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Role of ultrasound in the understanding and
management of vasculitis

Wolfgang A. Schmidt

Abstract: Vasculitis is characterized by a circumferential vessel-wall thickening (‘halo’),
which can be visualized by modern imaging techniques. In particular, the resolution

of ultrasound has increased to 0.1 mm. Ultrasound detects abnormalities that are
pathognomonic even in arteries with a diameter below 1 mm. It is particularly helpful in
the diagnosis of large-vessel vasculitides, such as classic temporal arteritis, large-vessel
giant-cell arteritis (GCA), Takayasu arteritis and idiopathic aortitis. Echocardiography is
important for determining cardiac involvement in Takayasu arteritis and also for examining
the coronary arteries of children with suspected Kawasaki disease, which is a medium-
vessel vasculitis. In small vessel vasculitides ultrasound has only a role for determining

the distribution or organ involvement.

Fast-track clinics for the diagnosis of GCA help to initiate treatment before
complications such as blindness occur; patients receive appointments within 24 h in
these clinics. Clinical examination and ultrasound of temporal and axillary arteries are
performed by an experienced rheumatologist. In most cases this is able to determine if
GCA is present. Temporal artery biopsy can be still carried out in ambivalent cases. The
wall swelling of temporal arteries disappears after 2-3 weeks of glucocorticoid treatment.
After 3 days of treatment, diagnosis becomes more difficult with ultrasound
in some cases. In larger arteries, such as the axillary arteries, wall thickening
disappears within months. It tends to be darker (more hypoechoic) in acute disease

because of oedema.
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Introduction

In vasculitides inflammatory leucocytes are
present in the vessel walls. This leads to swell-
ing and damage of mural structures. The lumen
is narrowed or occluded leading to ischaemia
and necrosis [Watts and Scott, 2009].

Vasculitides may primarily affect large, medium-
sized or small vessels. They may occur as a pri-
mary process or secondary to another underlying
disease. An updated nomenclature categorizes
vasculitides as large-vessel vasculitis, medium-
vessel vasculitis, small-vessel wvasculitis (SVV),
vasculitides of variable size, single-organ vascu-
litides (SOV), vasculitides secondary to a systemic

disease and vasculitis with suspected aetiology
[Jennette ez al. 2013].

Small-vessel vasculitides

For SVV like granulomatosis with polyangiitis
(formerly, Wegener’s granulomatosis), eosino-
philic granulomatosis with polyangiitis (formerly
Churg—Strauss syndrome) and microscopic poly-
angiitis, ultrasound is important for determining
disease extension and disease activity. Ultrasound
can, for example, evaluate renal, cardiac and
pleural involvement [Schmidt, 2013]. The diag-
nosis of SVV needs to be confirmed histologi-
cally. In rare cases, SVV can also affect larger
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arteries such as the digital arteries [Schmidt er al.
2006, 2008a].

Medium-vessel vasculitides

In the medium-vessel vasculitides, Kawasaki
disease and polyarteritis nodosa, aneurysms fre-
quently occur. These may be detected by ultra-
sound [Wang er al. 2013]. Kawasaki disease is
an acute, self-limited vasculitis of childhood. It
is characterized by fever, polymorphous exan-
thema, conjunctivitis, mucositis and unilateral
cervical lymphadenopathy. Coronary aneurysms
may complicate the course of the disease. In a
study of 100 patients with Kawasaki disease
44% of patients had a coronary artery lesion
(31% with ectasia, 13% with aneurysm) on the
initial echocardiogram [Baer ez al. 2006].
Aneurysms may lead to coronary artery occlu-
sion with cardiac infarction and impaired left
ventricular function. Echocardiography is the
first choice for imaging examination in Kawasaki
disease.

Large-vessel vasculitides

This article focuses on the diagnosis of large-ves-
sel vasculitides with ultrasound as this allows the
visualization of the characteristic wall thickening
in affected arteries. It is increasingly used for
diagnosing and monitoring large-vessel vasculitis.
In clear cases it may replace histology.

