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ABSTRACT
Purpose: To determine the positive yield (utility rate) of temporal artery biopsy (TAB) in patients with
suspected giant cell arteritis (GCA).
Study Design: Systematic review (CRD42017078508) and meta-regression.
Materials and Methods: All articles concerning TAB for suspected GCA with English language
abstracts from 1998 to 2017 were retrieved. Articles were excluded if they exclusively reported
positive TAB, or only cases of known GCA. Where available, the pre-specified predictors of age,
sex, vision symptoms, jaw claudication, duration of steroid treatment prior to TAB, specimen
length, bilateral TAB, and use of ultrasound/MRI (imaging) were recorded for meta-regression.
Results: One hundred and thirteen articles met eligibility criteria. The I2 was 92%, and with such high
heterogeneity, meta-analysis is unsuitable. Themedian yield of TAB was 0.25 (95% confidence interval
0.21 to 0.27), with interquartile range 0.17 to 0.34. On univariate meta-regression age (coefficient
0.012, p = 0.025) was the only statistically significant patient factor associated with TAB yield.
Conclusions: Systematic review revealed high heterogeneity in the yield of TAB. The median utility
rate of 25% and its interquartile range provides a benchmark for decisions regarding the under/
overutilization of TAB and aids in the evaluation of non-invasive alternatives for the investigation
of GCA.

ARTICLE HISTORY
Received 24 March 2018
Revised 4 May 2018
Accepted 5 May 2018

KEYWORDS
Giant cell arteritis; temporal
artery biopsy; yield;
systematic review;
meta-regression

Introduction

Giant cell arteritis (GCA) is the most common
primary systemic vasculitis in the elderly and can
cause irreversible blindness and occasionally aorti-
tis, myocardial infarction, and stroke. The diagno-
sis of GCA is clinical, but the 1990 American
College of Rheumatology (ACR) classification cri-
teria were not intended for diagnosis,1 and may
not be accurate for ophthalmic GCA patients.2

Temporal artery biopsy (TAB) for histologic ana-
lysis is the reference standard for the diagnosis of
cranial GCA.3,4 However TAB is an invasive pro-
cedure that requires at least 20–40 minutes to
perform,5 and is subject to false-negatives from
skip lesions or inadequate length specimens.
Clinicians may request TAB fearing the conse-
quences of a missed diagnosis of GCA, and for

pathologic confirmation of disease due to the
many potential side effects of glucocorticoid treat-
ment. We undertook a systematic review of the
literature from the last two decades to determine
the positive yield of TAB for biopsy-proven GCA.
The positive yield of TAB provides a utility bench-
mark for practitioners, may aid in decision-mak-
ing for GCA, and also help in the evaluation of
alternative tests for GCA.

Materials and methods

The Prospero registration ID for this project was
CRD42017078508. All articles with patients under-
going TAB for suspected GCA and with English
language abstracts were retrieved using the search
terms (giant cell arteritis OR temporal arteritis)
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AND biopsy. Relevant articles were sourced from
PubMed, Embase, Cochrane Central Register of
Controlled Trials, Google Scholar, Open Grey, and
hand search from 1 January 1998 to 31 December
2017. Studies were excluded if they reported patients
with positive TAB only, or patients with negative
TAB only, or selected only patients with an estab-
lished clinical diagnosis of GCA. To determine the
yield, the number of patients undergoing biopsy
rather than the number of TAB performed was
recorded. A positive TAB biopsy was considered to
bemononuclear cell infiltrate of the arterial wall with
or without giant cells, or intimal thickening/degen-
eration of the media with destruction of the internal
elastic laminae. Healed arteritis was considered a
positive TAB (see Supplemental Files), but periarter-
ial lymphocytic infiltrates in isolation was not con-
sidered a positive TAB. Equivocal reports were
considered negative TAB. TAB series from the
same authors, institution(s), or regions with over-
lapping time periods were only counted once. (See
Supplemental Table II for specific article details.)
When series partially overlapped, the new informa-
tion was separated out when possible.

Five authors independently reviewed and
selected eligible studies and performed the quality
analysis (DW, EB, JM, AK, and GS). Disagreements
were adjudicated by the principle author (EI).

