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ORIGINAL RESEARCH

INTRODUCTION
Giant cell arteritis (GCA), also known as 
temporal arteritis, is an inflammatory vas-
culopathy that affects large- to medium-
sized vessels, most often affecting patients 
of advanced age.1 The pathophysiology 
involves the infiltration of giant cells into 
the vessel walls. These giant cells are cre-
ated due to granulomatous changes of 
CD4+ T lymphocytes and macrophages.2 A 
variety of symptoms have been reported in 
patients with temporal arteritis, including 
constitutional symptoms (fever, fatigue, 
and weight loss), headaches, jaw or tongue 
claudication, visual symptoms (transient vs 
permanent visual loss, diplopia, hallucina-
tions), and musculoskeletal symptoms. If 
left untreated, GCA may progress to per-
manent blindness; therefore, early identi-
fication and treatment are paramount to 
evaluating patients with the potential of 
having the disease. Yet GCA diagnosis is 
challenging. Temporal artery biopsy (TAB) 
is the best confirmatory test, but the false-

negative rate of biopsy is estimated to vary between 10% and 
61%.3 

GCA can manifest as extracranial disease, also known as 
large-vessel GCA. Studies have shown that large-vessel involve-
ment is present in more than 80% of patients with GCA,4 
and patients with GCA are 17 times more likely than age/sex-
matched patients without GCA to develop aneurysms of the 
thoracic aorta.5 Evaluation for large-vessel GCA is different from 
that for temporal arteritis and was beyond the scope of this proj-
ect, which focused on TAB for GCA. 

ABSTRACT
Introduction: Temporal artery biopsy is ordered when clinical symptoms and elevated C-reactive 
protein values and/or erythrocyte sedimentation rates suggest giant cell arteritis. The percentage 
of temporal artery biopsies positive for giant cell arteritis is low. The objectives of our study were 
to analyze the diagnostic yield of temporal artery biopsies at an independent academic medical 
center and to develop a risk stratification model for triaging patients for possible temporal artery 
biopsy. 

Methods: We retrospectively reviewed the electronic health records of all patients who under-
went temporal artery biopsy in our institution from January 2010 through February 2020. We 
compared clinical symptoms and inflammatory marker (C-reactive protein and erythrocyte sedi-
mentation rate) values of patients whose specimens were positive for giant cell arteritis with 
those of patients with negative specimens. Statistical analysis included descriptive statistics, chi-
square test, and multivariable logistic regression. A risk stratification tool, which included point 
assignments and measures of performance, was developed.

Results: Of 497 temporal artery biopsies for giant cell arteritis performed, 66 were positive and 
431 were negative. Jaw/tongue claudication, elevated inflammatory marker values, and age were 
associated with a positive result. Using our risk stratification tool, 3.4% of low-risk patients, 14.5% 
of medium-risk patients, and 43.9% of high-risk patients were positive for giant cell arteritis.

Conclusions: Jaw/tongue claudication, age, and elevated inflammatory markers were associated 
with positive biopsy results. Our diagnostic yield was much lower when compared with a bench-
mark yield determined in a published systematic review. A risk stratification tool was developed 
based on age and the presence of independent risk factors. 
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untreated GCA. The intent of this tool and the associated man-
agement recommendations were focused on improving care for 
patients in 2 ways: (1) to identify those patients for whom biopsy 
results—whether positive or negative—would be unlikely to alter 
management, thereby obviating the need for the procedure and 
avoiding its associated risks and costs, and (2) to help limit the 
prescribing of unnecessary steroids, given their potential for long-
term complications.

 
METHODS
Following Institutional Review Board approval, we reviewed the 
electronic health records (EHR) of patients who underwent TAB 
from January 2010 through February 2020 in our medical center. 
TABs were performed either in the clinic or the operating room 
by general or vascular surgeons working with general surgery resi-
dents. The operative technique employed is consistent within the 

