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Abstract

Objectives. To compare colour duplex ultrasonography (CDU) findings with axillary 18F-fluorodeoxyglucose (FDG)

PET/CT findings and to compare the diagnostic performance of temporal and axillary artery CDU with temporal ar-

tery CDU alone.

Methods. Patients suspected of GCA were retrospectively included. Presence of a halo or occlusion was consid-

ered a positive CDU finding. FDG-PET/CT-assessed axillary artery involvement was defined as axillary artery FDG

uptake higher than liver uptake. The reference was the clinical diagnosis after 6 months, which was based on

symptomatology and additional diagnostic tests, with the exception of CDU.

Results. Of the 113 included patients, GCA was diagnosed in 41. Twenty-eight out of 41 GCA patients underwent

a FDG-PET/CT. FDG-PET-assessed extra-cranial GCA was present in 20/41 patients, of which 13 showed axillary

involvement on FDG-PET/CT. An axillary halo was found in eight of these 13 patients. Six out of the 20 patients

with FDG-PET-assessed GCA showed no axillary involvement on CDU or FDG-PET/CT. Five of them had single ar-

tery involvement on FDG-PET/CT (two aorta; three vertebral artery). One patient had an axillary occlusion on CDU,

consistent with FDG-PET/CT results. Overall, sensitivity and specificity of temporal artery CDU was 52% (95% CI:

35, 67) and 93% (95% CI: 84, 97), respectively. Adding axillary artery results improved sensitivity to 71% (95% CI:

55, 84), while specificity did not change.

Conclusion. Presence of an axillary halo or occlusion on CDU is consistent with axillary artery FDG-PET/CT

results, but a negative CDU does not rule out axillary involvement. Adding axillary artery assessment to temporal

artery assessment may substantially increase the diagnostic performance of CDU.
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Introduction

GCA is a systemic autoimmune disease characterized

by inflammation of medium- and large- sized arteries.

The best-known form of GCA involves the cranial

arteries, but the aorta and its branches (extra-cranial

arteries) can in many patients be affected as well [1].

Due to the heterogenic disease presentation and the im-

portance of early treatment, fast diagnostic testing is

strongly advised in order to confirm or exclude GCA [2].

Temporal artery biopsy (TAB) has long been regarded

as the gold standard for diagnosing GCA [3]. However,

recent data showed that colour duplex ultrasonography

(CDU) of the temporal artery has a higher sensitivity

than TAB for the diagnosis of GCA [4]. Furthermore,

CDU is patient-friendly and more cost-effective than

TAB. Therefore, CDU is now recommended as first

imaging modality in centres with high expertise in
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patients presenting with predominantly cranial symp-

toms [5].

CDU can potentially also be used for the assessment

of extra-cranial artery inflammation [1, 6]. However, the

value of CDU in diagnosing extra-cranial GCA is unclear

[7]. First, limited data are available on the relation be-

tween CDU and 18F-fluorodeoxyglucose (FDG) PET/CT,

which has been proven a sensitive and accurate tool for

diagnosing extra-cranial GCA [8–10]. Second, the added

value of extra-cranial CDU to temporal artery CDU in an

overall GCA-suspected population is unclear, because

most studies predominantly included patients with cra-

nial symptoms [1, 4, 11].

In our hospital CDU examination of both cranial and

extra-cranial arteries has been part of the diagnostic

work-up for patients with suspected GCA since 2013.

Furthermore, FDG-PET/CT imaging has been performed

in many patients suspected of GCA with extra-cranial

involvement.

The overall aim of this retrospective study was to

evaluate the performance of axillary artery CDU in GCA.

We therefore compared axillary CDU findings with axil-

lary 18F-FDG PET/CT findings, which we considered the

reference standard for detecting extra-cranial involve-

ment. Furthermore, we determined the added diagnostic

value of temporal and axillary CDU for GCA, when com-

pared with temporal artery CDU alone.

Methods

Study design

This retrospective descriptive study was conducted at

the University Medical Center Groningen (UMCG). The

ethics committee of the UMCG reviewed the study

(METc 2018/316) and concluded that the study does not

fall under the scope of the Medical Research Involving

Human Subjects Act and that written informed consent

was not mandatory.

