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ABSTRACT
Purpose: To evaluate the diagnostic yield and concordance of color duplex ultrasound (CDU) of the superficial temporal artery (STA),
temporal artery biopsy (TAB), and American College of Rheumatology (ACR) criteria in the diagnosis of giant cell arteritis (GCA).
Methods: Prospective, masked study of all patients evaluated in one institution suspected of having GCA. All patients with a suspected
diagnosis of GCA were admitted for pulsed intravenous corticosteroids. Patients underwent serologic work-up and ACR criteria were
documented. All patients had a CDU and TAB performed within 3 days of initiation of systemic corticosteroid therapy. Main outcome
measure: Concordance of CDU and TAB. Secondary outcome measures: Concordance between unilateral and bilateral CDU and TAB
by side and segment, concordance between TAB and ACR criteria, and statistical analysis of serologic markers for GCA.
Results: The diagnosis of biopsy-proven GCA was found in 14 of 71 (19.7%) patients. The sensitivity of CDU compared to the
reference standard of TAB ranged between 5.1% and 30.8% depending on the signs studied on CDU and correlation of specific TAB
parameters. Of the serologic studies, a platelet count threshold of 400,000µL had the highest positive (18.32) and lowest negative
(0.37) likelihood ratios for a diagnosis of GCA.
Conclusions: In this study, CDU showed minimal value in diagnosing GCA compared to TAB. There was poor correlation between
CDU results and ACR criteria for GCA. The threshold platelet count had higher positive and negative predictive values for GCA than
CDU and is a useful serologic marker for GCA.
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INTRODUCTION
Giant cell arteritis (GCA) is a systemic vasculitis with the potential for severe, irreversible loss of vision. The prevalence of GCA is
19.6-27.9 per 100,000 persons, but varies markedly depending on age, sex, race, and ethnicity.1-3 The disease affects individuals over
the age of 50 years, peaking between 70-80 years.3-5 One half of all patients with GCA will present with ocular symptoms, usually
visual loss (88.6%); of note, in one series of 170 patients with biopsy-proven GCA, visual loss occurred in 48.8%.6 Other studies have
found an incidence of visual loss in GCA between 8 and 70%.7-17 At present, a long course of corticosteroids, lasting months to years,
is the only therapy and has been proven to be effective in preventing contralateral visual loss at correct dosages and durations;6,18-20
one study noted a mean of 7.5 months needed to taper a patient’s prednisone dose to 5 mg/d.19 Significant adverse effects occur
regularly, especially in the elderly population. Proven and colleagues reported at least one adverse event in 86% of patients
undergoing corticosteroid therapy for GCA, with diabetes mellitus noted in 9%, fracture in 38%, infection in 31%, and gastrointestinal
bleeding in 4%.19 Nesher and associates reported that 58% of patients with GCA developed at least one major corticosteroid-related
adverse event over a 3 year period.21 Correct diagnosis is therefore of paramount importance to both treat a patient with GCA in a
timely fashion6 and to avoid corticosteroids in patients without GCA.3,19,22,23
Several studies have attempted to define an accurate diagnostic definition for GCA based on a variety of parameters,4,11,24,25
including the American College of Rheumatology (ACR) classification criteria,26 temporal artery biopsy (TAB),27 and/or color duplex
ultrasound (CDU) of the superficial temporal artery (STA).28
The current gold standard for the diagnosis of GCA is superficial temporal artery biopsy of adequate length,18,28-33 a reasonably
straightforward surgical procedure with a sensitivity ranging between 76 and 100%, a specificity approaching 100%, and a low
complication rate, especially when the parietal branch is biopsied.3,7,22,23,27,28,34-37 The procedure can be safely performed in either an
office or ambulatory surgery center and no cessation of anticoagulant or antiplatelet therapy is necessary, minimizing the exacerbation
of other comorbidities.38 There are potential drawbacks to TAB, including surgical complications, difficulty in timely scheduling of
the procedure, and discordance between sides, among others.22
Alternative methods have been proposed in the hopes of circumventing the need for TAB in the diagnosis of GCA. In 1995,
Schmidt and colleagues reported the first use of color duplex ultrasound (color Doppler ultrasound, CDU) for the diagnosis of GCA,
describing a perivascular, hypoechoic “halo sign” around the STA,39 possibly representing periarterial edema secondary to vascular
inflammation.39,40 Other ultrasonographic findings, including arterial stenosis and occlusion, have also been studied in GCA.40 In a
subsequent study, Schmidt and co-workers reported a halo sign sensitivity of 76% and a specificity of 92% for the diagnosis of GCA
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when compared to TAB. When the three ultrasonographic signs (halo sign, stenosis, occlusion) were combined, a sensitivity of 76%
(vs 95%) and a specificity of 92% (vs 85%) were noted when compared to TAB (of note, cases of “biopsy-negative GCA” were
included in the analysis).40 However, stenosis and occlusion also occur in patients with atherosclerosis and no histopathologic
evidence of GCA,41-44 with some authors concluding that only the halo sign should be used as an accurate sign of GCA.43-45
Studies on the value of CDU in the diagnosis of GCA have heterogeneous results. One recurring difficulty in analyzing the
efficacy of CDU in the diagnosis of GCA is lack of a standardized methodology.28 Many studies are small or retrospective with
limitations in available data for analysis.46,47 Some series are not masked or only partially masked.40,41,43,48 Other studies lack important
specifics, including a strict definition of GCA,41,43,49-51 length of corticosteroid therapy prior to CDU and TAB,30,43,52 unrecorded or
widely varying length of TAB obtained,40,41,43,49,50,52 correlation between segment of positive CDU and TAB,53 experience of the
ultrasonographer and interpreting radiologist,41 and continuation or cessation of corticosteroids depending on result of CDU, TAB,
and ACR criteria.
In this series, we studied three diagnostic modalities (TAB, CDU, ACR criteria) in a prospective, masked fashion and their
concordance was analyzed. The hypothesis for this thesis is that CDU correlates with TAB results for the diagnosis of GCA.
Secondary outcomes include concordance between unilateral and bilateral TAB and CDU for side and segment, correlation between
CDU and ACR, and a statistical analysis of serologic markers for GCA with CDU/TAB/ACR.

MATERIALS AND METHODS
After Institutional Review Board approval was obtained, the study was conducted in accordance with the principles of the Declaration
of Helsinki and conformed to Health Insurance Portability and Accountability Act regulations. All patients with suspected GCA over a
14-month period who were admitted for pulsed intravenous corticosteroid therapy were approached prospectively for possible
inclusion in the study and informed consent was obtained. Pulsed intravenous corticosteroid therapy (methylprednisolone 250mg
every 6 hours for 12 doses) was initiated immediately on admission. Demographic, clinical, serologic (Westergren erythrocyte
sedimentation rate (ESR), c-reactive protein (CRP), platelet count), and ACR criteria data were collected at baseline. Interleukin-6
(IL-6) was also measured in some patients. CDU was performed within 3 days of admission. TAB was performed on the same day as
the CDU. Patients were excluded if they had received corticosteroid therapy within 6 months of presentation, did not have CDU
within 3 days of starting corticosteroids, or if the TAB was not performed on the same day as the CDU.

AMERICAN COLLEGE OF RHEUMATOLOGY CLASSIFICATION CRITERIA
The American College of Rheumatology 1990 criteria26 specify that the diagnosis of GCA may be made when patients meet 3 of the 5
parameters:
1. Age over 50 years;
2. New onset of localized headache;
3. Temporal artery tenderness or decreased temporal artery pulse;
4. Erythrocyte sedimentation rate greater than or equal to 50 mm/hr;
5. A positive temporal artery biopsy.
These five data points were collected prospectively on each patient. After TAB, if three or more of the ACR criteria were present,
the patient was considered “ACR positive”; if two or fewer of the criteria were present, the patient was labeled “ACR negative”.

COLOR DUPLEX ULTRASOUND
All patients included in the study underwent bilateral CDU of the STAs to evaluate each side by segment for the halo sign, stenosis,
and/or occlusion. With the patient in a supine position, mapping and marking of segments were performed by an oculoplastic surgery
fellow in conjunction with the ultrasonographer prior to the CDU. Marking was performed on both sides for the main trunk of the
STA as well as both the frontal and parietal branches using the CDU and a standard surgical marking pen, beginning just anterior to
the tragus of the ear (Figure 1).

