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ABSTRACT
Objective. To evaluate a standardized 
training program and a reliability ex-
ercise in colour Doppler ultrasound 
(CDUS) for giant cell arteritis (GCA).
Methods. Two workshops were con-
ducted in 2007 and 2008 to train rheu-
matologists in CDUS for GCA ultra-
sound diagnosis. Twenty-nine and for-
ty-three participants without previous 
experience in GCA ultrasound were 
admitted in 2007 and 2008, respective-
ly. First, some theoretical knowledge 
about GCA ultrasound signs was pro-
vided; second, a reader evaluation ses-
sion of temporal artery video record-
ing examinations of 27 and 30 patients 
were projected in the 2007 meeting and 
the 2008 workshop, respectively (50% 
were cases and 50% were controls). 
Twenty-four cases were common to 
both reader sessions. A mean of six vid-
eos were shown of each patient. Each 
video had to be assessed as normal or 
pathologic. Finally, hands-on scanning 
training was performed.
To assess the efficacy of the workshop: 
1) a structured satisfaction question-
naire was graded (1-5 Likert scale), 
and 2) the reliability, specificity, and 
percentage of correctly classified cases 
by each participant were calculated.
Results. The kappa coefficient of in-
ter-reader agreement for the 29 and 43 
participants was excellent (κ: 0.846) in 
2007 and (κ: 0.848) in 2008. The intra-
reader kappa result was also excellent 
(κ: 0.950). The satisfaction, sensitivity, 
specificity, and percentage of correctly 
classified patients and controls were 
very high.
Conclusions. The proposed learning 
method seemed to be effective and well 
accepted by the target audience. The 
inter-reader reliability of GCA ultra-
sound was excellent. These encourag-
ing results support the need for planned 
standardized training programs.

Introduction
Giant cell arteritis (GCA) is the most 
common form of systemic inflammato-
ry vasculitis in adults (1). Prompt diag-
nosis and treatment are important to 
prevent serious vascular complications, 
such as blindness and other vascular 
events (2). GCA is sometimes diagnosed 
clinically, but a temporal-artery biopsy 
is generally recommended to confirm 
the diagnosis. Using American College 
of Rheumatology (ACR) criteria, fulfil-
ment of any three or more criteria in-
dicates a diagnosis of temporal arteritis 
with 93.5% sensitivity and 91.2% spe-
cificity (3). However, the ACR criteria 
was designed for research purposes and 
not for clinical diagnosis. In fact, poor 
positive predictive value has been found 
when these criteria were used for clini-
cal diagnosis (4). For this reason, most 
authorities recommend pathological 
confirmation in all patients due to the 
potentially serious side effects of long-
term corticosteroid therapy. However, 
although a temporal artery biopsy is the 
diagnostic gold standard for this disease, 
biopsy results may be negative in 9% to 
44% of patients with a clinical diagno-
sis of GCA (5-7). This has prompted the 
use of imaging techniques, such as col-
our Doppler ultrasonography (CDUS), 
and magnetic resonance imaging or 
positron emission tomography (8-13). 
There is growing evidence that CDUS 
of the temporal arteries delineates a 
characteristic hypoechoic circumferen-
tial wall thickening (halo) around the lu-
men of inflamed temporal arteries, sten-
oses, and occlusions (14-16). Outcome 
measures in clinical practice should be 
valid and reliable. Many studies and a 
meta-analysis (17) have demonstrated 
the validity of CDUS in GCA, but few 
papers have shown the reliability of 
this imaging technique, and the studies 
have always involved a limited number 
of readers. Today, few rheumatology 
units perform CDUS in the diagnosis of 
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AGCA; a possible reason for this could 
be lack of training in this technique.
The aim of the present study was to 
conduct and evaluate a standardized 
training program with a group of rheu-
matologists without previous experi-
ence in this technique. As a secondary 
objective, we aimed to assess the relia-
bility of CDUS in GCA based on a large 
inter-reader exercise.

