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ABSTRACT
Objectives. To explore the sensitivity to 
change of colour Doppler ultrasound 
(CDUS) in giant cell arteritis (GCA).
Material and methods. This was a 
blind, prospective study composed of 
30 consecutive patients diagnosed with 
GCA. In 25 of the cases this was their 
first episode of GCA, and 13 of the 
cases were relapses. All participants 
had presented with at least 1 branch 
involvement in the basal sonography, 
and steroid treatment had been initi-
ated. A CDUS was performed every 2 
weeks during the first month, and every 
4 weeks thereafter, until halo disap-
pearance was observed in the bilateral 
parietal and frontal branches of the 
temporal superficial artery. 
Results. Thirty-eight episodes of GCA 
in 30 different patients (19 women and 
11 men; mean age, 79.24±4.76 years; 
range 70–88) were followed. Dark 
halo disappearance occurred in 95% 
of cases. The mean time until halo dis-
appearance was observed was around 
11 weeks, with 50% of cases showing 
halo disappearance within the first 8 
weeks. The relapse cases appeared to 
have less arterial wall affectation than 
the primary GCA cases, reduced eryth-
rocyte sedimentation rate ESR and an 
earlier loss of the halo sign. Patients 
with a smaller number of affected 
branches required less time for halo 
disappearance.
Conclusion. CDUS shows a sensitiv-
ity to change in GCA. Halo disappear-
ance is rare before two weeks, and it 
frequently persists during the first two 
months after initiating steroid therapy. 
Our data emphasise the advantages of 
using CDUS to monitor GCA activity.

Introduction
Giant cell arteritis (GCA) is the most 
common form of systemic inflamma-
tory vasculitis in adults (1-5). GCA af-
fects large elastic arteries, including the 
aorta and major proximal branches (6).

During the last decade, ultrasonogra-
phy (US) has attracted considerable in-
terest as a non-invasive diagnostic tool 
for patients with suspected GCA (7), 
and three meta-analyses have reported 
the high value and validity of US in di-
agnosing GCA (3, 8, 9). These studies 
have suggested that the presence of a 
halo sign (a dark area around the vessel 
lumen, likely due to arterial wall oede-
ma) is highly specific to GCA, and this 
specificity is particularly high if the 
halo is bilateral (1). Other advantages 
of colour Doppler ultrasound (CDUS) 
include limited cost (10), a relatively 
short time required for the examination 
and the absence of radiation. CDUS, 
which combines imaging with flow-
velocity determination, can assess both 
vessel anatomy and luminal status, and 
it may detect early vessel wall altera-
tions. US transducers have an upper 
resolution limit of 0.1 mm, which is at 
least ten-fold higher than a MRI (11). 
This high resolution power allows ul-
trasound to not only visualise the halo 
sign for diagnostic purposes but it can 
also be used to monitor disease activity. 
To date, few papers have explored this 
possibility. There is scarce information 
on the length of time required for halo 
disappearance after the introduction 
of steroid treatment, and no data ex-
ist regarding the monitoring utility of 
US. The erythrocyte sedimentation rate 
(ESR) is generally used in the moni-
toring and tapering of glucocorticoid 
therapy in GCA. However, the ESR is 
an useful yet imperfect indicator of dis-
ease activity because there have been 
documented cases of positive GCA bi-
opsies with normal ESR, and in some 
reports, ESR below 30 mm/hour have 
been documented in as many as 22.5% 
of cases at the time of diagnosis (12, 
13). The C-reactive protein (CRP) is 
more resilient to extraneous factors 
compared to the ESR, and it is believed 
by some to be a more sensitive indica-
tor of disease activity (7, 14). However, 
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both the ESR and CRP can also be al-
tered by concomitant diseases; there-
fore, additional data and a method for 
determining an objective outcome of 
GCA progression is warranted. 
The objective of this study was to 
explore the sensitivity to change of 
CDUS in the monitoring and assess-
ment of halo thickness to determine its 
utility as a predictor of disease activity 
and therapeutic response. 

Material and methods
This was a blind, prospective study, 
comprised of 30 consecutive patients 
diagnosed with GCA. GCA diagnosis 
was based on the American College of 
Rheumatology (ACR) criteria and con-
firmed by the clinician. Biopsies were 
conducted in 14 patients. Medical his-
tory data, a clinical examination, routine 
laboratory examinations and the ESR 
were collected at the time of inclusion to 
the study and on every follow-up visit. 
The study protocol was approved by an 
ethics board, and all subjects provided 
informed consent. Clinical decisions 
were made independently by the head 
clinician. 

