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The significance of the enlargement of the aortic shadow 
in adult Nigerians 

A . C . I K E M E , M . A . B. O G A K W U AND F . A . N W A K O N O B I 
Department of Medicine, Radiology and Surgery, University of Nigeria Teaching Hospital, Enugu 

Summary 

A study of the width of the aort ic shadow and of the 
cardiothoracic rat ios in 183 chcst radiographs, of 
persons over the age of 35 years, shows that hyper-
tension produces a constant enlargement of the aortic 
shadow. The study suggests that gross enlargement, 
in the absence of disease of the aorta or of the aort ic 
valves, is a result of hypertension. The authors 
suggest that this enlargement is valuable in delineat-
ing a sub-group of cases of myocardial failure in 
which the pr imary cause of failure may be hyper-
tension. Cases with gross aort ic arch dilatation and 
no detectable cardiovascular disease often have 
cardiomegaly. The question of the possibility of 
remission of untreated hypertension is raised. 

Introduction 

It has been known for many years that an enlarge-
ment of the aort ic shadow may be seen in chest 
radiographs of symptomless negroes. Stuart et at. 
(1962) observed in a study of a Jamaican populat ion 
that the mean blood pressure was higher in persons 
with gross dilatation of the aort ic arch than in 
normal controls. The au thors suggested that there 
was a causal relationship between the blood pressure 
and the diameter of the aort ic arch al though they 
believed that widening of the arch may have been 
aggravated in some of their cases by treponemal 
infection. Similar changes in the aor ta have been 
observed in the chest radiographs of Nigerians 
(Ikcme, 1965, unpublished data Igbo-Ora). In 1970, 
Brockington & Bohrcr pointed out that widening of 
the aortic shadow in chcst radiographs may be 
observed in Nigerian heart muscle disease (idio-
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pathic cardiomegaly—1CM). From this observation, 
they argued that these cases may, in fact, be cases of 
'chronic ' hypertensive heart failure. In the study by 
Stuart et at. (1962), the mean increment in the blood 
pressure over those of normal controls was lowest in 
cases showing the greatest dilatation of the aorta . We 
have been led by these observations to seek to 
establish whether gross dilatation of the aortic arch 
in the Negro could be an isolated phenomenon 
unassociated with cardiovascular disease, but one 
which may be aggravated by hypertension; or 
whether it is invariably associated with a raised blood 
pressure. In this study, therefore, we have examined 
the relationships of the width of the aortic shadow on 
a chcst radiograph, to the age, the mean blood pres-
sure and to the cardiothoracic ratio. 

Materials and methods 

Selection of cases 

Consecutive chest radiographs of subjects over the 
age of 35 years taken at the Enugu Specialist 
Hospital in October and November 1971 were 
admitted to the study. Cases with obvious valvular 
disease (aortic or mitral) or severe pulmonary 
pathology likely to produce mediastinal shift were 
excluded f rom the study af ter a physical examinat ion. 
Following a chest radiograph, each subject had his 
blood pressure measured with a s tandard mercury 
sphygmomanometer , af ter 3 min recumbency. The 
sphygmomanometer readings were taken to the 
nearest 2 mm. The lower of two measurements of the 
blood pressure separated by an interval of 1 min, was 
taken as the casual blood pressure. The diastolic 
pressure was recorded at phase four. In each subject 
a cardiovascular examination was performed and the 
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age, sex, blood pressure, and any cardiovascular 
abnormal i t ies were rccordcd. In each case (he mean 
blood pressure was calculated (i.e. diastolic pressure 
plus one-third the pulse pressure). 

Radiographs and measurements 
Postcro-antcr ior teleradiographs were done and in 

any case where the cardiovascular outline was ill-
defined in this first radiograph, an addit ional 
penetra ted view using a grid was done. This usually 
m a d e it possible, aided by bright il lumination 
occasionally, to define the margins of the aor ta . We 
excluded cases with pulmonary disease causing 
mediast inal shif t , cases with marked scoliosis and 
excessively rota ted cases. For this, we took the 
cri terion of Brockington & Bohrcr (1970), of a 
difference of greater than I -5 cm between the medial 
end of the clavicle on each side and the centre of the 
sp inous proccss. 