FIGURE 1.
Clinical photograph of a patient after marking for CDU and TAB. CDU=Color duplex
ultrasonography; TAB=temporal artery biopsy.
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The first 2-centimeter segment was labeled as segment 0, with each subsequent 2-centimeter segment labeled from 1 to 3 or 4,
depending on the length of STA that could be studied. A certified ultrasonographer with experience in head and neck vascular
ultrasonography using a high frequency (linear 10-17 MHz) transducer for adequate penetration performed CDU. Multiple long and
short axis images were obtained using grey scale, color Doppler, and spectral Doppler modes along the main trunk and both branches
of the STA for at least 5 cm on each side. Although the ultrasonographer was aware of the concern for GCA, he/she was blinded to all
clinical and serologic findings. One attending radiologist (LN) specializing in vascular ultrasonography and blinded to the clinical,
serologic, and histopathologic findings interpreted all studies. CDU results were noted for each STA by side and segment, including
any areas of hyperechoic wall thickening (halo sign), vessel stenosis, or vessel occlusion.

TEMPORAL ARTERY BIOPSY
All TABs were performed in the same fashion by one of two oculoplastic surgeons (JRB, APM) blinded to the CDU findings and the
results of ACR criteria. TABs were performed within hours of the CDU in all patients. The procedure was performed in the operating
room under intravenous sedation using lidocaine with epinephrine as local anesthetic infiltration. Any antiplatelet and anticoagulant
therapies were continued normally and did not delay surgery. The previously described mapped course of the STAs was used in all
cases. The details of the surgical technique are summarized in a previous publication.38 Each marked segment of the STA was
removed and labeled for separate histopathologic evaluation. Prefixation length was measured for each excised segment,54 with at least
2cm total length excised on each side. The length of each segment excised was recorded prefixation. Bilateral biopsies were attempted
in all patients.

HISTOPATHOLOGY
The diagnosis of GCA was made based on the histopathologic findings on TAB. The histopathology was evaluated by one ophthalmic
pathologist (RCE) with extensive experience in the assessment and diagnosis of TAB specimens. The pathologist was masked to the
clinical, serologic, and ultrasonographic findings. All specimens were at least 19mm in total postfixation length per side. Each
segment of STA was sectioned transversely in a “breadloaf” fashion into 8 or more segments that were processed routinely for light
microscopy, embedded in single paraffin block, and stained with hematoxylin-eosin and periodic acid-Schiff. Three slides containing
several levels cut from each block were prepared. In selected cases, additional levels were prepared. Histopathologic criteria for the
diagnosis of GCA included the presence of chronic granulomatous inflammation in the vessel wall with presence of epithelioid
histiocytes, segmental loss or disruption of internal elastic lamina, compromise and/or obliteration of the arterial lumen, atrophy and
scarring of the muscularis, and adventitial fibrosis. Giant cells were not required for the diagnosis.

CORTICOSTEROID THERAPY
After completion of 12 doses of pulsed intravenous therapy, oral corticosteroids were continued in patients with a positive TAB,
regardless of the ACR and CDU results. Corticosteroids were stopped in all patients with a negative TAB, regardless of the ACR and
CDU results.

STATISTICAL METHODS
The performance of CDU in diagnosing GCA as determined by TAB and by ACR criteria was evaluated using sensitivity, specificity,
predictive values, likelihood ratios, and area under the receiver operating characteristics curve (ROC AUC). For patient level data,
estimates and exact 95% confidence intervals (CIs) were calculated using the diagt procedure in Stata 14 (StataCorp LP, College
Station, TX). For side-level data, estimates and 95% CIs were calculated using logistic random effects models to account for
correlation among sides from the same subject.55 Logistic random effects models were fit using SAS PROC GLIMMIX in SAS/STAT
13.2 (SAS Institute, Cary, NC). The results of serologic testing were analyzed in an identical fashion.

RESULTS
Seventy-three patients were enrolled in the study and data from 71 patients with 131 TABs was included in the analysis. One patient
was excluded because the CDU and TAB were not performed on the same day. One patient was excluded after the patient recalled
having had corticosteroid therapy prior to admission. Demographic data is summarized in Table 1. The average age was 73 years
(standard deviation = 8.5). Patients were mostly female (76.1%). The race/ethnicity distribution was mostly white (76.1%). Primary
symptoms are listed in Table 2a; 49.3% of patients presented with visual loss as their primary complaint. The results of pupillary
testing on presentation are listed in Table 2b, with an equal incidence of afferent pupillary defects in TAB positive and negative
patients. All patients underwent CDU and TAB within a mean of 1.18 days of beginning pulsed intravenous corticosteroids (median 0
days, range 0-3 days). All patients underwent CDU and TAB on the same day. Sixty-three patients had bilateral biopsy results. The
remaining 8 patients had only unilateral tissue sampling despite attempted bilateral biopsies. The length of each STA segment is
summarized in Table 3. At least 2cm54 total postfixation length of the STA was obtained in all but one case (19mm) in which the
contralateral artery could not be identified. There were no postoperative complications. The discordance rate between TAB sides was
1.6% (1/63).
Corticosteroids were continued in all patients with positive TAB results and discontinued in all patients with negative TAB results,
regardless of the CDU and ACR criteria results; no patient who discontinued corticosteroids experienced progressive visual loss.
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TABLE 1. DEMOGRAPHIC DATA
VARIABLE

ALL PATIENTS
(N=71)

Age in years (mean, median, range)
Female sex
Ethnicity (number and %)

73.1, 72.0, 55-90
76.1%

TAB POSITIVE
PATIENTS
(N=14)
75.79, 76, 58-85
85.7%

TAB NEGATIVE
PATIENTS
(N=57)
72.39, 71, 55-90
73.7%

54 (76.1)
12 (16.9)
4 (5.6)
1 (1.4)
0 (0)

12 (85.7)
2 (14.3)
0 (0)
0 (0)
0 (0)

42 (73.7)
10 (17.5)
4 (7.0)
1 (1.8)
0 (0)

White
Black
Hispanic/Latino
Asian
Other

TABLE 2A. PRIMARY PRESENTING SYMPTOMS
PRESENTING SYMPTOM
Vision loss
Headache
Blurred vision
Diplopia

NUMBER (%)
35 (49.3)
14 (19.7)
11 (15.5)
11 (15.5)

TABLE 2B. AFFERENT PUPILLARY DEFECT ON CLINICAL
PRESENTATION.
TAB POSITIVE
(N=14)
8
6

Afferent Pupillary Defect Present
Afferent Pupillary Defect Not Present

TAB NEGATIVE
(N=57)
28
29

Fisher’s two-tailed test P=.7668

TABLE 3. POSTFIXATION LENGTH OF TEMPORAL ARTERY BIOPSY BY SEGMENT.
LOCATION
OF TAB

Mean (mm)
Median
(mm)
Range (mm)

RIGHT
SEGMENT
1

RIGHT
SEGMENT
2

RIGHT
SEGMENT
3

14.79

13

14.71

15

13
16-22

10-28

RIGHT
TOTAL

LEFT
SEGMENT
1

LEFT
SEGMENT
2

LEFT
SEGMENT
3

LEFT
TOTAL

TOTAL
(RIGHT
+
LEFT)*

29

14.61

9.5

14.13

26.82

56

13.75

28.5

13

9.5

13.5

27

57

9-25

19-50

9-10

9-21

18-43

9-29

34-93

*Includes only cases with successful bilateral TABs
Of the 71 patients, 14 (19.7%) were found to have biopsy-confirmed GCA. Frequencies of CDU findings compared to TAB
findings are summarized in Tables 4a-d and 5a-d. Table 4e presents the performance of the diagnosis from CDU when any of three
signs (halo, stenosis, occlusion) were present against the reference standard of TAB. Table 5e presents the performance of only the
halo sign on CDU compared to TAB. When any abnormality on CDU was found, the sensitivity and specificity across all patients was
28.6% (95% CI 8.4, 58.1) and 87.7% (95% CI 76.3, 94.9), respectively, and 30.8% (95% CI 9.1, 61.4) and 86.0% (95% CI 73.3, 94.2),
respectively, in patients who underwent bilateral TABs. When only the halo sign was considered, the sensitivity and specificity across
all patients was 14.3% (95% CI 1.8, 42.8) and 96.5 (95% CI 87.9, 99.6), respectively, and 15.4% (95% CI 1.9, 45.4) and 96.0% (95%
CI 86.3, 99.5), respectively, in patients who underwent bilateral TABs. Side-level and segment level correlation for CDU and TAB
results as sensitivity and specificity are also listed, with lower sensitivities but higher specificities when compared to all patients and
bilateral TABs. A comparison with previously two published meta-analyses is summarized in Table 6.
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The data and analysis of post-biopsy ACR criteria and TAB result are summarized in Table 7a-d. The sensitivity and specificity of
the ACR criteria vs TAB were 85.7% (95% CI 57.2, 98.2) and 57.9% (95% CI 44.1, 70.9), respectively, for all patients and 84.6%
(95% CI 54.6, 98.1) and 58% (43.2, 71.8), respectively, for patients who had successful bilateral TABs.

