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ABSTRACT. Objective. To evaluate the reliability of contrast-unenhanced power Doppler (CUPD) and contrastenhanced power Doppler (CEPD) ultrasound (US) assessment of synovial vascularity of knee joint
synovitis by prospective comparison with the “gold standard,” arthroscopy.
Methods. A total of 18 knees of 17 patients with refractory rheumatoid and psoriatic knee joint
synovitis were examined by US. Recognition of PD synovial vessel flow and its spatial arrangement
in relation to the pannus/cartilage interface (P/CI) or fluid/synovium interface (F/SI) were studied
by CUPD- and CEPD–US after a single intravenous bolus of galactosel palmitic acid (Levovist).
Arthroscopy video recordings were reanalyzed by computer image analysis to assess synovial
vascular marking. CUPD and CEPD flow signal scores were compared with each other and with
corresponding vascular marking scores. Using villous vascular marking as reference, CUPD and
CEPD sensitivity and specificity were measured. Interobserver variability was evaluated.
Results. Compared with the unenhanced PD method, contrast administration increased the PD flow
signal score in 13/18 knees (72.2%), allowing increased detection of F/SI PD flow signal configuration (p < 0.018) and of the coexistence of P/CI and F/SI PD imaging (p < 0.0078). With
arthroscopy as reference, contrast-enhanced PD was found to be more useful than the unenhanced
method, showing more reproducible PD signal scores (p = 0.05 vs p = nonsignificant), as well as
higher sensitivity (80% vs 30%), but lower specificity (62% vs 87%), in the recognition of increased
vascularity of synovial villi. Interobserver agreement was 100%.
Conclusion. The prospective comparison with arthroscopy showed the reliability of the CEPD
method in synovial vessel recognition and its potential clinical usefulness in assessment of knee
joint synovitis. (J Rheumatol 2003;30:2170–6)
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Conventional ultrasound (US) imaging of synovial proliferation is known to correlate with arthroscopic1 and clinical
indices of rheumatoid arthritis (RA) knee joint synovitis and
to be a useful objective method for monitoring response to
therapy2.
Increased vascularity, seen as an apparent increase in the
number of discrete vessels3, is one reliable macroscopic
variable capable of defining the intensity of synovitis4. It is
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an early aspect of RA and psoriatic arthritis (PsA) knee joint
synovitis5, and it is correlated with local and systemic
disease activity, as determined by contrast enhanced
magnetic resonance imaging6 or arthroscopy7,8, which are
both invasive, expensive, and time-consuming methods.
Power Doppler (PD) US, which reveals the movement of
blood cells within a vessel, has recently been used to differentiate between hypervascular and fibrous pannus and to
assess the therapeutic response to intraarticular treatment of
synovitis of the knee joint9-11. PD may be used to determine
whether the region of interest shows increased blood flow
compared with other tissues12. However, it does not always
indicate increased vascularity or hyperemia of the
synovium, which is still a problem in interpreting PD
images13.
Recently, a contrast medium for sonography has become
available that enhances the signal in perfused vessels but
does not leave the vascular space14. Moreover, new reproducible methods for grading synovial pathologies by
arthroscopy coupled with computer image analysis now
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allow selective assessment of synovial vessel appearance5,8.
To our knowledge, no study has compared the respective
accuracy of the 2 imaging methods, synovial contrast-unenhanced power Doppler (CUPD) and contrast-enhanced
power Doppler (CEPD), with direct visualization of
synovial vessels. We designed a validation study to determine the reliability of CUPD and CEPD in the detection of
vascular flow signals of knee joint synovitis by comparing
the intensity and spatial arrangement of CUPD and CEPD
findings with the appearance of synovial vessels in corresponding anatomical areas by the “gold standard,”
arthroscopy.
MATERIALS AND METHODS
Patients. We enrolled 17 consecutive patients (18 knees) with refractory
knee joint synovitis for study. All knees showed clinical evidence of joint
effusion (positive bulge sign or ballottement of the patella, or both); 6 had
RA (6 knees) and 11 had polyarticular PsA (12 knees), as defined by generally accepted criteria14,15. All patients attend the Rheumatology Clinic at
Padova General Hospital. All had persistent active synovitis of the knee
(characterized by pain, tenderness, and effusion) that had proved resistant
to intraarticular corticosteroid injections (at least 6 weeks before entry into
the study) and at least 6 months’ second-line treatment. Mean duration of
knee joint synovitis was 6.9 ± 9.99 years (Table 1).
Arthroscopy. All patients gave written informed consent. Surgeries were
performed under spinal anesthesia with constant joint irrigation with saline.
Two or three portals were routinely used, at the anteromedial and anterolateral points of access. A Dyonics video-arthroscope (4 mm, 115°, 35 mm
focal length) and a curved 4 mm full-radius synovial resector were used. An
overall visual survey was made of the synovium on the suprapatellar and
femoral gutter walls, perimeniscal and intercondylar notch areas, and over
the infrapatellar fat pad, without tourniquet, immediately before synovectomy16. Synovial biopsy specimens to represent the different intensities of
knee joint synovitis were taken under direct vision using biopsy forceps.
They are being assessed and data will be reported later. The survey was
recorded on super VHS videotape and reanalyzed by the same blinded
observer, using an image analysis system and dedicated software (Spice

