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Objective: To use power Doppler sonography (PDS) to evaluate changes in synovial perfusion induced by
adalimumab in the wrist joints of patients with rheumatoid arthritis.
Methods: 48 wrists of 24 patients (18 women and 6 men) were examined. Despite prior treatment with
disease-modifying antirheumatic drugs, including methotrexate, patients with clinically active rheumatoid
arthritis were recruited in two rheumatological centres to receive 40 mg adalimumab subcutaneously
every other week. Clinical, laboratory and PDS assessments were carried out at 0, 2, 6 and 12 weeks.
Clinical and laboratory measurements of disease activity included physician’s global assessment of
disease activity, erythrocyte sedimentation rate and serum levels of C reactive protein. The Disease Activity
Score for 28 joints (DAS28) was calculated. PDS signal was scored from 0 to 3 according to the overall
expression of PDS findings at the wrists.
Results: A significant reduction in both clinical (p,0.001) and PDS findings (p,0.001) was found at all
follow-up examinations. A tendency to positive correlation (Spearman’s r = 0.382; p = 0.067) was shown
between reduction in PDS score and improvement in DAS28 at week 2 examination.
Conclusion: PDS detected a rapid and significant reduction in synovial perfusion at the wrist joints of
patients with rheumatoid arthritis receiving adalimumab. Ongoing follow-up will provide further
information regarding the persistence of considerable reduction in PDS signal score and its correlation
with DAS28.

B
iological agents are changing the landscape of the
treatment of patients with rheumatoid arthritis, result-
ing in considerable and rapid clinical improvement in

patients with active disease.1

Treatment monitoring is a challenge in daily rheumato-
logical practice, and the development of new tools for
assessing activity of rheumatoid synovitis is a relevant topic
of research in rheumatology.2 Among the most interesting
tools is power Doppler sonography (PDS).

PDS is a safe, inexpensive and non-invasive imaging
modality, which provides a quick and sensitive method of
visualisation of synovial hyperperfusion in joints with
inflammatory disease.2 The value of PDS in the assessment
of synovial inflammation has been recently tested by
comparing its findings with those obtained using magnetic
resonance imaging, histology and arthroscopy, and markedly
positive correlations have been reported.3–6 More recently,
PDS has proved to be a feasible and promising tool for short-
term monitoring of changes in synovial perfusion induced by
steroids and biological agents (etanercept and infliximab) in
patients with rheumatoid arthritis.2 7–10

Our study aimed at PDS evaluation of the changes in
synovial perfusion induced by adalimumab in the wrist joints
of patients with rheumatoid arthritis. The wrist joint was
selected for PDS evaluation because it is almost invariably
affected in patients with rheumatoid arthritis.11

PATIENTS AND METHODS
Patients
In all, 24 consecutive patients were recruited from the
Rheumatology Clinic of the Università Politecnica delle
Marche, Ancona, Italy, and 48 wrists examined.

Patients satisfying inclusion criteria were aged >18 years
and had rheumatoid arthritis fulfilling the American College

of Rheumatology (formerly the American Rheumatism
Association) criteria.12 Active disease was defined by a
Disease Activity Score for 28 joints (DAS28) not less than
3.2, despite prior treatment with disease-modifying anti-
rheumatic drugs (DMARDs), including methotrexate.

All women of childbearing potential had a negative
pregnancy test (serum human chorionic gonadotrophin)
before starting treatment with adalimumab. All patients
with procreative capacity were asked to use a reliable method
of contraception while receiving adalimumab, and for at least
70 days after the end of the treatment. Exclusion criteria
included those used in trials of other biological agents and
those reported in the ARMADA (Anti-TNF Research Study
Program of the Antibody D2E7 in Patients with Rheumatoid
Arthritis) trial.1 Patients were excluded if they had received
intra-articular steroid injections at the wrist or if they had
changed their dose of DMARDs in the preceding 3 months.

Study protocol
The clinical and PDS examinations were carried out at the
Rheumatology Department of the Università Politecnica delle
Marche in Ancona, Italy, according to local regulations and
the Declaration of Helsinki. Patients were recruited to receive
40 mg adalimumab subcutaneously every other week.
Permitted concomitant drugs included stable doses of non-
steroidal anti-inflammatory drugs, including acetylsalicylic
acid, and steroids (maximum daily dose of 10 mg of
prednisone or equivalent orally). No intra-articular steroid
injections were permitted in either the wrist joints examined

Abbreviations: CRP, C reactive protein; DAS28, Disease Activity Score
for 28 joints; DMARD, disease-modifying antirheumatic drug; ESR,
erythrocyte sedimentation rate; PDS, power Doppler sonography
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or in other joints. No changes in the dose of DMARDs were
permitted during the study.