TABLE 4A. PATIENT LEVEL DATA (N=71).
TAB Positive (N=14)
TAB Negative (N=57)

CDU POSITIVE (N=11)
4
7

CDU NEGATIVE (N=60)
10
50

Positive CDU defined as any positive CDU finding

TABLE 4B. PATIENT LEVEL DATA FOR BILATERAL TABS ONLY (N=63).
TAB Positive (N=13)
TAB Negative (N=50)

CDU POSITIVE (N=11)
4
7

CDU NEGATIVE (N=52)
9
43

Positive CDU defined as any positive CDU finding.

TABLE 4C. RESULTS BY SIDE (N=134).

TAB Positive (N=26)
TAB Negative (N=108)

CDU POSITIVE
(N=17)
6
11

CDU NEGATIVE
(N=117)
20
97

Positive CDU defined as any positive CDU finding.
Fisher’s exact test P=.0149.

TABLE 4D. RESULTS BY SEGMENT (N=252).

TAB Positive (N=44)
TAB Negative (N=208)

CDU POSITIVE
(N=17)
7
10

CDU NEGATIVE
(N=235)
37
198

Positive CDU defined as any positive CDU finding.
Fisher’s exact test P=.0149.

Analysis of serologic results is listed in Tables 10-12. There was no statistically significant difference in the mean ESR and CRP
values between TAB-positive and TAB-negative patients. However, a statistically significant difference in platelet count and IL-6 was
noted between these two groups (Table 11). No significant difference in ESR, CRP, platelet count, or IL-6 was found between patients
who were CDU-positive and CDU-negative, or ACR-positive and ACR-negative.
Table 12 details the statistical analysis of each serologic test compared to TAB result. The results for age-adjusted and age
independent ESR were similar. A platelet count threshold of 400,000/µL had the highest positive (18.32) and lowest negative (0.37)
likelihood ratios of any single serologic test, followed by IL-6 level (8.41 and 0.58, respectively). No other listed combination of
serologic testing (ESR/CRP, ESR (Miller)56/CRP, CRP/platelets, platelets/IL-6, or CRP/IL-6) improved the positive likelihood ratios
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when compared to the threshold platelet count of 400,000/µL. CRP/platelets, platelets/IL-6, and CRP/IL-6 improved the negative
likelihood ratios for GCA slightly (0.30, 0.20, 0.19, respectively). When abnormal CDU (any sign or halo sign only) was combined
with platelet count only to see whether an abnormality in either would improve predictability for GCA, both the positive and negative
likelihood ratios were worse than for platelet count alone.

TABLE 4E. CDU PERFORMANCE (ANY ABNORMALITY)
AT PATIENT, SIDE, AND SEGMENT LEVEL
COMPARED TO TAB RESULT.
PATIENT LEVEL
ALL PATIENTS
28.6
(8.4,58.1)
87.7
(76.3,94.9)
36.4
(10.9,69.2)
83.3
(71.5,91.7)

PATIENT LEVEL
BILATERAL
30.8
(9.1, 61.4)
86.0
(73.3, 94.2)
36.4
(10.9,69.2)
82.7
(69.7, 91.8)

SIDE
LEVEL
19.8
(5.7, 50.5)
92.2
(83.7, 96.5)
32.6
(6.1,78.2)
86.7
(75.8, 93.1)

SEGMENT
LEVEL
12.5
(3.5, 35.7)
95.9
(91.8, 98.0)
35.4
(6.6, 81.0)
91.8
(83.7, 96.1)

Positive likelihood ratio (CI)

2.33
(0.79, 6.85)

2.20
(0.76, 6.38)

2.56
(1.55, 4.22)

3.06
(1.99, 4.69)

Negative likelihood ratio (CI)

0.81
(0.58, 1.15)

0.81
(0.55, 1.18)

0.87
(0.69, 1.10)

0.91
(0.78, 1.07)

ROC AUC (CI)

0.58
(0.45, 0.71)

0.58
(0.45, 0.72)

0.56
(0.45, 0.67)

0.54
(0.47, 0.61)

Sensitivity (%) (CI)
Specificity (%) (CI)
Positive predictive value (%) (CI)
Negative predictive value (%) (CI)

CI = Confidence interval.
All confidence intervals at 95%.
ROC AUC = Area under the receiver operating characteristic curve.

TABLE 5A. CDU (HALO SIGN ONLY) VS. TAB. PATIENT LEVEL DATA
(N=71)

TAB Positive (N=14)
TAB Negative (N=57)

HALO POSITIVE
(N=4)
2
2

HALO NEGATIVE
(N=67)
12
55

TABLE 5B. CDU (HALO SIGN ONLY) VS. TAB. PATIENT LEVEL DATA
(BILATERAL TABS ONLY, N=63)

TAB Positive (N=13)
TAB Negative (N=50)

HALO POSITIVE
(N=4)
2
2

HALO NEGATIVE
(N=59)
11
48

TABLE 5C. CDU (HALO SIGN ONLY) VS. TAB.
RESULTS BY SIDE (N=134)

TAB Positive (N=26)
TAB Negative (N=108)

Trans Am Ophthalmol Soc / 115 / 2017

HALO POSITIVE
(N=5)
3
2

HALO NEGATIVE
(N=129)
23
106

6

Bilyk, Murchison, Leiby et al.

TABLE 5D. CDU (HALO SIGN ONLY) VS. TAB
HALO POSITIVE
(N=5)
3
2

TAB Positive (N=44)
TAB Negative (N=208)

HALO NEGATIVE
(N=247)
41
206

Results by segment (N=252).
Fisher’s exact test P=.0383.

TABLE 5E. CDU PERFORMANCE (HALO SIGN ONLY)
AT PATIENT, SIDE, AND SEGMENT LEVEL COMPARED TO TAB RESULT

Sensitivity (%) (CI)
Specificity (%) (CI)
Positive predictive value (%) (CI)
Negative predictive value (%) (CI)

PATIENT LEVEL
ALL PATIENTS
14.3
(1.8, 42.8)
96.5
(87.9, 99.6)
50.0
(6.8, 93.2)
82.1
(70.8, 90.4)

PATIENT LEVELBILATERAL
15.4
(1.9, 45.4)
96.0
(86.3, 99.5)
50.0
(6.8, 93.2)
81.4
(69.1, 90.3)

SIDE
LEVEL
8.8
(1.6, 37.0)
98.1
(92.7, 99.6)
56.0
(0, 100)
86.5
(76.0, 92.9)

SEGMENT
LEVEL
5.1
(0.9, 24.0)
99.0
(96.2, 99.8)
56.0
(0, 100)
92.0
(83.7, 96.2)

PATIENT LEVEL
ALL PATIENTS

SIDE
LEVEL

SEGMENT
LEVEL

4.76
(2.96, 7.68)

5.31
(3.60, 7.82)

Positive likelihood ratio (CI)

4.1
(0.6, 26.4)

PATIENT LEVEL
BILATERAL
3.85
(0.6, 24.8)

Negative likelihood ratio (CI)

0.89
(0.71, 1.11)

0.88
(0.69, 1.12)

0.93
(0.81, 1.07)

0.96
(0.88, 1.04)

ROC AUC (CI)

0.55
(0.46, 0.65)

0.56
(0.45, 0.66)

0.53
(0.47, 0.60)

0.52
(0.48, 0.56)

CI = Confidence interval. All confidence intervals at 95%.
ROC AUC = Area under the receiver operating characteristic curve.

