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Arterial wall thickness measurements by B mode
ultrasonography in patients with Takayasu’s

arteritis
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Abstract

Objective—To assess the feasibility and
potential diagnostic usefulness of arterial
ultrasonography in Takayasu’s arteritis.
Methods—The total wall, intimal +
medial, and adventitial thickness of the
common carotid, subclavian and common
femoral arteries, and of the abdominal
aorta, were examined by B mode ultra-
sonography in 16 patients with Takayasu’s
arteritis and 16 healthy control subjects.
Results—The mean total wall and
intimal + medial thickness of all arteries
other than the common femoral were
significantly increased in Takayasu’s
arteritis. Long segments of homogeneous
circumferential wall thickening in mul-
tiple vessels were characteristic.

When the common carotid and subclavian
arteries and the abdominal aorta were
examined, each individual with Taka-
yasu’s arteritis had at least one artery with
total wall thickness exceeding the refer-
ence range in controls.

Conclusions—B mode ultrasonography is
able to expose the widespread arterial wall
thickening characteristic of Takayasu’s
arteritis and may provide a useful tool
for the detection and follow up of this
disease.

(Ann Rheum Dis 1996; 55: 461-465)

Takayasu’s arteritis is a chronic inflammatory
arteriopathy of unknown aetiology that
preferentially affects the major elastic arteries
such as the aorta, its main branches, and the
pulmonary arteries.! 2 It often afflicts women
during their reproductive years. The disease is
heterogeneous in presentation and pro-
gression, and its course may be biphasic,
with an early systemic phase characterised by
non-specific inflammatory features and a later
stage reflecting occlusive lesions of the affected
vessels.? Diagnosis of Takayasu’s arteritis is
frequently difficult and the time from onset of
symptoms to diagnosis is usually long.? * The
media and adventitia of the arterial walls
are involved predominantly, with intimal
thickening and arterial occlusions occurring as
important late phenomena.’ During the early
active stage of the disease, arterial biopsy shows
granulomatous inflammation and patchy
destruction of the medial musculoelastic
lamellae.® The microscopic changes later

become non-specific and consist of sclerosing
arteritis, fibrous intimal hyperplasia, medial
scarring, and adventitial fibrosis.!' * Many
patients, however, continue to have active or
low level disease over extended periods of time,
and many of the lesions in these patients may
in fact be a mixture of fibrosis, intimal
proliferation, and intermittent chronic in-
flammatory changes.> Our ability to detect
active disease is severely limited, as many
patients who appear to be in an inactive phase
of disease or in remission may in fact present
inflammation of the vessel wall at bypass
surgery.? ’

Takayasu’s arteritis is usually diagnosed by
means of contrast angiography.®!° This
technique, however, does not reveal in-
volvement of the arterial wall, but only
visualises the resultant luminal narrowings and
dilatations. Transcutaneous B mode ultra-
sound is capable of demonstrating the wall
thickness and the three layer structural
composition of the walls of large superficial
arteries with high precision.!'"!* The diagnostic
value of ultrasonography in Takayasu’s arteritis
is still poorly known, though several promising
but small reports exist.'>!° In the present
study, we have evaluated the clinical usefulness
of transcutaneous B mode ultrasound in
Takayasu’s arteritis, focusing on measurement
of the thickness of the wall of the carotid,
subclavian and femoral arteries, and of the
abdominal aorta, in patients with established
arteritis.

Patients and methods

PATIENTS AND CONTROLS

All patients and control subjects were Finnish.
The study group consisted of 16 patients (14
women) 21-66 years of age (mean age 45-7
years). In each of them, the diagnosis of
Takayasu’s arteritis was based on a history and
clinical findings suggestive of systemic disease,
and on angiography; the time since diagnosis
averaged 16-4 years (range 5-36 years). At the
time of our study, four patients showed
symptoms or signs of an active inflammatory
process and were receiving corticosteroid
treatment. The remaining 12 patients were
considered to be in the late, non-active phase
of the disease; five had previously received
corticosteroids. At angiography, total occlu-
sions or stenoses >50% of the luminal diameter
were identified in the carotid arteries in seven
patients, in the subclavian arteries in 13
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patients, in the common femoral arteries in
two patients, and in the abdominal aorta in
four patients; seven patients had undergone
vascular surgery for total occlusions. No
patient had hypercholesterolaemia or diabetes,
but seven individuals had hypertension and
one was a smoker.

The control group, matched for gender and
age, comprised 16 individuals (14 women)
25-64 years of age (mean age 46-4 years). All
were asymptomatic and had neither history
nor signs of atherosclerosis, hypertension,
diabetes, or other systemic diseases; one was a
smoker.

