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Abstract Color-coded sonography is an interesting op-
tion for the diagnosis of temporal arteritis. We present
our experiences regarding examination technique and
diagnostic accuracy, comparing biopsy and clinical re-
sults in a series of 83 patients with suspected temporal
arteritis. A dark halo around the vessel wall (repre-
senting inflammatory oedema), reduced or absent vessel
wall pulsations (demonstrated by M mode), and vessel
occlusions were used as diagnostic criteria. Forty-eight
patients underwent biopsy of the temporal artery fol-
lowing ultrasound examination. Comparing these find-
ings with biopsy yielded a sensitivity of 73%, specificity
of 93%, positive predictive value (PPV) of 96%, and
negative predictive value (NPV) of 58%. The halo sign
alone had a lower sensitivity (67%). Comparison with
overall clinical assessment (n=83) yielded a sensitivity of
65%, specificity of 100%, PPV of 100%, and NPV of
73%. Irregular atherosclerotic vessel wall changes were
the main differential diagnosis. Important pitfalls were
false focus setting, too much/less color gain, and
�bifurcation halo�. In conclusion, a positive sonographic
result in combination with typical clinical signs might
replace the need for biopsy, while a negative result
should not be used for exclusion of temporal arteri-
tis. Considering the low PPV and high NPV of the
clinical criteria defined by the American College of
Rheumatology, color-coded sonography is a useful tool
in the noninvasive diagnostic workup of temporal
arteritis.
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Introduction

Temporal or giant-cell arteritis is the most common
form of vasculitis in older Caucasians. It frequently af-
fects the superficial temporal artery but also larger,
mainly supra-aortal arteries. Its clinical presentation is
manifold, varying from the typical temporal headache
and vision loss to atypical forms with e.g. isolated jaw
claudication or diplopia. In many cases, it starts with
nonspecific systemic symptoms, and the decision of
when to perform a biopsy for confirmation of diagnosis
is often difficult.

In 1990, the American College of Rheumatology
(ACR) proposed five criteria (age ‡50 years, ESR
>50 mm, new onset of headache, abnormal palpation of
the temporal artery, and positive biopsy), of which three
have to be fulfilled for the diagnosis of temporal arteritis.
Despite good sensitivity and specificity and an excellent
negative predictive value (NPV) of 99%, the positive
predictive value (PPV) of these criteria has been reported
to be as low as 29% [1]. This low positive predictive value
is due to the less specific noninvasive ACR criteria 1–4,
which alone could lead to a positive result. In fact, biopsy
is usually performed to confirm the diagnosis of temporal
arteritis. However, it is not tolerated by all patients, and
rebiopsy in equivocal cases is problematic. Rarely, in
patients with skin necrosis or retrograde flow in the oph-
thalmic artery, biopsy is even contraindicated.

Over the last few years, color-coded (duplex) sonog-
raphy has attracted increasing interest as a noninvasive
diagnostic tool for patients suspected of having temporal
arteritis [2]. This approach evolved with the develop-
ment of high frequency, high-resolution ultrasound
scanners. As a main sign, a dark (hypoechoic) so-called
halo around the vessel wall was found to be pathogno-
monic for acute arteritis [3]. However, very few studies
reporting on larger collectives of patients have been
published so far [3, 4, 5]. Furthermore, ultrasonographic
examination techniques and possible pitfalls, which
might have influenced the somewhat contradictory
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findings of recent studies [5, 6], have not been extensively
delineated and discussed.

In the following material, we present our experiences
using color-coded sonography in the diagnostic workup
of suspected temporal arteritis. We address questions of
examination technique, possible misinterpretations, dif-
ferential diagnoses on imaging, and the diagnostic
accuracy of our series by comparing ultrasound with
biopsy and clinical results.

Materials and methods

Patients

Between July 1999 and July 2002, 83 patients were examined using
color-coded sonography (49 women, mean age 68±11 years). They
were mostly referred from the Departments of Ophthalmology or
Rheumatology of the University of Freiburg in Germany, where
they received complete clinical examination. No treatment longer
than 6 days with steroids had been done in 79 patients; the
remaining four had received steroids for more than 15 days. In
each patient, the ACR criteria for temporal arteritis (TA) were
assessed at the time of presentation, and the clinical diagnosis of
TA was suspected or at least possible. Prior to the temporal artery
investigation, all patients underwent extracranial Doppler/duplex
sonography and, if necessary, transcranial Doppler and/or duplex
sonography. This was done to (1) assess atherosclerotic disease, (2)
check for possible arteritic involvement of larger arteries, and (3)
exclude retrograde flow in the supratrochlear artery prior to ipsi-
lateral biopsy (the superficial temporal artery would be a brain-
supplying vessel in this situation).

