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Abstract

Objectives A retrospective observational study was undertaken to assess the diagnostic performance

(sensitivity and specificity) of colour duplex ultrasound (CDUS) compared with temporal artery biopsy

(TAB) for the diagnosis of GCA in the Counties Manukau District Health Board (CMDHB), New Zealand

using clinical diagnosis as the reference standard.

Methods The study population included patients with clinically suspected GCA who were referred to

Middlemore Hospital and underwent CDUS, TAB or both between January 2019 and December 2020.

Results Sixty-nine patients were included in the study. Sixty-one percent were >75 years of age, with

no cases <50 years of age and a female predominance of 71%. The sensitivity of CDUS was 26%

(95% CI 10, 48) and specificity was 97% (95% CI 84, 100). The sensitivity of TAB was 57% (95% CI

34, 77) and specificity was 100%. CDUS had a positive predictive value of 86% (95% CI 42, 99) and

a negative predictive value of 65% (95% CI 49, 78).

Conclusion A positive CDUS in patients with a high risk for GCA may preclude the need for TAB due

to the high specificity of CDUS in GCA. In contrast, patients with a high risk for GCA with a negative

CDUS may still need TAB to confirm or exclude GCA. The duration from commencement of steroids to

the time of CDUS is crucial in confirming GCA and, for this, shortening the waiting time in the CMDHB

would be necessary to ensure adequate test performance in practice.
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Introduction

Overview of the disease

GCA is a medium and large-vessel vasculitis causing in-

flammatory and ischaemic changes predominantly in the

carotid artery and its extracranial branches [1, 2]. It is

most common in people >50 years of age and more

commonly reported in Northern Europeans [1–3]. It is a

medical emergency and prompt treatment with high-

dose steroids is imperative to prevent irreversible,

sudden vision loss [3, 4]. The diagnosis is based on the

clinical symptoms, signs and laboratory tests as per the

1990 ACR criteria or revised ACR criteria [2]. Temporal

artery biopsy (TAB) is the current gold standard for
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diagnosis of GCA [3, 6]. However, temporal artery colour

duplex ultrasound (CDUS) is increasingly being used as

a diagnostic test and has shown promising results in re-

cent studies [3, 5–9]. In some centres it is being used as

the first-line investigation, replacing TAB, and has been

utilized (in conjunction with TAB) in the Counties

Manukau District Health Board (CMDHB) since 2019.

TAB as a diagnostic tool

The characteristic histology from TAB confirms the diag-

nosis of GCA, but a negative result does not rule it out,

owing to false-negative results due to the segmental in-

volvement of the arterial wall [3, 10]. TAB requires an ex-

perienced surgeon and may not be easily accessible,

resulting in increased wait times. Ideally these investiga-

tions should be done within 1 week of initiating treatment

with steroids to minimize false-negative results [3, 5].

CDUS as a diagnostic tool

CDUS is non-invasive, safe and cost-effective, but it is

operator dependent. There is evidence that imaging

the axillary arteries concurrently with the temporal ar-

teries increases the diagnostic yield of GCA. This is

due to persistent changes in larger arteries despite ste-

roid treatment in this multivessel disease [3, 11]. There

are four cardinal signs on US to identify arterial wall in-

flammation: the halo sign (caused by swelling of the

middle layer of the arterial wall and seen as a non-

compressible hypoechoic band), compression sign,

stenosis and occlusion [3, 8, 12, 13]. The halo sign has

been shown to have a sensitivity of 69% and 68% and

a specificity of 82% and 91% in two metanalyses, re-

spectively [6, 14]. The latter two signs (stenosis and

occlusion) are not specific for the disease [7].

Methods

No written informed consent from the patients was re-

quired since this was a retrospective observational study

and ethics approval was obtained from the Auckland

Health Research Ethics Committee (reference no.

