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ABSTRACT
Objectives. To evaluate the diagnostic 
value of colour-duplex ultrasonogra-
phy (CDU) of the temporal and oph-
thalmic arteries in the diagnosis of 
giant cell arteritis (GCA) and its use-
fulness in the follow-up of the disease. 
Furthermore, to examine the relation-
ship between CDU abnormalities in 
ophthalmic arteries and blindness.
Methods. This is a prospective study 
of all patients with clinical suspicion 
of GCA or polymyalgia rheumatica 
(PMR) seen consecutively at the In-
ternal Medicine Department at Vall 
d’Hebron University Hospital, Spain, 
between March 2003 and July 2006. 
Patients were evaluated with regard to 
the sensitivity and specificity of the dark 
halo sign in the temporal artery for the 
diagnosis of GCA, as well as the sensi-
tivity and specificity of the presence of 
stenosis in temporal and/or ophthalmic 
arteries. Additionally, the usefulness of 
the dark halo sign in the follow-up of 
GCA was addressed. 
Results. Forty-seven patients (30 with 
GCA, 17 with PMR) and 13 controls 
were included in the study. The sensitiv-
ity and specificity for the diagnosis of 
biopsy-proven GCA were higher for the 
temporal halo (72% in both cases) than 
for temporal artery stenosis (41% and 
89%, respectively), or for ophthalmic 
artery stenosis (58% and 89%, respec-
tively). Disappearance of the halo was 
observed in 50% of patients six months 
after diagnosis, although all patients 
were in clinical remission, and labo-
ratory parameters were within normal 
values. 
Conclusions. CDU of the temporal ar-
teries may be a valid tool in the diagno-
sis of GCA. However, its role in the fol-
low up of the disease deserves re-evalu-
ation. CDU of the ophthalmic arteries is 
less useful for CGA diagnosis and no re-
lationship with blindness is suspected. 

Introduction
GCA is a systemic vasculitis of the 
large and medium-sized arteries which 
usually affects individuals 50 years and 
older (1, 2). The most serious complica-
tion of the disease is visual loss, which 
can be prevented by prompt diagnosis 
and appropriate treatment with gluco-
corticoids (3, 4). The American Col-
lege of Rheumatology (ACR) proposed 
classification criteria in 1990 with five 
items for GCA (5) which physicians 
frequently apply at diagnosis, although 
their use as a diagnostic tool is debatable 
(6). Biopsy of the temporal artery (TA) 
remains the gold standard for the diag-
nosis of GCA, although in 10 to 42% 
of patients with GCA the TA biopsy is 
unable to detect signs of inflammation, 
probably due to the segmental involve-
ment of the artery because of the dis-
ease (7, 8). In addition, TA biopsy can 
have complications such as damage to 
the facial nerve resulting in a drooping 
eyebrow (9, 10), skin necrosis (11), or 
arterial stroke due to the interruption of 
collateral circulation (12).
CDU of the temporal arteries has been 
proposed as a useful, non-invasive, di-
agnostic test for GCA. Schmidt et al. 
(13) described a specific dark hypoe-
choic halo round the temporal artery 
lumen, probably due to arterial wall 
edema, in patients with GCA. The au-
thors also suggested that the dark halo 
disappeared on average 16 days after 
starting glucocorticoid therapy. Sten-
oses and occlusions of the temporal 
artery have also been described in pa-
tients with clinical suspicion of GCA. 
The role of ophthalmic artery sonogra-
phy for the diagnosis of GCA has yet to 
be investigated, although some studies 
have been performed in patients with 
blindness secondary to GCA (14-16). 
In our study, although ophthalmic artery 
involvement in GCA is not universal, 
we prospectively studied the value of 
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CDU of the temporal and ophthalmic 
arteries in the diagnosis of GCA, as 
well as the usefulness of CDU in the 
follow-up of the disease. Furthermore, 
we evaluated the relationship between 
CDU abnormalities in ophthalmic arter-
ies and blindness.