T h e width of the aor ta was taken as the sum of the 
m a x i m u m extensions of the aort ic shadow to the 
right (A) and to the left (B) of the midline (Rose & 
Blackburn , 1968). The max imum extension to the 
left was in most eases at the lateral border of the 
aor t ic knuckle, but where this was not the case the 
most lateral margin above the level of the ascending 
a o r t a was taken. Values for A and B were recorded 
separate ly as well as the value of their summation. 
T h e midline itself was taken at the centre of the 
sp inous proccss at the level being measured in well 
cent red films; or the mid-point between the costo-
transverse jo ints at the same level in films with some 
ro ta t ion . 

W e thought the effort of this composite measure-

ment worthwhi le because we c o n s i d e r e d tha t should 
the ascending par t of the a o r t a be significantly 
involved in an en la rgemen t th is w o u l d n o t be reflec-
ted in any measuremen t l imited to t h e left side, 
especially if there was a slight r o t a t i o n t o the right as 
well. 

Cases selected 
Altogether 205 chest r a d i o g r a p h s w e r e selected 

af ter the pre l iminary physical e x a m i n a t i o n . Of these, 
twenty-two were rejected a f t e r a rev iew o f the chest 
rad iographs and 183 were a d m i t t e d i n t o the study. 
These 183 cases were m a d e u p a s f o l l o w s : no rmo-
tensive: 137; (males n ine ty -one , f e m a l e s for ty-s ix) ; 
hypertensive: for ty-s ix; (ma les th i r ty , f e m a l e s six-
teen). Of these 183 eases, a c l inical d i a g n o s i s of 
idiopathic ca rd iomcga ly w a s m a d e in ten (eight 
males and two females) ( I d i o p a t h i c ca rd iomcga ly , 
1968). All ten had a n o r m a l b l o o d p r e s s u r e . Four 
males in the scries had hype r t ens ive h e a r t fa i lure . 

Results 

Table 1 shows the mean d i a m e t e r o f t h e a o r t i c arch 
related to age a n d sex in n o r m o t e n s i v c sub jec t s . In 
each age g r o u p the mean a o r t i c a r c h d i a m e t e r is 
greater in males t h a n in females . I n e i t h e r sex, the 
aort ic a rch d iamete r rises wi th age . 

The mean aor t ic a r c h d i a m e t e r in hype r t ens ive 
subjects (diastolic pressure g r e a t e r t h a n 9 5 m m / H g 
and/or systolic pressure g rea te r t h a n 160 m m / H g ) is 
also shown in Tab le 1. N o c o n s i s t e n t d i f f e r ence is 
observed between the sexes, bu t t h e t a b l e s h o w s that 
as in normotens ivc subjec ts , the a o r t i c a r c h wid th 
also increases with age . T h e m e a n a o r t i c a rch 

TABLE I. Aortic arch width related to age and sex 

Normotcnsivc subjects Hypertensive subjec ts 

Age Sex No . of Mean aort ic s.d. No . of Mean ao r t i c s .d . 
observations arch. d iam. observat ions a r c h . d i a m . 

35-44 M 40 6 3 0 4 ± 8 - 4 12 65-17 ± 6 - 3 6 
F 19 58 84 + 6 01 3 70 67 ± 1 0 - 9 

45-54 M 22 66-59 ± 5 01 13 73-31 ± 9 4 6 
F 18 59-94 ± 5 - 9 6 9 72-67 ± 1 6 00 

55-64 M 17 6 6 1 2 ± 9 - 2 7 3 74 00 ± 9 - 5 
F 8 66-75 ± 4 - 4 7 4 63-00 ± 2 2 - 8 

6 5 + M 12 69-33 ± 8 - 0 6 2 82 00 — 
F I 6 2 0 — Nil — — 
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TABLE 2. Mean b lood pressure related to age in normotens ivc 
subjec ts 