AH2870). Locality approval for the study was obtained

from the Counties Manukau Health Research Committee

(registration no. 1287). The study population included

patients with clinically suspected GCA who underwent

CDUS, TAB or both between January 2019 and

December 2020 at the CMDHB. The patients’ National

Health Indexes were identified from the electronic data-

base through Counties Manukau Health informatics us-

ing the International Classification of Diseases, 10th

revision: diagnosis of GCA or TA (Temporal Arteritis),

procedure of temporal artery biopsy or US Doppler

other.

Inclusion criteria for the study were patients with

clinically suspected GCA who had CDUS of temporal

arteries, TAB or both procedures. Exclusion criteria

were patients with alternative diagnoses, patients

with clinical diagnoses of GCA without the need for

CDUS or TAB, those lost to follow-up and patients

who were not in the study time frame. Patients who

were treated in the private sector (such as through

their health insurance providers) were not considered

in this study.

Rheumatology clinic letters, inpatient notes, and dis-

charge summaries were reviewed for demographic data

(age, gender and ethnicity), presenting symptoms, signs,

CRP and ESR. CDUS and histology of TABs were

reviewed to confirm the radiological and histological fea-

tures for the diagnosis of GCA. The date of prednisone

commencement, including the dose administered, was

recorded to act as a reference point for the time taken

to perform CDUS and TAB. This study used clinical di-

agnosis as the reference standard where clinically posi-

tive GCA means a GCA diagnosis given by the treating

rheumatologist and clinically negative GCA means un-

likely to be GCA as per the rheumatologist. Electronic

clinical records of GCA cases were analysed during the

first visit (within 1–2 weeks of presentation) and subse-

quent visits, with the last follow-up in the rheumatology

clinic at or just before 6 months from presentation to

confirm the clinical diagnosis given by the treating

rheumatologist.

Statistical analysis

All the extracted data were entered into an Excel

spreadsheet (Microsoft, Redmond, WA, USA) and a for-

mula was used to calculate the number and proportion

of clinically positive and negative GCA cases, CDUS

positive and negative cases and biopsy positive and

negative cases.

Age, gender and ethnicity-specific incidence rates

were calculated for a population of 100 000 >50 years

of age in the CMDHB area, with 95% CIs, using the

number of incident cases as the numerator and popula-

tion estimates >50 years of age (based on New Zealand

2013 census data) as the denominator. Chi-squared test

or Fisher’s exact test was used to assess differences in

age, gender, ethnicity, inflammatory markers, symptoms

and signs between the clinically positive and negative

GCA cases.

Sensitivities and specificities, along with their 95%

CIs, were calculated for CDUS and TAB using the stan-

dard reference. The kappa statistic was used to assess

the agreement of CDUS and TAB against the clinical di-

agnosis. The waiting time was reported in terms of me-

dian with interquartile range for those with CDUS vs

TAB for the clinically positive GCA cases. The statistical

analysis was performed using SAS version 9.4 (SAS

Institute, Cary, NC, USA).

Meta-analysis was also conducted based on 12 in-

ternational studies to produce pooled estimates of

sensitivity and specificity with their corresponding

95% CIs. They were calculated using the DerSimonian

and Laird random-effects model. Between-study het-

erogeneity was assessed using the chi-squared and I2

tests.
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Results

Seventy-four patients were identified and four were ex-

cluded from the study. Two patients were given alterna-

tive diagnoses before investigations, one was lost to

follow-up and one was not in the study period. One pa-

tient had a clinical diagnosis of GCA and was excluded

from the study cohort because neither CDUS nor TAB

were performed in this case; however, the patient was

included in the calculation of data in Tables 1 and 2.

The patient was not included in the main analysis for

test performance. The remaining 69 patients who under-

went either CDUS, TAB or both as a part of their workup

for GCA were included in the study cohort.

Sixty-one percent were >75 years of age, with no

cases <50 years of age and a female predominance of

71% (Table 1). The mean annual incidence for this co-

hort was 11.4 per 100 000 population >50 years of age

in the CMDHB area (Table 2). Headache was the most

common symptom in GCA positive and negative cases.