Materials and methods
Protocol
All patients consecutively seen at the 
Department of Internal Medicine be-
tween March 2003 and July 2006, with 
clinical suspicion of GCA or PMR, were 
prospectively enrolled in the study. Di-
agnosis was obtained after a complete 
medical history, clinical examination, 
routine laboratory tests, chest x-ray 
and temporal artery biopsy. Patients 
were then classified into 3 groups: GCA 
group, PMR group and patients without 
symptoms suggestive of GCA (control 
group). The GCA group included pa-
tients who fulfilled the ACR criteria for 
GCA, such as headache, jaw claudica-
tion, acute vision loss or scalp tender-
ness, with or without constitutional 
syndrome, fever, or PMR symptoms. 
The PMR group included patients who 
fulfilled well-established classification 
criteria for PMR, such as persistent ach-
ing or morning stiffness of the neck, 
shoulder or pelvic girdle, for at least 
one month, with or without constitu-
tional syndrome or fever, and no symp-
toms suggestive of GCA (17). Finally, 
a group of patients older than 60 years, 
with chronic headache, non-arteritic 
blindness and/or persistent fever, and no 
symptoms suggestive of GCA or PMR, 
were included as a control group. Pa-
tients with systemic inflammatory dis-
eases were excluded from this group.

Ultrasonographic evaluation
A linear 5-10 MHz pulsed wave probe 
(Aplio-80, Toshiba) was used for the 
assessment of both temporal and oph-
thalmic arteries. Temporal and oph-
thalmic duplex exams were performed 
using both longitudinal and coronal 
planes and by means of both PW and 
B-mode ultrasound. The presence of 
a dark halo (hypoechoic halo) or ste-
nosis round on the length (common 
trunk, frontal and parietal rami) of 
the superficial temporal arteries was 

determined, as well as the presence 
of stenoses or occlusions in both oph-
thalmic arteries. Halo was defined as 
a hypoechogenic rim surrounding the 
colour-coded flow in the temporal ar-
tery (Fig. 1). Stenosis was considered 
to be present if blood-flow velocity 
was more than twice the rate recorded 
in the area before the stenosis, perhaps 
with wave forms demonstrating tur-
bulence and reduced velocity behind 
the area of stenosis. Ophthalmic artery 
was identified, based on colour-coded 
sonography as an arterial signal paral-
lel to the optic nerve. Once identified, 
the ophthalmic artery was tracked to a 
depth from 25 to 50 mm.  
The settings for CDU were as follows: 
dynamic range, 50 dB; colour gain, 78 
percent; type of colour gain, V; colour 
wall filter, 100 Hz; velocity scale, 9-13 
m/s; focus point position 5-7 mm (ad-
justed to vessel depth); zoom factor, 
1.5; and focus-point position, 7 mm.
CDU of the temporal arteries was per-
formed in all patients at diagnosis, and 
at six weeks and six months later in all 
those in whom the dark halo was ob-
served in the initial study. 
CDU was carried out by a neurologist 
specialized in this field who had not 
been informed of the clinical suspi-
cion of GCA. The same sonographer         

performed baseline and follow-up ex-
ams using the same settings.

Temporal artery biopsy
TA biopsy was performed in all patients 
(with clinical suspicion of GCA or PMR) 
between 1 and 7 days after the CDU. A 
histological fragment was extracted from 
the temporal artery which showed either 
morphologic or pulse abnormalities on 
physical examination and/or greatest 
CDU abnormalities. GCA was diag-
nosed when vasculitis with a predomi-
nance of mononuclear-cell infiltration 
or granulomatous inflammation, with 
or without giant cells, was observed in 
biopsy specimens (18). In the patients 
with negative TA biopsy and high GCA 
suspicion another biopsy was performed 
in the contralateral temporal artery. 
Quantification of the inflammatory in-
filtrate was assessed according to the 
number of affected layers in the vessel 
wall. When all the vessel layers were 
affected inflammation was considered 
to be severe, when an isolated infiltrate 
was observed in the adventitia and/or 
intima it was considered to be moder-
ate, and no inflammation was when no 
inflammatory cells were observed.
The pathologist was unaware of either 
the clinical suspicion of GCA or CDU 
findings.

