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Abstract

v

Background: Arthrosonography has proven
to be more sensitive and reliable for the detec-
tion of synovitis than clinical examination, but
a comprehensive examination of small joints is
time-consuming. The automated breast volume
scanner (ABVS) has been developed to allow
automatic and reproducible series of consecutive
B-mode pictures of the female breast.
Objectives: To analyze the comparability of
ABVS and conventional manual ultrasonography
(mUS) for the detection of synovitis in hands and
feet of patients with rheumatoid arthritis (RA).
Methods: 45 patients with early and estab-
lished active rheumatoid arthritis were recruited
for this trial. All subjects were assessed clinically
and by manual (Esaote MyLab70) and automated
ultrasound (ACUSON S2000™ ABVS). The wrists,
the metacarpophalangeal and proximal inter-

phalangeal joints of the hands and the metatar-
sophalangeal joints of the feet were examined.
Results: A total of 2340 joint aspects were
examined with both methods. ABVS detected
291 grade 1, 124 grade 2, 100 grade 3 cases of
synovitis (515 in total) compared to 267, 180 and
145 cases of synovitis (592 in total) with mUS.
242 erosions and 52 cases of tenosynovitis were
found by ABVS compared to 244 erosions and 99
cases of tenosynovitis found by mUS. Kappa coef-
ficients for the agreement between both meth-
ods ranged from 0.51 in PIP joints to 0.71 in MCP
joints. The correlations with clinical parameters
as well as interrater agreements were compara-
ble for both ultrasound methods.

Conclusion: Based on the results, ABVS seems
to be a promising technology for the comprehen-
sive and time-saving assessment of synovitis in
RA.

Background

v

The reliable detection of synovitis is critical for
diagnosing and assessing disease activity in
rheumatoid arthritis. The confirmation of syno-
vitis is the main feature not only of classification
criteria for rheumatoid arthritis and other poly-
arthritic diseases [1-3], but also of composite
scores of disease activity [4-6]. The absence of
synovitis is the precondition for the definition of
disease remission, our main therapeutic target
[7,8]. As the goal is to classify and treat the dis-
ease as early as possible, highly sensitive detec-
tion of articular abnormalities is essential. In
daily practice, however, reliable detection of syn-
ovitis can pose substantial difficulties for the
treating physician [9]. Physical examination,
which has been the main diagnostic tool for dec-
ades, yields significantly different results
between examiners [10,11]. Even with standard-

ized training programs, these differences can be
improved but not eliminated with kappa values
for physical examination between 0.2 and 0.6
depending on the joint region examined [12,13].
Additionally, physical examination techniques
seem to be insensitive compared to modern diag-
nostic tools.

In recent years, high-resolution ultrasound has
proven to be a very sensitive method for the
detection of even small amounts of synovitis
[14]. In this respect it is clearly superior to man-
ual examination [15,16]. Moreover, with the
addition of the Doppler technique, inflammatory
hyperperfusion of the synovium can be visual-
ized. Even bony erosions can be traced much ear-
lier than by employing conventional radiography
[17,18]. The disadvantages of arthrosonography
are its dependency on the level of expertise of
the examiner, the difficulty of standardization
and reproducibility and the amount of time
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needed for a comprehensive examination [19,20]. Magnetic res-
onance imaging (MRI) has a comparable sensitivity to ultra-
sound for detecting synovitis and bony erosions [21,22].
Inflammation can be illustrated using the appropriate sequences
and contrast media. The reproducibility is better than with
ultrasound, but a skilled examiner is again needed for the inter-
pretation of results [23]. Moreover, this technique is expensive
and usually only one extremity can be captured during one diag-
nostic session.

The “automated breast volume scanner” (ABVS, ACUSON
S2000TM ABVS; Siemens Medical Solutions, Inc.,, Mountain
View, CA) has recently been developed for the acquisition of
series of consecutive B-mode pictures of the female breast
[24,25]. These pictures can be analyzed in all 3 dimensions and
reconstructed to 3D data sets. The ABVS can be operated by an
assistant medical technician and the acquired data can be sent to
a separate workstation to be independently analyzed by a spe-
cialist. Similar to conventional ultrasound, ABVS has shown a
high sensitivity in the detection of breast abnormalities and
excellent prediction of lesion size [26-28]. Even the differentia-
tion between benign and malignant lesions was comparable
between ABVS and manual ultrasound [29]. In patients sus-
pected for breast tumors, the detection rate was even higher
compared to manual ultrasound [30].