Age Sex No . of Mean B P s.d. 
obse rva t ions m m l l g 

35-44 M 40 91 00 ± 12 61 
F 19 85-21 ± 1 1 - 3 8 

45-54 M 22 89-22 ± 9 - 9 0 
F 18 87-33 ± 1 1 - 0 2 

55-64 M 17 85-47 ± 1 5 - 3 3 
F 8 89-75 ± 1 5 - 0 3 

6 5 + M 12 91-17 ± 1 3 0 
F 1 93-0 — 

diameter in each age group is greater for hypertensive 
subjects than for subjects without hypertension. 

Table 2 presents the mean blood pressure for the 
various age groups in normotensivc subjects. Neither 
in males nor in females, is there a constant variation 
of the mean pressure with age. Increases in the mean 
blood pressure with age cannot therefore account for 
the increase in the aortic arch diameter with age 
observed in normotensivc subjects. Table 3 shows 
aortic arch diameters related to the mean blood 
pressure in all subjects. In normotensivc subjects, 
there is no constant relationship, while in hyper-

tensive subjects, the aortic arch diameter clearly 
increases with increasing mean pressure. 

In Table 4 the aortic arch diameter is related to the 
mean blood pressure in three age groups of normo-
tensivc subjects; 35-44 years, 45-54 and 55-64 
years. Again in each age group, the aortic arch 
diameter docs not appear to be related to the mean 
blood pressure. 

The distribution of the aortic arch diameter in 134 
subjects without cardiovascular disease is shown in 
Fig. 1. The mean aortic arch diameter for males of 
all ages is 64-25 mm (s.d. ± 8 0) and for females 
59-5 mm (s.d. ±125). Table 5 presents the clinical 
features of ten males and eight females with aortic 
arch diameters greater than twice the standard 
deviation of the mean diameter for each sex. We have 
chosen this value as representing gross dilatation 
of the aortic shadow. Only in one male was the un-
usual enlargement of the aortic shadow not accom-
panied by cardiomcgaly or recognizable cardio-
vascular disease. (We have defined cardiomcgaly in 
this series as a cardiothoracic ratio of 53% or 
greater.) Among the women, seven were hyper-
tensive, and one had idiopathic cardiomcgaly—the 
blood pressure in this subject was normal. The 
cardiothoracic ratio was above normal in all but 
one hypertensive subject. 

TABLE 3. Aor t i c width related to mean pressure 

N o r m o t e n s i v c subjects Hyper tensive subjects 

M e a n b lood pressure 
m m t l g . < 7 4 75-95 > 9 5 < 1 2 9 130-149 > 1 5 0 

N o . o f subjects 18 65 41 27 15 5 

M e a n aor t i c wid th 64-8 61-2 65*1 68-4 72-9 78-4 

TABLE 4. Aor t i c arch d i ame te r related to BP in three age g roups 

Mean blood 
pressure 

35-44 years 45 54 years M c l „ b | o o d 55-64 years 

Sex N o . of Obs M e a n d i am. N o . o f O b s . M e a n d iam. N o . of Obs . Mean d i a m . 

55-74 

75-94 

95-115 

6 4 0 
6 0 0 

58-89 
57-21 

67-75 
58-50 

66-0 
64-0 

68-69 
56-78 

63-25 
62-27 

68-66 
64 

67-17 
6 2 - 0 

6 3 0 
70-06 
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TABLE 5. Cl in ica l p i c t u r c o f s u b j e c t s wi th g ross d i l a t a t i on o f 
t h e a o r t a 

Ser ia l C T R A o r t i c 
Cl inical P ic turc N o . A g e Sex % wid th ( m m ) 