Fig. 1. Halo sign in CDU in a patient with GCA. Hypoechoic area around the temporal artery in 
longitudinal view.
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Treatment
All patients with clinical suspicion of 
GCA or PMR received glucocorticoid 
treatment. Patients in the GCA group 
received 1 mg/kg/day of oral pred-
nisolone, and those in the PMR group 
received 0.5 mg/kg/day. When ocular 
symptoms were present, intravenous 
glucocorticoid therapy (1g/day of metil-
prednisolone) was given for 3 days. Pa-
tients in the control group received no 
glucocorticoid therapy. 
The interval between glucocorticoid treat-
ment institution, CDU and biopsy per-
formance was recorded for each patient. 

Statistical analysis
The SPSS statistical software was used 
for statistical analysis. The Chi-squared 
test, the Fisher test, the Mann-Whitney 
U test, and the Student’s t-test were 
used to compare the results among the 
three groups. Sensitivity, specificity, 
positive predictive value (PPV), and 
negative predictive value (NPV) of 
CDU abnormalities were calculated.  

Results
Baseline characteristics and 
final diagnoses (Table I)
Sixty-six patients with clinical suspi-
cion of GCA or PMR were seen at our 
Department, but only 47 were included 
in the study. Thirty patients constitut-
ed the GCA group, and 17 formed the 
PMR group. Three patients were ex-
cluded from the study due to lack of in-
formed consent to perform arterial bi-
opsy. Another 3 patients were excluded 
due to the absence of arterial tissue in 
the biopsy specimen. A group of 13 pa-
tients with cephalalgia, amaurosis or 
fever formed the control group.
The average age of patients in the 
GCA group was 78 years (range 64 
to 93 years), eighteen of whom (60%) 
were females. The most frequent clini-
cal manifestations were: headache (23 
patients, 76%), jaw claudication (16 
patients, 53%), unilateral visual loss 
(10 patients, 33%), scalp hyperesthesia 
(10 patients, 33%), proximal myalgia 
(8 patients, 27%), fever (4 patients, 
14%) and constitutional syndrome (2 
patients, 7%). A thickened temporal ar-
tery was present in 14 cases (46%). The 
mean ESR value was 86.3 mm/h (range 

35-170 mm/h); CRP 5.2 mg/l (range 
2.2-9.8); haptoglobin 3.7 g/l (range 1.9-
7.5); fibrinogen 5.2 g/l (range 2.2-9.8), 
and α2-globulin 18.4% (range 13-24). 
All patients in the GCA group received 
glucocorticoid treatment for an average 
of 5 days (range 1-10) before undergo-
ing CDU, and 8 days (range 4-15) be-
fore TA biopsy was performed.
All patients in the PMR group reported 
proximal myalgia, mainly involving 
the shoulder girdle and the proximal 
aspects of the arms. Constitutional syn-
drome or fever were present in only 
5 patients. All PMR patients received 
glucocorticoid therapy for an average 
of 4 days (range 1-8) before undergo-
ing CDU, and 7 days (range 4-12) be-
fore undergoing TA biopsy.

None of the patients included in the 
control group fulfilled the ACR criteria 
for GCA or PMR. Eight patients were 
diagnosed with chronic headache (one 
of them with urinary infection), 3 with 
having non-arteritic ischaemic optical 
neuritis, and 2 of atypical pneumonia. 

Ultrasonographic and 
histological findings (Table II)
CDU abnormalities were more fre-
quently observed in the GCA group, 
particularly in patients who had jaw 
claudication, and in those with a posi-
tive TA biopsy (p<0.05). CDU showed 
abnormal findings in 27 of 30 patients 
with clinical suspicion of GCA. A dark 
halo was observed in 22 patients (16 in 
those bilateral), temporal stenosis in 13 

Table I. Characteristics of the 60 patients enrolled in the study. P-value calculated for the 
3 groups.
 