The diagnosis of GCA has several 
considerations. In 1990, in an effort to 
standardize its diagnosis, the American 
College of Rheumatology (ACR) devel-
oped 5 criteria to distinguish GCA from 
other forms of vasculitis, criteria that have 
subsequently been used to assist with GCA 
diagnosis: over 50 years of age, new-onset 
headache, temporal artery tenderness or 
decreased temporal artery pulse, eryth-
rocyte sedimentation rate (ESR) greater 
than 50 mm/hour, and arterial biopsy 
showing necrotizing arteritis characterized 
by the predominance of mononuclear 
cell infiltrates or a granulomatous process 
with multinucleated giant cells. When 3 
of 5 criteria were met, their sensitivity and 
specificity were 93.5% and 91.2%, respec-
tively.6 ACR criteria do not require TAB to 
make the diagnosis. A Kaiser Permanente 
study published in 2013 developed a new 
protocol for temporal arteritis evaluation 
that included an enhanced clinical evalua-
tion and the incorporation of color duplex 
ultrasonography and biopsy when appro-
priate. Using this protocol, their TAB 
yield increased from 8.5% to 24%.7 

The presence of “skip lesions” and inad-
equate specimen length may contribute to 
the false-negative rate of TAB. A recent 
10-year retrospective review with over 1000 
specimens published in 2020 suggested an 
optimal prefixation biopsy specimen length 
of 1.5 to 2 cm.8 The studies included in 
a systematic review of 113 articles about 
GCA published in 2018 had a high degree of heterogeneity, ren-
dering a meta-analysis unsuitable.9 However, the median yield of 
TAB was 25% (95% CI, 0.21-0.27), which the authors concluded 
would provide a benchmark to determine whether TAB is under- 
or overutilized. 

Most biopsies are performed in the clinic setting within 72 
hours of receiving the biopsy request. Timing is crucial to improve 
diagnostic yield because significant histological findings can 
resolve after 2 weeks of steroid use.10 

The primary objective of this study was to evaluate the yield 
of TAB at our institution and to compare it with the reported 
benchmark of 25% biopsies positive for GCA. Our secondary 
objective was to create a risk stratification tool with manage-
ment recommendations in conjunction with our Department of 
Rheumatology. Our working group agreed that our tool would 
be designed to favor a negative predictive value, given the risk of 

Figure 1. Patient Inclusion and Exclusion Flow Diagram

Abbreviations: TAB, temporal artery biopsy; CRP, C-reactive protein; ESR, erythrocyte sedimentation rate.
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ing potential covariates to a logistic regres-
sion model in descending order of the 
strength of association between the covari-
ate and biopsy status via univariable analy-
sis, starting with the covariate with the 
strongest association. In each iteration, an 
additional candidate variable was added to 
the logistic regression model, and a 4-fold, 
25-repetition cross-validation procedure 
was executed whereby the dataset was split 
into 4 groups; a model was trained on 3 of 
the 4 groups and then evaluated against the 
single remaining group via receiver oper-
ating characteristic area under the curve 
(AUC) analysis. This was repeated 25 
times for all 4 possible training group com-
binations (100 total steps), and the average 
AUC was calculated for this iteration. The 
covariates included in the iteration with 
the highest average AUC were selected as 
the final model.

A points-based risk score was cre-
ated from the final multivariate model 
by assigning points to a risk factor based 
on the resulting odds ratio for that fac-
tor, rounded to the nearest whole number. 

Point totals were then categorized as low-, medium-, or high-risk 
based on the proportion of positive clinical diagnoses associated 
with those point totals. Final model performance was assessed via 
receiver operating characteristic analysis and calculation of stan-
dard binary classification performance metrics using a simplified 
low- versus medium/high-risk classification system. All analyses 
were performed using the SAS 9.4 software suite (Cary, North 
Carolina).

RESULTS
During the study period, 529 patients underwent biopsy proce-
dures. Twenty-seven were aborted before obtaining a specimen, 
3 were inconclusive, 1 had reported evidence of prior arteritis, 
and 1 vein specimen. Of the 497 remaining biopsy specimens, 66 
were positive for GCA and 431 were negative; 188 were excluded 
from the final multivariate analysis for lack of an ESR and/or CRP 
result (Figure 1).