The quality analysis (see Figure 1) was performed
from the perspective of the potential for bias in the
TAB results. The major criteria for selection bias
were non-consecutive TAB in the study group and
verification bias. Although articles investigating
ultrasound/magnetic resonance imaging (MRI) for
GCA may have had little bias with respect to the
imaging investigation, TAB may not have been
obtained in all patients, or the decision to perform
TAB may have been influenced by the result of the
imaging study, leading to verification bias. In a
large TAB series of unilateral and bilateral biopsies,
if only results of the bilateral biopsies were reported
this was considered selection bias. If only subjects
with high ACR scores underwent TAB, this was
considered a possible performance bias. If the
pathologist was not blinded to the patient’s symp-
toms, bloodwork results, or ACR score, this was a
possible detection bias. Withdrawals from TAB
(e.g. patient refusal to undergo TAB, or a vein or
nerve specimen rather than the artery) were con-
sidered an attrition bias. If the pathology results
from all patients that underwent TAB were not
listed, this was considered a reporting bias. The
main reason for “other bias” was because TAB
series from the same city, author, or institution
had partial overlap of patients that we could not
completely eliminate.

Figure 1. Risk of bias summary.
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The majority of the articles were retrospective
studies, and although it is acknowledged that ret-
rospective reports may be more prone to bias than
their prospective counterparts, this factor was not
included in the “other bias” category. The decision
to perform TAB was rarely randomized with few
exceptions.6

Initial analysis was performed with Stata 14.2
(StataCorp LLC, College Station, TX, USA) using a
random-effects meta-analysis of proportions (meta-
prop) with Freeman–Tukey double arcsine transfor-
mation to stabilize the variances and exact confidence
intervals.7 Stata was then used to perform a random-
effects meta-regression of the aggregate-level data
(metareg). If heterogeneity exceeded 75%,8 we would
also compare the results with MetaXL 5.3 (EpiGear
International Pty Ltd) fixed-effect inverse variance
heterogeneitymodel (IVHet) with double arcsine pre-
valence transformation, 0.5 continuity correction, and
normalized prevalence.9–11 If heterogeneity exceeded
90%, we would report the median yield and inter-
quartile range.

When available, the pre-specified predictors of
patient age, proportion of females, specimen length,
bilateral TAB, ACR scores greater than or equal to

three,12 vision symptoms, duration of steroid use
prior to TAB, study size, decade of study, and use of
arterial imaging (ultrasound or MRI) were recorded
from each study for meta-regression. A p value < 0.05
was considered to be statistically significant. The uti-
lity rate of TAB by country and yield from first decade
versus second decade of reports were also compared.

Results

Four thousand three hundred and forty-four GCA
studies were identified. (See Figure 2: PRISMA
flow diagram.)

After duplicate records were removed, 1918
records remained. After screening, 610 studies
were removed. One hundred and thirty-six articles
were assessed for eligibility with 23 subsequent
exclusions. Qualitative and quantitative synthesis
of the 113 remaining articles was performed.

The 113 articles are listed in Table I of the
Supplemental Files and encompass 30,898 TAB, of
which 7379 (23.9%) were positive. The yield of TAB
from the articles had a right skew distribution
(Figure 3) with a non-weighted mean 27.7%, mode
33.3%, and median 25.0% with interquartile range

Figure 2. PRISMA flow diagram.
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16.6–34.3%. The 95% confidence interval of the
median was 21.4% to 27.0%.

On meta-analysis of proportions using Stata
random-effects analysis and Freeman–Tukey dou-
ble arcsine transformation, the pooled estimate
was 0.25 (95% confidence interval 0.23, 0.27) but
I2 was 92.1%. With such high heterogeneity, the
weights for meta-analysis techniques are compro-
mised, including the fixed-effect IVHet model
which showed pooled estimate of 0.23 (95% con-
fidence interval 0.20, 0.27) and I2 = 92%. It is
inaccurate to report the results for meta-analysis
in the setting of such high heterogeneity; the forest
plots and funnel plots are also not meaningful but
are included (Supplemental Figure I and Figure II)
for interested readers.

Although the yield could be calculated for all
articles, information of the pre-specified predictors
was not uniformly available. Sixty-five percent of
the articles indicated the patient age was on aver-
age 72.7 ± 2.8 years. Sixty-six percent of the arti-
cles indicated subject gender, and on average 68%
of the subjects were female.

To determine the possible causes of the high het-
erogeneity, meta-regression was performed. (Table 1)
On univariate random-effects meta-regression, age
(p = 0.025) and the use of arterial imaging
(p = 0.001) were the only variables with a statistically
significant association with TAB yield (see Table 1

and Figure 4). Subgroup analysis is more appropriate
for categorical variables11 but examined to see the
comparative IVHet yields of TAB for each predictor
variable. (see Supplemental Table III). IVHet found a
lower proportion of females and higher proportion
of biopsies within the 2-week steroid window and
studies with imaging were statistically significant at
the p = 0.05 level. As such, multivariable meta-regres-
sion incorporating age, gender, duration of steroid
use prior to TAB, and imaging was performed, and
21 articles provided information on all these vari-
ables. None of the predictors remained statistically
significant on multivariable meta-regression of 21
articles (see Supplemental Files).