Large-vessel vasculitides include classic temporal
arteritis, large-vessel giant-cell arteritis (GCA),
Takayasu arteritis and idiopathic aortitis.

Temporal arteritis

Temporal arteritis is characterized by localized
headache often accompanied by hard, swollen
and tender temporal arteries with reduced pulse.
Patients feel very ill and often lose weight. About
50% of patients have concomitant polymyalgia
rheumatica (PMR). Night sweats are common.
Erythrocyte sedimentation rate (ESR) and
C-reactive protein (CRP) are usually elevated.
ESR is higher than 50 mm/h in 85% of cases.
Histology typically shows vasculitis with a pre-
dominance of mononuclear-cell infiltration or
granulomatous inflammation with or without
giant cells. Headaches occur in 74% of cases, ten-
derness and/or reduced temporal artery pulse in
64%, jaw claudication in 37%, and ophthalmo-
logical complications such as anterior ischaemic

optic neuropathy or double vision occur in 32%
of cases [Schmidt, 2006].

Large-vessel giant-cell arteritis

Increased use and quality of imaging shows that
extracranial arterial involvement is much more
common than previously assumed. The proximal
arm arteries in particular are commonly involved,
but also the aorta and femoral and popliteal arter-
ies. When comparing patients with classic cranial
temporal arteritis with patients with proximal
arm artery involvement (large-vessel GCA),
patients with large-vessel GCA tended to be
younger (66 years versus 72 years), and there were
more females (83% wversus 66%). Time between
onset of symptoms and diagnosis was longer in
large-vessel GCA (7 months wversus 2 months).
Temporal artery involvement in terms of positive
histology or abnormal ultrasound occurred in
about 60% of these patients [Schmidt ez al.
2008c]. Duration of treatment and prednisolone
doses were similar. Patients with large-vessel
GCA less commonly developed anterior ischae-
mic optic neuropathy [Schmidt ez al. 2008b,
2009]. Critical limb ischaemia usually does not
occur in the course of the disease [Schmidt ez al.
2009; Czihal er al. 2013].The axillary arteries are
more commonly involved than the subclavian and
brachial arteries [Schmidt er al. 2008c; Czihal
er al. 2012b]. Bilateral vessel involvement is pre-
sent in most patients [Schmidt er al. 2008c;
Grayson ez al. 2012; Czihal ez al. 2012b]. Patients
with large-vessel GCA may either present with
classic cranial temporal arteritis, with pure PMR,
arm claudication or pyrexia of unknown origin.

Takayasu arteritis

Patients with Takayasu arteritis are notably
younger than patients with GCA. The disease
onset is usually before the age of 40 years. GCA
and Takayasu arteritis are similar with regard to
histology and response to treatment. Disease
duration is longer in Takayasu arteritis. Both enti-
ties may involve the aorta. The temporal arteries
are never affected in Takayasu arteritis. Patients
with Takayasu arteritis experience more severe
flares with vascular complications than GCA
patients. The pattern of artery involvement may
be similar for large-vessel GCA and Takayasu
arteritis. However, Takayasu arteritis may occur
less symmetrically, most commonly affecting the
left subclavian and common carotid arteries
[Grayson ez al. 2012].
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Figure 1. Colour Doppler ultrasound showing longitudinal (a) and transverse (b) views of a normal temporal
artery and in acute temporal arteritis (c, d). The arrows indicate the vasculitic wall swelling.

Idiopathic aortitis

Idiopathic aortitis is listed among SOV in the new
Chapel Hill nomenclature [Jennette ez al. 2013].
However, there is a significant overlap with GCA
with regard to symptoms and treatment. Many
patients present with pyrexia of unknown origin.

Ultrasound in temporal arteritis

The temporal arteries are localized superficially,
about 4 mm below the skin surface. Although
they are small with lumen and wall diameters of
about 0.7 mm, respectively, they are easily acces-
sible with ultrasound. Ultrasound allows the
assessment of the whole length of the superficial
temporal arteries.