Ultrasonography
A baseline CDUS of the temporal su-
perficial artery was performed. In the 
baseline CDUS, participants present-
ed involvement of at least one of the 
branches, and steroid treatment was 
subsequently initiated. After the base-
line ultrasonography, CDUS was re-
peated for all patients every 2 weeks 
in the first month and every 4 weeks 
thereafter, until involvement disap-
pearance in all four branches of the 
temporal artery. All examinations were 
performed by an expert sonographer 
with more than five years of experience 
in GCA US examinations; the sonogra-
pher was blind to the clinical data and 
laboratory results. Baseline and fol-
low-up examinations were conducted 
with the same protocol, using Logiq 9 
equipment (General Electric Medical 
Systems, Milwaukee, WI, USA) with 
a 9–14 MHz probe for grey scale and 
5–7.5 MHz probe for Doppler imaging. 
For colour Doppler imaging, a frequen-
cy of 7.5 MHz, a colour gain of 38 and 
PRF of 1.4 Hz were used.

Standardised examinations were con-
ducted on the superficial temporal ar-
tery, including the longitudinal and 
transversal views of the frontal and pa-
rietal branches on both sides, as com-
pletely as possible. An ultrasound di-
agnosis of arteritis was made if a dark 
concentric halo surrounding a residual 
colour flow signal appeared in at least 
1 vessel segment of the superficial tem-
poral artery or its branches. We defined 
a halo as a homogeneous dark wall sur-
rounding a colour Doppler signal of at 
least 0.3 mm in the longitudinal view at 
the time of peak systolic blood flow. 
For reliability purposes, two readers 
reviewed a mean of five videos per 
patient, taken from 64 cases (32 with 
GCA and 32 without). Stored videos 
were collected showing the bilateral 
exploration results of the parietal and 
frontal branches of the temporal su-
perficial artery. One reader performed 
another blinded, intra-reader reliability 
exercise after one month. 

Statistical analysis
For statistical comparisons, we used an 
ANOVA to determine differences be-
tween groups and the Student’s t-test 
for independent samples. A kappa test 
for inter-reader of the two readers was 
applied. SPSS version 17.0 was used 
for all statistical analyses.

Results
Demographic data
We studied 38 occurrences of GCA in 
30 patients (19 women and 11 men; 
mean age, 79.24±4.76 years; range 
70–88). Twenty-five episodes were the 
patients’ first instances of GCA, and 13 
were relapses. The mean ESR at diag-
nosis was 66.46±25.76 mm/hour (range 
19–113). Five patients relapsed years 
after ceasing steroid treatment, and 8 
patients relapsed during steroid treat-
ment tapering. 

Ultrasound data
Halo disappearance occurred in 36 
(94.7%) cases during follow-up, with 
a mean time of 10.36±7.15 weeks and 
a median of 8 weeks, ranging from 2 
to 30 weeks. Two patients dropped out 
during follow-up. One patient died at 
32 weeks, and another patient died at 

40 weeks; both patients had halo per-
sistence at the previous ultrasound 
visit. As shown in Figure 1, only 2 pa-
tients showed halo sign resolution at 
week 2, and at week 8, the dark halo 
had completely disappeared in 19/36 
(52.6%) of patients. 
The mean time until halo disappearance 
after the initiation of corticosteroid treat-
ment was 8.58±7.32 weeks for relapsed 
patients and 11.25±7.05 weeks for pa-
tients presenting with their first occur-
rence of GCA (p<0.05). Relapsed pa-
tients had a mean of 2.46±1.13 branches 
presenting a halo and the initial diag-
nosis group had a mean of 3.16±1.11 
branches; however, this difference was 
not statistically significant (p=0.08). 
The mean ESR at baseline was 
66.46±25.76 mm/hour (range 19–113), 
and the mean CRP at baseline was 
47.22±56.75 mg/dl (range 3–163,5).The 
mean ESR at the time of halo disappear-
ance was 20.35±14.69 mm/hour (range 
4–59), and the mean CRP at the time of 
halo disappearance was 6.82±5.43 mg/
dl (range 0.83–20.6). This difference 
was statistically significant (p<0.001). 
The mean ESR at baseline in relapsed 
patients was 48.75±16.29 mm/hour 
(range 19–80) and their mean CRP was 
18.63±16.80. This result was statisti-
cally significant compared to patients 
without relapse, who showed a higher 
mean ESR, 75.17±25.86 (p<0.01) 
and a higher mean CRP 65.97±65.65 
(p<0.001).
In the 36 follow-up examinations show-
ing halo disappearance, 23 were in wom-
en, and 13 were in men, with a mean 
halo disappearance time of 8.83±5.70 
and 13.08±8.78 weeks, respectively. 
However, this gender difference was not 
statistically significant (p=0.09). 
Table I demonstrates that patients 
with halo disappearance had a normal 
or lower ESR than patients with halo 
persistence, and that the ESR was sta-
tistically different when comparing the 
number of arterial branches with halo 
presence. Table II demonstrates that the 
number of initial branches presenting a 
halo was related to the time required to 
achieve US GCA remission.
The halo sign was found in almost two 
branches in 34 cases, with a mean halo 
disappearance time of 12.57±7.21 com-
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pared with 6.46±5.28 weeks (p<0.01) in 
the 4 patients with only one branch in-
volvement; 2 of these patients relapsed 
during the steroid tapering period.
A significant correlation was not found 
when comparing age or initial ESR 
value with halo disappearance time 
(p=0.39 and p=0.18, respectively). 