TABLE 6. COMPARISON OF DATA BETWEEN PRESENT STUDY AND TWO META-ANALYSES
SENSITIVITY
(95%CI)

SPECIFICITY
(95%CI)

Present study (63 patients with bilateral TABs)
CDU (halo)
15
96
vs TAB
(2, 45)
(86, 100)
CDU (any
abnormality)
vs TAB
CDU (halo)
vs postbiopsy ACR
CDU (any
abnormality)
vs postbiopsy ACR

ISH

PPV
(95%CI)

NPV
(95%CI)

LR+
(95%CI)

LR(95%CI)

ROC
AREA
(95%CI)

N/A

50
(7, 93)

81
(69, 90))

3.85
(0.6, 24.8)
2.20
(0.76,
6.38)
0.32
(0.04,
2.94)
0.36
(0.11,
1.24)

0.88
(0.69,
1.12)
0.81
(0.55,
1.18)
1.07
(0.94,
1.22)
1.22
(0.97,
1.55)

0.56
(0.45,
0.66)
0.58
(0.45,
0.72)
0.47
(0.41,
0.53)
0.42
(0.32,
0.51)

31
(9, 61)

86
(73, 94)

N/A

36
(11 ,69)

83
(70 ,92)

3
(0, 16)

90
(74, 98)

N/A

25
(1, 81)

48
(34, 61)

9
(2, 25)

74
(55, 88)

N/A

27
(6, 61)

44
(31, 59)
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TABLE 6. (CONTINUED)
SENSITIVITY
(95%CI)
Karassa and coworkers
CDU (halo)
69
vs TAB
(57, 79)
(14 studies,
532 patients)
CDU (any
88
abnormality)
(74, 95)
vs TAB (7
studies, 332
patients)
CDU (halo)
55
vs ACR (7
(36, 73)
studies, 1092
patients)
CDU (any
87
abnormality)
(80, 91)
vs ACR (3
studies, 853
patients)
Ball coworkers
CDU halo vs
75
TAB (9
(67, 82)
studies, 357
patients)
CDU (any
83
abnormality)
(77,89)
vs TAB (9
studies, 397
patients)
CDU halo vs
69
ACR (6
(60, 77)
studies, 401
patients)
CDU (any
78
abnormality)
(72, 84)
vs ACR (7
studies, 571
patients)

SPECIFICITY
(95%CI)

ISH

PPV
(95%CI)

NPV
(95%CI)

LR+
(95%CI)

LR(95%CI)

ROC
AREA
(95%CI)

82
(75, 87)

Significant

NR

NR

NR

NR

NR

78
(71, 84)

None

NR

NR

NR

NR

NR

94
(82, 98)

Significant

NR

NR

NR

NR

NR

96
(89, 98)

None

NR

NR

NR

NR

NR

83
(78, 88)

None

NR

NR

NR

NR

NR

82
(77, 87)

Significant

NR

NR

NR

NR

NR

89
(84,92)

Significant

NR

NR

NR

NR

NR

88
(84, 91)

Significant

NR

NR

NR

NR

NR

ISH = Interstudy heterogeneity.

TABLE 7A. POST-BIOPSY ACR VS. TAB. PATIENT LEVEL DATA (N=71)

Biopsy Positive (N=14)
Biopsy Negative (N=57)
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ACR POSITIVE
(N=36)
12
24

ACR NEGATIVE
(N=35)
2
33
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TABLE 7B. POST-BIOPSY ACR VS. TAB.
PATIENT LEVEL DATA (BILATERAL TABS ONLY, N=63)
ACR POSITIVE (N=32)
11
21

Biopsy Positive (N=13)
Biopsy Negative (N=50)

ACR NEGATIVE (N=31)
2
29

TABLE 7C. POST-BIOPSY ACR VS. TAB.
RESULTS BY SIDE (N=134)
ACR POSITIVE
(N=68)
22
46

Biopsy Positive (N=26)
Biopsy Negative (N=108)

ACR NEGATIVE
(N=66)
4
62

TABLE 7D. POST-BIOPSY ACR PERFORMANCE AT PATIENT, SIDE, AND SEGMENT LEVEL
COMPARED TO TAB RESULT.

Sensitivity (%) (CI)
Specificity (%) (CI)
Positive predictive value (%)(CI)
Negative predictive value (%)(CI)
Positive likelihood ratio (CI)
Negative likelihood ratio (CI)

ROC AUC (CI)

PATIENT LEVEL
ALL PATIENTS
85.7
(57.2,98.2)
57.9
(44.1,70.9)
33.3
(18.6,51.0)
94.3
(80.8,99.3)
2.04
(1.40,2.95)
0.25
(0.07,0.91)

PATIENT LEVEL
BILATERAL
84.6
(54.6,98.1)
58.0
(43.2,71.8)
34.4
(18.6,53.2)
93.5
(78.6,99.2)
2.01
(1.35,3.00)
0.27
(0.07,0.97)

SIDE-LEVEL

PATIENT LEVEL
ALL PATIENTS
0.72
(0.60,0.83)

PATIENT LEVEL
BILATERAL
0.71
(0.59,0.84)

SIDE-LEVEL

90.2
(55.6,98.5)
59.4
(41.9,74.8)
27.8
(13.4,49.0)
96.4
(85.3,99.2)
2.22
(1.63,3.03)
0.16
(0.09,0.29)

0.75
(0.63,0.86)

SEGMENTLEVEL
94.0
(65.4,99.2)
60.2
(38.3,78.6)
19.6
(7.7,41.8)
98.0
(91.6,99.6)
2.36
(1.65,3.37)
0.10
(0.06,0.17)
SEGMENTLEVEL
0.77
(0.65,0.89)

CI = Confidence interval. All confidence intervals at 95%.
ROC AUC = Area under the receiver operating characteristic curve.

TABLE 8A. CDU VS. POST-BIOPSY ACR.
PATIENT LEVEL DATA (N=71).

Post-biopsy ACR Positive (N=36)
Post-biopsy ACR Negative (N=35)

CDU POSITIVE
(N=11)
3
8

CDU NEGATIVE
(N=60)
33
27

Positive CDU defined as any positive CDU finding.
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TABLE 8B. CDU VS. POST-BIOPSY ACR.
PATIENT LEVEL DATA
(BILATERAL TABS ONLY, N=63).
CDU POSITIVE
(N=11)
3
8

Post-biopsy ACR Positive (N=32)
Post-biopsy ACR Negative (N=31)

CDU NEGATIVE
(N=52)
29
23

Positive CDU defined as any positive CDU finding.

TABLE 8C. CDU VS. POST-BIOPSY ACR.
RESULTS BY SIDE (N=142).
CDU POSITIVE
(N=17)
Post-biopsy ACR Positive (N=26)
Post-biopsy ACR Negative (N=108)

4
13

CDU NEGATIVE
(N=125)
68
57

Positive CDU defined as any positive CDU finding.

TABLE 8D. CDU PERFORMANCE (ANY ABNORMALITY) AT PATIENT, SIDE, AND SEGMENT LEVEL
COMPARED TO POST-BIOPSY ACR RESULT.

Sensitivity (%)(CI)
Specificity (%)(CI)
Positive predictive value (%)(CI)
Negative predictive value (%)(CI)
Positive likelihood ratio (CI)
Negative likelihood ratio (CI)
ROC AUC (CI)

PATIENT LEVEL
ALL PATIENTS
8.3
(1.8,22.5)
77.1
(59.9,89.6)
27.3
(6.0,61.0)
45.0
(32.1,58.4)
0.37
(0.11,1.26)
1.19
(0.97,1.46)
0.43
(0.34,0.51)

PATIENT LEVEL
BILATERAL
9.4
(2.0,25.0)
74.2
(55.4,88.1)
27.3
(6.0,61.0)
44.2
(30.5,58.7)
0.36
(0.11,1.24)
1.22
(0.97,1.55)
0.42
(0.32,0.51)

SIDE-LEVEL
4.6
(1.4,14.0)
85.0
(69.6,93.4)
21.3
(3.4,67.7)
44.4
(29.3,60.6)
0.31
(0.21,0.45)
1.12
(0.98,1.28)
0.45
(0.39,0.51)

SEGMENTLEVEL
2.8
(1.2,6.1)*
94.5
(89.4,97.3)
21.4
(3.2,69.3)
46.7
(27.8,66.7)
0.51
(0.41,0.62)
1.03
(0.98,10.7)
0.49
(0.47,0.51)

CI = Confidence interval. All confidence intervals at 95%.
ROC AUC = Area under the receiver operating characteristic curve.
*The random effects analysis for this sensitivity at the segment level did not converge.