Demographic and clinical data are provided in Table 1. Sixty-
four percent of study patients were women. The study population’s 
mean age was 72.2 ± 11.2 years. The majority of biopsies were per-
formed in the clinic (465/497; 94.4 %), and the remaining 32 
(6.6%) were performed in the operating room. Pathologic posi-
tive diagnosis was identified in 66 (13.2%) specimens. Jaw/tongue 
claudication was significantly associated with a TAB positive for 
GCA, as were elevated CRP (≥ 4 mg/L) and ESR (≥ 40 mm/hr.). 

practice and is based on the steps outlined in “Bedside Procedures 
for General Surgeons: Part 2.”11

Commonly reported symptoms that have been identified as 
concerning for temporal arteritis in previous studies, including 
localized headache, scalp tenderness, jaw/tongue claudication, 
and visual abnormalities, were captured from the EHRs of study 
patients.4,7 Symptoms that were not specifically documented in 
the clinician note were considered absent and coded as not pres-
ent. Laboratory values obtained included ESR and C-reactive 
protein (CRP) performed within 2 weeks before or 3 days after 
the biopsy. Procedural information, including the anatomical 
location of the biopsy (laterality), the setting where the biopsy 
was performed (clinic vs operating room), and specimen length, 
also were included for analysis, as were complications within 30 
days, including bleeding and surgical site infection. 

Descriptive statistics were used to report biopsy positivity and 
complication rates. Clinical, demographic, and outcome data were 
compared using chi-square and Fisher exact tests for categorical 
data, trend tests for ordinal categorical data, and Wilcoxon rank-
sum tests for continuous data. After converting age and laboratory 
values into ordinal categories, factors showing significant univari-
ate associations with the final clinical diagnosis were included in 
a multivariate logistic regression model as potential covariates. An 
iterative cross-validation process was employed to construct the 
final multivariate model. Candidate models were created by add-

Table 1. Preoperative Patient Characteristics and Postoperative Diagnoses of Positive and Negative 
Temporal Artery Biopsy Cases 

Demographic and Clinical Characteristics Positive (n = 66) Negative (n = 431) P value
Demographic   
 Age, mean (SD), y 74.6 (8.5) 71.8 (11.5) 0.1
 Sex, no. (%)   0.6
  Men 26 (39.4) 154 (35.7) 
  Women  40 (60.6) 277 (64.3) 
 BMI, mean (SD), kg/m2 28.0 (6.1) 31.0 (8.2) < 0.01
Laboratory values   
 CRP (n = 320), mean (SD), mg/L 8.0 (7.7) 4.3 (6.0) < .001
 ESR (n = 404), mean (SD), mm/h 72.9 (29.7) 55.7 (33.8) < 0.01
TAB setting, no. (%)   0.8
 Clinic  63 (95.5) 402 (93.3) 
 Operating room  3 (4.6) 29 (6.7) 
Surgical specimen length, mean (SD), mm 1.5 (0.7) 1.5 (0.7) 0.5
Symptoms, no. (%)   
 Localized headache 51 (77.3) 330 (76.6) 0.9
 Scalp tenderness 3 (4.5) 43 (10.0) 0.2
 Jaw or tongue claudication 25 (37.9) 82 (19.0) < 0.01
 Visual abnormalities 30 (45.5) 178 (41.3) 0.5
Biopsies, no. (%)    0.1
 Unilateral  55 (83.3) 391 (90.7) 
 Bilateral  11 (16.7) 40 (9.3) 

Abbreviations: BMI, body mass index; CRP, C-reactive protein; ESR, erythrocyte sedimentation rate; TAB, 
temporal artery biopsy.
Note: All percentages may not total 100% due to rounding; symptom percentages will not equal 100% 
because some patients had more than 1 symptom. 
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Figure 2. Current Assessment and Recommendation Workflow Utilizing Risk Stratification Tool

Abbreviations: CRP, C-reactive protein; ESR, ethryocyte sedimentation rate; pts, points.

Table 2. Risk Stratification Tool Development and Performance Assessment

Risk Factor Point Assignment
Risk factor Odds Ratio P value Points Assigned

CRP ≥ 4 mg/L 1.98 (0.91-4.28) 0.0837 +2
ESR ≥ 40 mm/h 3.10 (1.14-8.46) 0.0272 +3
Jaw or tongue claudication 3.63 (1.78-7.38) 0.0004 +4
Age ≥ 60 years 3.94 (0.87-17.81) 0.0748 +4

Model Risk Status vs Biopsy Outcome

 Negative, n Positive, n Total, n

Low risk (≤ 6 points) 112 4 116
Elevated risk (7+ points) 153 40 193
Total  265 44 309

Measures of Model Performance, %

Negative predictive value 96.6
Positive predictive value 20.7
Sensitivity 90.9
Specificity 42.3
Accuracy 49.2

Abbreviations: CRP, C-reactive protein; ESR, erythrocyte sedimentation rate.