Reliability
The kappa coefficient value between 

the 2 readers was 0.97 for the US GCA 
diagnosis; diagnosis discrepancies 
were found in only 3 cases. Consid-
ering all temporal branches observed 
(255), the 2 readers had a kappa value 
of 0.90; discrepancies existed for only 
13 branches (5.1%), with both readers 
classifying 134 as negative for halo 
sign presence and 108 as positive for 
halo sign presence. The 13 discrepan-
cies had a mean halo measurement of 

0.26±0.116 mm, which is below the 0.3 
mm threshold limit. The intra-observer 
kappa coefficient value was also excel-
lent (0.96 in 255 branches), with dis-
crepancies in only five branches and a 
mean measurement of 0.26±0.07 mm.

Discussion
The Outcome Measures in Rheumatol-
ogy (OMERACT) filter has three com-
ponent criteria: truth, discrimination 
and feasibility. Each component crite-
rion must be addressed before a meas-
ure or test is accepted. Many recent 
publications have confirmed the truth 
field, i.e. the value of ultrasonography 
in diagnosing GCA (3, 8, 9). However, 
less evidence exists concerning the dis-
crimination component in sensitivity to 
change. In the OMERACT, discrimi-
nation indicates whether a measure is 
able to discriminate situations that are 
of interest, involving states at a single 
time (for classification or progress) and 
states at different times (when measur-
ing changes). 

Fig. 1. Duration 
of dark halo dis-
appearance.

Fig. 2. Colour Doppler ultrasound follow-up (dark halo evolution in a patient between baseline and disappearance at week 16).
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In this paper, we were fundamentally 
interested in discrimination at different 
times to answer two questions. The first 
question concerned diagnostics (e.g. 
the time between steroid introduction 
and disappearance of halo). The second 
question involved exploring the ability 
of CDUS to monitor disease activity 
and treatment response (e.g. assessing 
halo persistence or disappearance in 
patients at different time points).
Since GCA is frequently a medical 
emergency, it is common for patients 
to arrive at our office with corticos-
teroid treatment with suspected GCA 
without sufficient diagnostic docu-
mentation. Previous evidence suggests 
that the biopsy profile is most repre-
sentative in the first two weeks after 
steroid introduction (3, 15). However, 
the duration between steroid introduc-
tion and halo disappearance, allow-
ing an US diagnosis, was unknown. 
Few studies have specifically evalu-
ated this duration. Between 1997 and 
2006, three studies addressed this is-
sue. In the original study conducted by 
Schmidt et al. (16), the time of halo 
disappearance after initiating corticos-
teroid treatment was approximately 16 
days (range 7–56). Karahalio et al. (1) 
observed halo disappearance after 22 
days in 18 GCA patients, with 50% of 

patients showing halo disappearance 
at 2 weeks. Pfadenhauer et al. (17) 
found that only 5 patients showed ab-
normality reversal after 13 to 42 days. 
However, a more recent publication, 
in which halo disappearance time was 
the primary outcome, showed only 
50% halo disappearance at 6 weeks 
and halo persistence at 6 months in 
10/18 patients (18). The authors re-
ported that patients with halo persist-
ence were symptom-free and had nor-
mal laboratory parameters at the final 
CDUS assessment. Our data confirmed 
this slower halo resolution. A previous 
paper reported that patient symptoms 
improved with the halo disappear-
ance, but Pérez et al. (18) and our re-
sults showed clinical improvement in 
patients before complete halo disap-
pearance. In our study, we compared 
the presence of the halo with the ESR 
and CRP to explore construct validity. 
The results demonstrated that halo dis-
appearance accompanied a significant 
reduction in ESR and CRP, which are 
two accepted measures of GCA activi-
ty in clinical practice. The discrepancy 
concerning our longer halo disappear-
ance time may be due to our criterion 
for a positive halo sign (>0.3 mm), 
which is lower than the criteria used 
in the majority of other studies (>0.7 
mm) (1). Only Schmidt reported a 0.3 
mm measure in the sagittal view. In 
our study, we assessed the reliability 
of the halo measurement, and our re-
sults support 0.3 mm as a reliable low-
er measure in defining the halo sign. 
To the best of our knowledge, this has 
never been previously reported.
An additional advantage of CDUS in 
GCA diagnosis is relapse detection. 
Previous evidence and our data show 
that the halo sign disappeared with 
treatment for GCA. However, after halo 