Patients

In our hospital CDU examination has been incorporated

in the routine diagnostic work flow of patients suspected

of GCA. When CDU was introduced as a diagnostic tool

in 2010, the temporal arteries were the primary focus of

examination. Since 2013, the CDU examination has

been expanded with routine assessment of the axillary

arteries by trained technicians. The subclavian and ca-

rotid arteries are also evaluated when sufficient time is

available. We searched in the database of our vascular

laboratory for all CDU examinations performed between

January 2013 and November 2017. Patients were

included when both the temporal and the axillary

arteries had been investigated. Only patients with a

CDU examination of a new clinical GCA suspicion were

included. Assessments in tertiary referral GCA patients

or suspected GCA relapses were excluded (Fig. 1).

Data on excluded patients with a new suspicion of

GCA but without extra-cranial CDU (n¼46) can be

found in Supplementary Table S1, available at

Rheumatology online. TAB and FDG-PET/CT were per-

formed to the same extent in included and excluded

patients, indicating no differences in clinical suspicion.

Furthermore, the proportion of patients with the refer-

ence diagnosis of GCA was comparable between

groups.

Data collection

Data on presenting symptoms, medication use, physical

examination findings, and laboratory findings were

obtained from medical records. Additional diagnostic

tests (TAB, MRI or FDG-PET/CT) were performed at the

discretion of the responsible physicians. All the per-

formed diagnostic tests were registered and reviewed,

as described in detail below.

CDU assessment

All CDU examinations in our study had been routinely

performed by two experienced, trained medical techni-

cians. All CDU examinations were performed using the

same colour duplex ultrasound system (ACUSON S2000

Ultrasound System, Siemens Healthineers, Erlangen,

Germany) with an 18L6 high-density transducer operat-

ing at a B-mode frequency of 16 MHz for the temporal

artery and a B-mode frequency of 9 MHz for the extra-

cranial arteries. Patients were examined when in a su-

pine position. Presence of any occlusion, stenosis or

halo was reported in the medical record and key images

of every examination were saved. In this study, we reg-

istered the conclusion of the CDU report as a dichotom-

ous variable: halo sign or occlusion was present or not

present. Presence of any abnormality, either unilateral or

bilateral, was considered to be consistent with GCA.

In our clinical practice, the clinician decides whether

the CDU is positive or negative. However, for the current

study we wanted to assess the accuracy purely of the

CDU in the hands of the vascular technicians, unbiased

by the clinical suspicion. Therefore, in this study, the

biomedical engineer of our vascular laboratory decided

whether the images were positive or negative in cases

with an inconclusive report.

In our hospital a halo was defined as a hypoechoic,

homogeneous circumferential vessel wall thickening with

an intima–media thickness (IMT) � than the predefined

cut-off value. Although our data collection started

5 years prior to publication of the OMERACT criteria, our

definition of the CDU appearance of a halo is in line with

this worldwide consensus [12]. Since 2013 the IMT cut-

off value for a halo of the temporal artery has been

1.0 mm in prednisolone-naı̈ve patients and 0.7 mm in

patients using prednisolone in our hospital. However, in

10 treatment-naı̈ve patients a temporal hypoechoic, cir-

cumferential wall thickening between 0.7 and 1.0 mm

was described by the sonographer. Taking into account

the axial resolution of our ultrasound system (0.2 mm)

and the recent suggestion to further lower temporal
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artery cut-offs, we decided to register this vessel wall

thickening as a halo [13].

For the extra-cranial arteries an IMT cut-off value of

1.5 mm has been applied in our hospital. However, in

the medical record of three patients, an axial hypoe-

choic wall thickening was described between 1.0 and

1.2 mm without signs of atherosclerosis. Based on re-

cent findings, we decided to include hypoechoic wall

thickening �1.0 mm as a halo as well [14].

FDG-PET/CT scan assessment

All 18F-FDG PET/CT scans were performed using a

Biograph mCT camera system (Siemens Medical

Systems, Knoxville, TN, USA). The image acquisition

was performed according to a standardized protocol

[15]. In short, whole-body (from head to knees) or total-

body (from head to toes) PET scans were acquired after

at least 4 h of fasting. A dose of 3 MBq/kg 18F-FDG was

injected 60 (65) minutes prior to the start of the PET

scan. A low-dose CT scan was acquired for attenuation

correction and anatomical localization.

All FDG-PET/CT scans were assessed by two experi-

enced nuclear medicine physicians (R.S. and A.G.), who

were blinded for the CDU findings and the complete

medical history. An overall expert opinion-based inter-

pretation of the whole FDG-PET/CT scan (i.e. gestalt)

was made and was registered as a dichotomous vari-

able: consistent with GCA or not consistent with GCA

[16]. The assessor agreement was 100%.