TABLE 9A. CDU (HALO SIGN ONLY) VS. POST-BIOPSY ACR.
PATIENT LEVEL DATA (N=71)

ACR Positive (N=36)
ACR Negative (N=35)
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HALO POSITIVE
(N=4)
1
3

HALO NEGATIVE
(N=60)
35
32
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TABLE 9B. CDU (HALO SIGN ONLY) VS. POST-BIOPSY ACR.
PATIENT LEVEL DATA (BILATERAL TABS ONLY, N=63)

ACR Positive (N=32)
ACR Negative (N=31)

HALO POSITIVE
(N=11)
1
3

HALO NEGATIVE
(N=52)
31
28

TABLE 9C. CDU (HALO SIGN ONLY) VS. POST-BIOPSY ACR.
RESULTS BY SIDE (N=142)
ACR Positive (N=26)
ACR Negative (N=108)

HALO POSITIVE (N=5)
1
4

HALO NEGATIVE (N=137)
71
66

TABLE 9D. CDU (HALO SIGN ONLY) VS. POST-BIOPSY ACR.
RESULTS BY SEGMENT (N=423)
ACR Positive (N=216)
ACR Negative (N=207)

HALO POSITIVE (N=5)
1
4

HALO NEGATIVE (N=418)
215
203

TABLE 9E. CDU PERFORMANCE (HALO SIGN ONLY) AT PATIENT, SIDE, AND SEGMENT LEVEL
COMPARED TO POST-BIOPSY ACR RESULT.

Sensitivity (%) (CI)
Specificity (%) (CI)
Positive predictive value (%) (CI)
Negative predictive value (%) (CI)
Positive likelihood ratio (CI)
Negative likelihood ratio (CI)
ROC AUC (CI)

PATIENT
LEVEL
ALL PATIENTS
2.8
(0.1,14.5)
91.4
(76.9,98.2)
25.0
(0.6,80.6)
47.8
(35.4,60.3)
0.32
(0.04,2.97)
1.06
(0.95,1.19)
0.47
(0.42,0.53)

PATIENT LEVEL
BILATERAL

SIDE-LEVEL

SEGMENTLEVEL

3.1
(0.1,16.2)
90.3
(74.2,98.0)
25.0
(0.6,80.6)
47.5
(34.3,60.9)
0.32
(0.04,2.94)
1.07
(0.94,1.22)
0.47
(0.41,0.53)

1.4
(0.2,9.9)
95.3
(95.5,98.6)
19.1
(0,100)
47.7
(32.6,63.3)
0.29
(0.21,0.41)
1.03
(0.97,1.10)
0.48
(0.45,0.51)

0.5
(0.1,3.3)
98.4
(95.1,99.5)
19.1
(0,100)
47.1
(27.8,67.4)
0.28
(0.23,0.34)
1.01
(0.99,1.03)
0.49
(0.48,0.50)

CI = Confidence interval.
All confidence intervals at 95%. ROC
AUC = Area under the receiver operating characteristic curve.
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TABLE 10. ANALYSIS OF SEROLOGIC RESULTS.

All patients
TAB +
TABCDU+
CDUACR+
ACR-

ESR MEAN
(MEDIAN,
RANGE), n

CRP MEAN
(MEDIAN, RANGE), n

PLATELETS MEAN
(MEDIAN, RANGE), n

IL-6 MEAN
(MEDIAN, RANGE), n

48.75
(48.0, 5-108), 71
53.64
(45, 9-105),14
47.54
(45, 5-108), 57
58.09
(65, 24-90), 11
47.03
(40, 5-108), 60
52.31
(54, 6-108), 36
45.09
(40, 5-108), 35

3.09
(1.3, 0.1-24.35), 71
3.59
(2.65, 0.1-10.16), 14
2.97
(1.2, 0.1-24.35), 57
3.16
(2.3, 0.31-7.8), 11
3.08
(1.2, 0.1-24.35), 60
2.93
(1.6, 0.1-10.16), 36
3.26
(0.9, 0.1-24.35), 35

283.81
(263, 2.47-502), 71
394.14
(408.5, 220-500), 14
256.71
(252, 2.47-502), 57
289
(241, 171-441), 11
282.86
(267, 2.47-502), 60
308.26
(297, 2.47-500), 36
258.66
(229, 100-502), 35

4.64
(2.65, 0.31-17.92), 48
9.09
(9.61, 0.31-16.0), 11
3.32
(1.98, 0.31-17.92), 37
7.43
(7.96, 171-12.27), 6
4.24
(1.26, 0.31-17.92), 42
5.49
(3.35, 0.31-17.92), 25
3.71
(1.83, 0.55-12.96), 23

ESR = Westergren erythrocyte sedimentation rate
CRP = c-reactive protein
IL-6 = interleukin-6
TAB = temporal artery biopsy
CDU = color duplex ultrasonography
ACR = American College of Rheumatology criteria.
All platelets values in thousands. Normal ranges: ESR = 0-22mm
CRP = <3.0mg/dL; platelets = 150,000-450,000/µL
IL-6 = 0.31-5.00pg/mL.

TABLE 11.
P VALUES BETWEEN DIAGNOSTIC MODALITIES FOR MEAN SEROLOGIC RESULTS.
TAB+ vs TABTAB+ vs CDU+
TAB+ vs CDUTAB+ vs ACR+
TAB+ vs ACRCDU+ vs CDUACR+ vs ACR-

ESR
0.4953
0.7171
0.4817
0.8994
0.3513
0.2595
0.3095

CRP
0.6158
0.7236
0.6762
0.4569
0.8241
0.9547
0.7404

PLATELETS
<0.0001
0.0088
0.0004
0.0101
<0.0001
0.8565
0.0405

IL-6
<0.0001
0.4694
0.0021
0.0473
0.0009
0.1020
0.1703

P values <0.05 in bold.
ESR = Westergren erythrocyte sedimentation rate;
CRP = c-reactive protein
IL-6 = interleukin-6
TAB = temporal artery biopsy
CDU = color duplex ultrasonography
ACR = American College of Rheumatology criteria.
All platelets values in thousands.
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TABLE 12.
STATISTICAL COMPARISONS BETWEEN ABNORMAL SEROLOGIES AND POSITIVE TAB.
ABNORMAL
SEROLOGY

SENSITIVITY
(%)

SPECIFICITY
(%)

PPV
(%)

NPV
(%)

57.14
57.14
57.14
64.29
45.45
78.57
71.43
78.57
85.71
85.71
68.75
35.71

56.14
43.86
73.68
96.49
94.59
43.86
35.09
71.93
71.93
75.44
84.21
91.23

24.24
20.00
34.78
81.82
71.43
25.58
21.28
40.74
42.86
46.15
55.0
50.0

84.21
80.65
87.50
91.67
85.37
89.29
83.33
93.18
95.35
95.56
90.57
85.25

ESR (≥50mm/hr)
ESR (Miller)
CRP (>3.0mg/dL)
Platelets (>400,000/µL)
IL-6 (>5.00pg/mL)
ESR or CRP
ESR (Miller) or CRP
CRP or plts
Plts or IL-6
CPR or IL-6
CDU (any sign) or plts
CDU (halo only) or plts

POSITIVE
LIKELIHOOD
RATIO
1.30
1.02
2.17
18.32
8.41
1.40
1.10
2.80
3.05
3.49
4.35
4.07

NEGATIVE
LIKELIHOOD
RATIO
0.76
0.98
0.58
0.37
0.58
0.49
0.81
0.30
0.20
0.19
0.37
0.70

Abnormal ESR (Miller) defined as >age/2 for males and >(age+10)/2 for females55.
ESR = Westergren erythrocyte sedimentation rate
CRP = c-reactive protein; plts = platelets
IL-6 = interleukin-6
CDU = color duplex ultrasonography.