In a recent trial, we tested the transferability of ABVS to the
wrists and finger joints of patients with rheumatoid and psori-
atic arthritis [31]. A similar trial has recently been published by
Kawashiri et al. [32], which evaluated ABVS and manual ultra-
sound in 14 patients with rheumatoid arthritis. The present
study was conducted to confirm the comparability of this new
development with manual ultrasound (mUS) in a large cohort of
patients with active early and established rheumatoid arthritis
and to extend it to the assessment of tenosynovitis in the hands
and synovitis in the small joints of the feet.

Patients and Methods

v

A total of 45 patients with either established or newly diagnosed
RA were recruited into this study. Diagnosis of RA was based on
the modified ACR criteria of 1987 [2] or the ACR/EULAR criteria
of 2010 [1]. Newly diagnosed RA was defined as a disease dura-
tion of less than 2 years and no pretreatment with disease-mod-
ifying antirheumatic drugs. All patients gave written informed
consent for participation in the trial, which was approved by the
Ethics Committee of the University of Munich. All individuals
were clinically assessed with a 66/68-joint count according to
the EULAR technique and a DAS28 and were asked to fill out the
health assessment questionnaire (HAQ).

All patients then underwent conventional ultrasound (manual
ultrasound, mUS) examination of the wrists, metacarpophalan-
geal (MCP), proximal interphalangeal (PIP) and metatarso-
phalangeal (MTP) joints. MCP and PIP joints were assessed from
the palmar and dorsal aspect. B-mode findings consistent with
synovitis were graded semiquantitatively as previously speci-
fied. Briefly, grade one was defined as a small anechoic line
beneath the joint capsule, grade 2 as capsule distension parallel
to the joint area, and grade 3 as pronounced convex distension of
the joint capsule [19,33,34]. Flexor tendons of the 15 through
5t digit of both hands were assessed on the wrist and finger
level for the presence of tenosynovitis. B-mode findings consist-
ent with tenosynovitis were graded on a binary scale and were

defined as abnormal anechoic or hypoechoic widening of the
tendon sheath related to the presence of tenosynovial fluid [35].
Finally, erosions were defined as a clear cortical break of at least
2mm with a basal reflex seen in 2 planes with mUS or on at least
2 consecutive layers with ABVS. Dorsal carpal, distal metacarpal
and proximal and distal interphalangeal bone areas were
searched for erosions [36]. Ultrasound assessments were per-
formed on a high-resolution ultrasound system (MyLab709,
Esaote, Italy) with an 8-18 MHz probe for the assessment of
small joints and a 5-13MHz probe for the assessment of the
wrists. Automated ultrasound was conducted on the same day
as conventional ultrasound using the ACUSON S2000™ ABVS
(Siemens Medical Solutions, Mountain View, USA). The ABVS
transducer was equipped with a linear array (5-14MHz band-
width). The frequency was set to 11 MHz, and each ABVS exami-
nation was performed with a longitudinal radial-to-ulnar
automatic sweep of the scanner which generated 15.4x
16.8cmx 2.5 cm volume data sets. The system was set to provide
an automatic scanning time of 65s per scan with a slice thick-
ness of 0.5mm. The dorsal and palmar sides of each hand and
the dorsal aspect of the toes were scanned separately. Data were
saved and transferred from the ABVS to the ACUSON S2000™
ABVS workstation. Multiplanar reconstruction enabled exami-
nation of the images at multiple levels for the presence of bony
lesions or joint swelling. To reduce artifacts from air entrap-
ment, the hands and feet of the study subjects were positioned
in a water basin and the ultrasound probe was positioned
directly beneath the surface of the water (© Fig. 1 and © Fig. 2).
mUS examinations were performed by a physician. ABVS exami-
nations were performed by a technician and read-out by a
physician.