In order to compare CDU findings with FDG-PET/CT

findings, the qualitative 18F-FDG uptake in the aorta and

in three aortic branches (carotid, axillary and subclavian

arteries) was also registered. Previous work of our

FIG. 1 Flowchart of patient inclusion

CDU: colour duplex ultrasonography.
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group, in which FDG-PET/CT scans were compared be-

tween GCA patients and controls with atherosclerosis,

showed that a vascular FDG-uptake higher than the liver

FDG-uptake is highly specific for GCA, especially when

the FDG pattern is diffuse [16]. Therefore, in this study,

a diffuse vascular FDG pattern with a FDG uptake higher

than the liver FDG uptake was considered positive for

GCA [16, 17]. In four cases the assessors disagreed on

the quantitative FDG uptake (j: 0.93) and consensus

was reached afterwards.

Temporal artery biopsy

In this study biopsy results were reported as positive or

negative for GCA or inconclusive in order to assess the

clinical diagnosis. All biopsy results were reported by an

experienced pathologist. A positive biopsy was defined

as a biopsy showing vasculitis characterized by a pre-

dominance of mononuclear cell infiltration or granuloma-

tous inflammation, usually with multinucleated giant cells

[18].

Clinical diagnosis

Two clinical experts (D.M. and E.B.) independently

assessed whether or not GCA was the final clinical diag-

nosis after at least 6 months in all included patients.

They reviewed the complete history of the patients,

including cranial and systemic symptoms, laboratory

findings, findings at additional diagnostic tests (TAB,

FDG-PET/CT or MRI) and response to glucocorticoids,

but not the CDU data. In five cases the assessors dis-

agreed (j: 0.90). In three of them consensus was

reached afterwards and in two of them an independent

third expert (M.S.) made the final diagnosis. The final

diagnosis was in 98% of the included patients in agree-

ment with the diagnosis of the treating clinician.

Outcome measures

The primary outcome was the comparison of axillary

CDU with FDG-PET/CT findings and the diagnostic

value of adding axillary artery assessment to temporal

artery CDU. This was also investigated for the sub-

clavian and carotid arteries (secondary outcomes).

Furthermore, the influence of prednisolone on the diag-

nostic performance of CDU was investigated.

Statistical analyses

Data are presented as numbers and percentages, mean

and standard deviation, or median with the 25th and 75th

percentile. Normality of data was visually tested with Q–

Q and P–P plots. Differences between patients with and

without FDG-PET-proven extra-cranial GCA were tested

with the Mann–Whitney U-test or Student’s t-test,

whichever was appropriate. In cases of categorical vari-

ables, the v2 or Fisher’s exact test was used. The sensi-

tivity and specificity (with 95% CIs) of CDU was

calculated with the clinical diagnosis as reference stand-

ard. An a of 5% was defined as statistically significant in

all tests. All data was analysed with SPSS Software 23.0

(IBM Corp., Armonk, NY, USA).

Results

Baseline characteristics of included patients

We included 113 patients; 41 (36%) of them had the

clinical diagnosis of GCA (Fig. 2). Baseline characteris-

tics of patient with and without the clinical diagnosis of

GCA are shown in Table 1. Among the 72 patients in

whom the clinical diagnosis of GCA was rejected, 17

had PMR, 10 had visual symptoms due to atheroscler-

osis, eight had tension headache, nine had other auto-

immune disease (five RA, one sarcoidosis, one

Sjögren’s syndrome, one granulomatosis with polyangii-

tis, one adult-onset Still’s disease), five had an aneur-

ysm, one had listeria aortitis and seven had infection.

The remaining 15 patients had other diagnosis:

muscle complaints (three), gout (two), trigeminal neural-

gia (three), ocular disease (one), jaw dysfunction syn-

drome (two), malignancy (two), fever of unknown origin

(one) and idiopathic intracranial hypertension (one).

A total of 59 out of 113 (52%) patients underwent a

FDG-PET/CT scan (Table 1). In the other 54 patients the

treating clinician had ordered a temporal biopsy (n¼21)

or a MRI scan (n¼3) instead or no additional diagnostic

test was performed (n¼ 30). None of these 30 patients

had the clinical diagnosis of GCA at 6 months.

