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Abstract

Background To develop an algorithm based
on the ocular pulse amplitude (OPA) to
predict the probability of a positive temporal
artery biopsy (TAB) result in the acute phase
of suspected giant cell arteritis (GCA).
Methods Unilateral TAB was performed
and ipsilateral OPA measurements were
taken by Dynamic Contour Tonometry.
Among the clinical signs and laboratory
findings tested in univariate analyses, OPA,
Erythrocyte Sedimentation Rate (ESR) and
thrombocyte count showed a strong
association with a positive TAB result.
Algorithm parameters were categorized into
three groups (OPA 43.5, 2.5–3.5, and
o2.5mmHg; ESR o25, 25–60, and
460mm/h; thrombocyte count o250'000,
250'000–500'000, and 4500'000/μl). Score
values (0, 1, and 2) were attributed to each
group, resulting in a total score range from
0 to 6. A univariate logistic regression
analysis using the GCA diagnosis as the
dependent and the total score as the
independent variate was fitted and
probability estimates were calculated.
Results Thirty-one patients with suspected
GCA undergoing TAB during an eighteen-
month observation period were enrolled.
Twenty patients showed histologically proven
GCA. Four patients had score values ≤ 2,
fourteen between 3 and 4, and thirteen of ≥ 5.
The corresponding estimated probabilities of
GCA wereo7, 52.6, and 495%.
Conclusion The present study confirms
previous findings of reduced OPA levels,
elevated ESR, and elevated thrombocyte
counts in GCA. It indicates that a sum score
based on OPA, ESR, and thrombocyte count
can be helpful in predicting TAB results,
especially at the upper and the lower end of
the sum score range.
Eye (2015) 29, 860–866; doi:10.1038/eye.2015.85;
published online 19 June 2015

Introduction

Giant cell arteritis (GCA) represents a diagnostic
challenge for the clinician. Early diagnosis is a
necessity as treatment with high-dose
corticosteroids is effective and leads to
prevention of progression of the potentially
devastating disease.1 However, the diagnostic
value of individual clinical features and optimal
diagnostic procedures in patients with suspected
GCA is subject of on-going discussions.2 There is
recent evidence that the frequently employed
American College of Rheumatology criteria
should not be used to determine the presence or
absence of GCA and that all patients suspected
of having GCA should undergo a temporal
artery biopsy (TAB).3,4 On the other hand,
TAB is a surgical procedure and not without risk
and discomfort for the patient.5 To avoid
unnecessary procedures, the diagnosis should be
sufficiently likely to justify a biopsy. Elevated
erythrocyte sedimentation rates (ESR) and
elevated thrombocyte counts proved to be useful
objective markers of positive TAB results, unlike
many of the clinical features commonly found in
patients with GCA.6,7 In the presence of elevated
acute phase reactants, new features in elderly
individuals, such as unexplained pain located
above the neck, should prompt us to consider
the possibility of GCA and the need for TAB.
A classic study showed that an abnormal
temporal artery on physical examination (i.e.,
tender, swollen, nodular or with reduced pulse)
was associated with high predictive value for a
positive TAB.8 However, sensitivity of the TAB
varies in different studies. Therefore, the search
for additional tools that may improve the
sensitivity of TAB is of main importance in
patients with suspected GCA.
The ocular pulse amplitude (OPA) represents

the extension of the pulsatile oscillations of the
intraocular pressure during the cardiac cycle. In
healthy subjects we measured values ranging
from 0.9–7.2 mmHg with a median value of
3.0mmHg.9 As it has been shown to be
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markedly reduced in GCA, it may be helpful in predicting
the likelihood of positive TAB results.10–13 It is the
purpose of the present study to develop an algorithm
based on non- or minimally invasive methods including
the OPA to quantify the probability that a patient with
suspected GCA will have a positive histological analysis.

Materials and methods

This was a prospective single centre cohort study
performed at the Department of Ophthalmology,
University Hospital of Zurich. All patients with suspected
GCA between October 2007 and March 2009, consenting
for both TAB and study participation, were enrolled
consecutively. The indication for TAB was either made
by a referring physician or by a board approved
ophthalmologist of our staff.
We excluded patients with an anterior ischemic optic

neuropathy, a central retinal artery occlusion or diplopia.
Other exclusion criteria were steroid therapy for longer
than 10 days prior to TAB, an inconclusive histological
assessment of the biopsy, and inability to comply
with repeated Dynamic Contour Tonometry (DCT)
measurements. The study design was approved by the
local ethics committee.