 GCA PMR Controls p

Number (n) 30  17  13 
Age 78 [64-93] 75 [60-86] 75 [49-88] 0.08
Men 12 (40%) 9 (52.9%) 6 (46.2%) 0.66
Women 18 (60%) 8 (47.1%) 7 (53.8%) 
Hemoglobin (g/dl) 10.1 [9.4-12] 11 [10.1-13] 11.9 [10-12.4] 0.08
ESR (mm/h) 86.3 [35-170] 72.3 [33-120] 45 [5-96] 0.01
CRP (mg/l) 6.7 [0.7-25] 4 [0.1-18] 0.9 [0.3-2] 0.11
Fibrinogen en g/l 5.2 [2.2-9.8] 4.8 [3.3-7.1] 3.4 [2.4-4.3] 0.01
α2-microglobulin (%) 18.4 [13-24] 16.2 [11-24] 18.8 [11-24] 0.06
Haptoglobin (g/l) 3.7 [1.9-7.5] 2.4 [1.5-3.9] 2 [1-3.6] 0.03
Interval treatment-US (days) 5 (1-10) 4 (1-8) -  0.21
Interval treatment-biopsy (days) 8 (4-15) 7 (4-12) -  0.23
Interval US-biopsy (days) 3 (2-7) 4 (2-6) -  0.31

Table II. Comparation between results obtained by ultrasonography and histologic           
findings. 
 
 no. of patients Halo Temporal  Ophthalmic Histologic
   stenosis  stenosis  findings

GCA (n=30)   8 + + + +
   7 + – – +
   4 + – + +
   3 – – + +
   2 – + + +
   2 + + – +
   1 + + – –
   3 – – – +

PMR (n=17) 13 – – – –
 1 + – + –
 1 + + + –
 2 + – – –

Control group (n=13) 11 – – – ND
 1 + – – –
 1 + – + –

ND: not done.
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(2 in those bilateral), and ophthalmic 
stenosis in 17 (unilateral in all cases). 
TA biopsy was positive in 29 patients, 
although 16 patients showed abnormali-
ties on physical temporal artery exami-
nation. Characteristics of the inflamma-
tory infiltrates of the 29 patients with a 
positive TA were as follows: giant cells 
were observed in 19 cases, panarteritis 
with a pronounced cell infiltrate involv-
ing all vessel wall layers was found in 
12 cases, and isolated inflammatory 
cells in the media and/or inside the ad-
ventitial layer were detected in 17 cases. 
In 11 of the 12 cases with panarteritis 
and 10 of the 17 cases with isolated 
inflammatory infiltrates, a dark halo in 
the temporal arteries was observed. The 
remaining GCA patient, in whom tem-
poral artery biopsy was negative, was 
diagnosed using the ACR classification 
criteria. Stenosis of the ipsilateral oph-
thalmic artery was observed in 7 of the 
10 patients with GCA who experienced 
acute visual loss.  
With regard to those patients with clini-
cal suspicion of PMR, CDU abnormali-
ties were observed in 4 of the 17 patients 
in this group. Four of them had a dark 
halo, 1 temporal stenosis, and 2 had 
ophthalmic artery stenosis. All patients 
in the PMR group had a normal tempo-
ral artery on physical examination. Only 
one patient who had temporal halo re-
ported fever and constitutional syndrome 
(asthenia and weight loss). Temporal ar-
tery biopsy was negative in all 4 patients 
with CDU abnormalities and clinical 
suspicion of PMR. Clinical symptoms 
disappeared with low doses of glucocor-
ticoids (30 mg of prednisone/day) in all 
cases, and no patient fulfilled GCA cri-
teria during the follow-up period. 
A dark halo round the temporal artery 
was found in 2 control patients, and 
ophthalmic stenosis in one of them. TA 
biopsy was performed in both these pa-
tients and no abnormalities were found. 
No patient developed arteritic symp-
toms during the follow-up period. 