Of the 41 GCA patients, 20 had FDG-PET positive

findings for extra-cranial GCA (Fig. 2). In the other 21

GCA patients, no FDG-PET/CT was performed (n¼13)

or the FDG-PET was negative (n¼8). In line with the lit-

erature, patients with extra-cranial involvement were

younger and classical cranial symptoms were less

prevalent than in patients without extra-cranial involve-

ment, although this was only significant for jaw claudica-

tion and temporal artery abnormalities (Table 1).

Axillary CDU compared with FDG-PET/CT in

extra-cranial GCA

In the subgroup of patients with FDG-PET positive find-

ings for extra-cranial GCA (n¼ 20), the axillary artery

was PET positive in 13/20 patients. An axillary artery

halo was found in eight of these 13 patients (for further

details see Supplementary Table S2, available at

Rheumatology online).

Of the remaining 5/13 patients, FDG-PET/CT showed

axillary artery involvement, but axillary artery CDU was

negative. One out of five was on prednisolone (see sec-

tion below); the four other patients were treatment

naı̈ve.

Furthermore, 6/20 patients showed no axillary involve-

ment on both FDG-PET/CT and CDU. Five of them had

isolated extra-cranial artery involvement on FDG-PET/

CT: two of the aorta and three of the vertebral artery.

Finally, one patient had an axillary occlusion on CDU,

consistent with low FDG uptake on PET.

Diagnostic value of axillary artery ultrasound
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With respect to the GCA patients without a FDG-PET/

CT scan (n¼13), two showed an axillary halo. Of the

GCA patients with a negative FDG-PET/CT scan (n¼ 8),

none had a positive extra-cranial CDU.

Added value of axillary CDU for overall diagnostic
performance

For the second aim of this study, we focused on the

whole included study population (n¼113). CDU showed

a halo sign in at least one temporal artery in 26 patients:

21 with GCA and five without GCA (Table 2). In 87

patients no temporal halos were found: 67 without GCA

and 20 with GCA. This resulted in a sensitivity of 52%

(95% CI: 35, 67) and a specificity of 93% (95% CI: 84,

97) for the reference standard, i.e. the clinical diagnosis

of GCA.

Eight patients showed an abnormality in the axillary

arteries only (i.e. no temporal artery abnormalities), all

true positives (Table 2). Thus, CDU of the axillary

arteries identified an extra eight patients who did have

GCA, but would have been missed with temporal artery

CDU only. Adding CDU results of axillary arteries

improved sensitivity to 71% (95% CI: 55, 84), while spe-

cificity did not change [93% (95% CI: 84, 97)].

Subclavian and carotid CDU compared with
FDG-PET/CT in extra-cranial GCA

CDU of the subclavian arteries was performed in 12 out

of 20 PET-positive patients (60%). In four of them a halo

was found. PET-assessed subclavian artery involvement

was demonstrated in two out of these four. In the

remaining two patients, one had isolated aortic involve-

ment on FDG-PET/CT (Supplementary Table S2, avail-

able at Rheumatology online). The added diagnostic

value of subclavian artery CDU for the reference stand-

ard was not calculated due to missing values.

CDU of the carotid artery was performed in 17 out of

20 patients (85%). A carotid artery halo was found in six

patients, while PET-assessed carotid artery involvement

was found in only four of them. The other way around,

PET-assessed carotid involvement was found in five

patients, who did not have a halo on CDU. A halo at the

carotid artery was never the only extra-cranial abnormal-

ity on CDU, so adding the results of the carotid arteries

did not further improve the diagnostic performance.

FIG. 2 Flowchart of clinical diagnosis and PET proven large-vessel involvement

A total of 113 patients underwent CDU of the temporal and axillary arteries. Twenty patients with the final diagnosis

of GCA had FDG-PET/CT-proven large vessel involvement. CDU and FDG-PET/CT results were compared between

these 20 patients. CDU: colour duplex ultrasonography; FDG: fluorodeoxyglucose.
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Influence of prednisolone

In patient in whom prednisolone was started after pres-

entation (n¼ 17), CDU examination was performed with-

in 3 days, with the exception of one patient (10 days).

Twenty-three patients were using prednisolone at

presentation. In 10 of them prednisolone was continued

during CDU, mostly in a lower dosage. The indication

for prednisolone was a history of PMR (n¼8), an un-

specified autoimmune disease (n¼ 1) and post-

transplantation immunosuppression (n¼ 1). The dosage

varied between 5 and 30 mg/day. In the other 13

patients, prednisolone was discontinued prior to imag-

ing. The time between the day of the last prednisolone

dose and CDU ranged from 4 to 37 days. The indication

was PMR in all 13 patients. The dosage varied between

5 and 30 mg/day.