Colour Doppler ultrasound was the first imaging
method to show valuable results for the diagnosis
of temporal arteritis [Schmidt ez al. 1997]. Since
the mid-1990s, technology has allowed higher
resolution. In fact, ultrasound has the highest res-
olution of all the imaging techniques used for the
diagnosis of vasculitis. Today, a high-frequency
probe of more than 10 MHz provides both an
axial and lateral resolution of 0.1 mm (100 um).

Ultrasound depicts the artery wall and provides
information about blood-flow characteristics
within the artery. Colour Doppler ultrasound of
temporal arteries shows hypoechoic (dark)
oedematous wall swelling in acute temporal arte-
ritis (Figure 1). This tissue is not compressible
[Aschwanden ez al. 2013]. It disappears with glu-
cocorticoid treatment after 2-3 weeks in most
patients. In some patients it becomes difficult to
detect a characteristic wall swelling after only 3
days of treatment [Hauenstein ez al. 2012].

The patient lies supine with the head towards the
ultrasound monitor. The sonographer may sit in
front of the patient. Some sonographers prefer
sitting behind the head of the patient. The sonog-
rapher places the probe longitudinally in front of
the left ear. After detecting the common superfi-
cial temporal artery the probe is moved continu-
ously forward to the parietal branch. Then the
probe is placed transversely to examine the pari-
etal branch and the common superficial temporal
artery in short axis. From the bifurcation the
frontal branch is followed longitudinally and
transversely [Bruyn and Schmidt, 2011; Schmidt,
2013]. The same procedure is repeated on the
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right side. The sonographer uses colour Doppler
mode and angles the colour box so that the blood
flow is not completely parallel to the probe.

Often stenoses of short segments occur. Then col-
our Doppler shows a blurring mixture of colours
(aliasing) together with persistent blood flow in
the diastole. Pulsed-wave Doppler then displays
at least a two-fold increase in maximum systolic
blood-flow velocity in the stenosis compared with
the area before or behind the stenosis [Schmidt
et al. 1997]. In addition, occlusions may occur,
showing an artery that is not filled with colour
Doppler signals.

High-end equipment should be used for examin-
ing the temporal arteries, although they may also
be seen with lesser quality equipment. The fre-
quency of the linear probe should be as high as
possible, at least 10 MHz, preferably 15 MHz or
higher. There are potential difficulties of which
the sonographer should be aware. The sonogra-
pher needs to avoid too much pressure as the
superficial temporal arteries may be easily com-
pressed. More ultrasound gel is needed to acquire
good image quality in areas with hair. If the col-
our gain (colour sensitivity) is too low, only the
centre of the lumen will show colour signals leav-
ing an anechoic (black) rim between the lumen
and wall. This phenomenon must not be confused
with wall thickening, which is hypoechoic show-
ing tissue. If the colour gain is too high, the
inflamed area may be covered and disease may be
missed. The sonographer should have examined
temporal arteries of about 30-50 healthy subjects
and should have seen at least 3—5 patients with
definite temporal arteritis before using this
method in routine practice.

Many studies have been performed comparing
temporal artery ultrasound with histology and
with the clinical diagnosis of temporal arteritis.
Three meta-analyses have been published
[Karassa ez al. 2005; Arida et al. 2010; Ball ez al.
2010]. The sensitivity of temporal artery duplex
ultrasound was 87% with regard to clinical diag-
nosis, and specificity was 96% in one of the meta-
analyses [Karassa ez al. 2005]. The presence of a
bilateral halo seems to increase the specificity
[Arida ez al. 2010]. With increasing experience
and quality of ultrasound equipment more cen-
tres achieve reliable results with ultrasound exam-
ination and replace temporal artery biopsy in
cases with definitive clinical and ultrasound find-
ings [Schirmer ez al. 2011; Porta ez al. 2012;

Alberts, 2013]. After training for temporal artery
ultrasound, inter- and intra-reader agreements
have been shown to be excellent with kappa val-
ues over 0.8 [De Miguel ez al. 2009].