The TAB yield from countries with at least three
TAB series is shown in Table 2. The IVHet tech-
nique was employed as there was high heteroge-
neity for every country with the exception of Italy.
France had the lowest yield of TAB and Germany
the highest utility rate. There was selection bias
with non-consecutive TAB in most of the German
studies, as five out of six of the studies were
primarily concerned with colour duplex sonogra-
phy (CDS) or MRI (imaging) in the investigation
of GCA, and not all the patients underwent TAB.
Except for one study from Sweden, with a utility
rate of 19.9%, we did not find any TAB reports
from Scandinavian countries that met our eligibil-
ity criteria.

Figure 3. Histogram of the yield of temporal artery biopsy from 113 studies.
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Discussion

The I2 statistic indicates the degree of inconsistency
across studies or the percentage of variation in point
estimates across studies attributed to heterogeneity
instead of chance. Given the I2 statistic of 92%, it was
not advisable to report the pooled results with a
meta-analysis even using high heterogeneity models
such as IVHet.10With skewed data, themedian is the
preferred indicator of central tendency.

There are at least two applications for the median
estimate derived from this systemic review: (i) If
billing data on the number of TAB is known for a
particular region, but the aggregate pathology results
are not available, the median can be used to estimate
the incidence of biopsy-proven GCA and facilitate
medical resource planning.13 (ii) The median yield
provides a benchmark figure that allows decision-
making regarding the under/overutilization of TAB

Table 1. Aggregate means and random-effects meta-regression of temporal artery biopsy yield.
Predictor n Mean (SD) I2_res Adj. R2 Coefficient p value

Age (years) 73 72.7 (2.8) 59% 14% 0.0119 0.025
% Female 75 68 (8) 60% 5% −0.2236 0.131
Length (mm) 42 14.1 (6.3) 39% 5% 0.0017 0.443
% Bilateral biopsy 55 20 (33) 57% −3% 0.0143 0.766
% Vision symptoms 37 27 (18) 45% 24% −0.1932 0.091
% Jaw claudication 34 19 (12) 38% −8.81% −0.0014 0.993
% Steroids <2 weeks 28 85 (26) 60% −3.21% 0.0573 0.688
% ACR criteria ≥3 31 62 (23) 59% −8.1% 0.0780 0.500
Study size 113 273 (562) 55% 0.61% −0.00002 0.244
Decade of study (1st vs 2nd) 113 N/A 59% −1.53% −0.0070 0.790
Imaging vs. No-image study 113 N/A 54% 14% .1349287 0.001

n = number of articles that provided details on the predictor variable.
Mean = aggregate mean.
SD = standard deviation of the aggregate mean.
ACR ≥3 = American College of Rheumatology classification criteria score for GCA with value of three or greater.
Study size = number of patients in each study.
Adj. R2 = adjusted R2; the percentage of between-study variance (heterogeneity) explained by the variable(s) in the model. Proportion of total
between-study variance explained by the model.

I2 res = residual heterogeneity.
Coefficient = the coefficient of the meta-regression.
N/A = not applicable.
Imaging = colour duplex ultrasound or MRI.
No-image = temporal artery biopsy only.

Figure 4. Random-effects meta-regression of age versus the yield of temporal artery biopsy.
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and aids in the evaluation of non-invasive alternative
investigations for GCA.

Advocating a 25% utility rate for TAB as appro-
priate is debatable,14 but the risk and expense of
TAB are low, the side effects of prolonged gluco-
corticoid treatment are substantial, and the poten-
tial risks of irreversible blindness and occasionally
death15 from a missed diagnosis of GCA are devas-
tating. The sensitivity of a single TAB is 87.1%
(95% confidence interval, 81.8–91.7%).16 The sen-
sitivity and yield of TAB may be influenced by
variables such as the local prevalence of the dis-
ease, risk factor scores, available surgical resources,
institutional preferences for clinical work-up,
patient age, gender, ethnicity, timing of biopsy
and glucocorticoid treatment, biopsy length, uni-
lateral versus bilateral biopsy, pathology routines,
and the availability of ancillary imaging techni-
ques. On univariate meta-regression, the only
study predictors that affected the yield of TAB
were increasing age and imaging. GCA is regarded
as a disease of immunosenescence, and age is a
strong risk factor for GCA.17–19 It makes intuitive
sense to perform TAB at the site of an ultrasound
abnormality, but Germano did not find that the
yield of TAB increased when guided by colour
duplex ultrasound halo.6 The issue of possible
selection bias in the series of TAB that accompa-
nied imaging studies was previously mentioned.
We acknowledge the potential pitfalls of meta-
regression including ecologic fallacy, confounding,
and false-positive results from multiple testing. On

multivariable meta-regression, none of our predic-
tors were statistically significant.