DISCUSSION
Temporal artery biopsy is recommended in suspected GCA as the definitive test to either rule in or rule out the disease.3,57,58 Critics of
the procedure cite multiple reasons for the limitations of TAB, including surgical complications, loss of histopathologic features with
corticosteroid therapy, skip lesions, and discordance, among others; other modalities (including CDU) have been recommended as a
better alternative.22,47,51,52,59
TAB is routinely described as the gold standard in the diagnosis of GCA, even by investigators who recommend other modalities
to avoid TAB.28,49,60 However, the definition of “gold standard” is itself debatable. In the strictest sense, a gold standard test would
have 100% sensitivity and specificity for a given disease,27 a combination that does not exist in medicine.61 A less rigid definition of a
gold standard is a modality that, albeit imperfect, is the best test available to diagnose a given pathology and is usually referred to as
the “reference standard”. As noted by Savino, any new test that attempts to supplant the accepted reference standard as “the new gold
standard” for a specific diagnosis must exceed the sensitivity and specificity of the older test.22 Few would argue that the specificity of
TAB is nearly 100%.7,22 A pathologist may on occasion “overcall” the histopathologic features in a TAB. However, as Niederkohr and
Levin point out, it is highly unlikely that a clinician would opt to withhold systemic corticosteroid therapy based on other criteria in
the face of a positive TAB, resulting in a 100% specificity for a positive result in clinical practice.27
The major issue with TAB in the diagnosis of GCA is its sensitivity, which varies widely in the literature mainly because of the
methodologies used. In a Bayesian meta-analysis, Niederkohr and Levin calculated a sensitivity of unilateral TAB of 87.1% (95% CI
81.8-91.7%) using four published series of bilateral simultaneous (rather than sequential) TABs.27 An earlier publication by the same
authors reported the sensitivity of unilateral TAB across three studies as 69-91.7% and of bilateral TAB (simultaneous or sequential)
across seven studies of 76.7-100%, with a mean of 94.3 % (95% CI 90.4-98.1%). Hedges and colleagues reported that 5 of 63 (8%)
patients with a negative TAB (>1cm in length) in a cohort of 91 patients had a diagnosis of GCA on clinical grounds.23 However, the
diagnosis of GCA was later reversed in two of these patients. Of note, one of the three remaining patients had unequivocal
histopathologic proof of GCA on subsequent postmortem examination, supporting the contention that biopsy-negative GCA does
exist. Despite the less than perfect sensitivity for TAB in their study, the authors also concluded that no combination of clinical or
serologic findings was as sensitive as TAB for the diagnosis of GCA.23 More recently, El-Dairi and coworkers calculated a sensitivity
of 91.4% for TAB in the diagnosis of GCA, although specifics on the average length of STA obtained were not listed.7
The reasons for false-negative TABs vary and, as already noted, are generally ascribed to skip areas of normal tissue in the
TAB,18,33,62 inadequate length of arterial specimen,33,63 discordance between sides,27,63 and variations in histopathologic criteria for
definitive diagnosis. In addition, some studies define GCA based on various clinical parameters (including the ACR criteria), resulting
in up to 19% of patients with negative TABs being diagnosed with biopsy-negative GCA.64 Because of this lack of truly objective
criteria for a false-negative TAB, the actual sensitivity of a bilateral, simultaneous TAB is difficult to assess, but should equal or
exceed that of a unilateral TAB, especially if an adequate specimen is obtained in a timely fashion (with regards to the initiation of
corticosteroid therapy) and reviewed by an experienced pathologist.
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In this cohort, corticosteroids were stopped in all patients with a negative TAB, regardless of CDU and ACR results. Multiple
studies have documented the high incidence of progressive visual loss in patients with GCA who are either untreated or undertreated
with corticosteroids. In Hayreh and coworkers’s study on the ocular manifestations of GCA, of the patients with bilateral visual loss
secondary to TAB-proven GCA, 16.7% presented with bilateral, simultaneous visual loss and an additional 45.8% of patients
developed bilateral, sequential visual loss within 1 week of unilateral visual loss.6 Other investigators have found visual loss rates in
GCA between 8-70%.10,65,66 In our cohort, 28 patients with a negative TAB had evidence of an optic neuropathy on presentation, and
an additional 29 did not (Table 2b). Assuming a false-negative rate of 12.9% for TAB,27 an 8-70% incidence of visual loss in GCA,712,14-17,65-67
and a 45.8% risk of progressive visual loss in undertreated GCA,20 we would have expected to see 0.3-2.6 patients develop
an optic neuropathy and 1.7 patients with an optic neuropathy to develop contralateral visual loss because of a false-negative TAB and
lack of corticosteroid therapy. No patient with a negative TAB suffered additional visual loss after cessation of therapy, regardless of
CDU and ACR results.
Given the high specificity of TAB for GCA, the scenario of a negative CDU trumping a positive TAB to rule out GCA cannot be
defended. In two large meta-analyses on CDU, neither group of authors concluded that a negative CDU rules out GCA when the TAB
is positive.28,43 The relevant argument between the utility of CDU versus TAB in the diagnosis of GCA comes down to the perceived
sensitivities and specificities of CDU in the diagnosis of GCA to avoid TAB. As an example, Landau and colleagues suggested that
TAB could be avoided in cases of high clinical suspicion for GCA and a positive CDU, or in cases of low clinical suspicion and a
negative CDU.22 In their meta-analysis, Karassa and associates reported that when the probability of GCA is <10%, a positive CDU
increases the probability of GCA 25-30% when compared to a positive TAB, while a negative test “practically excludes” the
probability of GCA (2-5%).28 Karassa and coworkers concluded that a negative CDU in a low-risk patient precludes the need for a
TAB.28 However, they also note that TAB is necessary in essentially all other scenarios, including a positive CDU in a high-risk
patient, arguing that the morbidities of long-term corticosteroid use necessitate a definitive histopathologic diagnosis. These scenarios,
however, are highly dependent on what exactly constitutes a low and high clinical suspicion for GCA, which can be defined using a
variety of parameters,3,68 leaving an unacceptably large grey area for the clinician. Younge and coworkers analyzed multiple clinical
and serologic parameters to predict TAB result.68 Their study concentrated on the need for pre-TAB corticosteroids (TABs were
perforemd in all patients with suspected GCA, regardless of their calculated risk). The authors listed a variety of statistical results for
each parameter, including LRs. As an example, they found that the combination of jaw claudication and decreased vision had a
positive LR of 60 for GCA, while a normal ESR decreased the likelihood by 40. The practical problem with such nomograms arises
when an individual patient presents with multiple clinical findings and serologic results that may push the patient to both positive and
negative likelihoods of disease. The authors also noted that the most compelling symptom for GCA – jaw claudication – was present
in only 50% of patients with positive TABs and that 7.1% of their low-risk cohort (<10% probability of GCA) had positive TABs.68
Importantly, using their nomograms, the authors were able to categorize 279 patients as either high-risk or low-risk for GCA, leaving
the remaining 842 patients (76% of the total) in the intermediate-risk category that, according to other authors,22,28 would require a
TAB, regardless of CDU result. In addition, the interpretation of statistical results depends on several practical issues that vary
dramatically when comparing various pathologies.3,27,61 First, what are the consequences of a false negative result? For suspected
GCA, this includes the possibility of devastating bilateral visual loss, stroke, myocardial infarction, and a host of other
complications.20 Given the gravity of morbidities associated with untreated GCA, the 7.1% incidence of GCA in Younge and
colleagues “low-risk” cohort would be unacceptable to physicians treating suspected GCA. Second, what are the consequences of a
false positive result? For suspected GCA, long-term systemic corticosteroid therapy would be necessary in an elderly patient, with a
significant probability of adverse events.19