It is also possible to examine the occipital arteries,
which may be exclusively involved in some
patients, particularly if they are presenting with
retroauricular pain [Pfadenhauer and Weber,
2003].The facial arteries are particularly involved
in patients with jaw claudication [Schmidt ez al
2002a].

As the wall swelling of the temporal arteries dis-
appears quickly and recurs only in severe flares,
routine follow-up ultrasound examinations are
not necessary. Patients’ history and the monitor-
ing of CRP and ESR usually provide enough
information to determine whether or not the dis-
ease is active.

Ultrasound in large-vessel GCA

About 50% of newly diagnosed GCA patients
have axillary artery involvement [Schmidt ez al.
2008c; Czihal ez al. 2012b]. Including ultrasound
examination of the axillary arteries in a protocol
increases the diagnostic yield for GCA in routine
practice, particularly as only 60% of patients with
large-vessel GCA have temporal artery involve-
ment. An experienced sonographer examining
both the temporal and axillary arteries should
find more GCA patients than biopsy with histol-
ogy of 1-2 cm-long segments of one of the
branches of the common superficial temporal
arteries.

The axillary arteries can be easily and quickly
examined with ultrasound. The probe is placed
longitudinally in the axilla along the humeral
head and neck [Bruyn and Schmidt, 2011;
Schmidt, 2013]. This scan is identical with the
axillary shoulder scan for detecting glenohumeral
joint effusions. The axillary artery localizes either
at the level of the humerus or 1-2 cm medially to
it. The axillary artery is localized proximally to the
circumflexa humeri artery. The area distal to the
circumflexa humeri artery is the proximal bra-
chial artery, which may also show vasculitis. In
order to obtain a good colour Doppler image the
colour box needs to be steered as with the tempo-
ral arteries to avoid a blood flow perpendicular to
the sound waves. In evaluating the artery wall the
grey-scale image probe and vessel should be as
parallel as possible. A normal vessel shows an
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Figure 2. A longitudinal ultrasound image of a
normal axillary artery (a) and an axillary artery

in large-vessel giant-cell arteritis. The arrows
indicate the vasculitic wall swelling with a diameter
of 1.8 mm.

intima-media complex of less than 1 mm. A bright
line represents the interface between artery lumen
and vessel wall followed by a dark line represent-
ing wall tissue and another bright line represent-
ing the interface between media and adventitia.

In large-vessel vasculitis the artery wall is thick-
ened, usually to more than 1 mm (Figure 2)
[Schmidt ez al. 2008c; Czihal er al. 2012b]. A
homogeneous wall swelling, preferably circumfer-
ential, of 1.5 mm or more is pathognomonic for
the diagnosis of axillary vasculitis [Schmidt ez al.
2008c]. Vasculitis may lead to stenosis showing
aliasing as explained above and characteristic
PW-Doppler curves with increased systolic and
diastolic flow velocities. Sometimes axillary or
proximal brachial arteries are occluded due to
vasculitis.

Arteriosclerosis is uncommon both in temporal
or axillary arteries. It is hyperechoic, heterogene-
ous and often asymmetric. The carotid, femoral
and popliteal arteries are much more often
affected by arteriosclerosis. In a few cases it may
be difficult to differentiate hypoechoic plaques
from vasculitic lesions. However, usually it is easy
to differentiate arteriosclerosis from vasculitis
with ultrasound.

The subclavian, common carotid and vertebral
arteries can also be easily examined by ultrasound.

However, these arteries are rarely affected in GCA
without the involvement of either the temporal or
axillary arteries. Therefore, routinely examining
these arteries will not greatly increase the sensitiv-
ity of ultrasound. Carotid artery stenoses are
rarely due to GCA. Most stenoses in the age group
around 70-75 years are due to arteriosclerosis.
However, vasculitic stenoses and occlusions may
occur in the vertebral arteries causing cerebral
ischaemia and stroke [Garcia-Garcia ez al. 2011].