Materials and methods
Two ultrasonography workshops were 
conducted at the Spanish Society of 
Rheumatology Annual Meeting in 2007 
and 2008 to train rheumatologists in 
CDUS for GCA ultrasound diagnosis. 
The workshop was divided into three dif-
ferent parts: a) a 20’ theoretical session; 
followed by b) an 80’ reading session 
of temporal artery examination video 
recordings; and finally c), a 50’ training 
session dedicated to hands-on scanning 
to become familiar with normal tempo-
ral artery ultrasound examination.

Participants
Twenty-nine participants, all of whom 
were rheumatologists without previous 
experience in GCA ultrasound, were 
admitted to the 2007 workshop, and 43 
were admitted to the 2008 workshop. 
Admission was voluntary, and the selec-
tion process based on the order of reg-
istration. The participants were asked 
for their collaboration to analyze the 
inter-reader reliability of an individual 
and blinded lecture and the future use 
of these data in a report. In the 2007 
workshop, we used a sheet of paper in-
dicating the number of every case and 
the answer, while in 2008, an electronic 
real-time wireless voting system was 
used after every case video collection.

Theoretical session
Prior to the reading session, a theoretical 
seminar about 20 minutes in length was 
carried out. In this part of the workshop, 
the typical ultrasound signs of GCA 
– halo, stenosis, or occlusion – were 
shown by digital video recordings of 
CDUS temporal artery examinations, 
including normal pathological temporal 
artery ultrasound examinations. After 
the theoretical knowledge instruction 
was finished, the reading session began.

Reading session
Temporal artery frontal and parietal 
branches video recording examinations 
from 27 and 30 patients were examined 
during the reading session in the 2007 
and 2008 workshops, respectively. An 
average of six videos was shown for 
each patient; 13 patients that had been 
diagnosed with GCA and 14 controls 
were shown in 2007, while 15 diag-
nosed patients and 15 controls were in-
cluded in 2008. Diagnosis was obtained 
based on the clinical histories of the 
patients at least three months after the 
ultrasound exploration.
The video recording evaluation process 
was independently performed, and each 
of the participants was blinded to the 
diagnoses of the patients. Every case 
was answered as normal or pathologic. 
As the workshop was educational, after 
every case was answered by the partici-
pants, the diagnosis was elucidated and 
was discussed in an interactive man-
ner to resolve disputes and improve 
knowledge. Halo was the ultrasound 
sign assessed (Fig. 1). To avoid recog-
nition, the video recordings used for 
the reading session were different from 
those shown at the theoretical session. 
Twenty-four cases were common to 
both reader sessions, and seven read-
ers participated in both workshops; this 
was used in the intra-reader reliability.

The videos shown were captured by one 
experienced ultrasonographer with Acu-
son-Antares Siemens equipment using 
a lineal scanner (5-13 MHz). Only three 
cases were captured with a Logic 5 (5-
12 MHz) in the 2007 reader exercise, 
and another three were captured with a 
Logic 9 General Electric system (9-14 
MHz probe) in 2008. Most of the vid-
eos were longitudinal scans of both the 
frontal and parietal sides of the super-
ficial temporal arteries, although some 
videos were transverse scans.

Acquisition training session
Finally, hands-on scanning training was 
performed to familiarize participants 
with normal temporal artery ultrasound 
examinations. Experienced ultrasonog-
raphers conducted the participants’ 
examinations and taught them how to 
examine the temporal, frontal, and pa-
rietal rams, including common superfi-
cial artery localization, in longitudinal 
and transverse planes. The duration of 
hands-on scanning for each participant 
was around seven minutes.