COLOR DUPLEX ULTRASONOGRAPHY
In this study, the prevalence of GCA was 19.7% based on TAB. Tables 4e (any CDU findings) and 5e (halo sign only) present the
performance of CDU against the reference standard of TAB for the diagnosis of GCA. Most measures of the predictive accuracy of
CDU showed minimal evidence of its value in diagnosing GCA. CDU performed poorly in terms of sensitivity.
For any positive CDU finding at the patient level (Table 4f), sensitivity was 28.6% (95% CI 8.4, 58.1) among all patients and
30.8% (95% CI 9.1, 61.4) among the subset with bilateral TAB results. Sensitivity was even lower at the segment (12.5%, 95% CI 3.5,
35.7) and side (19.8%, 95% CI 5.7, 50.5) levels. The positive predictive value of the test was low in all analyses (32.6-36.4%) and
ROC AUCs (in this case, an average of sensitivity and specificity for the single test cutoff) were less than 0.6 with 95% CIs, including
0.5, a finding that indicates no value of the test. The positive likelihood ratio values were greater than 2 in all cases and reached
statistical significance at the side and segment level. This suggests that any positive CDU finding increases the likelihood of actual
GCA from pre-test to post-test; however, given the relatively low probability of positive GCA expected pre-test (<20% of biopsies in
this sample were positive), this would still not increase the likelihood of positive TAB to much more than 50%.73 Furthermore,
stenosis and occlusion on CDU are nonspecific signs that may occur in atherosclerosis and have been reported to occur in 1 of 5 of
patients with negative TABS.28
Table 5e shows the results for CDU (halo sign only) compared with reference standard of TAB. Results for CDU (halo sign only)
differ slightly from CDU (any sign) in that sensitivity is much lower; however, the rate of false positives in patients without GCA is
very low (specificity ranging from 96-99%). This translated into a positive predictive value of 50% or greater and LR+ values of 3.85
or greater. These results should be interpreted with caution due to the low incidence of a positive halo sign (4 patients, 5 segments, and
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5 sides). Further, as an overall assessment of accuracy, ROC AUC values were again close to 0.5 and 95% CIs included 0.5. Based on
nomograms published by McGee, the positive LR ranges for CDU in our study would increase the probability of GCA by 15-30%,
while the negative LRs would decrease the probability by <15%.69 Of note, only two previous papers on CDU in GCA reported LRs,
and their results generally mirrored ours.45,46 Black and colleagues reported a positive and negative LR of 2.1 and 0.7 respectively,
while Maldini and colleagues noted positive and negative LRs of 1.7 and 0.5.45,46 The clustering of the positive and negative LRs near
1.0 in both studies point to a low ability of CDU to either rule in or rule out GCA.69 Both groups concluded that a TAB is still
necessary in most cases of suspected GCA, regardless of CDU findings.
Tables 8d (any CDU sign) and 9d (halo sign only) show similar results for CDU findings vs. post-biopsy ACR result. There was
no evidence that CDU (any sign) performed well in comparison to a GCA diagnosis based on post-biopsy ACR criteria. Sensitivity
was less than 10%, specificity was low except at the segment level, and predictive values were all below 50%. LR+ values suggested
that a positive CDU finding at the side or segment level actually decreased the likelihood of GCA. ROC AUCs were all below 0.5.
When compared to ACR, results for CDU (halo only only) were largely consistent with CDU (any sign) findings (Tables 9a9e). Table 7d show results for ACR vs. TAB. Post-biopsy ACR had reasonably high sensitivity and modest specificity. PPV was low,
but NPV was high. LR+ values were similar to CDU, but were significant. LR- values were quite low, meaning a negative post-biopsy
ACR result greatly reduced the post-test probability of GCA. ROC AUC values were all greater than 0.7 with 95% CIs excluding 0.5,
suggesting at least modest value of the tool in detecting GCA after TAB. However, these results cannot be applied to pre-biopsy ACR
results. In addition, this analysis should be interpreted with caution, since a positive TAB is included as one of the five ACR criteria
for GCA and may therefore skew the results.
As already mentioned, one major issue in determining the efficacy of CDU in either ruling in or ruling out GCA is the
heterogeneity in methodologies between studies. Some studies have concluded that CDU is superior to TAB in diagnosing GCA,44,52
but vary in their design as well as their definition of GCA. Karahaliou and colleagues concluded that the presence of a bilateral halo
sign is 100% specific for GCA, precluding the need for TAB, based on their findings in 9 patients.44 On the other hand, Maldini and
colleagues found that both the positive and negative LRs for CDU are poor in the diagnosis of GCA.45 Multiple studies have also
included cases of “biopsy-negative GCA” or “GCA without biopsy”, with the diagnosis of GCA based on ACR or other clinical
criteria, raising questions about the validity of the diagnosis of GCA in these studies.22,43 An additional problem with most published
studies is that they lack the actual measurements of the TAB. In their seminal paper on CDU, Schmidt and colleagues include no data
on length of STA specimens.39 Muratore co-workers state that all TABs were at “least 0.5cm” in length, a minimum which may be
inadequate.49
Some experts have also proposed that CDU may have utility in guiding the surgeon toward a high yield area in the STA for
biopsy.44,51 Karahaliou and colleagues concluded that a “directional TAB” in the area of a halo sign on CDU improves the yield of a
positive TAB.44 In this study, the sensitivity of CDU (with any sign or halo sign only) decreased at the segment-level analysis when
compared to all patient or bilateral TAB analysis (Tables 4e and 5e) and only 3 halo signs were identified in 44 positive TAB
segments (7%) (Table 5d), raising significant doubts as to whether a “directional TAB” guided by CDU has any validity.53
As already noted, one disadvantage of TAB in the diagnosis of GCA is the loss of histopathologic features with corticosteroid use,
although they may be present after weeks to months of corticosteroid therapy.70 Of note, this shortcoming applies to CDU as well.
Schmidt and colleagues reported that the halo sign disappeared after a mean 16 days of corticosteroid use, comparable to the loss of
histopathologic features, but may also be absent as soon as 7 days after initiation of corticosteroids.40,70 Hauenstein and associates
noted that the sensitivity of CDU compared to positive TAB dropped rapidly from 92% with one day of corticosteroid use to 80%
after 2-4 days, and only 50% with more than 4 days of therapy.30,70 Karahaliou co-workers reported that the halo sign disappeared in
50% of patients after 2 weeks of corticosteroid therapy and in all patients at 4 weeks.44
Two additional important issues have been noted in multiple studies on the use of CDU for the diagnosis of GCA. First, the
accuracy of CDU depends on the technology and specific setting used.41,43,71 Second, the validity of CDU for GCA is highly
dependent on the examiner,43,45,60 and the usefulness of CDU in the absence of an experienced examiner has been questioned.22,45 In a
retrospective study by Black and colleagues, seven of 43 CDUs initially read as negative for the halo sign were reinterpreted as
positive when reviewed by an “expert” reader, doubling the prevalence of a positive halo sign when compared to the initial CDU
results.46 Despite this finding, the authors found no improved utility of CDU for the diagnosis of GCA when read by an expert
radiologist. In this study, all CDUs were read by one radiologist with extensive experience in this technology. The need for specific
technology and an experienced reader may not be available in all hospitals and may lead to as much of a delay as that in scheduling a
TAB.
Table 6 compares the results of CDU in our study with two meta-analyses; there was an overlap of studies in both meta-analyses
and some of the studies included “TAB-negative GCA” in their data analysis. The sensitivity of CDU (halo sign only) in our study
(using the reference standard of positive TAB as the definition of GCA) was markedly lower than in the two meta-analyses (15% vs
69-75%) and the specificity was higher (96% vs 82-83%). Similarly, the sensitivity of CDU (halo sign only) when compared to the
ACR criteria was lower (3% vs 55-69), but the specificity was similar (90% vs 89-96%). The marked difference in the results can be
explained by high interstudy heterogeneity (Table 6) in methodologies of the studies included in the meta-analyses when compared to
the stricter methodology used in the present manuscript, as well as the relatively low number of positive halo signs in our study.
In conclusion, the results of this study refute the hypothesis for the thesis that CDU correlates with TAB result in the diagnosis of
GCA.
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AMERICAN COLLEGE OF RHEUMATOLOGY CRITERIA FOR GCA
The ACR criteria for the diagnosis of GCA have a reported sensitivity and specificity of 93.5% and 91.2%.72 However, the ACR
criteria for GCA were initially developed for research purposes as a method to distinguish GCA from other vasculitides, and not as a
diagnostic tool for GCA; therefore, the published sensitivity and specificity cannot be applied to patients suspected of having GCA,
since this represents a markedly different population compared to that studied by the ACR.7,57,63,72,73 Unfortunately, the ACR criteria
have entered the methodologies of multiple studies and are not infrequently used to diagnose “biopsy-negative GCA”. This may then
produce downstream issues in the analysis of sensitivities and specificities of a variety of serologic and radiographic testing (including
CDU), as well as TAB.57 Multiple publications have questioned the use of solely clinical criteria, including those from the ACR, in the
diagnosis of GCA.3,23,57,73 A recent retrospective study from our center comparing ACR criteria with unilateral or bilateral TAB found
that 25.7% of patients with a positive TAB did not meet the ACR criteria for GCA, and 28.2% with a negative TAB did meet the
criteria.74 Diagnostic agreement between TAB results alone and ACR criteria without biopsy was only 51.4% (none of the patients in
the previous publication were used in the present analysis). Kermani at al found a better concordance between ACR and positive TAB,
noting that only 12 of 177 patients (6.8%) with a positive TAB did not meet the ACR criteria for GCA, while El-Dairi reported that
23.1% of their cohort with a negative TAB met the ACR criteria.7,16 Table 7a-d summarizes the analyses of post-biopsy ACR criteria
and TAB. The sensitivity of the post-biopsy ACR criteria (range 84.6-94.0) was better compared to CDU for the diagnosis of GCA,
but the specificity (range 57.9-60.2) was worse.