The clinical examination of patients with GCA
should include the palpation of the pedal pulses.
If these pulses are not palpable and particularly if
patients complain about lower limb claudication,
the arteries of the lower leg should be examined
by ultrasound. The superficial femoral arteries
and popliteal arteries in particular are commonly
involved in GCA [Czihal et al. 2012a].

With medical treatment alone, without any interven-
tions such as stenting or bypass surgery, the progno-
sis of GCA of the arm arteries is benign in nearly all
cases [Schmidt ez al. 2008b; Czihal er al. 2013].
Ultrasound may be carried out every 6 months for
follow up in order to measure the maximum wall
thickness. If the diameter decreases or remains the
same, then it can be presumed that disease activity
has been under control during this period.

Polymyalgia rheumatica

Shoulder and hip ultrasound increases the speci-
ficity for diagnosing PMR, therefore musculo-
skeletal ultrasound has been incorporated into
the new European League against Rheumatism/
American College of Rheumatology (EULAR/
ACR) collaborative initiative classification criteria
[Dasgupta er al. 2012]. Patients in whom ultra-
sound revealed inflammation in the shoulder and
hip region responded better to glucocorticoid
treatment [Matteson ez al. 2012]. A subgroup of
PMR patients revealed large-vessel vasculitis. In
7% of patients with ‘pure PMR’, for example,
PMR without symptoms of temporal arteritis,
temporal artery ultrasound was positive [Schmidt
and Gromnica-Ihle, 2002b]. When ultrasound of
the axillary arteries was added about 15% of
patients with ‘pure PMR’ were diagnosed with
large-vessel vasculitis [Schmidt ez al. 2008¢].

Ultrasound in Takayasu arteritis
The ultrasound findings in Takayasu arteritis are
similar to those in GCA. In acute flares the wall is
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hypoechoic because of wall oedema, whereas in
most cases it tends to be hyperechoic [Schmidt
et al. 2007; Keo er al. 2013]. In most cases the
diagnosis of Takayasu arteritis is not established
before stenoses occur. However, early prestenotic
disease can be detected by ultrasound because of
its high resolution and excellent depiction of the
artery walls [Schmidt er al. 2002b]. In suspected
disease the carotid, subclavian and vertebral
arteries should be examined together with the
abdominal aorta. The renal arteries should be
examined in case of arterial hypertension.

Echocardiography may reveal the following abnor-
malities: (a) left ventricular hypertrophy as arterial
hypertension caused by renal artery stenosis may be
missed because of subclavian artery stenoses or
occlusions; (b) vasculitic wall swelling of the ascend-
ing aorta; the first 4 cm of the ascending aorta are
visible with transthoracic echocardiography; (c) aor-
tic valve insufficiency due to vasculitis of the ascend-
ing aorta; (d) pericardial effusion; (¢) pulmonary
hypertension due to vasculitic stenosis of the pul-
monary arteries [Fateh-Moghadam ez al. 2010].

Follow-up examinations are carried out as with
large-vessel GCA to evaluate increase or decrease
of wall swelling and stenoses [Schmidt, 2013].

Idiopathic aortitis

Aortitis is common in GCA and Takayasu arteri-
tis; it rarely occurs as isolated aortitis. The abdom-
inal aorta is fairly well visible with ultrasound if
the patient is not obese. The thoracic aorta is
more commonly affected by vasculitis than the
abdominal aorta. However, most parts of the tho-
racic aorta are not accessible by transthoracic
ultrasound because the air in the lungs inhibits
visibility. Transoesophageal ultrasound provides
excellent information on whether aortitis is pre-
sent, but this is an invasive imaging technique.