Diagnostic parameters

All patients were asked whether headache, scalp
tenderness, jaw claudication, polymyalgia, or double
vision were present. Thrombocyte counts, ESR and
C—reactive protein values were also obtained. The
OPA was measured by a slit lamp-mounted DCT
device (PASCAL, Swiss Microtechnology AG, Port,
Switzerland).14 All measurements were performed by the
same two experienced ophthalmologists (PBK and CK)
according to the manufacturer’s guidelines. Only readings
with a quality index (‘Q’) of 1 or 2 (range: 1–5, with higher
numbers indicating lower measurement quality) were
considered for analysis. This was accomplished by setting
the quality threshold on the device to ‘2’. For this study,
the average of three consecutive readings was calculated
and is referred to as the ‘OPA’ value of a given eye.
Both eyes were examined but only values from the side
were the biopsy was taken were used for analyses.

Reference test

In order to increase the chance of a positive biopsy,
the side of the TAB (right or left temple) was chosen
according to the side on which the clinical symptoms or
signs were more pronounced. A specimen 41.3 cm of
length before formalin fixation was harvested.15 Biopsies
were regarded positive if they exhibited signs of
necrotizing arteritis, characterized by a predominance
of mononuclear cell infiltrates or a granulomatous
process with multinucleated giant cells.3

Identifying candidate parameters for the score

Univariate analyses were performed with each of
the diagnostic parameters mentioned above. Three
parameters with a strong association (P≤ 0.05) with the
presence of GCA were selected for further evaluation.
(Thrombocyte counts (continuous variate; P= 0.013),
ESR (continuous variate; P= 0.010) and OPA (continuous
variate; P= 0.050)).

Developing the score

The three parameters were categorized into three groups
and a score value was attributed to each category as
follows: OPA values 43.5 mmHg got a score value of
0, values between 2.5 and 3.5mmHg got a score value of
1, and values o2.5 mmHg were attributed a score value
of 2. For ESR, valueso25 mm/h obtained a score value of 0,
values between 25–60mm/h a score value of 1, and values
460mm/h a score value of 2. For thrombocytes, the
categories and corresponding values were o250'000/μl
(score value 0), 250'000–500'000/μl (score value 1) and
4500'000/μl (score value 2). The sum score could
therefore reach values between 0 and 6 points and
was calculated for each patient. A univariate logistic
regression model with GCA presence as the dependent
variate and the sum score as the independent variate
(continuous scale) was used to estimate score-value
specific probabilities of GCA presence using the following
formula: P=probability of GCA= e(α+βscore)/1+ e(α+βscore),
were α= intercept, β= regression coefficient for score
variate.
The corresponding estimated probabilities are shown in

Table 1. The area under the receiver operator curve
(aROC) was estimated. Analyses were performed using

Table 1 Estimated giant cell arteritis probabilities from regression model

Sum score 0 1 2 3 4 5 6

Estimated
probability

0.15% 1.00% 6.29% 30.72% 74.55% 95.09% 99.22%

For each sum score value (top), the associated estimated probability is shown (bottom).
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the Stata 11.2 statistics software package (StataCorp LP,
College Station, TX, USA).

Results

During the eighteen-month observation period 42 patients
with presumed GCA presented at our department. Eleven
of the 42 patients suspected of having GCA were
excluded from the study because of steroid therapy for
longer than 10 days prior to TAB (n= 2), lack of the
patient’s consent to TAB (n= 1) or to the study (n= 4),
inability to comply with repeated IOP measurements
(n= 2), or due to a non-conclusive histological assessment
of the biopsy (n= 2).
Of the included 31 patients, 22 were female and 9 were

male. Median age was 73 years (interquartile range 68–80
years). Biopsy results were positive for GCA in 20 patients
(65%) and negative in 11 patients (35%). Further details
are available in Table 2.

Score performance

The aROC was 0.90 (95% CI; 0.81–0.99) to predict a
positive TAB result in our cohort. Four patients had
scores ≤ 2, for fourteen patients the score was 3 or 4, and
thirteen patients had a score of ≥ 5. The corresponding
estimated probabilities of GCA presence were o7, 52.6
and 495%. The observed probabilities were 0.0% (0/4),
50.0% (7/14), and 100% (13/13), see Table 3 and Figure 1.
Under the premise that a GCA probability of less than 7
percent is low enough to rule-out GCA and a probability
of 95 percent is high enough to rule-in GCA, the number
of correctly predicted TAB results would be 55% (17/31).
Excluding the OPA information from the scoring system
significantly decreased the percentage of correctly
predicted TAB to 23% (7/31) (exact Mc Memar Test:
P= 0.02).