Clinical, laboratory and PDS assessments were carried out
on the same day at 0, 2, 6 and 12 weeks. An experienced
rheumatologist (AC) carried out all the physical examina-
tions. Clinical and laboratory measurements of disease
activity included physician’s global assessment of disease
activity, erythrocyte sedimentation rate (ESR) using the
Westergren method and serum levels of C reactive protein
(CRP; upper reference level 4 mg/l). At week 2, serum levels
of CRP were not measured. Rheumatoid factor was negative
if serum levels of CRP were ,20 IU/ml. DAS28 was
calculated.13

PDS evaluation
PDS was carried out by an experienced operator (EF) blinded
to both clinical and laboratory findings. An AU5 Harmonic
(Esaote Biomedica, Genoa, Italy) with a 10–14-MHz linear
probe was used. PDS settings were standardised with a pulse
repetition frequency of 1000 Hz and a colour mode frequency
of 7 MHz. The wall filters and the colour gain of the PDS
equipment were identical to those proposed by Rubin et al.14

Each wrist was scanned over the dorsal surface from lateral
to medial aspects in both longitudinal and transverse planes.

Representative pictures of the highest expression of intra-
articular PDS signals were obtained. A score from 0 to 3 was
assigned according to the overall expression of PDS signals at
the wrist level. The semiquantitative visual scale was as
follows: 0, normal or minimal degree; 1, mild degree; 2,
moderate degree; and 3, marked degree.

The same investigator carried out follow-up examinations
using the same ultrasound equipment, the same values of the
setting parameters and the same scanning technique as that
used for baseline assessment.

To evaluate intraobserver reproducibility, the first set of
representative sonographic pictures taken in the first 12
patients consecutively enrolled in the study was evaluated

twice by the same sonographer (EF): the first time soon after
the ultrasound examination and the second time 1 week
after.

Statistical analysis
Data were statistically analysed using the package MedCalc
software (V.7.2 for Windows). Wilcoxon’s rank sum test was
used for the comparison of the findings at baseline and at
follow-up. Correlation between changes of PDS scores and
clinical data was analysed by Spearman’s rank correlation
test. Correlation between binary data was calculated using
the x2 test. The level of significance was p,0.05.

RESULTS
Table 1 summarises the clinical, laboratory and PDS data
obtained at baseline and at follow-up visits. Of the 24
patients, 13 received adalimumab as monotherapy and 11
patients were taking a stable dose of DMARD (8 took
methotrexate and 3 took hydroxychloroquine) in addition to
adalimumab.

Clinical findings
With respect to baseline findings, at all follow-up examina-
tions (weeks 2, 6 and 12), a significant reduction in all
clinical (p,0.001) and laboratory (p,0.001) parameters of
disease activity was found (table 1, fig 1A). No patients
required a change in their maintenance steroid dose during
the 12 weeks of the study.

PDS reproducibil ity
The intraobserver k value for agreement for scoring PDS
signals at the wrist level in 12 patients with rheumatoid
arthritis was 0.894 (standard error (SE) 0.153).

PDS findings at baseline
At baseline, PDS detected abnormal synovial perfusion in 45
of 48 wrists (93.7%) of 23 of 24 patients (95.8%) with at least
one wrist affected. Most of these wrists showed a high degree
of synovial perfusion: 16 wrists (33.3%) had a PDS score of 3
and 25 wrists (52.1%) had a score of 2. In 3 wrists (6.3%), no
PDS signal was detected (fig 1).

PDS findings at week 2
At week 2, a significant reduction in PDS score was found
(p,0.001). No wrists showed a PDS score of 3, the number of
wrists with a PDS score of 2 was less than half of the number
at baseline and the number of those with a PDS scores of 0
had more than doubled from that at baseline.

A decrease of at least one point in PDS score was found in
38 wrists (79.2%). PDS score decreased by 2 points in 11
wrists (22.9%; fig 2A,B). In 10 wrists (20.8%), no changes in
PDS signals were detected and no wrists showed an increase
in PDS score.

PDS findings at week 6
At week 6, a significant change from baseline was found in
PDS signals (p,0.001). PDS scores showed a decrease from
the baseline value of at least 1 point in 39 wrists (81.3%) and
decreased by at least 2 points in 22 wrists (45.8%). In 3 wrists
(6.3%), PDS score decreased by 3 points (fig 2A,C). No PDS
signal changes were detected in 7 wrists (14.6%). In 2 wrists
(4.2%), PDS signals increased by 1 point.

PDS findings at week 12
After 12 weeks of treatment, PDS signals continued to
maintain a significant reduction (p,0.001). With respect to
baseline data, PDS score was decreased in 38 wrists (79.2%),
remained unchanged in 7 wrists (14.6%) and increased (by
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1 point) in 3 wrists (6.3%). In 5 wrists (10.4%), PDS score
decreased by 3 points (fig 2A,D).