disappearance, or years after treatment 
suspension, the halo sign occasionally 
reappeared with disease recurrence. 
This was especially important when re-
lapse occurred during the steroid taper-
ing period, in which the ESR could not 
have increased as the result of therapy. 
This is an advantage of CDUS because, 
when relapse is suspected from clinical 
symptoms, the ESR does not always 
increase. Therefore, CDUS can be also 
useful in examining ESR increases due 
to other causes or in examining GCA 
with normal or low ESR at the time of 
diagnosis, indicating that CDUS can be 
a fundamental tool in making clinical 
decisions.
Patients with relapse, especially dur-
ing the tapering period of corticoster-
oid treatment, must increase steroid 
treatment, but this increase is usually 
only practiced in moderation. This is in 
agreement with our results demonstrat-
ing that in relapse, a lesser number of 
branches were affected, smaller ESR 
values were observed, and less time 
was required to achieve a negative halo 
sign, thereby reinforcing the validity of 
CDUS in monitoring this disease. Ad-
ditionally, halo disappearance occurred 
more quickly in GCA patients experi-
encing their first flares, as these patients 
had a smaller number of affected tem-
poral superficial branches than patients 
with more affected branches. This re-
sult has not been previously reported, 
and it requires future confirmation due 
to its important implications for future 
therapeutic decisions.
This study does have several limita-
tions. A gold standard for validating 
the significance of halo disappearance 
time does not exist because repeated 
biopsies in patients with good respons-
es to treatment is not feasible due to 
ethical reasons. Our observed times for 
halo resolution may be lower because 
we performed an exploration every 4 
weeks after the first month. The disa-
greement between our higher halo dis-
appearance time and other published 
data could also have resulted from dif-
ferences in Doppler equipment. Older 
reports showed less time for halo dis-
appearance. Differences in equipment 
sensitivity, colour persistence and Dop-
pler enhancement settings could have 

Table II. Number of affected basal tem-
poral superficial branches and the duration   
(in weeks) until disappearance of halo.

 Number of basal Number of weeks for 
 branches with halo halo disappearance*

 (number of patients)   Mean ± SD

 1  (4) 6.00 ± 2.31
 2 (13) 7.23 ± 5.31
 3  (1) 8.00
 4 (18) 14.41 ± 7.44
  
*p<0.05 between groups.

Table I. Number of affected temporal superficial branches and the mean ESR at follow-up.

Number of branches with halo Mean ESR* ± SD (mm/hour) Mean CRP** ± SD (mg/dl)

0 20.35 ± 14.69   6.82 ± 5.43
1 26.06 ± 23.98 20.70 ± 36.08
2 46.86 ± 31.18 17.93 ± 14.59
3 34.08 ± 31.45 30.36 ± 47.22
4 52.24 ± 34.95 40.51 ± 59.83
    
ESR: erythrocyte sedimentation rate; SD: standard deviation. *p<0.001; **p<0.05 between groups. 
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influence the results, indicating that 
Doppler equipment and qualification 
agencies require better standardisation. 
Another possible reason for our longer 
time to halo sign disappearance was the 
0.3 mm halo size limit. However, this 
measure has also been used by previ-
ous authors, and it was supported by 
our results in patient follow-ups and 
by our qualitative assessments of reli-
ability. 
In summary, CDUS showed sensitivity 
to changes in GCA, with dark halo dis-
appearance in 95% of cases. Halo dis-
appearance was rare in the 2 weeks af-
ter initiating steroid therapy. The mean 
time of halo persistence was 11 weeks, 
with 50% of cases showing disap-
pearance in the first 8 weeks. Relapse 
cases had less arterial wall involve-
ment, smaller ESRs and a faster halo 
disappearance than initial GCA cases. 
Patients with a smaller number of af-
fected branches required less time for 
halo disappearance. Using a criterion 
of 0.3 mm as the limit for identification 
of the halo sign appears to be reliable 
and shows construct validity. Our data 
emphasised the advantages of CDUS 
not only for GCA diagnosis but also in 
monitoring GCA activity.