Discussion

Our data document a strong association of reduced OPA
levels with the presence of histologically proven GCA.
This finding is consistent with previously published
knowledge according to which the OPA represents
pulsatile ocular blood flow and is reduced in the event of
vascular obstruction.10–13 OPA values have a dynamic
diurnal rhythm that depends on intraocular pressure
(discussed in16) Typically, reduced OPA values are
measured in Grave’s disease, carotid artery stenosis or
encircling buckles for retinal detachment which can easily
be differentiated from GCA by history and routine
ophthalmic examination.17–19 As measuring the OPA by
DCT is a safe, fast and readily available procedure,

Table 2 Patients’ characteristics

GCA absent
(n= 11)

GCA present
(n= 20)

Female 8 (73%) 14 (70%)
Headache 8 (73%) 18 (90%)
Scalp tenderness 3 (27%) 11 (55%)
Jaw claudication 1 (9%) 10 (50%)
Polymyalgia 5 (45%) 7 (35%)
Double vision 0 (0%) 2 (10%)
AION 3 (27%) 8 (40%)

Mean (SD)
CRP (mg/l ) 33.82(46.54) 68.02 (38.95)
ESR (mm/h) 42.82 (29.83) 71.46 (18.97)
Thrombocytes
(n/ll)

269727.3 (53712.37) 429600 (137998.20)

IOP (mmHg) 16.25 (3.89) 15.74 (2.80)
OPA (mmHg) 2.86 (1.63) 2.15 (0.87)

Shows the frequency and distribution of salient clinical characteristics
stratified for GCA presence and absence.

Table 3 Estimated vs observed probabilities of giant cell
arteritis

Sum score (n eyes) Estimated probability Observed probability

0–2 (4) o7.0% 0% (0|4)
3–4 (14) 52.6% 50% (7|14)
≥ 5 (13) 495.0% 100% (13|13)

For three categories of sum scores (left column), the corresponding
estimated and observed probabilities are indicated, together with the
number of cases falling in each category (brackets). Reading example: A
sum score value of 5 indicates a very high likelihood of giant cell arteritis
presence (at least 95 percent). In our dataset, all patients with a score value
of 5 and higher had a positive TAB. Thus, the observed probability is
(13/13) 100 percent (last column).

Figure 1 Relationship between score values and estimated
probability of giant cell arteritis presence. The x-axis shows the
sum score values and the y-axis shows the estimated probabilities
from the regression model. The boxes indicate the threshold
zones of rule-out (o7%) and rule-in (495%) along with the
corresponding score values. Reading example: A sum score value
of 2 results in a probability of 7%.
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integration into the diagnostic work-up is unproblematic
in most cases.20,21

Interestingly, in a population-based study on a series of
biopsy-proven GCA, only 1 (0.4%) out of 240 patients had
an ESR lower than 40mm/1st hour, and the median ESR
value was 93mm/1st hour.22 Also, in that series, 17
(48.8%) of the 240 biopsy-proven GCA patients had
platelet counts higher than greater than 400 000/mm3.
This study also confirmed a strong correlation among
most laboratory markers of inflammation at the time of
disease diagnosis in GCA.22 Moreover, it emphasized the
negative association between some laboratory parameters
of inflammation, in particular the presence of anemia, and
the development of severe ischemic complications in
GCA.22 The present set of data also confirms the clinical
lore of an association between elevated ESR and GCA.
In addition, it corroborates the hypothesis that an
elevated thrombocyte count is a useful marker of a
positive TAB.6,23 On the other hand, our data do not show
a strong association between GCA and jaw claudication
or diplopia, although a meta-analysis on 2680 patients
suggests the contrary.7 This contradiction is acceptable as
jaw claudication only just missed the pre-defined
significance level by the smallest possible spread. On the
other hand, a possible association might have been
missed due to the limited number of patients. In our set of
patients, the algorithm correctly predicts just over half of
the TAB results if a rule-out threshold of less than 7% and
a rule-in threshold of more than 95% are applied. If using
a prediction model with clinical parameters only (i.e. age,
female gender, headache, jaw claudication and scalp
tenderness) the proportion of correctly classified patients
would only have been 9/31 (29%). (Analysis not shown)
There are some noteworthy limitations of this study

that need to be addressed in future research. First, it
would be imprudent to implement the presented
algorithm without extensive validation. Second, all
parameters in the present algorithm were given equal
weight. Future studies on larger numbers of patients
might refine the algorithm by adjusting the effect an
individual parameter exerts on the sum score. Third, the
likelihood of the algorithm to correctly mirror the TAB
results varies with the magnitude of the sum score. The
algorithm is most efficient at the upper and lower end of
the score range whereas sum scores in the mid-range
(3 or 4) are clinically more difficult to interpret (Figure 1).
In conclusion, the present study confirms the

association of reduced OPA levels in GCA. Furthermore,
our results support the idea that an algorithm based on
OPA, ESR and thrombocyte count has the potential to
provide valuable assistance in the clinical management
of GCA.