Outcome measures
We used a two-level quantitative tech-
nique to assess the workshops.
1. Subjective learning perception with 

regard to levels of satisfaction and 
efficiency of the educational process 

Fig. 1. CDUS temporal artery images used during the theoretical session. (A) Transversal scan of 
normal temporal artery. (B) Transversal scan of pathologic temporal artery, showing the typical halo 
around the lumen. (C) Longitudinal scan of normal temporal artery. (D) Longitudinal scan of patho-
logical temporal artery, showing the dark halo around the lumen.

A
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achieved by the participants: This 
was measured with an anonymous 
questionnaire structured with grad-
ed responses (1-5 Likert scale) that 
was administered at the end of the 
workshop; 22 of the 29 participants 
answered the questionnaire in 2007, 
and 35 of the 43 in 2008 (Table I).

2. Objective measures: a) Kappa inter- 
and intra-reader reliability; and b) 
validity, sensitivity, specificity, and 
percentage of correctly classified 
cases and controls against the gold 
standard diagnosis. For the validity 
exercise, the clinical diagnosis of 
GCA was established by experienced 
rheumatologists. The gold standard 
used was the final clinical diagnosis 
confirmed at the end of a follow-up 
period of at least 6 months by the 
rheumatologist responsible for the 
patients. The ACR 1990 GCA crite-
ria were used for classification, and 
all patients with GCA final clinical 
diagnoses fulfilled 3 or more ACR 
criteria. Only five patients with GCA 
did not have temporal artery biopsy 
performed.

Statistical analyses
The kappa coefficient for categorical 
variables was used for the inter-reader 
and intra-reader statistical analysis. 
For every participant, the sensitiv-
ity, specificity, and percentage of cor-
rectly classified patients were analysed 
against the gold standard diagnosis 
using the STATA programme version 
10.0 (StataCorp, Collage Station, TX).

Results
The results obtained from the question-
naire showed an excellent overall sat-
isfaction rating of the 12 items scored, 
with a mean Likert score of 4.9 (range 
of 4.8 to 5 points) in the 2007 work-
shop, and a mean of 4.7 (range 4.5-4.9) 
in the 2008 meeting. The lesser satis-
faction was due to insufficient time in 
the hands-on scanning exercise and 
the increased time spent on theoretical 
knowledge, participation, and reading 
exercise (see Table I).
In the 2007 workshop, the kappa cor-
relation coefficient of inter-reader 
agreement for the 29 participants was 
excellent, with a kappa value of 0.846 

(CI 0.668-0.937; p<0.0001). The kappa 
coefficient for each of the 29 readers is 
shown in Table II.
The maximum sensitivity was achieved 
by 21 of the 43 participants, and the 
lowest sensitivity reached was 86.7% 
in two cases.
The sensitivity achieved by 24 of the 29 
participants was 100%, so 82.7% of the 
readers attained maximum sensitivity. 
Furthermore, the sensitivity of the other 
five readers was 92.3%. The specificity 
results were also good, with a lowest 
value of 64.2%, and a perfect 100% at-
tained by three readers. The percentage 
of correctly classified patients ranged 
from 100 to 77. 8, with a mean value of 
93.4 (Table II).
In the 2008 workshop, electronic wire-
less answers were used to check pos-
sible bias in the 2007 exercise, but the 
kappa correlation coefficient of inter-
reader agreement for the 43 readers was 
also excellent, with a value of 0.848 (CI 
0.681-0.936; p<0.0001), similar to the 
previous one. The sensitivity was slight-
ly lower, but the specificity and percent-
age of cases and controls correctly clas-
sified was improved (see Table II). In the 

case of sensitivity, 100% was achieved 
by 21 of the 43 participants, and the 
lowest sensitivity reached was 86.7% in 
two cases. The specificity was 100% in 
19 cases, and the lowest specificity was 
86.7% in seven cases. Finally, the per-
centage of cases correctly classified was 
between 100% (11 readers) and 90% (7 
participants).
Seven readers participated in both work-
shops, and it was, thus, possible to per-
form an intra-reader reliability exercise 
with a kappa value of 0.950. These read-
ers demonstrated a trend toward better 
results in comparison with the remain-
ing participants, but without statistical 
difference. Sensitivity in the first lecture 
was 100% and in the second was 98.1%, 
the specificity in the first workshop was 
88.8% while in the second it was 98.1%; 
and finally, the percentage of cases cor-
rectly classified was 94.2 in the first ex-
ercise, and 98.1 in the second.