Sensitivity and specificity of 
CDU findings (Table III)
The sensitivity and specificity of the 
dark halo sign for GCA diagnosis were 
73% and 80%, respectively, according 
to the ACR criteria, and 72% and 72%, 

respectively, according to the TA biop-
sy results. Sensitivity and specificity for 
temporal stenosis were 43% and 97%, 
respectively, according to the ACR cri-
teria, and 41% and 89%, respectively, 
according to the TA biopsy results. Fi-
nally, the presence of ophthalmic steno-
sis had a sensitivity and specificity of 
56% and 90 % for GCA diagnosis, re-
spectively, according to the ACR crite-
ria, and of 58% and 89%, respectively, 
according to the TA biopsy results.

Follow-up findings
Twenty-two patients with clinical suspi-
cion of GCA and 4 with PMR showed a 
dark halo round the temporal artery at 
diagnosis. A new CDU study was done 
6 weeks after starting treatment in all 
patients in order to evaluate whether 
the halo had disappeared. The persist-
ence of the halo sign in 50% of patients 
at this time, prompted us to carry out a 
new CDU study 6 months later, at which 
time CDU was only performed in 18 of 
the 22 patients with GCA who showed a 
dark halo at the beginning of the study. 
In 4 patients, a second CDU was not fea-
sible due to patient death in 2 cases, and 
to lack of consent in a further 2. In the 
PMR group, CDU was also performed 
in all patients who showed abnormalities 
at the start of study. The halo persisted 
in 10 of the 18 patients with GCA, and 
in all patients with PMR. All patients 
in both groups were symptom-free and 
showed normal laboratory parameters 
when the second CDU was performed. 

Discussion 
In our study, the sensitivity and spe-
cificity of the halo sign and temporal 
stenosis for the diagnosis of GCA were 

similar to those reported by other au-
thors (13, 19-25). 
The variability of sensitivity and specif-
icity of CDU findings reported in the lit-
erature may be due to multiple factors. 
The stage of the disease at diagnosis has 
shown that patients with severe arteritic 
symptoms have a greater probability of 
showing a temporal artery halo sign on 
CDU (24). The duration of corticoster-
oid treatment may also influence CDU 
results and disappearance of the afore-
mentioned halo sign after some weeks of 
such treatment has been described (13, 
21). However, in our study the mean in-
terval between starting corticoid therapy 
and CDU performance was only of 4.5 
days (range 1-10 days), and no signifi-
cant differences were observed between 
the two groups of patients studied. The 
presence of a dark halo sign (or steno-
sis) on the temporal artery in patients 
with arteriosclerosis may lead to false 
positive values. In fact, in the present 
study, temporal biopsy showed severe 
arteriosclerosis in the 4 patients with 
PMR and the 2 patients of the control 
group. Finally, it is well known that the 
accuracy of results obtained from CDU 
often depend on the investigator’s skill 
and experience. 
Although the overall PPV for temporal 
halo was 78% and the NPV was 62%, 
in the GCA group 21 of the 22 patients 
who showed temporal halo in CDU 
had histologic findings consistent with 
GCA (PPV 95%). Similarly, all 13 pa-
tients in the PMR group with no tem-
poral halo had negative biopsy (NPV 
100%). So, the presence of temporal 
halo in the high risk GCA group, and 
the absence of it in the low risk GCA, 
could avoid the need for carrying out 

Table III. Sensitivity and specificity of CDU of the temporal and ophthalmic arteries com-
pared with the clinical diagnosis of GCA (based on ACR criteria) and with temporal artery 
biopsy findings. 

Finding  GCA clinical diagnosis Biopsy-proven GCA
 
 Sensitivity Specificity Sensitivity Specificity

H 22/30 (73%) 24/30 (80%) 21/29 (72%) 13/18 (72%)
TS 13/30 (43%) 29/30 (97%) 12/29 (41%) 16/18 (89%)
OS 17/30 (56%) 27/30 (90%) 17/29 (58%) 16/18 (89%)
H or TS 24/30 (80%) 24/30 (80%) 23/29 (79%) 13/18 (72%)
H or TS or OS 27/30 (90%) 24/30 (80%) 26/29 (89%) 13/18 (72%)