Ultrasound technique and settings

We used a modern ultrasound scanner (HDI 3500/5000, ATL,
Bothell, Wash., USA) with a small, high-frequency linear trans-
ducer (5–10 MHz, ATL, length 26 mm) (Fig. 1). System settings
were as follows: color scale 5, chrome scale 3, color gain approxi-
mately 85% (adjusted), color sensitivity low, color wall filter
<20 Hz, color persistence medium, PRF 350–1000 Hz, and focus
point adjusted to vessel depth typically 5 mm. The power mode was
used in special cases but usually not of advantage in comparison
with the color mode. For assessment of vessel wall pulsations, the
M mode was used.

Examination technique

All parts of the vessel were illustrated in two different planes (axial,
longitudinal) and as continuously as possible. The examination
conditions are illustrated in Fig. 1. Examinations were performed
by one investigator and, in complex or equivocal cases, by two
(MR and/or AH). In general, the examination started by identi-
fying the main stem of the superficial temporal artery in front of the
tragus in the axial plane. The proximal main stem is usually not
visible, and often one can see an elongated or curled course as it
ascends from behind the neck of the mandible. Usually the main
stem divides into the frontal and parietal branches on a level with
the top of the auricle. Considerable anatomic variety has been
described previously [7]: the most common form (94%) is a bifur-
cation into a frontal and parietal ramus. The frontal ramus regu-
larly runs straight in the frontal direction, while the parietal ramus
follows the direction of the main stem. Less frequent are trifurca-
tion (2.5%) and a single strong frontal ramus with recurrent
parietal branches (2.5%). If the patient complains of occipital or
nuchal headache, it is necessary to examine additionally the

occipital artery, which is usually found over the mastoid processus.
However, imaging the distal parts of the often tortuous vessel
about 4 cm laterally to the external occipital protuberance is dif-
ficult because of patients� hairs. Thorough bilateral examination
takes 30 min on average.

Biopsy was performed unilaterally in 48 patients. Usually, a
sample of approximately 2 cm was excised from the distal frontal
branch. If a unilateral halo was present, then the biopsy was per-
formed on this side. In 35 cases, biopsies were not performed: this
was due to establishment of other clinical diagnoses in 31 cases and
refusal to undergo biopsy in four. Biopsy was regarded as positive
if vasculitis of the temporal artery with predominantly mononu-
clear or granulomatous cell infiltrations were found, while the
presence of giant cells was not a prerequisite [8, 9].

For validation of ultrasound findings in all patients, overall
assessment based on clinical ACR criteria and results of clinical
workup (leading to other diagnoses) was made in those who did not
undergo biopsy regarding the likelihood of temporal arteritis, and
patients were assigned to �positive� (n=43) or �negative� (n=40)
groups. Patients revealing positive biopsies were always defined as
�positive� (regardless of other ACR criteria), and those with nega-
tive biopsies were regarded as clinically positive when all other
ACR criteria were clearly fulfilled and no other diagnosis was
established (n=3).

Results

Typical signs on ultrasound

The incidence of the following main ultrasound signs for
all patients as well as for the subgroup undergoing
biopsy is given in Table 1.

Hypoechoic vessel wall thickenings (halo sign)

Typical illustrations are shown in Fig. 2. Usually the
halo appeared totally anechoic (i.e., black). With mod-
ern, high-resolution scanners, we also observed sporad-
ically clearly delineated hypoechoic halos. Less

Fig. 1 Examination situation. In this position, the proximal part of
the frontal branch of the superficial temporal artery is usually
examined
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hypoechoic or even hyperechoic segmental vessel wall
thickenings were observed in 17 of the patients who did
not fulfill the ultrasound criteria. These were interpreted
as being due to atherosclerosis. Looking at the extra-
cranial carotid arteries, clear atherosclerotic changes
(plaques, stenosis) were present in all of these patients
(100%), in only 19 (50%) of those without atheroscle-
rosis of the temporal artery, and in 16 (55%) of those
who fulfilled the ultrasound criteria.