ULTRASOUND EXAMINATION

The left and right common carotid, subclavian,
and common femoral arteries, in addition to
the abdominal aorta, were examined with B
mode ultrasonography, using an Acuson
128XP/10 scanner (Mountain View, CA,
USA) with the subject in a supine position.
The superficial arteries were examined using a
7 MHz linear array transducer, and the aorta
with a 3-75 MHz sector transducer. The
studies were recorded on videotape (Panasonic
AG 7330 Super-VHS) and on radiographic
film. Imaging of the common carotid arteries
was performed in the antero-oblique, lateral,
and postero-oblique projections, while the
aorta and the common femoral and subclavian
arteries were scanned in the anteroposterior
and antero-oblique projections. Direction of
the ultrasound beam was made as perpendic-
ular to the arterial wall as possible, with the
focus zone indicator in the middle of the
arterial lumen, and compression of the vessel
was avoided. Although our emphasis was on
measuring arterial wall thickness, arterial sten-
oses and dilatations were also noted.

The ultrasound image of the arterial wall,
but not that of the aortic wall, typically
consisted of two echogenic lines with a
hypoechogenic space between. The gain
setting was adjusted so that the outer border of
the outer echogenic line was as sharp as
possible. The wall thickness measurements
were made using a ruler with 0-13 mm
increments and with a X4 magnifying glass on
the radiographic films, selecting the thickest
site of the wall in a longitudinal view through
the midline of the artery. The intimal + medial
thickness was taken to be the combined
width of the inner echogenic line and the
hypoechogenic space, and the total wall
thickness (intima + media + adventitia) was
determined by including the outer echogenic
line in the measurement. Both the
intimal + medial width and total wall thickness
could be determined in the common carotid,
femoral, and subclavian arteries, while in the
abdominal aorta only the total thickness was
measurable. The near and far walls were
analysed separately in each artery. No
statistically significant differences occurred
between the thickness measurements of the
near and far walls in any artery, and these data
were therefore averaged for each artery
examined.
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The repeatability of the measurements was
assessed by twice measuring blindly the wall
thickness of the common carotid and sub-
clavian arteries in eight randomly selected
individuals;?° 32 arteries were analysed. The
mean difference (SD) of the paired data was
0-:04 (0-19) mm (95% confidence intervals
(CI) —0-33 to +0-43 mm) for the thickness of
the intima + media and 0-03 (0:23) mm (95%
CI -0-42 to +0-48 mm) for the total wall
thickness. The standard deviation of the
difference calculated as a percentage of the
average wall thickness was 9:6% for the
intima + media and 9-2% for the total wall.

STATISTICS

Comparisons of the means of continuous
variables between the Takayasu’s arteritis and
control groups and within each group were
made with two sided Student’s non-paired and
paired ¢ tests, respectively, and frequency data
were analysed using Fisher’s exact test; the
data are given as mean (SD). The upper limits
of normal arterial wall thicknesses were
calculated as mean +2SD in the control group
(n=16). Values of p<0-05 were considered
statistically significant.

Results

The figure shows examples of arterial images
in patients with Takayasu’s arteritis and in the
healthy controls. In both groups, the basic
three layer ultrasound pattern of the arterial
wall was well discernible in the carotid and
femoral arteries, less distinct in the subclavian
arteries, and could not be seen in the
abdominal aorta. Visualisation of the proximal
abdominal aorta was restricted by bowel gas in
seven patients and five controls; in these
subjects, the thickest visible arterial wall site
was measured also. A long, continuous,
circumferential and homogeneous thickening
of the wall was a characteristic finding in
Takayasu’s arteritis and this was seen in all
affected vessels.

The hypoechoic space of the wall,
representing the media, was the most clearly
thickened layer (figure) and was also slightly
more echogenic in patients with Takayasu’s
arteritis than in the control subjects. Bright
areas with shadows suggestive of arterial wall
calcifications were seen more often in patients
than in the control group (11 of 16 compared
with three of 16; p=0-011). The ultrasound
findings in patients with symptoms and signs
of the active disease did not differ from those
in other patients.