H: halo; TS: temporal stenosis; O: ophthalmic stenosis.
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a temporal biopsy. On the other hand, 
since PMR may be the presenting man-
ifestation of GCA and a temporal biop-
sy may yield positive histological fea-
tures of GCA in approximately 9% of 
patients with isolated PMR presenting 
with constitutional syndrome (asthe-
nia, anorexia and weight loss) and/or 
an ESR greater than 80 mm/h (23), the 
presence of halo sign in this subgroup 
of PMR patients may be considered as 
an alert sign to perform a temporal ar-
tery biopsy and exclude the presence of 
a “silent” GCA. 
In our study the role of the ophthalmic 
artery sonography in GCA diagnosis 
was also addressed and its probable 
relationship with the development of 
GCA-related amaurosis. The presence 
of stenosis in the ophthalmic artery had 
a sensitivity and a specificity of 58% 
and 89%, respectively, for the diagno-
sis of GCA, and is less useful than the 
presence of dark halo sign. In addition, 
although the majority of patients who 
presented visual disturbances had sten-
osis of the ipsilateral ophthalmic artery, 
no statistical relationship was found be-
tween these findings. The presence of 
ophthalmic stenosis only showed a PPV 
of 41% and a NPV of 76% for predicting  
amaurosis, although our results may be 
influenced by the small study sample. 
Taking into account that the presence of 
dark halo has been related to the pres-
ence of edema and inflammatory infil-
trate in the TA wall, we investigated a 
possible relationship between the pres-
ence of dark halo and inflammatory find-
ings in TA biopsy. We found a clear re-
lationship between the presence of halo 
and the presence of a severe inflamma-
tory infiltrate in the artery wall. In fact, 
11 out of 12 patients with panarteritis in 
the temporal biopsy had dark halo. This 
relationship was less marked in patients 
with isolated inflammatory cells or dif-
fuse infiltrates in the temporal artery. 
Our results agree with those previously 
reported in the literature (27).
However, in contrast to other published 
studies, we found that the halo sign 
did not disappear after several weeks 
of glucocorticoid therapy. Conversely, 
in 50% of patients the halo remained 
detectable 6 weeks and 6 months after 
starting glucocorticoid therapy, in fact 

all patients were symptom-free and 
laboratory parameters were within nor-
mal limits. No histologic differences in 
edema, inflammatory infiltrate, or giant 
cell presence were found between those 
with persistent halo and those without. 
It would therefore be interesting to in-
vestigate whether major inflammatory 
activity might be initially present in 
patients in whom the halo persists. To 
assess more accurately the inflammato-
ry activity in TA biopsies, quantitative 
rather than qualitative methods should 
be used. Several studies in patients with 
GCA have linked IFN-γ expression 
with the presence of arteritic symptoms 
and moreover, IL-1β, IL-6, and TNF-
α have been associated with the pres-
ence of systemic symptoms (28-32). 
Measurement of these cytokines in TA 
biopsies might be a way of quantifying 
inflammatory activity in the artery.  
In conclusion, CDU of the temporal ar-
teries is a very useful and widely avail-
able method in the diagnosis of GCA. 
It has a better diagnostic accuracy than 
other imaging methods as a 1T mag-
netic resonance imaging (33), but it has 
limitations especially at the large tho-
racic vessels (34).

Conclusions
Abnormalities in CDU, especially the 
presence of a dark halo round the tem-
poral artery lumen, are useful for GCA 
diagnosis. The presence of the temporal 
halo sign could strongly support the di-
agnosis of the disease especially in pa-
tients with a high pre-test probability of 
GCA, thereby avoiding the need for a 
temporal biopsy. Similarly, in patients 
with a low pre-test probability of GCA, 
the absence of temporal halo sign could 
rule out the presence of this disease. 
Detecting stenosis in the ophthalmic ar-
tery is less useful than the presence of 
temporal halo in the diagnosis of GCA, 
and, in our limited study, shows a low 
value for predicting amaurosis. In clear 
contrast to published data, our study 
suggests that the temporal halo disap-
pears in only 50% of patients after glu-
cocorticoid therapy. Whether patients 
with temporal halo persistence experi-
ence more relapses or complications 
of the disease at a later date deserves 
further study.
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