In 19 wrists (39.6%) of 12 of 24 patients (50%), PDS score
was 0. Ongoing synovitis was evident, as detected by PDS in
29 wrists (60.4%).

Relationship between PDS and clinical data
In total 192 clinical and PDS examinations were conducted.
Table 2 shows the relationship between PDS, and both joint
swelling and tenderness.

We found a tendency to positive correlation between
reduction in PDS score obtained in the dominant wrists and
improvement in DAS28 score at week 2 (Spearman’s
r = 0.382; p = 0.067), but not at week 6 (Spearman’s
r = 0.178; p = 0.4) and at week 12 (Spearman’s r = 0.256;
p = 0.22).

DISCUSSION
Over the past few years, PDS has proved to be a sensitive tool
for assessing disease activity at small-joint level, by detecting
short-term reduction in synovial perfusion and showing
underestimated persistence of active synovitis in patients
with chronic arthritis receiving steroids or biological treat-
ment.7–10

In a recent study,7 our group evaluated PDS signals in the
small joints of hands, wrists and feet in 20 patients with
chronic arthritis, and showed a high positive interobserver
reproducibility (the interobserver k value for agreement
between the two examiners for PDS findings was 0.953 (SE
0.159) at baseline and 0.901 (SE 0.201) at follow-up
examinations, with k= 1 showing the perfect agreement).
A good interobserver reproducibility has also been reported
by other investigators.6 15

A limitation of this study is the fact that PDS signals were
not assessed in the periarticular soft tissues. This relates to
the methods used, which relies on the previous experience
reporting a good interobserver reproducibility only in asses-
sing intra-articular PDS signals.7

To the best of our knowledge, this is the first study aimed
at assessing the ability of PDS to evaluate changes in synovial
perfusion induced by adalimumab in patients with rheuma-
toid arthritis. The potential value of PDS in treatment
monitoring has been evaluated in only a limited number of
patients with rheumatoid arthritis treated with steroids or
other anti-tumour necrosis factor a agents.7–10

At follow-up examinations after 2 weeks of treatment, a
decrease of at least 1 point in PDS score was detected in 79%
of wrists. This improvement was comparable with that
induced by an intra-articular steroid injection in the small
joints of patients with chronic synovitis.7

Interestingly, at week 12, the number of wrist joints with a
PDS score of 0 was six times that at baseline. Although 60%
of the wrists still showed the presence of PDS signals, only
one wrist had a PDS score of 3, and 66% of wrists positive for
the presence of intra-articular PDS signal had a PDS score of 1.

The correlation between PDS score and changes in DAS28,
although positive, is not strong. In fact, there were patients
with a consistent improvement in DAS28 score, whose
synovial tissue at the wrist level still showed the presence
of PDS signals. This can be explained by the fact that PDS is a
sensitive tool for showing even minimal increases in synovial

Table 2 Frequency table and x2 test for correlation
between presence and absence of power Doppler
sonography signals, and both joint swelling* (A) and joint
tenderness� (B)

PDS signal

Absent Present Total n(%)

Joint swelling
Absent 32 86 118 (61.5%)
Present 13 61 74 (38.5%)
Total n (%) 45 (23.4%) 147 (76.6%) 192

Joint tenderness
Absent 35 89 124 (64.6%)
Present 10 58 68 (35.4%)
Total n (%) 45 (23.4%) 147 (76.6%) 192

PDS, power Doppler sonography.
*x2 = 1.810; p = 0.178.
�x2 = 3.752; p = 0.053.
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Figure 2 Representative power Doppler sonography (PDS) images
obtained on longitudinal dorsal scan of the dominant wrist in a 62-year-
old woman with a 2-year history of disease (patient number 21). (A)
Baseline PDS examination showed a marked increment in synovial tissue
perfusion (PDS score 3). Follow-up examinations at weeks (B) 2, (C) 6
and (D) 12 detected a clearly evident decrease in PDS signals (PDS score
was 1, 0 and 0, respectively). CB, capitate bone; L, lunate bone; R,
radius.
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perfusion at the small-joint level, which can be missed by
both clinical and laboratory evaluations.

Our study suggests that PDS is a feasible and sensitive
imaging tool for assessing the response to treatment of
synovitis at the small-joint level. In particular, we have
shown that the wrist joint is a suitable anatomical site to be
assessed by PDS for detecting changes in synovial perfusion
induced by systemic drug treatment.

Ongoing follow-up will add further insight into the
persistence of considerable reductions in PDS scores and
their correlation with DAS28. In particular, long-term follow-
up will provide information on the predictive value of rapid
PDS signal reduction for sustained remission of the disease at
the small-joint level.
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