Cohen’s kappa coefficients for the assessment of interrater, int-
rarater and intermethod agreement were calculated and based
on methods previously described. The following cut-off values
for agreement were defined: <0.0=none, 0-0.20=poor, 0.21-
0.40: modest, 0.41-0.60=fair, 0.61-0.80=good, 0.81-
1.00=excellent. Correlations were assessed by Pearson’s
correlation analysis. For the correlations of ABVS and mUS, sum
scores of the semiquantitative ultrasound findings of ABVS and
mUS were calculated for each patient and correlated with each
other and the respective clinical parameters of disease activity.
The ABVS and mUS sum scores were calculated by adding up the
semiquantitative ultrasound findings of the examined joints of a
patient and theoretically could range between 0 and 96 per
patient (10 MCP, 10 PIP, 10 MTP and 2 wrist joints per patient
with grade 0 to 3 per joint). Significant changes were calculated
by Fisher’s tests. P-values of less than 0.05 were considered sta-
tistically significant. The statistical analysis was calculated with
SPSS software, version 20.0 (IBM, Armonk, NY), and with Prism
5 software, version 5.2 (Prism, LaJolla, CA). This study was part
of the “ArthroMark” network, which is funded by the German
Federal Ministry of Education and Research.

Results

v

Baseline characteristics of the study population

A total of 45 patients were included in the study. 80% of the
patients were female. The mean age was 58.9+13.2 years. 17
patients (37.8%) had a new diagnosis of therapy-naive rheuma-
toid arthritis, while the rest of the patients had the diagnosis of
established disease. 31 patients (68.9%) and 25 patients (55.6%)
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Fig. 1 athe ABVS system with the adjustable
scanner, ultrasound machine and work station
(arrows). b Positioning of a patient’s hand in
temperate water. (c and d) Positioning of the auto-
mated scanner above the patient’s hand. Of note,
the probe does not make contact with the skin,
thereby avoiding compression artifacts.

mus ABVS Fig. 2 I.Qf?preser!tative correspondir!g' images

of synovitis, erosions and tenosynovitis (arrows)
detected by mUS and ABVS. mUS and ABVS
images were acquired with 18 MHz and 11 MHz
probes, respectively. a MCP 3 joint with grade 2
synovitis. b MTP 2 joint with grade 2 synovitis.

¢ MCP 3 joint with grade 1 synovitis. d MCP 3 joint
with erosions. e Index finger tenosynovitis of the
flexor tendon.
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Table 1 Baseline characteristics of the study population.

Patients total/early/established (n) 45(17/28

Age (mean with SD) 58.9+13.2 years
Female: male (n) 36:9

RF positive/ACPA positive (%) 68.8/55.5
Tender joints of 28-joint count (mean with SD) 6.3+6.4
Swollen joints of 28-joint count (mean with SD) 6.6+5.3

DAS-28 (mean with SD) 4.1+1.7

CDAI (mean with SD) 21.2+14.1

SDAI (mean with SD) 22.5+15.3

HAQ (mean with SD) 1.1+0.7

were positive for rheumatoid factor and anti-citrullinated pep-
tide antibodies (ACPA), respectively. Mean disease activity as
assessed by DAS-28, CDAI and SDAI was 4.1+1.7,21.2+14.1 and
22.5+15.3, respectively (© Table 1).

Time expenditure of mUS and ABVS assessments

The complete assessment of wrists, fingers and toes by manual
ultrasound including documentation of the results took about
15min for the examining physician. ABVS examination includ-
ing preparation of the water basin, positioning of the patient and
acquisition of the images took about 10 min for a medical assis-
tant. Thorough evaluation of the data set took about 3 min for a
physician.

Interrater and intrarater evaluation of mUS and ABVS
For the evaluation of intrarater and interrater reliabilities, ABVS
images of 450 randomly selected joints were independently
assessed by MW and MG. The interrater kappa values for the
detection of synovitis, erosions and tenosynovitis with ABVS
were 0.78, 0.77 and 0.83, respectively. The mean intrarater kap-
pas for the detection of synovitis, erosions and tenosynovitis
were 0.59, 0.72 and 0.84, respectively (© Table 2).

mUS and ABVS examined and evaluable joints

A total of 2340 joint aspects were examined by mUS and ABVS
each: 450 MCP joints, 450 PIP joints, 90 wrist joints and 450
MTP joints. The MCP and PIP joints were examined from the
dorsal and palmar aspect. 80 (3.4%) joints were judged not eval-
uable by mUS, compared to 414 (17.6%) non-evaluable joints by
ABVS (p<0.001). Comparing dorsal and palmar ABVS examina-
tions, 103 (11.1%) MCP and PIP joints were not evaluable from
the dorsal aspect, compared to 300 (33.3 %) non-evaluable MCP
and PIP joints from the palmar aspect (p<0.001). Most non-eval-
uable joints were detected in the MTP region for both methods
with 62 (13.8%) joints for mUS and 103 (22.9%) joints for ABVS.