Occlusion or pseudo-occlusion

Occlusion or pseudo-occlusion was assumed only if a
nonperfused vessel was visible, not in case of a nonde-
tectable branch. The latter was observed in three cases (in
two of which the parietal branch was not detectable), all
with negative biopsy. Mostly, the occlusions were present
in the distal frontal branch. In one patient with a positive
biopsy, we observed the preceding stage of pseudo-
occlusion: a massive halo with a filiform or only spot-like
color signal in combination with segments without a vis-
ible color signal (Fig. 2c). The Doppler signal showed
only a small systolic peak in this vessel. In another patient,
occlusion of the main stem of the temporal artery was
observed. The examination was performed 6 days after
starting treatment with high-dose prednisolone; biopsy
was positive and showed an intraluminal thrombus. Only
one of the biopsy-negative patients had an occlusion
(distal frontal branch). This was presumably due to arte-
rial embolism from a high-grade stenosis of the external
carotid artery on the same side.

Reduced or missing vessel wall pulsations

M mode illustrations are shown in Fig. 3. Segmentally
reduced pulsations were also observed in patients with
presumed arteriosclerosis who did not undergo biopsy,

while total absence of pulsations was more likely to
indicate positive histology. Overall, it tended to be the
less specific than the other criteria.

Comparison with biopsy results and overall clinical
assessment

Sensitivity, specificity, and predictive values in compar-
ison with biopsy are shown in Table 2. Furthermore, to
include patients who did not undergo biopsy, values are
also given in comparison with overall assessment of
temporal arteritis as positive (n=43) or negative
(n=40). For ultrasonographic diagnosis of temporal
arteritis, the presence of a true halo in one or more vessel
segments was regarded as sufficient. If no halo was
present, the two other, �minor� criteria (i.e., abnormal
pulsation and occlusions) had to be fulfilled.

Discussion

Color-coded sonography is a valuable, noninvasive ap-
proach to diagnosis of temporal arteritis. Despite
promising initial results, only a few studies have been
published so far on this issue. A dark halo around the
vessel wall is accepted to be the main sign of temporal
arteritis [2, 4, 5]. It is most probably due to vessel wall
edema in the acute stage of inflammation.

Sensitivity and specificity values of the halo in our
study were in the range of that reported by Schmidt et al.
[2], with a trend toward lower sensitivity (67% vs 80%
for histology, 60% vs 71% for clinical diagnosis). Other,
recent studies comparing ultrasound with biopsy re-
ported sensitivity values of 40–86% and specificity val-
ues of 78–100% [4, 5, 10]. Predictive values might be
more meaningful in individual cases. In accordance with

Table 1 Results of sonographic
signs Incidence of signs

in all patients
(n=83)

Ultrasound vs Biopsy group (n=48)

Biopsy positive (n=33) Biopsy negative (n=15)

Halo effect 26 22 1
Unilateral 8 8 1
Bilateral 17 14 0

Conspicuous wall pulsations 37 23 5
Reduced symmetry
or asymmetry

22 11 3

Absent 15 12 2
Occlusions 10 7 1
Branches 7 4 1
Main stem 1 1 0
Pseudocclusions 2 2 0

Combinations of signs
Halo + (pseudo-) occlusion 7 7 0
Halo + conspicuous pulsation 22 19 1
Occlusion + conpicuous
pulsation

9 8 0

Ultrasound criteria
Fulfilled 28 24 1
Not fulfilled 55 9 14
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other studies [2, 3], we found very high PPV of ultra-
sound, while our NPV was considerably lower. In con-
trast, two recent studies found poor PPV ( £ 50%) of the
halo sign [4, 5].

Thus, the individual examination technique and
diagnostic acceptance of a halo is obviously different

between the latter studies [4, 5] and others, including the
present work [2, 3, 10]. A number of issues have to be
addressed in this context:

1. There are important misinterpretations and possible
pitfalls when looking for a halo (Table 3).

2. The main differential diagnostic findings in our study
were less hypoechoic or even hyperechoic, irregular,
segmental vessel wall thickenings (Fig. 4). Given the
age of the patients, we interpreted these changes as
being due to atherosclerosis. As known from sonog-
raphy of the carotid arteries, it is not uncommon that
atheromatous plaques are hypoechoic [11]. Usually,
however, they are eccentric, and differentiation to a
local halo should be made by this criterion. On the
other hand, if these changes are hyperechoic, they can
not be reliably differentiated from fibrotic postarte-
ritic vessel wall changes. Even biopsy is not able to
differentiate between these two states [12].