Discussion
Within the last decade, an increasing 
number of rheumatologists have incor-
porated musculoskeletal ultrasound as 
a valuable imaging tool in their clinical 

Table I. Participant learning perception.
 
 2007 Workshop 2008 Workshop
 
  1- Interest and development of the topic 5.0 4.8
  2- Interest of the concepts introduced 4.9 4.7
  3- The time spent was appropriate 4.8 4.5
  4- Has been didactic and practice 4.9 4.8
  5- I’m glad to have attended 5.0 4.8
  6- Exposition of the subjects 4.9 4.7
  7- Interest of the cases selected  4.9 4.6
  8- Relationship between theory and practice 4.9 4.5
  9- Exposition of basic concepts and ideas 4.9 4.6
10- The speaker has kept participants’ interest 4.9 4.8
11- Teachers encouraged participation 4.9 4.9
12- Teachers knew the theme to develop 5.0 4.9

Values are expressed in a Likert scale (1-5): 1=bad, 2=regular, 3=moderate, 4=good and 5=excellent.

Table II. Validity and reliability outcomes. 
 
 Workshop 2007 Workshop 2008
 (n=29)  (n=43)

Sensitivity % 98.7 96.4
Specificity (%) 88.4 95.2
Correctly classified (%) 93.4 95.8
Kappa coefficient 0.846  0.848 

The figures represent the average values obtained in each workshop.
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practice. In the Cunnington et al. (18) 
study, the principal reason given for 
not performing musculoskeletal ultra-
sound was lack of training in this tech-
nique (75% of the cases assessed). An 
increasing number of papers propose 
how musculoskeletal ultrasound train-
ing for rheumatologists should be per-
formed (18-26). This is the first study 
to provide information on an evalu-
ated teaching method in GCA. A low 
teacher-to-learner ratio was employed 
in our method, with excellent results. 
If this type of low teacher-to-learner 
method is demonstrated to be efficient, 
it will be easier to perform US, because 
the high teacher-to-learner ratio actu-
ally employed in current US training, 
potentially imposes a limitation on the 
expansion of rheumatological US.
The validity of colour Doppler US for 
GCA diagnosis has been widely demon-
strated (8, 15, 17), although it is not yet 
widely used. If the validity of this tech-
nique is accepted, why is it not used in 
practice? Perhaps this is due to lack of 
training in this technique, or due to the 
general idea that US is observer-depend-
ent. The workshop was focused on these 
two topics, as well as its on the reliability 
of US and the development of a teach-
ing-learning procedure for GCA US di-
agnosis. Teaching CDUS in GCA was of 
additional interest to us because GCA is 
a low prevalence disease, meaning there 
are fewer chances for learning than with 
other more prevalent diseases.
Measuring effectiveness in a short 
learning model is not easy. We selected 
the following as outcomes: subjective 
measurement of the learning perception 
achieved by the participants in differ-
ent aspects of the workshop (education 
focused on who is learning), and objec-
tive measures, such as reliability and 
validity, via a reader exercise that was 
administered at the same time as the 
teaching method.
The questionnaire indicated excellent 
subjective perception with regard to 
the usefulness of the workshop (Table 
I). Some difficulties were demonstrat-
ed by the participants in acquisition of 
correct ultrasound temporal artery im-
ages due to the limited time available 
for hands-on scanning. Approximate-
ly seven minutes was allocated per         