Detection of synovitis with mUS and ABVS

With mUS, 217 (48.2%), 179 (39.8 %), 49 (54.4%) and 149 (33.1%)
synovitic findings were detected in MCP, PIP, wrist and MTP
joints, respectively, compared to 229 (50.9%), 121 (26.9%), 34
(37.8%) and 131 (29.1 %) synovitic findings detected in MCP, PIP,
wrist and MTP joints by ABVS. The differences between mUS and
ABVS were significant for PIP and wrist joints (© Fig. 3). ABVS
detected 291 grade 1, 124 grade 2, 100 grade 3 cases of synovitis
(515 in total) compared to 267, 180 and 145 case of synovitis
(592 in total) with mUS. The kappa coefficients for the detection
of synovitis were 0.71, 0.51, 0.69 and 0.53 for dorsal MCP, dorsal
PIP, wrist and MTP joints, respectively. The kappa coefficients
after the exclusion of grade 1 synovitic findings increased to 0.73

Table 2 Overview of Cohen’s kappa agreements of intra- and interrater and
intermethod assessments.

Cohen’s kappa

Intrarater agreement ABVS *

Synovitis 0.59
Erosions 0.72
Tenosynovitis 0.84
Interrater agreement ABVS
Synovitis 0.78
Erosions 0.77
Tenosynovitis 0.83
Intermethod agreement (mUS vs. ABVS)
Synovitis
MCP 0.71
PIP 0.51
wrist 0.69
MTP 0.53
Erosions
MCP 0.59
PIP 0.55
wrist 0.21
MTP 0.38
Tenosynovitis
Finger flexor tendons 0.61

Cut-off values were defined as follows: <0.0=none, 0-0.20=poor, 0.21-0.40:
modest, 0.41-0.60=fair, 0.61-0.80=good, 0.81-1.00 = excellent agreement;
see methods for details; * means of MW’s and MG’s agreements combined.

100
80 [
n.s. p<0.001 p<0.05 n.s.
o 60
c
[}
=
(]
& 40
il I I
0 L 1 L 1 ]
MCP PIP wrist MTP
[ nsvs [ mus

Fig. 3 Examined joint regions with the percentages of positive findings
identified by ABVS and mUS (n.s. =not significant).

for MCP joints, but not for PIP, wrist and MTP joints. In general,
ABVS showed a tendency for rating lower grades than mUS in
the same joint (© Table 2).

Detection of flexor tendon tenosynovitis with mUS and
ABVS

450 flexor tendons were evaluated by mUS and ABVS on the
wrist and finger level. While 6 tendons were judged non-evalua-
ble with mUS, 162 were not evaluable by ABVS (36.0%). In the
evaluable tendons, ABVS detected 31 and 21 findings consistent
with flexor tendon tenosynovitis on the MCP and/or PIP level,
compared to 72 and 27 findings of flexor tendon tenosynovitis
on the MCP and/or PIP level with mUS. Comparing mUS with
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cian’s VAS, c 28-joints swollen joint count, d simplified disease activity index, e clinical disease activity index and f DAS-28 (see methods for details of the

muUS and ABVS sum scores).

corresponding evaluable ABVS flexor tendons, the kappa coeffi-
cient for the detection of flexor tendon tenosynovitis was 0.61
(° Table 2).

Detection of erosions with mUS and ABVS

muUS detected 120, 62, 51 and 11 erosions of MCP, PIP, MTP and
wrist joints, respectively, compared to 106, 74, 24 and 38 ero-
sions detected with ABVS. The kappa coefficients for the detec-
tion of erosions were 0.59, 0.55, 0.38 and 0.21 for MCP, PIP, MTP
and wrist joints, respectively.

Correlation of ABVS with mUS and clinical parameters
For the correlation of ABVS with mUS and clinical parameters,
semiquantitative sum scores of ABVS and mUS findings of the
patients were calculated and correlated. The correlation of ABVS
with mUS was 0.79. The correlation of ABVS with the physician’s
VAS was 0.71. Fair correlations of ABVS were found with 0.46,
0.45 and 0.41 for the swollen joint count, SDAI and CDAI, respec-
tively. Correlations with the assessed clinical parameters were
comparable for mUS and ABVS sum scores (© Fig. 4).