Ninety-seven percent of biopsies positive 
for GCA were acquired from patients 60 
years of age or older. Subgroup analysis 
by period (2010-2013, 2014-2016, and 
2017-2020) to exclude potential biases of 
practice pattern change over time revealed 
no significant differences in positivity rate 
or exclusion rate from risk stratification 
development. Although lower body mass 
index was associated with a positive result, 
it was no longer significant after our multi-
variate analysis. 

Using a cross-validation model selec-
tion procedure, a final multivariate logis-
tic regression model was constructed that 
included the covariates age, jaw/tongue 
claudication, ESR, and CRP. From the 
cross-validation procedure, the average 

-

-

-
-



WMJ  •  202342

AUC for this model was 0.75 ± 0.08. Using these elements, we 
created our risk stratification tool (Figure 2) using odds ratios, 
as described above, after excluding patients with incomplete data 
points. Two points were given for an elevated CRP concentra-
tion and 3 points for an elevated ESR. Four points were given for 
jaw/tongue claudication and 4 points for age 60 years or older. 
Patients were then divided into low-risk (0-6 points), medium-
risk (7-10 points), and high-risk (11+ points) risk groups (Table 
2). We placed our patient data into our algorithm to validate our 
points-based risk scoring system. Of the original 502 patients, 
309 were evaluated using our new algorithm. The model’s nega-
tive predictive value was 96.6%, and its positive predictive value 
was 20.7% when comparing low-risk patients with any medium- 
or high-risk patients. When further assigning the 309 patients to 
low-, medium-, and high-risk categories based upon the points 
assigned in our algorithm, we found TAB positive for GCA in 
3.4% (4/116) of low-risk, 14.5% (22/152) of medium-risk, and 
43.9% (18/41) of high-risk patients. 

DISCUSSION
GCA is a severe disease potentially leading to permanent blind-
ness. There are no universal protocols available, and diagnosis 
remains a challenge. Although ACR classification criteria do not 
require TAB, most rheumatology clinicians favor pathological 
confirmation of the disease. Our primary goal was to identify 
our institution’s TAB yield, which we determined to be approxi-
mately 13%. This study identified specific clinical symptoms, 
laboratory values, and age values based on data from our EHR 
system that help categorize patients as at low-, medium-, or 
high-risk of having a TAB positive for GCA and created a point-
based clinical tool to guide patient care (Figure 2). In addition 
to helping avoid low-yield biopsies, it also helps referring clini-
cians identify specific laboratory tests and clinical symptoms to 
include in their workup, with the ultimate score guiding deci-
sion-making on steroid use and need for rheumatology collabo-
ration and biopsy referral. 

Using the published systematic review with a median yield 
of 25% as benchmark, we have an opportunity to improve our 
diagnostic approach, as well as the potential to decrease unneces-
sary biopsies and their associated comorbidities, reduce the use 
of steroids, and decrease the cost. Although the overperformance 
of TABs could be attributable to many factors, one factor we 
have identified in our health system is the lack of a consistent 
diagnostic approach. Prior studies have reported that biopsy 
yield is improved when a referral is made utilizing a multidis-
ciplinary approach.5 We were unable to identify yield rates by 
referring clinicians. However, reports from our surgeons suggest 
that rheumatologists are more likely than those in other special-
ties to have completed a workup that includes considering all 
the potential risk factors we have identified in our study. This is 
evidenced by nearly 40% of the patients who underwent biopsy 

being excluded from the risk stratification tool due to the lack of 
a CRP or ESR drawn during the diagnostic workup. 