3. There are presently no commonly accepted criteria
for exact definition of a halo. Its thickness has been
reported to lie between 0.3 mm and 1.2 mm, while a
recent publication postulated a thickness of ‡1 mm
for diagnosing a halo [3, 5]. A number of other
studies including ours did not assess the thickness of
the halo but interpreted it as a qualitative criterion [4,
10]. In our experience, it is sufficient to observe a
circumferential dark hypoechoic zone around the
perfused lumen with a thickness of at least one
quarter that of the perfused lumen.

4. In some cases, the inflammations could be segmen-
tally located in distal parts of the vessel, which are
more difficult to assess by ultrasonography because of
their small diameter and the limited resolution of
ultrasound. In these cases, halos may be hard to de-
tect.

5. Finally, there might actually be arteritis without any
halo. In a previous study exactly comparing histo-
logical and sonographic results, we found that four of
eight patients with false negative ultrasound had only
minor inflammatory infiltration confined to one ves-
sel layer or the vasa vasorum. This probably indicates
a very early stage of inflammation, which might lack
vessel wall edema [13].

When discussing the sensitivity, specificity, and pre-
dictive value of ultrasound, the applied reference stan-
dard has to be critically assessed. Even for biopsy, false
negative results have been reported in about 10–20%
due to segmental manifestation of arteritis [14, 15]. Thus
the presence of a halo despite negative biopsy results
might be due to skip lesions and different sites of ultr-
asonographic signs and biopsy. Another reference point
is the comprehensive clinical assessment of the presence
of temporal arteritis. This approach has been used in a
number of previous studies, especially when biopsy was
not performed regularly [3, 4]. In our study, only the
NPV increased significantly when comparing the overall
clinical assessment with biopsy as a reference. This can

Fig. 2a–c Hypoechoic vessel wall changes in acute arteritis (halo
sign) of an 80-year old man with biopsy-proven, acute temporal
arteritis. a Main stem of the common superficial artery. Typical
halo effect in the axial plane. b The same vessel segment with halo
in the longitudinal plane (long arrows). Note the less hypoechoic
reflexes in the edematous vessel wall (short arrows). c Distal frontal
branch showing pseudo-occlusion due to vessel wall edema. Using
a very high color gain, only few pixels light up within the lumen
(short arrows), while the rest of the vessel has no detectable color
flow signal (long arrows)
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be explained by the fact that most patients without
biopsy (who were additionally considered in the overall
clinical assessment group) were assessed as not having
temporal arteritis. On the other hand, patients with
negative ultrasonographic results undergoing biopsy
usually had clear clinical signs and were thus more likely
to have positive biopsy results. This bias is a limitation
of the present study.

In occlusions, halos are no longer present in the sense
of color signals surrounded by dark edema. We found
low sensitivity but high PPV for this sign. In two cases
with occlusions, halos might well have been present in
preceding stages up to pseudo-occlusion. Therefore, the
occlusion criterion is important, in our view, as it might
represent the climax of a halo and restriction to the halo
sign alone might be an oversimplification in some cases.

Fig. 3a, b Vessel wall
pulsations. B and M mode
illustrations. Arrows indicate
the far vessel wall in M mode.
aNormal vessel wall pulsations.
b Virtually absent pulsations in
a patient with biopsy-proven
acute arteritis. This is most
likely to be due to a stiff,
edematous vessel wall

Table 2 Overall assessment including patients who were not
undergoing biopsy. The decision on the actual presence or absence
of temporal arteritis was based on clinical ACR criteria and the
results of the clinical workup (see Methods section). Sensitivity,
specificity, positive (PPV), and negative predictive values (NPV) of
ultrasonography for diagnosing temporal arteritis are shown in

comparison with biopsy and overall clinical assessment (see text).
Ultrasonographic criteria were positive if occlusion (or pseudo-
occlusion)and/or pulsation abnormalities were present with halo or
both occlusion (or pseudo-occlusion) and pulsation abnormalities
were present without halo

Table 3 Possible pitfalls

Pitfall Comment

Focus setting A sole hypoechoic area at the near wall of the vessel observed with
the focus setting too deep and not at the vessel depth

Color intensity/sensitivity Risk of underdiagnosis or overdiagnosis with the color gain / pulse
repetition frequency being too high or too low