Excluding all patients using prednisolone during CDU

(n¼27) did not change the diagnostic performance of

temporal CDU [sensitivity 56% (95% CI: 35, 76), specifi-

city 92% (82–97)] or the performance of temporal CDU

extended with the axillary arteries [sensitivity 76% (95%

CI: 55, 91), specificity 92% (95% CI: 82, 97)] (for num-

bers, see Supplementary Table S3, available at

Rheumatology online).

Excluding all patients using prednisolone in the month

before CDU (n¼40) did also not change the diagnostic

performance of temporal CDU [sensitivity 55% (95% CI:

32, 76), specificity 94% (84–99)] or the performance of

temporal CDU extended with the axillary arteries [sensi-

tivity 77% (95% CI: 55, 92), specificity 94% (95% CI:

84, 99)] (for numbers, see Supplementary Table S4,

available at Rheumatology online).

Discussion

CDU is recommended by EULAR as first choice diag-

nostic imaging modality in patients with predominant

cranial symptoms [5]. However, the value of CDU in

extra-cranial GCA is not yet fully established. Therefore,

TABLE 1 Characteristics of study population and comparison between patients with and without FDG-PET-positive find-

ings for extra-cranial GCA

Characteristic Patients without positive
FDG-PET/CT findings for
extra-cranial GCA (n 5 21)

Patients with positive
FDG-PET/CT findings for
extra-cranial GCA (n 5 20)

Patients without
GCA (n 5 72)

P-value

Age, mean (S.D.), years 73 (8) 66 (7) 68 (11) 0.079
Female, n (%) 15 (71) 7 (35) 47 (65) 0.019

Clinical characteristics, n (%)
Previous PMR diagnosis 6 (29) 3 (15) 10 (14) 0.454

New headache 14 (68) 10 (50) 33 (46) 0.279
Scalp tenderness 8 (38) 6 (30) 18 (25) 0.585
Jaw claudication 12 (57) 5 (25) 11 (15) 0.037

Visual symptoms 9 (43) 5 (25) 18 (25) 0.228
Temporal artery abnormalitiesa 15 (71) 6 (30) 18 (25) 0.008

Temperature �38�C 4 (19) 2 (10) 9 (13) 0.663
Nights sweats 5 (24) 9 (45) 6 (8) 0.089
Weight loss �2 kg 8 (38) 9 (45) 14 (19) 0.654

Laboratory findings
ESR, median((IQR), mm/hb 49 (39–91) 92 (50–105) 34 (15–60) 0.041

ESR �50 mm/h, n (%)b 10 (48) 15 (75) 25 (35) 0.031
CRP, median (IQR), mg/lc 52 (11–97) 49 (27–122) 11 (3–29) 0.348
CRP �25 mg/l, n (%) 11 (52) 16 (80) 21 (29) 0.062

WBC, median (IQR), 109/l 10 (9–14) 10 (8–12) 9 (7–10) 0.390
TAB, n (%)

Positive 12 (57) 5 (25) — —
Negative 5 (24) 3 (15) 20 (28) —
Inconclusive 3 (14) — 1 (1) —

Fulfilment of 1990 ACR criteria, n (%) 17 (81) 11 (55) 3 (4) 0.074
PET/CT scan, n (%)

Positive — 20 (100) 1 (1) —

Negative 8 (38) — 30 (42) —
MRI scan, n (%)

Positive 2 (10) — — —
Negative — — 4 (6) —

aTenderness, pain or decreased pulsations. bSix missing. cTwo missing. P-value: patients without PET-proven extra-cranial
GCA vs patients with PET-proven extra-cranial involvement. FDG: fluorodeoxyglucose; IQR: interquartile range; TAB: tem-

poral artery biopsy; WBC: white blood count.
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in this retrospective study we explored the diagnostic

value of extra-cranial CDU. We found that the presence

of a halo sign at the axillary artery corresponds

with increased axillary 18F-FDG uptake, but FDG-PET/

CT more frequently detects axillary involvement.

Furthermore, we found that examination of the axillary

arteries, in addition to the temporal artery, increased the

sensitivity of CDU for the clinical diagnosis of GCA,

while the specificity remained high.