participant, which was clearly insuf-
ficient, although participants could see 
and learn from the exploration of other 
participants. This was also perceived by 
the teaching team. W. Schmidt et al. re-
ported that a sonographer experienced 
in vascular ultrasound must examine at 
least 30 people without temporal arteri-
tis to accurately assess temporal arteri-
tis (27). Therefore, acquiring the ability 
to detect GCA requires an investment 
of time. However, with theoretical and 
short practical training, we thought 
the participants would learn to recog-
nize normal and pathological findings 
and understand elemental exploration, 
which would begin with the process of 
self-learning.
The results demonstrate the ease with 
which even non-expert individuals can 
identify normal and pathological ultra-
sound images in temporal artery exami-
nations. The good reliability of US is 
probably, in part, a consequence of the 
high quality of the video images, but 
the records were not previously selected 
based on quality. Another possible bias 
in the high reliability of the study is 
whether participants can learn from their 
own mistakes, as they submitted com-
ments after every case. If the lecture had 
been continuous, the results may have 
been less promising. Our principal inter-
est was teaching, and therefore, we used 
reliability as a learning outcome. How-
ever, to explore whether this method 
produced a bias, we performed another 
blinded teaching exercise using the 
classical blind inter-reader methodol-
ogy, without knowing the results of the 
patients at any time. The readers were 
three foreign rheumatology residents 
with theoretical knowledge of colour 
Doppler ultrasonography of the temporal 
artery. We used the same videos utilized 
in the 2007 workshop and the results 
did not demonstrate significant statisti-
cal differences, but had a slightly lower 
inter-reader kappa value of 0.796. The 
sensitivity, specificity, and percentage of 
well-classified subjects were 90.3, 95.4, 
and 92.6 respectively (28).
To the best of our knowledge, there 
are thus far no good reliability data for 
temporal artery ultrasound, and this is 
the biggest reliability study in GCA 
US. Previous studies have included 

only two participants, which supposes 
a higher possibility of agreement (7, 15, 
17). In the study performed by Schmidt 
et al., the rates of agreement between 
the two ultrasonographers were 100% 
for the initial halo sign, 98% for sten-
oses, 96% for occlusions, and 95% for 
all three features (15). Similar results 
were obtained by Salvarani et al. (7), 
with two ultrasonographers and 100% 
agreement for halo diagnosis. The in-
ter-reader agreement was 95% with two 
different sonographers performing tem-
poral artery ultrasound with regard to 
positive or negative findings (15).
In our reliability exercise, the kappa 
correlation coefficient for the halo sign 
was 0.84, but with 29 and 43 non-expert 
readers. We believe this result shows that 
the reliability of US in clinical practice 
could be excellent. However, comparing 
videos in ultrasound studies is superior 
to comparing images, and our study can-
not provide information on the combi-
nation of acquiring and reading images, 
which usually provide less agreement. 
Further, reliability in this study is a sec-
ondary objective and an outcome used 
to evaluate a standardized training, not 
a real exercise of reliability. However, 
we are of the opinion that publication 
of our results will contribute greatly to 
the field, as a similar exercise has never 
been done with this many readers. While 
not a perfect reliability exercise, ours is 
a good approximation.
Finally, the diagnostic gold standard 
used was the final clinical diagnosis 
confirmed at the end of a 6 month fol-
low-up period by the patients’ rheuma-
tologists’ all GCA patients included ful-
filled 3 or more ACR criteria. Only five 
of the GCA patients did not have biop-
sies taken, but we did not want intro-
duce a debate over the use of biopsies 
versus ultrasound in this paper. Sensi-
tivity and specificity (Table II) was only 
an outcome measure of learning with a 
pre-test probability of 50%; they were 
not a primary objective of the study.
In conclusion, CDUS is reliable, in-
dependent of the observer, and can be 
learned with a short training method. 
The teaching strategies appeared to be 
efficient and well-received by the target 
audience, providing good evidence for 
a potential model for future training.
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