Table 1 summarises the data and compares
the Takayasu’s arteritis and control groups.
The mean total wall thicknesses of the carotid
and subclavian arteries and of the abdominal
aorta were significantly increased in subjects
with Takayasu’s arteritis. The group dif-
ferences were most conspicuous in the left
carotid and subclavian arteries. The differences
in intimal + medial thickness were comparable
to those in total wall width. Although similar
trends were also observed in the femoral
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arteries, these did not attain statistical
significance. The differences in the adventitial
thickness were clearly less conspicuous and
were statistically significant only in the left
common carotid and left subclavian arteries.
In addition to comparing the group mean
wall thicknesses, we determined the frequency
and localisation of abnormally thickened
arteries in the Takayasu’s arteritis group. The
upper 95% confidence limits of total wall
thicknesses in the control group were 1:59,
1:67, 1-67, and 2-80 mm for the carotid,
subclavian and femoral arteries, and ab-
dominal aorta, respectively. Table 2 shows the
distribution of wall thickening in the arteries
examined in patients with Takayasu’s arteritis.
The data indicate that 94% of patients had
either carotid or subclavian arteries with wall
thickness exceeding the normal upper limit,
and, that the abnormality rate increased to
100% if the abdominal aortic data were also
considered. Two fusiform dilatations occurred
in the carotid arteries (6%), four aneurysms in
the subclavian arteries (13%), and two
aneurysms in the abdominal aorta (13%).

Discussion

Our data show that B mode ultrasonography is
capable of exposing the widespread thickening
of the walls of elastic arteries that is
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characteristic of Takayasu’s arteritis. No
statistically significant difference occurred
among the groups in the femoral arteries,
which are rarely affected in Takayasu’s
arteritis.! The increased thickness of the
arterial wall in patients with Takayasu’s
arteritis resulted mainly from intimal + medial
thickening, while the adventitial changes were
less clearly consistent. In the abdominal aorta,
only total wall thickening was recorded; the
three layer wall structure could not be
identified because of the limited resolution of
the 3-75 MHz transducer. Although B mode
ultrasound has been used increasingly in
studies of carotid atherosclerosis in man,?'-? its
reported applications in Takayasu’s arteritis
hitherto are limited to a few case histories!>8
and a study of carotid arteries in 23 patients."’
In common with our present observations,
a long, diffuse, and circumferential wall
thickening of the large arteries in the upper
body was the primary finding in all reports.
The suspicion of Takayasu’s arteritis usually
arises from clinical and laboratory findings of
a systemic disease, but the diagnosis is often
difficult. The presence of Takayasu’s arteritis
cannot be confirmed without imaging the
arteries, usually by contrast angiography.?* %°
Delay in diagnosis in children was long in a
study reported by Kerr et al, and may have
been caused by a hesitancy on the part of

Comparison of artery walls by B mode ultrasonography in healthy controls and in patients with Takayasu’s arteritis (TA), showing typical diffuse,
circumferential arterial wall thickening in TA. Wall thickness was measured in the near and far walls except for the aorta, in which only total wall thickness

was ed. A: C carotid artery in a healthy control. B: Common carotid artery in a patient with TA. C: Abdominal aorta in a healthy control.
D: Abdominal aorta in a patient with TA. A, B: Distance between thick arrows = intimal + medial thickness; distance between thinner arrows = total wall
thickness.
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Table 1 Arterial wall thickness at different sites of the body in patients with Takayasu’s
arteritis (TA) and in healthy controls

Artery Layer of the artery Wall thickness (mm)
Patients with TA Controls P
Right common Intima + media 1-23 (0-52) 0-74 (0-14) 0-001
carotid artery Adventitia 0-68 (0-21) 0-60 (0-10) 0-113
Total 1-91 (0-61) 1-35 (0-13) 0-001
Left common Intima + media 1-75 (0-86) 0-74 (0-11) 0-0001
carotid artery Adventitia 0-69 (0-18) 0-58 (0-14) 0-029
Total 2-44 (0-99) 1-32 (0-13) <0-001
Right subclavian Intima + media 2-08 (1:26) 0-87 (0-14) <0-001
artery Adventitia 0-49 (0-16) 0-51 (0-17) 0-395
Total 257 (1-31) 1-38 (0-16) 0-001
Left subclavian Intima + media 2-43 (1-06) 0-85 (0-17) <0-0001
artery Adventitia 0-57 (0-17) 0-50 (0-16) 0-114
Total 2-99 (1-06) 1-35 (0-16) <0-0001
Right common Intima + media 1-16 (0-60) 0-90 (0-18) 0-057
femoral artery Adventitia 0-51 (0-09) 0-52 (0-10) 0-375
Total 1-66 (0-63) 1-42 (0-12) 0-066
Left common Intima + media 1-04 (0-39) 0-85 (0-18) 0-045
femoral artery Adventitia 0-53 (0-15) 0-52 (0-09) 0-332
Total 1-57 (0-48) 1-37 (0-17) 0-065
Abdominal aortat Total 3-92 (1-88) 2-20 (0-31) 0-001

Values are mean (SD) arterial wall thickness, determined as the mean of the near and far walls
except for fabdominal aorta—only the total thickness determined.

paediatricians to request diagnostic angio-
graphic studies.’> Intravenous digital sub-
traction angiography is less invasive than direct
arteriography, but does not guarantee high
quality visualisation of the vessel lumen and
wall thickness.* Magnetic resonance imaging
and computed tomography have also been
introduced as diagnostic techniques in
Takayasu’s arteritis.?*? These methods are
accurate in aortic studies, but less so in more
distal arteries. Case reports exist that describe
a decrease in aortic wall thickening detected
after steroid treatment.* 3!

