
Received: July 26, 2017
Accepted: August 17, 2017 
Published online: December 2017  

Original Research Article 

AORTA, December 2017, Volume 5, Issue 6:168-172
DOI: https://doi.org/10.12945/j.aorta.2017.17.092

* Corresponding Author: 
Hakan Sahin, MD
Department of Imaging Sciences
University of Rochester School of Medicine and Dentistry
2604 Elmwood Avenue #302, Rochester, New York 14618, USA 
Tel.: +1 585 363 2862; Fax: +1 585 276 2851; E-Mail: hakan_sahin@urmc.rochester.edu

Fax +1 203 785 3552 
E-Mail: aorta@scienceinternational.org
http://aorta.scienceinternational.org

© 2017 AORTA
Published by Science International Corp.
ISSN 2325-4637

Accessible online at: 
http://aorta.scienceinternational.org

Abstract
Purpose: To investigate the association between aortic 
arch width on frontal chest radiography and systemic 
hypertension.
Methods: A total of 200 consecutive patients were 
included. Relationships between aortic arch width 
measurement on chest radiography and blood pres-
sure measurement were investigated using Student’s 
t-tests and Fisher’s exact tests.
Results: Twenty-five patients were normotensive 
(< 130/90 mmHg), and 175 were hypertensive. Using 
cut-off values, 136 patients had an aortic arch width ≥ 
3.5 cm, and 65 had an aortic arch width ≥ 4 cm. We found 
a significant relationship between aortic arch width and 
hypertension (p < 0.001) as well between aortic arch 
width cut-off values of 3.5 cm and 4 cm and hyperten-
sion (p < 0.001 and p < 0.005, respectively). An aortic 
arch width ≥ 3.5 cm was associated with a positive likeli-
hood ratio (LR) of 2.3, negative LR of 0.39, sensitivity of 
73, specificity of 68, positive predictive value of 94, neg-
ative predictive value of 26.6, pretest odds of 7, posttest 
odds of 16, and posttest probability of 94%. An aortic 
arch width ≥ 4 cm was associated with a positive LR of 
4.50, negative LR of 0.70, sensitivity of 36, specificity of 
92, positive predictive value of 97, negative predictive 
value of 17, pretest odds of 7, posttest odds of 31.5, and 
posttest probability of 97%.
Conclusions: Aortic arch width measurement on chest 
radiography can be used to predict the presence of 
long-standing systemic arterial hypertension.
Copyright © 2017 Science International Corp.
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Introduction

Systemic hypertension affects 25% of the adult 
population, including 78 million persons in the United 
States and more than 1 billion persons worldwide. Its 
prevalence increases with age. Hypertension is the most 
common cause for an outpatient visit to a physician and 
the most important preventable risk factor for stroke, 
myocardial infarction, heart failure, peripheral vascular 
disease, aortic dissection, atrial fibrillation, end-stage 
renal disease, and premature death worldwide. In the 
United States, it has surpassed smoking as a cause of 
preventable death. At least 20% of affected persons are 
initially unaware of their condition. Chest radiography is 
arguably the most commonly performed radiographic 
examination, with at least 70 million radiographs per-
formed each year in the United States. Aortic arch width 
is a landmark identified on every chest radiograph and 
can easily be used for screening purposes. To our knowl-
edge, no scientific study has been performed in a Unit-
ed States population to determine the predictive value 
of aortic arch width on frontal chest radiography for the 
diagnosis of systemic hypertension. Therefore, we inves-
tigated the association between aortic arch width and
systemic hypertension.
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Aortic Arch  Measurement

The  width  of the aortic arch was measured pro-
spectively. Aortic arch width was measured from the 
point of the left lateral edge of the trachea to the left 
lateral wall of the aortic arch (Figure 1). 

Blood Pressure Measurement

Blood pressure measurements were obtained ret-
rospectively through medical record review. Mea-
surements were performed using standard medical 
office sphygmomanometers and recorded in elec-
tronic medical records as part of routine physician 
visit procedures. A blood pressure measurement of < 
130/90 mmHg was considered normal. 

Statistical Analysis 

The relationship between aortic arch width mea-
surement on chest radiography and blood pressure 
measurement was investigated using Student’s 
t-tests. Aortic arch width measurements were also 
categorized using cut-off values of 3.5  cm and 4 
cm, and their correlations with blood  pressure were 
 investigated using Fisher’s exact tests (two-sided). A 
p < 0.05 was considered statistically significant. Like-
lihood ratios (LRs) were calculated to determine the 
predictive value of aortic arch width measurement 
for long-standing arterial systolic hypertension. 