System; Smith & Nephew, Milan, Italy) allowing direct single-image
analysis, magnification, and storage of recorded images. The increased
vascularity of distinct surface synovial architectures (proliferated synovial
villi, smooth-surfaced synovium, adherent pannus) was assessed and the
number of discrete vessels (vascular marking) was graded 0–38.
Video recordings of distinct anatomical knee joint regions were
repeated at increasing depths (during synovial pannus removal), up to
exposure of the joint capsule, to score the number of discrete vessels
between the synovial surface and the deep layer adhering to cartilage (or
capsule). This allowed scoring of the number of discrete vessels on subsequent surface layers left by synovium resection, up to exposure of the joint
capsule.
Ultrasound evaluation. Gray-scale assessment. All examinations were
performed using a 10 MHz linear transducer (Esaote AU4, Genova, Italy).
Standardized anatomic guidelines of the scans in the 3 recesses of the knee
— suprapatellar and lateral and medial parapatellar — were used, synovial
thickness measurements were performed, and the morphology of synovial
proliferation was assessed, according to gross appearance on arthroscopy,
as described1,2.
Power Doppler assessment. PD sonography was set for high sensitivity,
with a low wall filter to allow detection of vessels with a low blood flow.
The pulse repetition frequency was 750–1200 Hz and medium persistence
was used. The color gain was increased until background noise appeared
and then reduced until noise was suppressed, thus ensuring maximum
sensitivity.
Contrast-enhanced power Doppler assessment. The study had Institutional
Review Board approval and all patients and healthy control volunteers gave
written informed consent prior to intravenous (IV) administration of the US
contrast agent. After IV injection of contrast agent, synovial flow was
monitored with unchanged power Doppler settings. Identification of
synovial vessels was carried out by CUPD and CEPD, immediately after a
single IV bolus of 2.5 g (300 mg/ml) of galactosel palmitic acid (Levovist;
Schering, Berlin, Germany) 24 h before arthroscopic examination. A
combined gray-scale and power Doppler study was performed in distinct
joint recesses, to assess CUPD and CEPD flow signals in 2 orthogonal
planes in the pannus areas (> 3 mm of synovial thickness).
For each US scan, the synovial membrane Doppler signal was graded
on a scale of 0–3 (0 = normal, undetectable tissue in US synovial thickening area; 1 = mild hyperemia; 2 = moderate hyperemia; 3 = marked

Table 1. Characteristics of patients with RA and PsA and details of knee joint synovitis.
Patient
M
M
M
F
F
M
F
M
F
M
F
F
F
M
M
M
F
M