H y p e r t e n s i o n 5 42 F 60 74 
N o r m a l 8 4 9 M 53 80 
H y p e r t e n s i o n 49 50 F 68 75 
I C M 54 60 F 56 78 
Hype r t ens ion 65 4 5 M 53 84 
H y p e r t e n s i o n 68 50 M 54 80 
I C M 82 66 M 66 86 
H y p e r t e n s i o n 87 4 5 F 69 107 
Hype r t ens ion 90 38 F 63 79 
H y p e r t e n s i o n 103 52 F 53 80 
I C M 123 6 0 M 62 89 
I C M 130 65 M 69 81 
H y p e r t e n s i o n 151 4 0 F 48 76 
H y p e r t e n s i o n 168 75 M 59 85 
H y p e r t e n s i o n 171 4 5 F 54 77 
Hype r t ens ion 194 58 M 47 87 
Hyper t ens ive 

hea r t fa i lure 207 4 5 M 70 87 

N o r m a l 210 40 M 50 84 

Mole 
Femole 

Comment 

The results clearly indicate that in each age g r o u p the 
aor t ic a rch d iameter is grea ter in males than in 
females and that it increases with age. Th i s last 
observat ion is a lso t rue in hypertensive subjects. In 
persons with a normal b lood pressure, the aor t ic 
arch diameter is not dependen t on the mean blood 
pressure; we would conclude tha t age is the impor t -
ant factor in de termining the d iameter of the ao r t a in 
such persons. However , in the presence of an elevated 
blood pressure, the aor t ic arch diameter is now rela-
ted also to the mean blood pressure. 

This re la t ionship is emphas ized by our observa t ion 
that the aor t ic a rch d iameter fo r all age g roups of 
normotensive subjects is not significantly different 
f r om the mean d iameter for all normotens ive ma les ; 
while the mean d iameter fo r the g r o u p of hyper ten-
sive subjects with the lowest mean pressure, is clearly 
higher than that of any g r o u p of normotens ive 
subjects. (See Tab le 3.) This suggests that hyper -
tension produces a cons tan t widening of the aor t ic 
shadow on chcst r ad iographs a n d that the degree of 
this enlargement is related to the severity of the 
hypertension and t o the age of the pa t i en t ; i.e. 
possibly the dura t ion of hyper tens ion . It is, however , 
uncertain, if gross widening of the aor t ic s h a d o w can 
occur only as a result of hyper tens ion in the absence 

45 50 55 60 65 70 75 80 85 
A o r t i c w id th ( m m ) 

FIG. I . D i s t r ibu t ion of aor t i c arch w i d t h : see text. 

of specific disease of the aor ta o r of the aortic 
valves. 

In this s tudy, forty-six cases had a cardiothoracic 
ra t io equal to o r greater than 5 3 % . Cardiomegaly 
was associated with hypertension in twenty-one 
cases, with I C M in ten, anaemia in one, thyrotoxico-
sis in one and a chron ic cough in two cases. 

In eleven subjects (aged 35-71 years) n o detectable 
cardiovascular abnormal i ty was present. There were 
nine males a n d two females. T h e mean aortic arch 
diameter for this g r o u p was 71 0 and the mean 
card io thorac ic ra t io was 55 5 (72-1 and 55-3 respect-
ively for males ; 66 0 and 56-5 respectively for 
females). A m o n g the hypertensive group, the mean 
aor t ic a rch width was 75 0 for both sexes and the 
mean C T R was 59 1 (males: 75 2 and 5 9 1 ; females: 
74-3 and 58-5 respectively). In the g roup with idio-
pathic cardiomegaly , the mean aort ic arch diameter 
was 76-1 and the C T R 62 9 (males 77-8 and 62 9; 
females 72-3 and 63 7 respectively). It would appear 
that whatever may have caused cardiomegaly in both 
the g r o u p with hypertension and the group with 
I C M , has also given rise to di la tat ion of the aorta. 