Our finding that the presence of a halo sign at the ax-

illary artery corresponds with an increased axillary 18F-

FDG uptake is in agreement with the findings of Löffler

et al. and Nielsen et al. [10, 19]. They compared extra-

cranial CDU results with FDG-PET/CT results in 30

patients with large vessel vasculitis and 20 controls.

Interestingly, in our study as well as in the study of

Löffler et al., no axillary CDU abnormalities were found

in a few treatment naı̈ve patients with PET-proven axil-

lary involvement (4/20 in our study and 4/30 in study of

Löffler et al.). Nielsen et al. prospectively evaluated the

accuracy of axillary artery CDU in 46 patients with FDG-

PET/CT-proven large vessel involvement. They also

found that most, but not all, PET positive axillary arteries

were CDU positive (20/73 axillary arteries were PET

positive and CDU negative).

In most recent literature a cut-off value of 1.0 mm was

chosen for a halo of the axillary arteries [14, 19]. Although

the formal cut-off value for the extra-cranial arteries in

our hospital was 1.5 mm, in clinical practice our sonogra-

phers registered extra-cranial halos up to 1.0 mm. In the

study of Nielsen et al., in which a halo was also defined

according to visual CDU appearance, the mean IMT in

PET-positive axillary arteries was 1.32 mm and in PET-

negative axillary arteries 0.64 mm. Based on the receiver

operating characteristic curve, Nielsen et al. found that a

cut-off of 1.0 mm had the highest accuracy for axillary ar-

tery involvement. Nevertheless, even with this cut-off

value the sensitivity for axillary artery involvement was

only 70% using FDG-PET/CT as reference.

A potential explanation for these negative CDU and

positive PET results might be vessel wall inflammation,

causing an increased 18F-FDG signal, without severe in-

tima–media thickening or at least not large enough to

cause a clear halo sign on CDU. FDG-PET/CT detects

early inflammation, while CDU detects morphological

changes that occur in a latter phase [20].

In a previous study of Schmidt et al., CDU results of

the temporal, axillary, subclavian and proximal brachial

arteries in 176 GCA patients are described [1]. As in our

study, they found that a substantial part of the included

extra-cranial GCA patients (20 out of 53) had no tem-

poral artery abnormalities on CDU. The authors there-

fore conclude that performing axillary artery CDU

increases the diagnostic yield of CDU, although no for-

mal sensitivity and specificity calculations could be per-

formed due to the inclusion of only GCA patients. Our

study, in which all patients who underwent CDU were

included irrespective of the final diagnosis, confirms this

conclusion by showing that the sensitivity increases,

while specificity remains high.

Contrary to our findings, Diamantopoulus et al.

showed that adding axillary artery CDU to temporal ar-

tery CDU improved the sensitivity with only 2%, while

this was 19% in our study [11]. Furthermore, in the

TABUL study of Luqmani et al. only 9 out of 381 (2.4%)

suspected GCA patients had axillary involvement, indi-

cating that the role of axillary CDU would be limited [4].

However, both studies predominantly included patients

with cranial symptoms. In our study all GCA-suspected

patients were included, irrespective of the symptoms

(cranial or extra-cranial). Furthermore, the characteristics

and performed diagnostic tests between the excluded

patients (n¼46) and the included study population

(n¼113) were similar, indicating that the presence of a

diagnostic suspicion bias is unlikely.

We found that only a few participants had single sub-

clavian involvement, as was found by Schmidt et al. [1].

However, in our study the subclavian artery was also in-

frequently investigated due to technical issues and time

constraints. Therefore, no conclusions can be drawn on

the added value of subclavian investigation. With re-

spect to the carotid arteries, we found that a halo at the

carotid arteries was never the only abnormality on CDU,

supporting that examination of the carotids does not fur-

ther improve the diagnostic yield of CDU [21].

For the temporal artery an IMT cut-off value of even

0.3–0.4 mm has recently been suggested, while in our

study only temporal artery halos up to 0.7 mm were reg-

istered [14]. Halos smaller than 0.7 mm cannot be reli-

ably visualized with ultrasound systems with lower

frequency probes, including the one in our hospital, due

to a limited resolution. The inability to detect small halos

might have contributed to the relatively low sensitivity of

CDU in our study. Schäfer et al. demonstrated that

100% sensitivity and high specificity can be reached

using advanced CDU equipment and low IMT cut-off

values [14].