Two similar entities affect the wall and/or the tissue
around the abdominal aorta: aortitis/periaortitis
and retroperitoneal fibrosis. CRP and ESR are
increased in both entities. However, the increase is
most commonly greater in aortitis. Usually, only
retroperitoneal fibrosis leads to hydronephrosis.
Treatment of both diseases includes immunosup-
pressive therapy, notably glucocorticoids. Both
magnetic resonance imaging (MRI) and computed
tomography (CT) are the imaging procedures of
choice for the diagnosis of retroperitoneal fibrosis
[Pipitone ez al. 2012]. Ultrasound is disappointing

in detecting retroperitoneal fibrosis as it fails to dif-
ferentiate clearly the affected tissue from the sur-
rounding tissue. However, ultrasound clearly
delineates an inflamed aortic wall in abdominal
aortitis [Schmidt, 2013].

Ultrasound in comparison with other

imaging techniques

Ultrasound has many advantages: It is widely
available and it can be performed by the rheuma-
tologist himself. The suspected diagnosis can be
confirmed or excluded immediately. Ultrasound
is not invasive and has no relevant side effects.
Findings can be explained to the patient during
the examination. The sonographer needs to be
well trained in vascular ultrasound in order to
provide reliable results. Good reliability is possi-
ble as mentioned above. An experienced sonogra-
pher can perform a standardized ultrasound
examination of temporal and axillary arteries in
10 min. An extensive ultrasound examination of
all arteries that may be potentially affected by vas-
culitis would be very time consuming.

High-quality MRI with dedicated coils can be used
for examining the temporal arteries. The diagnostic
power for diagnosing temporal arteritis is similar in
both MRI and ultrasound [Bley ez al. 2008]. MRI
can also depict the artery walls and it is superior to
ultrasound for examining the thoracic aorta.
MR-angiography (MRA) provides a good overview
of affected arteries. CT and CT-angiography
(CTA) are alternatives to MRI and MRA [Prieto-
Gonzalez er al. 2012]. However, CT has not yet
been used for examining the temporal arteries.
Positron emission tomography (PET) or PET-CT
also provides a good overview, but is limited by high
radiation exposition, high costs and the inability to
examine the temporal arteries [Blockmans ez al
2009]. Ultrasound and PET correlate well in diag-
nosing GCA [Forster et al. 2011]. Conventional
angiography is invasive and does not depict the
artery wall. It has still its place in interventional
treatment, particularly in Takayasu arteritis. Table 1
provides an overview of imaging techniques used
for the diagnosis of large-vessel vasculitis.

Practical application of ultrasound

Fast-track clinics for the diagnosis of GCA help
initiate treatment before complications such as
blindness occur. In such clinics, patients receive
appointments within 24 h. Clinical examination
and ultrasound of temporal and axillary arteries
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Table 1. Comparison of imaging techniques in the diagnosis of large-vessel vasculitides [Schmidt, 2013].
Diagnostic test Economical Noninvasive  Depicting Depicting  Intervention  Temporal
artery wall aorta arteries

Angiography + - - ++ ++ =
Ultrasound ++ ++ ++ (+) = b
Computed tomography + + ++ ++ = -
Computed tomography-angiography + + - ++ = -
Magnetic resonance imaging + + ++ ++ - ++
Magnetic resonance-angiography + + - ++ - +
Positron emission tomography - + - ++ _ -

are performed by an experienced rheumatologist.
Other arteries may be examined depending on
clinical findings. In most cases this clearly deter-
mines if GCA is present. Temporal artery biopsy is
performed in ambivalent cases. Other imaging
techniques such as MRI, MRA, CT, CTA or PET
can be carried out, particularly if aortitis is sus-
pected and ultrasound findings are not clear. MRA
may provide an overview of involved vessels par-
ticularly in patients with Takayasu arteritis in order
to obtain information about the vascular pattern
before treatment. Conventional angiography is
only used for interventional treatment. Ultrasound
in particular is a valuable tool for follow up, espe-
cially for large-vessel GCA and Takayasu arteritis.

In conclusion, ultrasound has become a valuable
diagnostic tool for large-vessel vasculitis. It helps
establish the diagnosis early and thus may prevent
complications such as blindness.
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