Age, yrs

Diagnosis

Knee

Duration of Synovitis, yrs

30
43
45
27
65
45
40
25
79
54
37
60
27
43
35
56
60
51

PsA
PsA
RA
RA
RA
PsA
RA
PsA
PsA
PsA
RA
PsA
RA
PsA
PsA
PsA
PsA
PsA

R
R
L
L
R
R
L
R
R
L
L
R
L
R
L
L
L
R

0.5
2.0
5.0
2.0
10.3
6.0
2.0
3.7
0.7
0.5
31
25
2.0
0.5
4.0
4.0
22
3

M: male; F: female; R: right; L: left.
Personal, non-commercial use only. The Journal of Rheumatology Copyright © 2003. All rights reserved.
Fiocco, et al: Ultrasound for synovial vascularity

2171

Downloaded on January 8, 2023 from www.jrheum.org

hyperemia), whether intrasynovial flow signal distribution was detectable
for < 25%, ≥ 50%, or ≥ 75% of the synovial thickening area. The intrasynovial spatial configuration of synovial vessels identifiable by CUPD and
CEPD imaging was also determined by examining the PD flow signal
arrangement in relation to the fluid/synovium interface (F/SI) (Figures 1 and
2) or to the pannus/cartilage or pannus/capsule interface (P/CI) (Figure 3).
Spectral Doppler tracing was used to confirm the presence of true arterial or venous flow for distinct color Doppler signal spatial arrangements.
The flow signal score and spatial configuration data obtained by unenhanced and enhanced methods were compared with the vascular marking
score and the vascular synovial architecture, respectively, as assessed on
arthroscopic examination. Unenhanced and enhanced US evaluation was
carried out 24 h before arthroscopic examination.
Ten healthy knee joints were examined, before and after IV injection of
the US contrast agent, with unchanged power Doppler settings.

Statistical analysis was performed with SPSS software. CUPD, CEPD,
and arthroscopic findings were tested for correlations using Spearman’s
nonparametric test. Fisher’s exact test was used to compare the distribution
of distinct synovial PD signal flow spatial arrangements detected by CUPD
and CEPD. The sensitivity and specificity of villous vessel recognition by
the CUPD and CEPD methods were calculated using arthroscopic assessment of increased villous vascularity as a reference. Interobserver reliability between results obtained by review of PD images before and after
contrast medium by 2 experienced observers was measured, and the k value
(Bonferroni) for interobserver reliability was calculated (k = –1.0 represents no agreement; k = 1.0, perfect agreement).

RESULTS
No side effects of the contrast agent were noted in patients
or controls. Gray-scale US did not reveal any synovial

A

B
Figure 1. Sonographic and arthroscopic views of knee joint synovitis in a patient with RA. A. Contrast
enhanced longitudinal PD scan of the medial parapatellar recess, showing pannus proliferation PD flow
signal also entering synovial villi. B. Arthroscopy shows increased villous synovial vascularity on medial
femoral gutter surface, with capillary dilatation and crowding.
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B

A

Figure 2. Sonographic and arthroscopic views of knee joint synovitis in a patient with RA. A. Contrast enhanced PD scan clearly showing flow signal in
distinct synovial polypoid villus. B. Arthroscopy shows hyperemic polypoid villus arising from lateral femoral gutter, showing straight, dilated capillary
vessels.