More than half (58.1%) of the clinically positive GCA

cases had a current or past history of polymyalgia rheu-

matica. Symmetrical polymyalgia, jaw claudication and

scalp tenderness were significantly higher in clinically

positive than negative GCA cases (statistically significant

with a P-value <0.05). Elevated ESR (>60 mm/h) and

CRP (>40 mg/l) were present in 52% and 61% percent

of the clinically positive GCA patients, respectively. Of

TABLE 1 Patient demographics, symptoms, signs and inflammatory markers (ESR and CRP) in clinically suspected GCA

cases

Characteristics Clinically positive
GCA cases (n 5 31)

Clinically negative
GCA cases (n 5 39)

Total P-value

Age (years), n (%)
<50 0 (0) 1 (2.6) 1 (1.4) 0.22*
50–64 1 (3.2) 5 (12.8) 6 (8.6)

65–74 11 (35.5) 17 (43.6) 28 (40)
>75 19 (61.3) 16 (41) 35 (50)

Gender, n (%)
Male 9 (29) 12 (30.8) 21 (30) 0.88
Female 22 (71) 27 (69.2) 49 (70)

Ethnicity, n (%)
New Zealand Europeans/other Europeans 21 (67.7) 24 (61.5) 45 (64.3) 0.89*

Maori 3 (9.7) 3 (7.7) 6 (8.6)
Pacific Islander 2 (6.5) 4 (10.3) 6 (8.6)
Chinese 1 (3.2) 3 (7.7) 4 (5.7)

Indian 2 (6.5) 4 (10.3) 6 (8.6)
Not stated 2 (6.5) 1 (2.6) 3 (4.3)

Symptoms, n (%)
Headache 30 (96.8) 33 (84.6) 63 (90) 0.12*
PMR symptoms 18 (58.1) 6 (15.4) 24 (34.3) 0.0002**

Jaw claudication 11 (35.5) 4 (10.3) 15 (21.4) 0.011**
Scalp tenderness 21 (67.7) 14 (35.9) 35 (50) 0.0081**

Non-specific symptomsa 8 (25.8) 9 (23.1) 17 (24.3) 0.79
Visual symptoms 16 (51.6) 19 (48.7) 35 (50) 0.81
Visual loss 2 (6.5) 2 (5.1) 4 (5.7) >0.95*

Signs, n (%)
Fever 1 (3.2) 2 (5.1) 3 (4.3) >0.95*
Tender temporal artery 14 (45.2) 15 (38.5) 29 (41.4) 0.57

Thickened temporal artery 2 (6.5) 1 (2.6) 3 (4.3) 0.58*
Reduced or absent temporal artery pulse 1 (3.2) 1 (2.6) 2 (2.9) >0.95*

ESR (mm/h), n (%)
<40 10 (32.3) 20 (51.3) 30 (42.9) 0.024**
40–60 5 (16.1) 11 (28.2) 16 (22.9)

>60 16 (51.6) 8 (20.5) 24 (34.3)
CRP (mg/l), n (%)

<5 1 (3.2) 19 (48.7) 20 (28.6) <0.0001**
5–40 11 (35.5) 12 (30.8) 23 (32.9)
>40 19 (61.3) 8 (20.5) 27 (38.6)

aNon-specific symptoms: malaise, anorexia and weight loss. *Fisher’s exact test used, otherwise the chi-squared test was

used. **P<0.05 as statistically significant.
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note, ESR was <40 mm/h in 32% and 3% had a normal

CRP in clinically positive cases (Table 1).

Of the 69 patients with clinically suspected GCA, 30

patients underwent CDUS, 14 patients had TAB and 25

patients had both CDUS and TAB (i.e. 55 CDUSs and

39 TABs were performed in total). Of the 30 clinically

positive GCA cases, 3 patients had both a positive

CDUS and TAB, 3 patients had a positive CDUS and 10

patients had a positive TAB. The remaining 14 of 30

clinically positive patients had negative investigations

(CDUS/TAB), but GCA was diagnosed clinically based

on history, examination and laboratory findings (Fig. 1).

