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Background: The assessment of target organ damage
is important in the evaluation of a hypertensive patient as
it provides information on the severity of the hypertension
and the cardiovascular risk assessment. The aim of our
study was to determine the usefulness of the chest radio-
graph in the assessment of target organ damage in hyper-
tensive patients.

Methods: Unselected patients attending an academic
hypertension clinic were studied. The cardiothoracic ratio
and the aortic knob width were measured and compared to
other markers of target organ damage. The aortic width
was measured in age- and sex-matched controls.

Results: Seventy-two hypertensive and 77 age- and
sex-matched normotensives were evaluated. There was a
highly significant difference the aortic knob width between
the normotensive and hypertensive patients (3.28 cm v

3.69 cm, P � .0001). The aortic knob width was signifi-
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cantly correlated with age in normotensive and hyperten-
sive patients, systolic and diastolic blood pressure (BP),
and all markers of target organ damage except the elec-
trocardiogram (ECG) voltage. The cardiothoracic ratio
was also significantly correlated with age and other mark-
ers of target organ damage, but not clinic BP. Multiple
regression analysis revealed that only the cardiothoracic
ratio (r � 0.34, P � .02) and the ECG voltage (r � 0.58,
P � .00005) were independently correlated with left ven-
tricular mass.

Conclusions: The chest radiograph provides impor-
tant predictive information of associated target organ dam-
age in hypertensive patients. Am J Hypertens 2004;17:
507–510 © 2004 American Journal of Hypertension, Ltd.
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T he assessment of target organ damage is important
in the evaluation of a hypertensive patient as it
provides important information on the severity of

the hypertension and the cardiovascular risk assessment.1

Traditional markers of target organ damage are fundal
changes, renal function, albuminuria, and left ventricular
hypertrophy (LVH), as assessed either by the electrocar-
diogram (ECG) or echocardiography. In our clinic patients
routinely undergo chest radiography, and it is our anec-
dotal experience that patients with severe hypertension
have an increased cardiothoracic ratio and more dilatation
or ectasia of the thoracic aorta than normotensives. Hy-
pertension guidelines do not recommend the chest radio-
graph in the routine evaluation of hypertensive patients.1

This is probably because the cardiothoracic ratio has been
considered an unreliable investigation in the assessment of
LVH in hypertensives. The ECG and echocardiography
are the preferred investigations for assessment of LVH.
The Losartan Intervention For Endpoint (LIFE) study re-
corded that �70% of patients with hypertension and ECG
criteria for LVH had LVH on echocardiography. In addi-
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tion, concentric and eccentric hypertrophy was seen in 25%
to 29% and 45% to 51% of patients, respectively.2 Eccentric
hypertrophy is the dominant finding in hypertensives. Car-
diothoracic ratio measured by chest radiograph may be a
useful pointer to eccentric hypertrophy, and in conjunction
with the ECG assist in the assessment of LVH.

A MEDLINE search revealed no studies evaluating tho-
racic aortic dilatation using the chest radiograph in hyperten-
sive populations, although several studies have reported an
association with aortic root dilatation and LVH assessed by
echocardiography in patients with hypertension.3–7 For the
primary care practitioner echocardiography is not readily
available and there is a need for simple and inexpensive tests
to assist in the evaluation of patients with hypertension. With
this in mind we decided to evaluate the usefulness of the
cardiothoracic ratio and the dilatation of the ascending aorta
in predicting LVH and other markers of target organ damage,
and assess the relationship with both systolic and diastolic
blood pressure (BP). In addition, the thoracic aortic width
would be compared between hypertensives and normotensive
controls.
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Methods
Unselected new patients attending the hypertension clinic
at Groote Schuur Hospital were studied. All patients un-
derwent routine clinical evaluation. Blood pressure was
measured in the seated position after 5 min of rest using a
mercury sphygmomanometer according to the standard
recommendations. All patients had a standard 12-lead
ECG, chest radiograph, standard two-dimensional echo-
cardiography with measurement of the intraventricular
septum, posterior ventricular wall, internal ventricular di-
ameter, and aortic root, and a blood test to determine
serum creatinine levels. The ECG voltage was calculated
by adding the R in V1 to the S in V5, and the cardiotho-
racic ratio (CTR) by dividing the maximal horizontal
width of the heart by the horizontal inner width of the rib
cage. Fundal changes were classified as grade 1 (arteriolar
narrowing), grade 2 (increased light reflex or arterio-
venous nipping), grade 3 (hemorrhages and exudates), and
grade 4 (grade 3 plus papilledema). The widest width of
the ascending aortic knob was measured in a horizontal
line from the point of the left edge of the trachea to the left
lateral wall of the aortic knob (Fig. 1). Left ventricular
mass on echocardiography was calculated by the follow-
ing formula:

1.04 � ��LVIDd � IVSd � LVPWd�
3 � LVIDd

3�

� 13.6 g,8

where LVID � left ventricular internal diameter, d �
diastole, IVS � intraventricular septum, and LVPW � left
ventricular posterior wall; 1/creatinine was used as a mea-
sure of renal function because of the inverse relationship
between creatinine and creatinine clearance.9

Patients were excluded if the chest radiograph was not
properly centered, if there was any deviation of the trachea
or shift of the mediastinum, and if there was underlying
cardiac disease not due to hypertension or any known
disease of the aorta (eg, Takayasu’s arteritis).

Normotensive age- and sex-matched controls undergo-
ing routine chest radiographs were evaluated. The hori-
zontal width of the aortic knob was measured in the same

FIG. 1. Method of measurement of aortic knob width.
manner as hypertensives.
Statistical Analysis

The horizontal width of the aorta in normotensives and
hypertensives was compared using the Student t test. The
cardiothoracic ratio and horizontal width of the aorta was
also compared with BP and other markers of target organ
damage by univariate regression analysis, and multiple
regression analysis was used to determine the independent
correlations with left ventricular (LV) mass calculated by
echocardiography.

Results
Seventy-two hypertensive and 77 age- and sex-matched
normotensives were evaluated. The baseline characteris-
tics of the two groups are listed in Table 1. No patient had
evidence of coarctation of the aorta. There was a highly
significant difference in the aortic knob width between the
normotensive and hypertensive patients (3.28 cm v 3.69
cm, P � .0001). In addition, using univariate linear re-
gression analysis aortic width was significantly correlated
with age in both normotensive and hypertensive patients (r
� 0.53, P � .000001 and r � 0.53. P � .000002). The
aortic root measured by echocardiography was also corre-
lated with age (r � 0.18, P � .01).

The aortic knob width was compared with other mark-
ers of target organ damage and BP levels by univariate
linear regression analysis (Table 2). The aortic knob width
was significantly correlated with both systolic and dia-
stolic BP, and all markers of target organ damage except
the ECG voltage calculation. In contrast, there was no
correlation between clinic BP and markers of target organ
damage including LV mass.

The cardiothoracic ratio was also significantly corre-
lated with age and other markers of target organ damage,

Table 1. Baseline parameters of the normotensive
and hypertensive patients

Parameter
Hypertensive

(SD)
Normotensive

(SD)

Number 72 77
Age (y) 40.5 (11) 37.2 (14)
Aortic knob
width (cm) 3.69 (0.72)* 3.28 (0.46)*

Systolic BP
(mm Hg) 164.8 (28.2) —

Diastolic BP
(mm Hg) 103.8 (13.4) —

Creatinine
(�mol/L) 103.2 (48.5) —

Cardiothoracic
ratio 0.48 (0.049) —

ECG voltage 38.3 (14.2) —
Left ventricular
(LV) mass (g) 281.9 (129.3) —

* P � .0001.
BP � blood pressure; ECG � electrocardiogram.
but not clinic BP (Table 3).
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However, multiple regression analysis revealed that
only the cardiothoracic ratio (r � 0.34, P � .02) and the
ECG voltage (r � 0.58, P � .00005) were the indepen-
dently correlated with LV mass (Table 4).

Discussion
This small study has several important observations. Aor-
tic knob width on the chest radiograph correlated signifi-
cantly with age in both normotensives and hypertensives,
and the aortic root on echocardiography, with age in
hypertensive patients. In addition, the aortic knob width
was significantly more dilated in hypertensives than in
normotensives, and was directly related to both systolic
and diastolic BP in hypertensives. These observations
support the concept that progressive dilatation of the tho-
racic aorta is part of the aging process, which is exacer-
bated by hypertension.