Bifurcation halo Hypoechoic perivascular zone at the ramification into the frontal and parietal rami,
observed in nearly half of patients, with the possible causes: (1) lack of a coaxial
plane with vessels protruding from the 2-dimensional plane, (2) atheromatous plaques,
(3) physiological flow perturbations with no or negative flow components resulting in no color flow signal

Accompanying vein No or slow flow in the vein accompanying the common superficial temporal artery
can appear as a perivascular dark zone

Sensitivity (n/n) Specificity % (n/n) PPV (n/n) NPV (n/n)

Biopsy (n=48)
Halo effect alone 67% (22/33) 93% (14/15) 96% (22/23) 56% (14/25)
Conspicuous wall pulsations 70% (23/33) 67% (10/15) 82% (23/28) 50% (10/20)
Occlusion 21 %(7/33) 93% (14/15) 86% (6/7) 32% (13/41)
Ultrasonographic criteria 73% (24/33) 93% (14/15) 96% (23/24) 58% (14/24)

Overall assessment (n=83)
Halo effect alone 60% (26/43) 100% (40/40) 100% (26/26) 70% (40/57)
Conspicuous wall pulsations 65% (28/43) 80% (32/40) 76% (28/37) 67% (31/46)
Occlusion 16% (7/43) 98% (39/40) 88% (7/8) 48% (36/75)
Ultrasonographic criteria 65% (28/43) 100% (40/40) 100% (28/28) 73% (40/55)
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Occlusions, however, can also occur with fibrotic chan-
ges of chronic inflammation and be of atherosclerotic
origin. A differentiation to the latter might be possible
by concomitant atherosclerotic changes of nonoccluded
vessel segments and examination of the carotid bifur-
cation. It is important to emphasize that occlusions
should be diagnosed only if the vessel can be clearly
delineated on ultrasound, not in case of undetectable
vessels, which are more likely due to anatomical vari-
ability of the ramification [7].

Reduced, asymmetric, or missing pulsations of the
temporal artery have been described as a sensitive sign
on clinical examination [16]. We therefore introduced
the semiquantitative assessment of vessel wall pulsations
in the M mode as a further diagnostic criterion. Usually,
the presence or absence of pulsations can already be
roughly assessed in the B mode image. The main pitfall
when assessing pulsations is loss of the exact plane of the
vessel when switching to the M mode, leading to a false
positive diagnosis. Of the single criteria, it had the best
sensitivity and the lowest specificity. It might thus
mainly be helpful in combination with the more specific
halo and occlusion sign. Overall, inclusion of conspicu-
ous pulsations and the occlusion sign as second-order
criteria led to increased sensitivity in our study.

A limitation of our study might be that we did not
regularly record flow velocities and thus stenoses of the
temporal artery. A pure Doppler flow study using a
complex score rating stenosis and occlusion of the
temporal, facial, and ophthalmic artery found a PPV of
70% and an NPV of 85% for detection of temporal
arteritis [17]. The lower PPV might be explained by the
low specificity of stenosis. Also, in the study of Schmidt
et al., introduction of the criterion �stenosis or occlusion�
increased the sensitivity (but decreased the specificity)
[3]. However, it should be noted that isolated stenosis
occurred only in six of 24 patients fulfilling the �stenosis/
occlusion� criteria in this study, while the remaining
patients also had occlusion [3]. Stenoses due to active

arteritis are likely to be due to inflammatory vessel wall
thickenings which are already reflected by halos. Thus,
we believe that—in contrast to the occlusion crite-
rion—inclusion of the Doppler sonographic stenosis
criterion does not considerably increase the diagnostic
value of color-coded ultrasound.

In conclusion, different examination techniques and
definitions of positive sonographic signs might explain
the divergent results of previous studies. We outlined a
number of differential diagnoses and pitfalls. In our
hands, ultrasound had excellent PPV and moderate
NPV. Therefore, a negative result should not be used for
exclusion of temporal arteritis. However, a positive re-
sult in combination with typical clinical signs might also
replace the need for biopsy. Also, considering the low
PPV but high NPV of the clinical ACR criteria, ultra-
sound is a useful additional tool in the noninvasive
diagnostic workup of temporal arteritis. A commonly
accepted consensus and standard on ultrasound criteria
and examination technique is strongly needed before
further studies on larger patient populations are per-
formed.
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