Of the 55 CDUSs in clinically suspected GCA, there

were 23 cases with clinically confirmed diagnoses of

GCA by the treating rheumatologist (referred to as clini-

cally positive GCA) and 32 cases were not clinically con-

firmed GCA (referred to as clinically negative GCA).

There were 6 positive CDUSs for GCA out of 23 clini-

cally positive GCA cases, resulting in a sensitivity of

26% (95% CI of 10, 48). There were 31 negative CDUSs

out of 32 clinically negative GCA cases (1 false-positive

CDUS), giving a specificity of 97% (95% CI 84, 100).

The positive predictive value and negative predictive

value of CDUS for GCA was 86% (95% CI 42, 99) and

65% (95% CI 49, 78), respectively.

Of the 39 patients who underwent TAB, there were 23

cases with clinically positive GCA and 16 cases had a

very low clinical probability of GCA (clinically negative

GCA). There were 13 histologically proven GCA of the

23 clinically positive GCA patients, giving a sensitivity of

57% (95% CI 34, 77) for TAB in the diagnosis of GCA.

The specificity was calculated to be 100%. The Cohen’s

kappa for CDUS vs a clinical diagnosis of GCA was

found to be 0.25 (95% CI 0.05, 0.46), indicating fair

agreement, whereas the Cohen’s kappa for TAB vs a

clinical diagnosis of GCA was 0.52 (95% CI 0.29, 0.74),

indicating moderate agreement.

For the clinically positive GCA cases, the median time

in days from prednisone commencement to CDUS was

6 days [interquartile range (IQR) 4–9.5] in the positive

CDUS cases, compared with 11 days (IQR 8–19) in the

negative CDUS cases. Similarly, for the clinically positive

GCA cases, the median time from prednisone com-

mencement to TAB was much shorter in the positive

TAB cases [17 days (IQR 8–27)] compared with the neg-

ative TAB cases [23 days (IQR 16.3–38)]. Overall, the

negative CDUSs were done later than the ones that

were positive for clinically positive GCA patients. There

is a similar pattern with TAB reports (Fig. 2).

Discussion

Demographic data match international data, with the

majority of patients being of European origin (68%) and

female and all patients being >50 years of age. These

findings were similar to an unpublished Waikato study

(Quincey V. GCA in the modern era and at Waikato,

New Zealand. Internal Medicine Society of Australia and

New Zealand (IMSANZ) 2021) and an Otago study in

New Zealand [26]. There is a lack of information in the

literature regarding the prevalence or incidence of GCA

in the Maori population in New Zealand. This observa-

tional study analysed the differences in ethnicity data in

relation to GCA and found that 9.7% of positive GCA

cases were Maori and 6.5% were Pacific Islanders in

the CMDHB catchment area. This demonstrates that

GCA can manifest in other ethnicities as well.

A 9 year study in Otago, from 1996 to 2005, showed a

mean annual incidence of 12.73 per 100 000 for the

population >50 years of age. Unpublished data from

Waikato (Quincey V. GCA in the modern era and at

Waikato, New Zealand. Internal Medicine Society of

Australia and New Zealand (IMSANZ) 2021) showed an

TABLE 2 Age, gender and ethnicity-specific incidence rates in clinically positive GCA cases

Demographics n (%) Incidencea 95% CI

Age (years)

50–64 1 (3.2) 0.6 0.02, 3.3
65–74 11 (35.5) 17 8.5, 30.5
>75 19 (61.3) 47 28.3, 73.4