Using the interquartile range as a guide, it is
possible that institutions with a utility rate markedly
lower than 17% may be performing too many TAB
or perhaps inadequate length TAB, while those with
a yield much higher than 34% might be underutiliz-
ing TAB.

Performing TAB based on the ACR risk score is
conjectured as a method to improve the yield of
TAB.14,20 However, meta-regression did not show
that the ACR score had a significant impact on
TAB yield. The ACR classification criteria were not
intended for diagnosis,1 and may not be accurate for
ophthalmic GCA patients.2 A multivariable predic-
tion model with geographic external validation has
been shown to outperform the pre-TAB ACR
criteria,18 and may be more accurate in selecting
candidates for TAB. Although some feel that a high
ACR risk score may obviate TAB,14 we advocate
confirmatory TAB given the risks of systemic gluco-
corticoid treatment, and because other diseases can
mimic or overlap the clinical presentation of GCA,
including amyloidosis,21 granulomatosis with poly-
angiitis and other antineutrophil cytoplasmic anti-
body (ANCA)-associated vasculitides,22

calciphylaxis,23 Mönckeberg’s medial calcific
sclerosis,24 and zoster sine herpete.25 Without TAB,
these alternative diagnosesmay not be determined in
an expedient fashion.

Although GCA is a clinical diagnosis, a positive
TAB is the reference standard for the diagnosis of
GCA.26 Non-invasive technologies such as CDS,
MRI, and positron emission tomography are being
continually evaluated as non-invasive alternatives to
TAB. The most recent European League Against
Rheumatism (EULAR) consensus proposes CDS
first in patients with suspected large-vessel vasculitis,
provided it is promptly available and the test is
performed and interpreted by trained, experienced
specialists using the appropriate machine settings
and protocols.27 As of 2018 though, “CDS use is
still not widespread in routine clinical practice.”28

The pooled sensitivity of the CDS “halo” sign
(homogeneous and hypoechoic vessel wall thicken-
ing due to arterial oedema) is 77%, and false-positive
CDS halos may occur with ANCA-associated vascu-
litis, infectious diseases, and severe arteriosclerosis.27

Germano did not find that the yield of TAB

Table 2. Meta-analysis of the yield of temporal artery biopsy by
country presented in ascending order, using the inverse var-
iance heterogeneity model.

Country/Region n
Pooled
estimate

95% confidence
interval I2

France 4 0.16 0.03, 0.31 91%
Australia/New
Zealand

9 0.22 0.18, 0.25 59%

United States 26 0.23 0.16, 0.30 95%
United Kingdom 37 0.24 0.20, 0.29 87%
Canada 7 0.25 0.17, 0.32 86%
Israel 3 0.30 0.20, 0.40 69%
Spain 9 0.31 0.22, 0.40 90%
Italy 3 0.40 0.36, 0.44 9%
Germany 6 0.47 0.24, 0.70 94%

n = number of studies.
pooled estimate = yield of temporal artery biopsy.
I2 = the percentage of variation across studies attributed to hetero-
geneity rather than chance.
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increased when guided by CDS halo,6 and recom-
mended confirmatory TAB even when CDS suggests
temporal artery abnormality because of the possible
side effects of prolonged glucocorticoid therapy.29

The 2018 EULAR consensus states that their imaging
guidelines “should not be understood as a recom-
mendation against performing TAB” and that “many
physicians still consider TAB as the gold standard
test for the diagnosis of GCA.” To best compare the
performance of imaging modalities against TAB, the
utility rate (positive yield) of TAB is a helpful metric.

In summary, our systematic review of 113 articles
in the GCA literature from the last two decades
showed marked heterogeneity in the diagnostic yield
of TAB. In such circumstances, results are usually not
pooled for meta-analysis. The median yield of TAB
was 25% (interquartile range 17–33%) and is useful
for clinical decision-making, medical resource plan-
ning, and comparative studies of alternative investiga-
tions for GCA. Although the yield of TAB may vary
with the regional prevalence of GCA, gender, biopsy
length, bilateral biopsy, timing of biopsy in relation to
glucocorticoid treatment, and proportion of study
patients with vision symptoms or jaw claudication,
our univariate meta-regression found that increasing
age was the only statistically significant patient factor
associated with biopsy yield.
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