the AA, DA and PT correlated well with
showed that hypertension significantly increased the TD aséx, age, hypertension, smoking and diabetes. In addition,
CSA of PT in men only (Table IV). The present reportheir ratio could be a reliable factor suitable to evaluate
suggests when PT enlargement clustered with unfavorallertic and pulmonary diseases. Familiarity of CTA
cardiac structural changes may have worse prognospiarametric alterations of the AA, DA, and PT by sex, age,
implication on men than on women. This hypothetical sextypertension, smoking and diabetes may assist in
related prognostic value of PT parameters, however, neetdsessment, suitable approach for medical or surgical
to be investigated properly in future prospective designédtervention and follow-up.
studies.

Smoking was found to be one of the cardiovascul& CKNOWLEDGEMENTS
risk factors associated with larger diameters of DA
(Mohiaddinet al, 2011) and could play a role in dilatation
of abdominal aorta (Cuspidt al). Recently, D'Alessandro The authors express their sincere appreciation to Mr.
et al (2012) confirmed that nicotine causes vasoconstrictidlesam Abu AL-Shaikh, CT senior radiographer, Jordan
of pulmonary vascular tissue via pathophysiologicdlniversity Hospital, for his technical artistic work.
narrowing mechanism. Another recent study in 2010
confirmed that tobacco smoking involved with the
impairment of vasorelaxation of pulmonary vessels (Hen , ) )
et al, 2011). Evidenty. the TD &nd CSA of the P in thig ATARAT, & S ALHADIDL M. T. BADRAN. D. H.
present study showed significant decreases only in men, Sigg=|pAT, N. M. & ABD EL MALEK, S. W. Parametros especifi-
55% of them were smokers (Table IV). However, this doegs de la parte ascendente de la aorta, parte descendente de la aorta y
not rule out effect of smoking on women since only 13.7%wonco pulmonar analizados mediante angiografia por tomografia
of them were smokers, which needs further investigationcomputarizada relacionados con el sexo, impacto de la edad,
hipertension, tabaquismo y diabetlg. J. Morphol., 33(4)1411-
Previous reports concluded that despite the fact thit18, 2015.
diabetes is one of the occlusive vascular risk factors, it does

not associate alone with widening of 20rtic diameter (DUaqn<isn abaquismoy fa iabetes aeran o diametro ransersal
et al, 2010; Laughliret al, 2011; Miyamaet al., 2010). In ’

) . . i ) (DT) y area transversal (AT) de la parte ascendente de la aorta (AA),
addition, diabetic patients found to have smaller aortic rOBhrte descendente de la aorta (AD) y tronco pulmonar (TP), medidos
parameters than in non-diabetics (Ctetral, 2009). In  por angiografia por tomografia computadorizada (ATC). Examenes
contrast, parameters of AA, DA and PT in the present studg ATC de 100 pacientes de 4€18,9 afios (rango 16—78 afios) fue-
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Jordania para una evaluacion avanzada del DT y AT de laAA, AD y

TP. Las mediciones se realizaron en el plano axial en el margen supea, M. M.; Miyama, N.; Azuma, J.; Schultz, G. M.; Sho, M;
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