Besides cut-off value, two other factors should be

mentioned that might have influenced the sensitivity of

CDU in our study. First, differences in vessel

TABLE 2 CDU abnormalities in patient with and without

GCA

Patients
with GCA
(n 5 41)

Patients
without GCA
(n 5 72)

Any abnormality 31 (76) 5 (7)
Solely in the temporal artery 18 (44) 5 (7)

Solely in extra-cranial arteries 10 (24) —
Axillary artery 8

Subclavian artery 2
Carotid artery 0

Temporal and
extra-cranial arteries

3 (7) —

Data presented as n (%). CDU: colour duplex
ultrasonography.
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involvement in the included population. Some patients in

our study had only aortic or vertebral artery involvement

on FDG-PET/CT. These patients were classified as hav-

ing GCA. However, their CDU exam of the temporal and

axillary arteries was negative, which contributed to a

lower overall sensitivity of CDU. This underlines the lim-

ited usefulness of CDU in isolated aortic involvement

and lowers CDU sensitivity [5]. Rather than excluding

cases of isolated artery involvement afterwards, we

aimed to reflect the clinical practice by including every

patient suspected of GCA irrespective of the final diag-

nosis or vessels involved.

The second factor is awareness of the clinical suspi-

cion. In our study CDU was performed by experienced

vascular technicians who are unaware of the degree of

clinical suspicion. This might have influenced the real-

life interpretation of CDU and therefore also sensitivity of

CDU.

The high specificity of CDU in our study is in agree-

ment with the high specificity reported in a recently pub-

lished meta-analysis of eight studies, which showed a

pooled specificity of 96% for the clinical diagnosis of

cranial GCA [7]. Although the overall specificity was very

high, none of the individual studies included in the

meta-analyses reached a 100% specificity. This means

that in every study at least one false-positive halo was

found, as was the case in our study. In literature various

case reports have been published of patients with a

halo sign and a diagnosis other than GCA [22]. Vessel

wall swelling can also occur in other pathological condi-

tions, such as amyloidosis, but the exact mechanisms

needs to be further investigated [23].

Excluding all patients on prednisolone did not change

the diagnostic performance of CDU in this study. This

can be explained by the fact that most patient on pred-

nisolone treatment in our study are patients with a his-

tory of PMR, treated with low dose prednisolone, who

develop GCA symptoms during prednisolone tapering.

The fact that GCA symptoms appear may suggest clin-

ically relevant vascular involvement. Furthermore, our

clinicians are highly aware of the influence of prednisol-

one on CDU results. In almost all patients in whom

prednisolone treatment was started for the first time,

CDU examination was performed within 3 days. It has

been shown that a halo sign can disappear in 1–2 weeks

after prednisolone therapy [24–26]. Rather than exclud-

ing all patients on prednisolone, we performed sub-

analyses in order to evaluate the influence of prednisol-

one in our population.

This study has some limitations. First, the outcome of

the FDG-PET/CT scan was known by the clinicians and

was therefore used to diagnose GCA. In this study the

clinical diagnosis after 6 months was also the reference

standard. Consequently, the diagnostic performance of

the FDG-PET/CT scan could not be independently

determined. We therefore used the FDG-PET/CT scan

only as gold standard for extra-cranial involvement.

Nevertheless, a FDG-PET/CT scan was not available for

every GCA patient. Therefore, the number of

false-negative extra-cranial CDU exams might be higher

than reported.

Second, we were not able to reliably reconstruct the a

priori clinical suspicion because of the retrospective

study design. The diagnostic performance of CDU might

be different depending on the level of clinical suspicion.

Further research is required to prospectively investigate

the value of extended CDU in patients with a low, inter-

mediate and high level of GCA suspicion. Third, since

this was a retrospective analysis, we could not study

the inter-observer agreement between both

sonographers.

We conclude that in patients with new onset GCA the

presence of an axillary halo is consistent with axillary ar-

tery involvement on FDG-PET/CT. These findings sug-

gest that in cases of an axillary artery halo, no 18F-FDG

PET/CT scanning is required to diagnose extra-cranial

GCA. However, our retrospective data show that FDG-

PET/CT more frequently detects axillary involvement

and a negative axillary CDU does not rule out extra-

cranial GCA in the setting of our study. Besides, isolated

aorta or vertebral artery involvement is a potential pitfall

for CDU. Furthermore, we conclude that adding investi-

gation of the axillary arteries to temporal artery CDU

improves the diagnostic performance of CDU.
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