In addition to earlier ultrasound reports,!> 1°
our findings of arterial wall thickness suggest
that B mode ultrasonography can provide
useful diagnostic information in Takayasu’s
arteritis. Merely by studying the carotid
arteries, we were able to identify 75% of our
patients as having abnormal arterial wall
thickening, while additional examination of the
subclavian arteries and the abdominal aorta
increased the revealed abnormality rate to
100%. It is noteworthy that the upper limits of
normal arterial wall thickness in our present
study were in close agreement with the data of
other investigators.” > B mode ultrasound
could be used not only to detect the wall
thickening, but also to assess the extent of
disease and monitor the effects of therapeutic
interventions such as corticosteroid treatment.

Although our data are promising, the design
and size of the study did not allow a full
evaluation of the diagnostic usefulness, in-
cluding sensitivity and specificity, of B mode
ultrasound in Takayasu’s arteritis. The

Table 2 Frequency of abnormally thickened arterial walls
in 16 patients with established Takayasu’s arteritis

Artery Patients with increased

wall thickness*

No %
Left or right carotid artery 12 75
Left or right subclavian artery 14 88
Abdominal aorta 10 63
Left or right femoral artery 4 25
Carotid or subclavian artery 15 94
Carotid or subclavian artery 16 100

or abdominal aorta

*The upper limit of normal wall thickness of each artery was
the mean + 2 SD of the control group.
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adventitial layer did not differ between patients
and controls, and it remains unknown whether
this method can distinguish arterial wall
abnormalities attributable to Takayasu’s
arteritis from those reflecting simple athero-
sclerotic involvement. It is likewise unknown
whether ultrasound can distinguish between
the active and inactive forms of the disease. For
these purposes, considerably larger studies are
needed, focusing on patients with clinical
suspicion of arteritis.

1 Nasu T. Pathology of pulseless disease: systemic study and
critical review of twenty one autopsy cases reported in
Japan. Angiology 1963; 14: 225-42.

2 Lupi-Herrera E, Sanchez-Torres G, Marcushamer J,
Mispireta J, Horwitz S, Vela J E. Takayasu’s arteritis.
Clinical study of 107 cases. Am Heart ¥ 1977; 93:
94-103.

3 Kerr G S, Hallahan C W, Giordano J, et al. Takayasu
arteritis. Ann Intern Med 1994; 120: 919-29,

4 Hall S, Buchbinder R. Takayasu’s arteritis. Rheum Dis Clin
N Am 1990; 16: 411-22.

5 Virmani R, Lande A, McAllister H A Jr. Pathological aspects
of Takayasu’s arteritis. In: Lande A, Berkmen Y M,
McAllister H A Jr, eds. Aortitis: clinical, pathologic, and
radiographic aspects. New York: Raven Press, 1986;
55-79.

6 Hall S, Barr W, Lie J T, Stanson A W, Kazmier F J, Hunder
G G. Takayasu arteritis: a study of 32 North American
patients. Medicine 1985; 64: 89-99.

7 Lagneau P, Michel J P, Vuong P N. Surgical treatment of
Takayasu’s disease. Ann Surg 1987; 205: 157-66.

8 Grollman J H Jr, Hanafee W. The roentgen diagnosis of
Takayasu’s arteritis. Radiology 1964; 83: 387-95.

9 Lande A, Rossi P. The value of total aortography in the
dx;]gn:sxs of Takayasu’s arteritis. Radiology 1975; 114:

7

10 Yamato M, Lecky ] W, Hiramatsu K, Kohda E. Takayasu
arteritis: radiographic and angiographic findings in 59
patients. Radiology 1986; 161: 329-34.

11 Wolverson M K, Bashiti H M, Peterson G J. Ultrasonic
tissue charactenzanon of atheromatous plaques using a
high resolution real time scanner. Ultrasound Med Biol
1983; 9: 599-609.