SEROLOGIC TESTING
The utility of serologic testing as a predictor of GCA is a controversial subject. Niederkohr and Levin noted a higher positive
likelihood ratio for the diagnosis of GCA as the ESR trends upwards.3 Lopez-Diaz and associates have reported an ESR between 70
and 100mm/hr as a predictor of ischemic visual loss from GCA,75 a finding not replicated in other cohorts.65 Parikh and co-workers
reported that an age- and sex-adjusted ESR had a sensitivity of 76-86% in biopsy-proven GCA, but did not list specificities; sensitivity
increased to 99% when combined with CRP.32 However, a more recent study reported no positive correlation between ESR and
positive TAB, regardless of whether the ESR was adjusted for age.7
Data on the utility of CRP is more limited than for ESR.16,25,76 Parikh and associates found that CRP was more sensitive than ageadjusted ESR for biopsy-proven GCA, with a sensitivity of 97.5%, but specificity was not reported because of the study’s
methodology.32 One large study by Kermani and colleagues concluded that CRP (odds ratio 2.94; 95% CI 1.83, 4.71) was a slightly
more sensitive marker for a positive TAB (and therefore for GCA) than ESR (odds ratio 2.22; 95% CI 1.43, 3.46), quoting a
sensitivity of 86.9%.16 In the same study, the authors found that a combined elevation of ESR and CRP resulted in an odds ratio of
3.06 (95% CI 2.03, 4.62), but a positive predictive value of only 29.3% for a positive TAB. The specificity of both tests was low
(29.5% and 30.5% for ESR and CRP, respectively). El-Dairi and associates concluded that an elevated CRP increased the relative risk
for GCA by 3.3 (p=0.037).7 Hayreh and colleagues also concluded that CRP was more predictive than ESR alone for GCA, and that
the combination of elevated ESR and CRP resulted in a specificity of 97% for GCA.25 Multiple studies have also found a higher
predictability of serologic testing for GCA when ESR and CRP were combined, with a sensitivity of 97-99%.16,25,32 Other investigators
have commented that both ESR and CRP trend to lower levels in patients with GCA and visual complications.10,14,65,77
Niederkohr and Levin published pooled results for a variety of clinical and laboratory findings while constructing a decision tree
for the management of GCA.3 They noted that thrombocytosis was a more sensitive and specific marker for GCA (positive LR =
5.982, negative LR = 0.565) than anemia (positive LR = 1.221, negative LR = 0.923) or ESR (positive LR = 0.551-2.446, negative LR
= 0.775-1.581). The likelihood ratios for ESR varied because of stratification of results (<50mm/hr, 50-100mm/hr, and >100mm/hr).
The authors did not calculate LRs for CRP and IL-6 because of a paucity of published data. They concluded that a platelet count is the
preferred blood test in patients with either low or high pretest probabilities. Foroozan and colleagues reported a better specificity,
positive predictive value, and negative predictive value of thrombocytosis (platelet count >400,000/µL) compared to ESR for the
diagnosis of GCA, but a lower sensitivity (57% vs 79%).31 A recent analysis by El-Dairi and associates concluded that a platelet count
of >400,000/µL had the highest correlation with GCA (relative risk 3.3, P=.0072) when compared to ESR and CRP.7
In our study, no significant difference in either ESR or CRP mean values was noted between TAB positive and TAB negative
patients (Tables 10 and 11). However, highly significant differences were noted for both platelet and IL-6 levels. The utility of CDU
vs TAB can therefore be studied indirectly. Significant differences in platelet count were noted between positive TABs and negative
CDU or ACR. However, significant differences were also noted in patients with positive TABs and positive CDU or ACR, albeit at a
lesser degree. If CDU result correlated closely with TAB result, the difference between platelet counts in cases where both were
positive should not have been significant. Comparison of serologic results between CDU positive and negative patients showed no
statistically significant difference in platelet count or Il-6 level, in contradistinction to the results for TABs; for post-biopsy ACR
positive and negative patients, significance was only found for platelet count, suggesting that in this study, the post-biopsy ACR
criteria may have been more accurate than CDU in the diagnosis of GCA, as already noted; again, this finding must be interpreted
with caution, since a positive TAB result is one of the 5 parameters in the ACR criteria for GCA. Similar findings were noted for IL-6,
except that no significant difference was noted between TAB and CDU positive results; however, because of the lower number of
patients with IL-6 serology, these results must also be interpreted with caution.
Sensitivities, specificities, and other predictive analyses of serologic testing are listed in Table 12. There was no difference in ESR
likelihood ratios when a level of ≥50mm/hr (an ACR criterion) was compared to an age-adjusted ESR using Miller’s formula,56
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consistent with a previous study. Although other formulae for patient-specific ESR exist, the two aforementioned methods were
analyzed, as they represent the most common thresholds for studying ESR in GCA. As already mentioned, Niederkohr and Levin did
note improved positive and negative likelihood ratios when the ESR was stratified into three groups.3 In our study, the combination of
either elevated ESR or CRP resulted in a sensitivity of 71.43-78.57 for biopsy-positive GCA (depending on the ESR formula used),
significantly lower than that reported in previous studies.16,25,32 Positive and negative LRs for this combination of testing ranged
between 1.10-1.40 and 0.49-0.81, respectively. The highest positive and lowest negative likelihood ratios of any serologic testing was
a platelet threshold level of 400,000µL (18.32 and 0.37, respectively). CDU (any finding) and CDU (halo only) were combined with
platelet count to analyze whether sensitivity and specificity for the diagnosis of GCA improved when either was abnormal (Table 12).
This combination improved the positive and negative ratios for CDU marginally, but markedly decreased the likelihood ratios
compared to the reported platelet count threshold. In other words, the combination of abnormal/normal CDU or platelet count had a
lower potential for ruling in or ruling out GCA than the platelet count threshold alone.
There are several limitations in this study. The first is that we did not consider the possibility of biopsy-negative GCA patients who
may have been diagnosed with GCA by either CDU or the ACR criteria. This is unlikely to have had any significant effect on the
analysis for two reasons. Biopsy-negative GCA following bilateral TABs of adequate length reviewed by an experienced pathologist
is likely a rare event.22 Second, no patient in this study experienced progressive visual loss, despite the cessation of corticosteroids in
all patients with negative TABs.57
ESR was analyzed using two common methods (ACR criterion of ≥50mm/hr and Miller’s formula).26,56 Other formulae have been
reported, including one by Hayreh and colleagues.25 Studies have reported that ESR is affected by abnormal hematocrit, rising
significantly in cases of anemia, and alternative methods for ESR calculation have been recommended.78,79 Systemic medications
(statins, nonsteroidal anti-inflammatory drugs) also impact ESR measurement, resulting in a lower reading.80 We did not record
hematocrit or the use of systemic medications in our patient cohort. The use of other methodologies for ESR calculation may have
resulted in different statistical results.
The most significant limitation of this study is the overall low number of patients with positive halo signs (Table 5a-d), making
any statistical analysis regarding the halo sign difficult to interpret with accuracy. However, the paucity of halo signs despite
documenting 26 sides and 44 segments of STA as positive Table5c and 5d) speaks to the low sensitivity of this CDU finding in
positive TABs.
At a prevalence of 19.7%, the accuracy of our data would be more influenced by specificity than sensitivity, potentially leading to
an overinterpretation of the accuracy of the test.81 For this reason, overall accuracy calculations were not performed.
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