Discussion

v

The trial population consisted of patients with newly diagnosed,
therapy-naive and established rheumatoid arthritis. On average,
the population had moderate to severe disease activity as docu-
mented by DAS-28, CDAI and SDAI and therefore seemed suita-
ble for the evaluation of a new ultrasound technique. For the
comparison of the performances of ABVS and mUS, we assessed
several statistical parameters such as the intra- and interrater
agreements of ABVS, the correlation of ABVS with mUS and with
clinical parameters and, finally, the agreements of both methods
with each other. We chose, not to define a gold standard since

both methods use the same ultrasound technique just with dif-
ferent application methods and also have their specific advan-
tages and disadvantages. For example, mUS offers more dynamic
examination in the hands of an experienced sonographer, while
ABVS allows a standardized image acquisition approach with
less dependence on the assessor. As others did before us in simi-
lar settings, we therefore thought of Cohen’s kappa coefficients
as an appropriate statistical tool to investigate the agreement
between automated and manual ultrasound examination [32].
The inter- and intrarater agreements of ABVS were similar to
those seen for mUS in our own observations and in the literature
[14,37,38]. The overall ability to detect synovitis, erosions and
tenosynovitis was comparable for both methods, although ABVS
was less sensitive in the wrists and MTP joints. The lack of a
dynamic examination with ABVS may be a reason for this lower
sensitivity. Related to this, kappa agreements between ABVS and
mUS also depended on the joint region examined. They were
good in the MCP and fair in the wrist, PIP and MTP joints. Exclud-
ing grade 1 findings, as suggested for the assessment of finger
joints by several investigators [14,32], led to an overall kappa
improvement of MCP joints. Based on this data, we would esti-
mate that the ABVS examination of the dorsal aspect of MCP and
PIP joints is more reliable and comparable to mUS than the pal-
mar aspect. The overall correlation of ABVS with mUS was good.
Further, ABVS findings correlated well with the physician’s esti-
mation of disease activity and fairly with other parameters such
as the DAS-28, CDAI and SDAL All correlations found for ABVS
were comparable to those found for mUS in this study and to
those reported previously [33,39].

The ABVS ultrasound method has some noteworthy limitations.
First, we faced a comparably high percentage of non-evaluable
MCP and PIP joints from the palmar aspect as well as a high per-
centage of non-evaluable MTP joints. The former resulted from
the fact that many patients had difficulties positioning their
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hand in the required maximum supination. The latter was a
problem in patients with established RA, in which the propor-
tion of advanced deformities of the MTP joints is higher than in
newly diagnosed patients. Together with the better kappa agree-
ments between mUS and ABVS for MCP and PIP joints from the
dorsal aspect, this argues for dorsal acquisition as the appropri-
ate approach. This is also in line with our own observations for
mUS, which favor the assessment of the dorsal aspect of MCP
and PIP joints [40]. Second, ABVS is currently not equipped with
power Doppler, which is of considerable importance for diag-
nostic and prognostic information in active as well as in inactive
RA [41-43]. Finally, the ABVS probe was limited to a frequency
of 11 MHz, while in current ultrasound examinations of small
joints, probes with up to 18 MHz are commonly applied for the
purpose of better resolution. Future improvements of the tech-
nical setup may help to minimize these limitations.

Thorough ultrasound examination of the joints is time-consum-
ing. Recently, ultrasound scores that focus on certain index
joints have been proposed to account for this [33,44-46]. There
is a delicate balance between comprehensive assessment and
time constraints. In light of this, semi-automatization of imaging
is an issue in rheumatology. The goal is quick and reproducible
acquisition of images without cost-intensive personnel costs. In
our study, data sets were acquired and processed quicker with
ABVS than with conventional mUS and if considering image
read-out only, the time-saving advantages were evident. To date,
some approaches to this issue have been provided by techniques
like the Xiralite Rheumascan® or optical spectral transmission
techniques [47,48]. MRI is one of the established methods.
While all these approaches have certain advantages and disad-
vantages, the advantages of ABVS include the lack of application
of an injectable contrast agent and good resolution of the ana-
tomical structures.

In conclusion, ABVS showed good ability regarding the detection
of synovitis, tenosynovitis and erosions. Furthermore, accepta-
ble agreement with mUS was achieved in joint regions relevant
in rheumatoid arthritis like the MCP joints. Together with the
advantage of quick acquirement of images without the need of a
physician, ABVS may be an interesting tool for the detection of
synovitis and further evaluation in larger cohorts seems war-
ranted.
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