Similarly, of ten males with gross dilatation of the 
aor ta , all but two had a cardio thorac ic ratio 53% or 
greater . Hyper tens ion was present in five; in three a 
diagnosis of I C M was m a d e and at that time their 
b lood pressures were normal (134/90, 90 60 and 99 
70). Only two persons aged 40 and 49 had no other 
detectable cardiovascular abnormal i ty ; one of these 
two had a card io thorac ic ra t io of 5 0 % (See Table 5). 
A m o n g the eight females, there was cardiomegalv 
in seven. There were seven hypertensives and one 
case of idiopathic cardiomegaly. It would appear that 
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gross dilatation of the aortic arch is almost invariably 
associated with cardiomcgaly (15/18 or 84%). 
Conversely, when cardiomcgaly occurred in the 
absence of detectable cardiovascular disease (eleven 
cases referred to above), some dilatation of the aorta 
was usually present and the dilatation was propor-
tional to the increase in the CTR. In our cases 
with gross dilatation of the aorta, cardiomcgaly was 
due to either hypertension (10/14 or 72%) or to 
ICM (4/14 or 28%). We believe that gross dilatation 
of the aorta in the absence of disease of the aorta 
itself or of the aortic valves must be associated with 
hypertension. 

This observation raises the question of the patho-
genesis of some cases of ICM seen in Nigeria. It 
appears that hypertension must play an important 
part in the pathogenesis of sonic of the cases of 
biventricular failure which may be labelled idio-
pathic cardiomcgaly. Of ten cases diagnosed as ICM 
in our scries, four had gross dilatation of the aorta 
and the mean aortic arch diameter for this group was 
76 1. It seems probable, therefore, that sometime in 
the past all, or at least four of these subjects had 
been hypertensive. That a raised blood pressure is 
common in the natural history of the congestive 
cardiomyopathies is now generally accepted (Hutt et 
al., 1965; Goodwin, 1970; Goodwin &Oakely, 1972). 
What is not clear, however, is the role hypertension 
may play in the aetiology of the disorder (Foster, 
1965). It would appear that enlargement of the aortic 
shadow in chest radiographs could be a useful 
sign for distinguishing many of those cases of ICM in 
which hypertension may have been important in the 
genesis of myocardial failure, from those in which 
myocardial failure has occurred from other causes. 

Enlargement of the aortic shadow would only be 
an important distinctive feature if a means of 
quantitating it can be devised. The question of the 
possible relationship of hypertension to ICM is so 
important that we would consider essential, further 
studies of the size of the aortic arch in standard chest 
radiographs of normal and hypertensive persons. We 
have shown here that most persons with an aortic 
arch diameter greater than twice the standard 
deviation of the mean had cardiovascular disease. 
We suggest that a more accurate gauge of aortic arch 
dilatation would be the means in each age group of 

the aoi to-thoracic ratio in normal chest radiographs. 
From the values of this ratio in normal and hyper-
tensive subjects, a given deviation from the mean 
could then be taken as abnormal in any particular 
age group. 

We have referred to two males in our scries aged 
40 and 49 with gross dilatation of the aorta, normal 
blood pressures and normal cardiothoracic ratios; 
and to eleven cases with cardiomcgaly, some enlarge-
ment of the aorta and no cardiovascular disease. 
Most clinicians have seen cases of aortic arch 
dilatation in the absence of cardiovascular disease. 
These subjects pose an important question. What is 
the natural history of a raised blood pressure in the 
Nigerian? It is interesting to note that apparent 
remission of hypertension has also been reported 
among Nigerian hypertensive subjects during the 
course of treatment (Carlisle, 1971). Can one 
assume, therefore, that at some stage in its natural 
history, the blood pressure may return to normal 
without treatment leaving behind stigmata of its 
previous levels, such as a dilated aorta or myocardial 
failure? Long term prospective studies of the 
behaviour of the blood pressure in Nigerian com-
munities are needed as well as detailed pathological 
studies of the aorta in hypertensive and normotensivc 
persons. Further elucidation of the characteristics of 
persons with gross dilatation of the aorta is obviously 
indicated. 
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