Gender
Male 9 (29) 6.9 3.2, 13.1

Female 22 (71) 15.5 9.7, 23.5
Total 31 (100) – –

Ethnicity

New Zealand Europeans/other Europeans 21 (67.7) 13.2 8.2, 20.1
Maori 3 (9.7) 12.2 2.5, 35.7

Pacific Islander 2 (6.5) 5.2 0.63, 18.7
Chinese 1 (3.2) 4.3 0.11, 24.1
Indian 2 (6.5) 11.2 1.36, 40.4

Not stated 2 (6.5) NA
Total 31 11.4 7.8, 16.7

NA: not available. aIncidence per 100 000 per year >50 years of age.
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incidence of 13.6 per 100 000 for the population

>50 years of age, which is comparable to this study

(11.4 per 100 000 for the population >50 years of age)

[26].

A review of the literature since 2000 identified papers

from five metanalyses that used clinical diagnosis as the

reference standard, similar to this study [6–9, 14]. The

overall results of these papers showed that CDUS had a

higher specificity than sensitivity in the diagnosis of

GCA. Sensitivity varied between 42% and 96%, with a

pooled sensitivity of 70% (95% CI 58, 79), and the spe-

cificity ranged from 65.7% to 100%, with a pooled spe-

cificity of 89% (95% CI 83, 94) [3, 10, 15–24] (Fig. 3).

There was significant variability between study

heterogeneity for sensitivity and specificity. The sensitiv-

ity (26%) of CDUS in this study was lower than in the in-

ternational literature, however, the specificity of CDUS

was comparable to the international literature. Local

unpublished data from Waikato (Quincey V. GCA in the

modern era and at Waikato, New Zealand. Internal

Medicine Society of Australia and New Zealand

(IMSANZ) 2021) from 2014 to 2019 showed a sensitivity

of 32.9% for CDUS in the diagnosis of GCA, which is

comparable to our result .

The specificity of 97% in this study was due to one

false-positive CDUS. This patient was commenced on

high-dose steroids by the general practitioner on suspi-

cion of GCA. Clinical diagnosis of negative GCA was

FIG. 1 Overview of clinically positive/negative GCA, positive/negative CDUS and positive/negative TAB

Pt(s): patient(s).

Diagnostic use of CDUS in GCA in CMDHB
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given by the rheumatologist in the first clinic visit in the

context of the clinical presentation and lab investigations,

despite the positive CDUS. Therefore the patient was rap-

idly weaned off the steroids. It is important to be mindful

of the possibility of a false-positive CDUS and that the di-

agnosis involves consideration of other factors, including

clinical presentation and lab investigations.

There is evidence to show that the sensitivity of

CDUS diminishes with the anti-inflammatory effects of

corticosteroids. One study showed that there was a sig-

nificant reduction in the sensitivity of CDUS in diagnos-

ing GCA from the time of commencement of steroids

[25]. The results of this study showed that the sensitivity

of CDUS decreased from 87.5% on day 1 of steroids to

50% when the patient was on steroids for >4 days. Our

study found a median wait time of 6 days for clinically

positive GCA cases with positive CDUS. The CDUS

results that came back negative for positive GCA cases

were done later, with a median of 11 days. This high-

lights the importance of performing the CDUS soon after

commencement of steroids.

As reported in the literature, concurrent CDUS of axil-

lary arteries and temporal arteries improved the sensitiv-

ity of CDUS (sensitivity of 52% for CDUS of temporal

arteries and 71% for both temporal and axillary CDUS)

[11]. Also, negative temporal artery CDUS does not rule

out the involvement of the axillary artery or extracranial

involvement in GCA [11]. Unfortunately, the majority of

patients in this study did not have a CDUS of the axillary

artery due to resource constraints.

Only 55 of 69 patients underwent CDUS in this cohort.

During the initial phase of induction of CDUS in the

CMDHB, all the suspected patients with GCA did not

get CDUS. All staff were not aware of the use of CDUS

in diagnosing GCA and were following the existing pro-

tocol that did not include CDUS for all suspected GCA

cases. Six of the 14 patients did not have CDUS for this

reason and 8 of the 14 patients did not have CDUS be-

cause the management decision by the rheumatologist

was based on clinical evaluation and TAB results.