12 Pignoli P. Ultrasound B-mode imaging for arterial wall
thickness 1 ement. Ath. lerosts Rev 1984; 12:
177-84.

13 Pignoli P, Tremoli E, Poli A, Oreste P, Paoletti R. Intimal
plus medml thickness of the arterial wall: a direct
measurement with ultrasound imaging. Circulation 1986;
74: 1399-406.

14 Picano E, Landini L, Lattanzi F, Salvadori M, Benassi A,
L’Abbate A. Time domain echo pattern evaluations from
normal and atherosclerotic arterial walls: a study in vitro.
Circulation 1988; 77: 654-9.

15 Reed A ], Fincher R-M E, Nichols F T. Case report:
Takayasu arteritis in a middle-aged caucasian woman:
chmcal course correlated with duplex ultrasound and

ography. Am § Med Sci 1989; 298. 324-7.

16 Bond J R, Charboneau J W, Stanson AW. Taknysasus
arteritis: carotid duplex sonographic appearance, in-
;lug;ng color Doppler imaging. ¥ Ultrasound Med 1990;

: 625

17 Buckley A, Southwood T, Culham G, Nadel H, Malleson
P, Petty R. The role of ultrasound in evaluation of
Takayasu’s arteritis. ¥ Rheumatol 1991; 18: 1073-80.

18 Hwang B S, Yip P K, Chen R C. Takayasu’s arteritis: a
study by vascular sonography with special emphasis on
carotid duplex. Chung-Hua-I-Hsueh-Tsa-Chin 1992; 49:
108-15. [Chinese. Medline.]

19 Maeda H, Handa N, Matsumoto M, et al. Carotid lesions
detected by B-mode ultrasonography in Takayasu’s
arteritis: “macaroni sign” as an indicator of the disease.
Ultrasound Med Biol 1991; 17: 695-701.

20 Bland J M, Altman D G. Statistical methods for assessing
agreement between two methods of clinical measurement.
Lancet 1986; 8: 307-10.

21 Poli A, Tremoli E, Colombo A, Sirtori htdl;e Pignoli P, Ploletg

Utrasonographic measurement of the common caroti
anery wall thickness in hypercholesterolemic patients: a
new model for the quanutxuon and follow-up of
preclinical atherosclerosis living human subjects.

Atherosclerosis 1988; 70: 253—61

22 Salonen R, Seppinen K, Rauramaa R, Salonen ] T.
Prevalence of carotid atherosclerosis and serum
cholesterol levels in eastern Finland. Atherosclerosis 1988;
8: 788-92.

23 Polak J F, O’Leary D H, Kronmal R A. Sonographic
evaluation of carotid artery atherosclerosis in the elderly:
relationship of disease severity to stroke and transient
ischemic attack. Radiology 1993; 188: 363-70.

24 Ishikawa K. Dugnosnc approach and proposed criteria for
the clinical di of Takayasu’s arteriopathy. ¥ Am
Coll Cardiol 1988; 12: 964-72.

25 Arend W P, Michel B A, Bloch D A, et al. The American
College of Rheumatology 1990: criteria for the
classification of Takayasu arteritis. Arthritis Rheum 1990;
33: 1129-34.




Aprterial ultrasonography in Takayasu’s artenitis

26 Miller D L, Reinig ] W, Volkman D J. Vascular imaging with
MRI: inadequacy in Takayasu’s arteritis compared with
angiography. Am ¥ Radiol 1986; 146: 949-54.

27 Yamada I, Numano F, Suzuki S. Takayasu arteritis:
evaluation with MR imaging. Radiology 1993; 188:
89-94.

28 Oneson S R, Lewin J S, Smith A S. MR angiography of
Takayasu arteritis. ¥ Comput Assist Tomogr 1992; 16:
478-80.

29 ParkJH Chung J W, Im J G, Kim S K, Park Y B, Han
M C. Takaysu arteritis: evaluation of mural changes in the
aorta and pulmonary artery with CT angiography.
Radiology 1995; 196: 89-93.

465

30 Hayashi K, Fukushima T, Matsunaga N, Zen-ichiro H.
Takayasu’s arteritis: decrease in aortic wall thickening
following steroid therapy, documented by CT. Br ¥ Radiol
1986; 59: 281-3.

31 Tanigawa K, Eguchi K, Kitamura Y, et al. Magnetic
resonance imaging detection of aortic and pulmonary
artery wall thickening in the acute stage of Takayasu
arteritis. Improvement of clinical and radiological findings
after steroid therapy. Arthritis Rheum 1992; 35: 476-80.

32 Veller M G, Fisher C M, Nicolaides A N, et al
Measurement of the ultrasonic intima-media complex
thickness in normal subjects. ¥ Vasc Surg 1993; 17:
719-25.