In addition to directing the next steps for the at-risk patient, 
our algorithm will ensure that patients have the appropriate lab-
oratory workup before undergoing a biopsy. It also elicits direct 
communication with Rheumatology, which is actively involved in 
the entire process of diagnosis and treatment. They review every 
pathology report and clinical context and, ultimately, determine if 
a patient will come off steroids or if biologic therapy is necessary. 
Every therapy is individualized, and TAB is an additional clinical 
tool for them. A high-quality negative biopsy that is not degraded 
by steroids is the gold standard for a rheumatologist. They can 
then taper off steroids with clinical confidence while knowing that 
the patient is unlikely to lose vision. Neither TABs nor steroids are 
entirely benign. Although TAB is a minor procedure and compli-
cations are very low, cost and morbidities, such as discomfort at 
the biopsy site and bleeding, are associated with the procedure. 

We acknowledge that low risk does not equate to no risk, and 
that the 3.4% of patients so categorized could have serious con-
sequences. Thus, they will be followed closely by the rheumatolo-
gist. If their clinical concern remains high, they will be referred for 
a biopsy and treated at clinician discretion. The on-call rheuma-
tologist is contacted in all cases suggestive of GCA and is involved 
in the entire course of diagnosis and treatment. 

Our future direction will be to institute our risk stratifica-
tion tool and prospectively track patients to further refine this 
protocol. This will include the addition of other adjunct diag-
nostic tools currently not employed by our institution. The first 
is color duplex ultrasonography.12 For example, low-risk patients 
with normal ultrasonographic findings will not need a confirma-
tory test with TAB to rule out GCA, while high-risk patients 
with abnormal ultrasonographic findings will have a GCA diag-
nosis and avoid TAB. Patients with medium risk will undergo 
TAB. Ultrasonography can provide further guidance when clini-
cal suspicion and biopsy results do not correlate—for example, 
when skip lesions or disease phenotype spares cranial branches 
but can be seen in axillary arteries. In addition, eye examina-
tions are not currently a routine referral at our institution for 
patients with symptoms suggestive of GCA and, therefore, could 
not be included in our analysis but may be helpful in future 
models. Finally, we will also need to better follow all patients 
with a TAB negative for GCA result to understand which may 
continue treatment with steroids due to high clinical suspicion 
and which go on to potentially have worsening symptoms and 
need a repeat biopsy or steroids due to presumed false-negative 
initial biopsy results.

This study is not without limitations. First, we started with 529 
patients, 27 of whom were excluded due to failed biopsy attempts, 
incomplete or inaccessible medical records, or miscoded proce-
dures. Five patients were excluded owing to inconclusive diagno-
ses, and 188 patients were excluded from the final multivariate 
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analysis and risk stratification tool owing to incomplete laboratory 
workup. Year of diagnosis and TAB exclusion rate were not signifi-
cantly associated. Some studies have found that bilateral TAB has 
an increased yield compared with unilateral.13 In our study, the 
difference in yield of bilateral biopsies versus unilateral biopsies 
was approaching significance. As mentioned previously, we did 
not capture the percentage of patients who continued to undergo 
treatment despite a negative biopsy result. 

Several patients included in this study likely were not evalu-
ated for all the investigated symptoms. Therefore, our consistent 
approach was to count the absence of a reported symptom as 
negative. However, if a patient had a particular symptom—jaw 
claudication, for example—but was not questioned by their cli-
nician, that symptom would have been incorrectly categorized as 
not present. Additionally, we evaluated biopsies only as positive 
or negative. In working with our rheumatologists, we found that 
they typically treat GCA in settings where there is loss of the 
internal elastic lamina, sometimes referenced as healed arteritis. 
This may mean that other arterial segments could have active 
disease. Loss of the internal elastic lamina was not consistently 
reported in our pathology results. Therefore, biopsies consid-
ered negative for GCA in our study may have existed in patients 
who had or were still treated for presumed GCA. These other 
features, which were present but not documented in the formal 
report, were relayed during any pathologist and clinician follow-
up discussions. 

CONCLUSIONS
Jaw/tongue claudication, elevated inflammatory markers, and 
older age were associated with positive biopsy results. Therefore, 
we developed a risk stratification tool that might increase our posi-
tive TAB yield from 13% to 20% (nearer to the proposed 25% 
benchmark) by avoiding biopsies and the potential morbidity of 
steroid use in most low-risk patients. This change should reduce 
unnecessary procedures and reduce health care spending. After 
implementing this tool, we plan to prospectively evaluate our 
changes and their effect on patient care. 
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