Overall, the study highlights a link between waiting

time for investigations (CDUS/TAB) after steroid com-

mencement and its effect on CDUS/TAB findings.

Second, this study revealed GCA in the Maori and

Pacific Islander populations, suggesting that GCA can

occur in ethnicities other than Europeans, with Maori be-

ing the second most common population with GCA in

the CMDHB catchment area in New Zealand. Finally, it

shows there is an urgent need to create a GCA pathway

in the CMDHB with the aim of having early CDUS for

suspected GCA. Early diagnosis and exclusion of GCA

would prevent unnecessary surgical intervention and

long-term high-dose steroid treatment and its potential

complications.

Limitations of this study were, being a retrospective

study, data collection was contingent on good clinical

FIG. 2 Days from prednisone commencement to CDUS/TAB for patients with clinically positive GCA

Rathan Nagarajah et al.
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documentation. Also, calculation of the incidence did

not include the small proportion of patients treated in

the private sector, and this could slightly underestimate

the incidence in our study. The wide CIs of our sensitiv-

ity and specificity of CDUS and TAB can be attributed

to our small sample size. Temporal artery CDUS was re-

cently started as a diagnostic tool for GCA in the

CMDHB and operator experience and variability may

have influenced the outcome of the test. It is anticipated

that the diagnostic performance of CDUS will improve

over time. Finally, coronavirus disease 2019 and lock-

downs with changes in alert levels in New Zealand dur-

ing the study period may have influenced access to the

investigations for GCA and altered the outcome of this

study in terms of waiting times, but this was not investi-

gated in this study.

Moreover, the results of the investigations (CDUS/

TAB) may have influenced the treating rheumatologists’

decisions about positive or negative GCA and therefore

there may be bias in the clinical diagnosis used as a

reference standard in this study. To help overcome this

bias, data was reanalysed to see how many clinically

positive GCA cases fulfilled standardized diagnosis cri-

teria such as the revised ACR criteria. A total of 27 of

30 clinically positive GCA (90%) cases fulfilled the re-

vised ACR criteria without pathology from a TAB. When

pathology was included, 93% of clinically positive GCA

cases fulfilled the revised ACR criteria. Lastly, CDUS

was not performed consistently on all patients in the

sample, thus it could be presumed that patients who

did not have CDUS were least suitable for the use of

CDUS. This leaves the analysis of test performance

open to selection bias. This could be addressed by us-

ing a larger prospective study where all patients in the

study must have CDUS as part of their investigations.

All CDUS and TAB referrals are equally triaged as ur-

gent requests regardless of their probability of having

GCA. However, given that the patients did not all re-

ceive both CDUS and TAB, there may have been bias

in how different patients were selected for each

FIG. 3 Pooled sensitivity and specificity of CDUS for diagnosing GCA derived from 12 international studies

Metanalyses give a pooled sensitivity of 70% (95% CI 58, 79) and a pooled specificity of 89% (95% CI 83, 94).

Diagnostic use of CDUS in GCA in CMDHB
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intervention and therefore a risk of confounding by

indication.

Conclusions

CDUS is useful in diagnosing GCA, as it is faster and

non-invasive compared with TAB. A positive CDUS in

patients with a high risk for GCA may preclude the need

for TAB due to the high specificity of CDUS in GCA.

Larger prospective studies will be required to further as-

sess the role of CDUS in the diagnosis of GCA. It would

be interesting to see if performing CDUS of the axillary

artery would yield better results in the CMDHB, due to

the high occurrence of extracranial disease in GCA. The

time from commencement of steroids to the time of in-

vestigation is crucial in confirming GCA, therefore short-

ening waiting times in the CMDHB is necessary to

increase the diagnostic performance of CDUS.
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