Summary

What was known before
K Giant cell arteritis (GCA) represents a diagnostic challenge

for the clinician. Early diagnosis is a necessity as treatment
with high-dose corticosteroids prevents the progression of
the potentially devastating disease. The diagnostic value
of individual clinical features and optimal diagnostic
procedures in patients with suspected GCA is subject of
on-going discussions.

What this study adds
K We describe the development of an algorithm based on the

ocular pulse amplitude (OPA) to predict the probability of
a negative or a positive temporal artery biopsy (TAB)
result in the acute phase of suspected giant cell arteritis
(GCA). A simple score based on OPA, ESR, and
thrombocyte count reliably predicted TAB results,
especially at the upper and the lower end of the sum
score range.
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Ocular pulse amplitude
as a diagnostic
adjunct in giant
cell arteritis
To obtain credit, you should first read the journal article. After
reading the article, you should be able to answer the following,
related, multiple choice questions. To complete the questions
(with a minimum 75% passing score) and earn continuing
medical education (CME) credit, please go to www.medscape.
org/journal/eye. Credit cannot be obtained for tests completed
on paper, although you may use the worksheet below to keep a
record of your answers.

You must be a registered user on Medscape.org. If you are not
registered on Medscape.org, please click on the new users: Free
Registration link on the left hand side of the website to register.

Only one answer is correct for each question. Once you
successfully answer all post-test questions you will be able to
view and/or print your certificate. For questions regarding the
content of this activity, contact the accredited provider,

CME@medscape.net. For technical assistance, contact CME@-
webmd.net.

American Medical Association's Physician's Recognition Award
(AMA PRA) credits are accepted in the US as evidence of
participation in CME activities. For further information on this
award, please refer to http://www.ama-assn.org/ama/pub/
about-ama/awards/ama-physicians-recognition-award.page.
The AMA has determined that physicians not licensed in the US
who participate in this CME activity are eligible for AMA PRA
Category 1 Creditst. Through agreements that the AMA has
made with agencies in some countries, AMA PRA credit may be
acceptable as evidence of participation in CME activites. If you
are not licensed in the US, please complete the questions online,
print the AMA PRA CME credit certificate and present it to your
national medical association for review.

1. Your patient is a 78-year-old woman with suspected
giant cell arteritis (GCA) in the acute phase. According
to the study by Knecht and colleagues, which of the
following statements about measurement of ocular
pulse amplitude (OPA) and its clinical associations is
correct?

A OPA represents the extension of the pulsatile oscilla-
tions of the intraocular pressure during the cardiac
cycle and is reduced in the event of vascular obstruction

B Median value of OPA in healthy participants was
6.0 mm Hg

C Measurement of OPA by dynamic contour tonometry is
time consuming and not widely available

D OPA is usually increased in Graves disease and
encircling buckles for retinal detachment

2. According to the study by Knecht and colleagues,
which of the following statements about the algorithm
based on OPA to predict the likelihood of a positive TAB
result in the acute phase of GCA is correct?

A The algorithm included OPA, erythrocyte sedimenta-
tion rate (ESR), and leukocyte count

B Categories of algorithm parameters were OPA of more
than 3.5 mm Hg, 2.5 to 3.5 mm Hg, and less than 2.5
mm Hg; ESR of less than 25 mm/hour, 25 to 60 mm/
hour, and more than 60 mm/hour; and thrombocyte
count of less than 250,000 μL, 250,000 to 500,000 μL, and
more than 500,000/μL)

C Total score ranged from 0 to 12
D Adding jaw claudication and diplopia improved the

algorithm

3. According to the study by Knecht and colleagues, which of the
following statements about the ability of the algorithm based
on OPA to predict the likelihood of a positive TAB result in the
acute phase of GCA would most likely be correct?

A Patients with score values of 2 or less had a 17%
probability of GCA

B Patients with score values of 5 or 6 had a 72%
probability of GCA

C With use of a rule-out threshold of less than 7% and a
rule-in threshold of more than 95%, the algorithm
correctly predicted approximately one-third of the TAB
results

D A sum score based on OPA, ESR, and thrombocyte count
can be helpful in predicting TAB results, especially at the
upper and lower ends of the sum score range

Activity evaluation
1. The activity supported the learning objectives.
Strongly disagree Strongly agree
1 2 3 4 5
2. The material was organized clearly for learning to occur.
Strongly disagree Strongly agree
1 2 3 4 5
3. The content learned from this activity will impact my practice.
Strongly disagree Strongly agree
1 2 3 4 5
4. The activity was presented objectively and free of commercial
bias.
Strongly disagree Strongly agree
1 2 3 4 5
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