Results 

Of the included patients, 25 (12.5%) were normo-
tensive (< 130/90 mmHg), and 175 (87.5%) were hy-
pertensive (≥ 130/90 mmHg) (Table 1.) Mean systolic 

Materials and Methods

Study Population
A total of 200 consecutive patients of Veterans 

Health Administration San Diego Health Care System 
who underwent posteroanterior chest radiography 
were included in this study, which was approved by 
the Institutional Review Board. The requirement for 
informed consent was waived. Due to the nature of 
the veteran patient population, the study population 
consisted of predominantly male and high-risk sub-
jects for cardiovascular disease processes.

Figure 1.    Aortic arch measurement technique on frontal chest 
radiography. Transverse measurement from the left margin of 
the trachea to the left margin of the aortic arch.

Table 1. Demographic data of the study population. A clear majority of the patients were male due to nature of the patient popu-
lation where the study was conducted.

Age (Mean, Range) Obesity (%) Hyperlipidemia (%) Tobacco (%) DM (%)

Main population 57.7 (23-96) 77 (38.5) 102 (51) 10 (5) 50 (25)

Hypertensive 60.4 (24-95) 70 (35) 100 (50) 9 (4.5) 49 (23)

Normotensive 39.4 (23-80) 7 (3.5) 2 (1) 1 (0.5) 1 (2)

DM = diabetes mellitus
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blood pressure was 146 mmHg (standard deviation 
(SD): 14.7; range: 96-178; median: 145). Mean diastol-
ic blood pressure was 85 mmHg (SD: 11.5; range: 48-
117; median: 84.5). 

One hundred thirty-six (68%) patients had an aor-
tic arch width ≥ 3.5 cm, and 65 (33%) patients had an 
aortic arch width ≥ 4 cm. Mean aortic arch width was 
38 mm (SD: 5.8; range: 24.9-57.8 mm; median: 36.8). 

We found a significant relationship between aortic 
arch width on chest radiography and blood pressure 
measurement (p < 0.0001) as well as also significant 
relationships between aortic arch width cut-off val-
ues of 3.5 cm and 4 cm and the presence of hyperten-
sion (p < 0.0001 and p < 0.005, respectively). 

An aortic arch width ≥ 3.5 cm was associated 
with  a  positive LR of 2.3 (95% confidence interval 
(CI):  1.28, 4.08), negative LR of 0.39 (95% CI: 0.27, 
0.57), sensitivity of 73, specificity of 68, positive pre-
dictive value of 94, negative predictive value of 26.6, 
pretest odds of 7, posttest odds of 16, and posttest 
probability of 94%. 

An aortic arch width ≥ 4 cm was associated with a 
positive LR of 4.50 (95% CI: 1.17, 17), negative LR of 
0.70 (95% CI: 0.59, 0.82), sensitivity of 36, specificity 
of 92, positive predictive value of 97, negative predic-
tive value of 17, pretest odds of 7, posttest odds of 
31.5, and posttest probability of 97%. 

Discussion

Hypertension affects more than 1 billion persons 
worldwide. In the United States alone, 78 million indi-
viduals have hypertension. High blood pressure may 
not cause symptoms until end organ damage mani-
fests clinically. For this reason, hypertension has been 
called the “silent killer” [1]. Subclinical organ damage 
has been considered an intermediate stage in the 
spectrum of vascular disease and is a strong deter-
minant of total cardiovascular risk [2]. Chest radiog-
raphy has been shown to predict associated target 
organ damage in hypertensive patients [3]. Specif-
ically, aortic arch width is positively correlated with 
both systolic and diastolic blood pressure and was 
found to be a reliable marker of target organ damage 
due to its correlation with blood creatinine values, 
retinal fundoscopic changes, cardiothoracic ratio, 

and left ventricular mass on echocardiography [3]. 
Left ventricular hypertrophy is considered the most 
powerful determinant of cardiovascular outcome in 
hypertensive patients [4], and an aortic arch width 
of > 3.6 cm is suggested as a marker of target organ 
damage [3]. Subsequent studies demonstrated a sig-
nificant and independent association between aortic 
arch width and cardio-ankle vascular index [5], which 
is considered to reflect arteriosclerosis of the aorta 
and is a novel parameter of arterial stiffness and sur-
rogate marker of subclinical atherosclerosis [6]. Based 
on this association, an aortic arch width of 4.1 cm has 
been suggested as a cut-off value for the presence 
of subclinical atherosclerosis with modest sensitivity 
and specificity [5]. In our study, an aortic arch width 
≥ 3.5 cm demonstrated a positive LR of 2.3 (95% CI: 
1.28, 4.08) with modest sensitivity and specificity but 
a very high positive predictive value of 94 for hyper-
tension. On the other hand, an aortic arch width ≥ 4 
cm demonstrated a positive LR of 4.50 (95% CI: 1.17, 
17.00) with relatively low sensitivity of 36, very high 
specificity of 92, and very high positive predictive 
value of 97 for hypertension. 