The highly significant correlation of aortic width, but
not LV mass, with both systolic and diastolic BP is an
interesting observation. This suggests that aortic dilatation
is much more dependent on pressure, whereas the mech-
anisms for LVH are far more complex. Blood pressure is
one component in the genesis of LVH, and local factors

Table 2. Univariate linear regression analysis com-
paring aortic knob width with blood pressure and
markers of target organ damage

Parameter R Value R2 P

Age 0.52 0.28 � .000002
Aortic root 0.4 0.16 � .002
Systolic BP 0.39 0.16 � .0006
Diastolic BP 0.38 0.14 � .001
1/creatinine �0.39 0.15 � .0006
Fundi 0.36 0.13 � .007
Cardiothoracic
ratio 0.36 0.13 � .002

ECG voltage 0.04 0.001 .72
LV mass 0.32 0.1 � .02

Abbreviations as in Table 1.

Table 3. Univariate linear regression analysis com-
paring cardiothoracic ratio with other markers of tar-
get organ damage

Parameter R Value R2 P

Age 0.24 0.06 � .05
Aortic root 0.0 0.0 .98
Systolic BP 0.05 0.0 .63
Diastolic BP 0.16 0.03 � .17
1/creatinine 0.0 0.0 � .98
Fundi 0.42 0.17 � .001
Aortic width 0.36 0.13 � .002
ECG voltage 0.29 0.08 � .02
LV mass 0.29 0.08 � .03
Abbreviations as in Table 1.
such as the renin-angiotensin-aldosterone system and
transforming growth factor-�1 (TGF-�1)are important co-
factors.10

Aortic knob width is also a good marker of target organ
damage as it correlated with 1/creatinine, fundal changes,
cardiothoracic ratio, and LV mass on echocardiography by
univariate regression analysis. In addition, the aortic width
correlated with the aortic root measurement on echocardi-
ography (r � 0.4, P � .001) supporting it as a reliable
measurement of caliber of the thoracic aorta. Our tentative
suggestion is that an aortic knob width �3.6 cm should be
considered a marker of target organ damage.

Left ventricular hypertrophy is considered the most
powerful determinant of cardiovascular outcome in hyper-
tensive patients.11 Echocardiography provides reliable
measurement of LV mass, but this investigation is usually
only available in specialist practice. It is, therefore, im-
portant to have predictors of LVH using investigations
available to the primary care practitioner. Multivariate
analysis was used to determine predictors of LVH in our
study. The ECG voltage and cardiothoracic ratio were the
only independent predictors (Table 3). The LIFE study has
clearly shown that the ECG voltage can predict LVH
hypertrophy on the echocardiogram,2 but this study, to our
knowledge, is the first to demonstrate the relationship
between cardiothoracic ratio and LVH on echocardiogra-
phy. Although the aortic knob width was not an indepen-
dent predictor, it does not diminish its importance as a
marker of target organ damage.

The chest radiograph may also have other important
benefits in the evaluation of a hypertensive patient. It may
identify coarctation of the aorta (an important secondary
cause of hypertension), features of cardiac failure (an
important complication of hypertension), aortic calcifica-
tion of aortic stenosis, and smoking-related complications
like emphysema, which may influence the choice of anti-
hypertensive therapy.

With regard to frequency of repeating the chest radio-
gram, there is no information on the regression of aortic
changes. This is an important area for further research but
aortic dilatation is unlikely to regress rapidly and it is
suggested that the radiograph be repeated after 1 year. The

Table 4. Multiple regression analysis to determine
independent correlation with left ventricular mass

Parameter R Value P

Age 0.22 .19
Aortic root 0.08 .57
Aortic width �0.12 .45
Systolic BP �0.21 .21
Diastolic BP 0.21 .21
1/creatinine �0.28 .053
Cardiothoracic ratio 0.34 � .02
ECG voltage 0.58 � .00005

Abbreviations as in Table 1.
regression of LVH is an important issue, but the echocar-
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However, the finding of cardiomegaly on chest radiogra-
phy should prompt a request for echocardiography.

In conclusion, the chest radiograph provides important
predictive information of associated target organ damage
in hypertensive patients. Also in conjunction with the ECG
it may provide important information on the presence of
LVH, a powerful marker of risk in hypertensive patients.
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