References
  1. KARAHALIOU M, VAIOPOULOS G, PAPA- SPY-

ROU S, KANAKIS M, REVENAS K, SFIKAKIS P: 
Colour duplex sonography of temporal arter-
ies before decision for biopsy: a prospective 
study in 55 patients with suspected giant cell 
arteritis. Arthritis Res Ther 2006; 8: R116.

  2. DE MIGUEL E, CASTILLO C, RODRÍGUEZ A, DE 
AGUSTÍN JJ: Learning and reliability of colour 
Doppler ultrasound in giant cell arteritis. Clin 
Exp Rheumatol 2009; 27 (Suppl. 52); S53-8.

  3. BALL EL, WALSH SR, TANG TY, GOHIL R, 
CLARKE JM: Role of ultrasonography in the 
diagnosis of temporal arteritis. Br J Surg 
2010; 97: 1765-71. 

  4. MILLER DV, MALESZEWSKI JJ: The pathol-
ogy of large-vessel vasculitides. Clin Exp 
Rheumatol 2011; 29: S92-8. 

  5. SALVARANI C, PIPITONE N: Treatment of 
large-vessel vasculitis: where do we stand?  
Clin Exp Rheumatol 2011; 29 (Suppl. 64): S3-5.

  6. CZIHAL M, TATÒ F, FÖRSTER S, RADEMACH-
ER A, SCHULZE-KOOPS H, HOFFMANN U: Fe-
ver of unknown origin as initial manifestation 
of large vessel giant cell arteritis: diagnosis 
by colour-coded sonography and 18-FDG-
PET. Clin Exp Rheumatol 2010; 28: 549-52. 

  7. SALVARANI C, CANTINI C, HUNDER GG: 
Polymyalgia rheumatica and giant-cell ar-
teritis. Lancet 2008; 372: 234-45.

  8. ARIDA A, KYPRIANOU N, KANAKIS M, SFI-
KAKIS PP: The diagnostic value of ultrasono-
graphy-derived edema of the temporal artery 
wall in giant cell arteritis: a second meta-anal-
ysis. BMC Musculoskeletal Disorders 2010; 
11: 44.

  9. KARASSA FB, MATSAGAS MI, SCHMIDT   
WA, IOANNIDIS JP: Meta-analysis: Test per-
formance of ultrasonography for giant-cell 

arteritis. Ann Intern Med 2005; 142: 359-69.
10. DE MIGUEL E: Utility and future direction of 

echography in the diagnosis of giant cell ar-
teritis. Reumatol Clin 2009; 5: 1-2.

11. PIPITONE N, VERSARI A, SALVARANI C:  
Role of imaging studies in the diagnosis and 
follow-up of large-vessel vasculitis: an up-
date. Rheumatology 2008; 47: 403-8.

12. POOLE TR, GRAHAM EM, LUCAS SB: Giant 
cell arteritis with a normal ESR and CRP. 
Eye (London) 2003; 17: 92-3. 

13. KYLE V, CAWSTON TE, HAZLEMAN BL: 
Erythrocyte sedimentation rate and C-reac-
tive protein in the assessment of polymyalgia 
rheumatica/giant cell arteritis on presentation 
and during follow up. Ann Rheum Dis 1989; 
48: 667-71.

14. MAGNANI L, VERSARI A, SALVO D et al.: Val-
utazione delláttività di malatia nelle vasculiti 
dei grandi vasi. Reumatismo 2011; 63: 86-90.

15. ACHKAR AA, LIE JT, HUNDER GG, O’FALLON 
WM, GABRIEL SE: How does previous corti-
costeroid treatment affect the biopsyfindings 
in giant cell (temporal) arteritis? Ann Intern 
Med 1994; 120: 987-92.

16. SCHMIDT WA, KRAFT HE, VORPAHL K, VOL-
KER L, GROMNICA-IHLE EJ: Color Duplex 
Ultrasonography in the diagnosis of temporal 
arteritis. New Engl J Med 1997; 337: 1336-42.

17. PFADENHAUER K, WEBER H: Giant cell ar-
teritis of the occipital arteries – a prospective 
color coded duplex sonography study in 78 
patients. J Neurol 2003; 250: 844-9.

18. PÉREZ LÓPEZ J, SOLANS LR, BOSCH GIL JA 
et al.: Colour-duplex ultrasonography of the 
temporal and ophthalmic arteries in the di-
agnosis and follow-up of giant cell arteritis. 
Clin Exp Rheumatol 2009; 27 (Suppl. 52): 
S77-82.