Aortic arch width does not exceed 3 cm in most 
adult chest radiographs in the United States [7], 
whereas a recent study among an Asian-Indian pop-
ulation reports a width of 3.04 cm in healthy adults 
[8]. Felson [7] analyzed the width of the aortic “knob” 
in 500 normal persons from the left border of the tra-
chea transversely to the lateral margin of the aorta 
and found an age-related increase in the width of the 
aortic “knob”. That is, 95% of persons under 30 years 
of age had a width < 3 cm, 91% of persons between 
30 and 40 years of age had a width < 3 cm, and 69% 
of persons over 40 years of age had a width < 3 cm. In 
no case did the aortic “knob” width measure > 4 cm. 

However, these studies were not focused on the 
“size and pressure” association. Permanent changes in 
the size of the aorta happen gradually and progressive-
ly as part of the aging process and are probably exac-
erbated by systemic arterial hypertension [3]. Dilation 
is most likely related to degradation of elastic fibers 
in the aortic wall. When monitored over years, espe-
cially in high-risk populations, systemic arterial blood 
pressure often demonstrates dramatic variability, with 
short-term episodic spikes reaching or exceeding 200 
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mmHg and sustained undulations of longer duration 
between 100 to 200 mmHg triggered by emotional 
states, exercise, medications, life style, habits, diet, or 
other disease processes. The literature about aortic 
arch width on chest radiographs in relation to systemic 
arterial blood pressure primarily consists of cross-sec-
tional studies evaluating populations at one point in 
time without taking into account the wall-damaging 
impact of short-term and long-term fluctuations in 
blood pressure over time. This can explain some in-
consistent results among studies attempting to assess 
the correlation of “size and pressure”, which yield a va-
riety of suggested cut-off values for the width of the 
 aortic arch as a predictor of systemic hypertension. 
This  challenge is also reflected in variable guidelines 
for protective target blood pressures. 

Our study was conducted in a high-risk patient 
population for cardiovascular disease including sys-
temic hypertension. Most patients were monitored 
over a long period of time, which allowed us to more 
accurately assess their blood pressure status. Most 
of our patients had recurrent visits to our healthcare 
system over several months to several years, which 
allowed for multiple blood pressure measurements. 
We decided to select a representative blood pressure 
measurement among multiple blood pressure mea-
surements from the time period preceding the date 
of the optimal posteroanterior chest radiograph used 
for measurement of the aortic arch width. 

Higaki et al. [9] reported a strong correlation be-
tween aortic arch width and age, central systolic 
blood pressure, and central pulse pressure in a study 
population with known or suspected coronary ar-
tery disease. They showed that larger aortic arch 

widths were associated with not only dilation but 
also stiffening of the aorta. Rayner et al. [3] demon-
strated a significant difference in aortic arch width 
between normotensive and hypertensive popula-
tions (3.28 vs. 3.69 cm, respectively) using standard 
mercury  sphygmomanometer measurements in a 
 hypertension clinic. These results are comparable to 
our findings (3.31 vs. 3.87 cm, respectively). 

One limitation of our study is that we did not 
perform multivariate linear regression analysis of 
variables to determine independent predictors of 
progressive aortic arch widening, such as aging. How-
ever, studies show that in a healthy aging population, 
cardiovascular dimensions in frontal chest radio-
graphs show only modest age-related changes [10]. 
The other limitation of our study is the relatively 
high frequency of multiple confounding cardiovas-
cular  disease processes in our patient population, 
which made isolation of systemic hypertension as the 
only factor determining the aortic arch width more 
difficult. 

In conclusion, aortic arch width measurements on 
chest radiography can be used to predict the pres-
ence of long-standing systemic arterial hypertension.
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EDITOR QUESTION

1. How do you feel we should incorporate your 
findings into clinical practice? How should we 
“act” on your findings?

The increase in aortic arch width on chest radio-
graph may be the first indication of long-standing 

systemic hypertension and should thus trigger fur-
ther work-up with subsequent appropriate therapy, 
including life style changes and medication. We men-
tion suspected long standing systemic hypertension 
on all our reports when we find an aortic arch width 
of 4cm or higher.
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