B

A
Figure 3. Sonographic and arthroscopic views of knee joint synovitis in a patient with RA. A. Contrast enhanced transverse PD scan of lateral parapatellar
recess, showing PD flow signal configuration located in deep pannus layers. B. Enlarged capsular vessels are visible only after synovial pannus resection from
lateral femoral gutter wall during arthroscopic synoviectomy.

pannus or synovial fluid effusions in the 10 control knee
joints; by contrast all 18 RA and PsA knees showed both
synovial pannus and effusion. Gray-scale US synovial
proliferation data for the 18 RA and PsA knees are given in
Table 2.
No intracapsular PD flow signals were detected in any

control knee joints by either unenhanced or enhanced US,
but spectral Doppler tracing always revealed large arterial
vessels within the joint capsule and lateral tibial condyle.
Contrast unenhanced PD revealed synovial vascular flow
signals in all 18 RA and PsA knees.
Arthroscopy showed that CEPD was more effective than
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Table 2. US synovial thickening and morphology of knee joint synovitis in 17 patients (18 knees) with RA or
PsA, unenhanced (CUPD) and contrast enhanced (CEPD) power Doppler scores, and arthroscopic vascular
markings.
Knee

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18

US
Synovial Thickening, mm

Pattern*

8
5
10
10
5
8
5
7
8
5
7
4
6
4
8
6
7
4

VN
VN
VN
VN
UT
VN
VN
VN
VN
VN
VN
VN
VN
VN
VN
VN
VN
UT

Doppler Score**
CUPD
CEPD
1
2
1
2
1
1
1
1
1
1
1
1
1
1
1
1
1
1

2
3
2
3
3
2
3
3
2
2
2
1
1
1
2
1
2
1

Arthroscopy Vascular
Marking Score***
3
3
1
3
3
2
2
3
3
3
1
3
2
2
2
1
3
1

* US morphological pattern: VN: villonodular, UT: uniform thickening. ** CUPD and CEPD score: 0–3. ***
Arthroscopy score: 0–3.

CUPD in both vessel flow signal recognition and spatial
configuration. Flow signal scores obtained by CUPD and
CEPD and vascular marking scores from arthroscopic visualization are given in Table 2.
Contrast administration increased the PD flow signal
scores in 13/18 knees (72.2%). In addition, CEPD scores
were more reproducible, showing a mild association in relation with arthroscopic vascular marking scores (r = 0.469; p
= 0.05) (Figure 4).
With arthroscopy as reference, the CEPD method showed
higher sensitivity (80% vs 30%) in villous vascularity detection (Figure 2) but lower specificity (62% vs 87%)
compared with CUPD (Table 3).
PD signal spatial configurations were recognized by
CUPD and CEPD in proximity to the P/CI in 13/18 and
15/18 (72.2%, 83.3%) knees, respectively, and at the F/SI in
4/18 and 11/18 knees (22.2%, 61.1%) (p < 0.018). The coexistence of both PD signal configurations by CUPD and
CEPD was recognized in 1/18 and 8/18 knees (5.5%, 44%)
(p < 0.0078) (Figure 1).
The k value, a chance-corrected measure of agreement
between pairs of observers, was 1 (100%) for both CUPD
and CEPD flow signal grading and PD imaging pattern
identification. Results were obtained by review of PD
images before and after contrast medium by 2 experienced
observers (data not shown).
DISCUSSION
Newman, et al first evaluated the use of PD sonography to

Figure 4. Synovial vessel findings from CUPD and CEPD and arthroscopic
(AS) scores in RA and PsA knee joint synovitis; Spearman rank correlation
test.
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Table 3. Results of assessment of increased vascularity of synovial villi in
knee joint synovitis in patients with RA and PsA detectable by CUPD and
CEPD, using arthroscopic villous vascular marking as reference. Data are
number of knees.
Arthroscopic Marking
+
–
Villous PD flow signal on
CUPD +
–
CEPD +
–

2
7
8
2

2
7
3
5

Sensitivity 30%
Specificity 87%
Sensitivity 80%
Specificity 62%

assess therapeutic responses in patients with synovitis9.
Interpretation of their findings led Cardinal, et al to investigate conditions that might influence PD artifact production,
due to the appearance of color signals not corresponding to
real blood flow13.
Comparison of PD images with their anatomic counterparts is an effective way of correctly interpreting PD findings. Recently, Walther, et al made an elegant comparison of
synovial PD signals with histopathological vascular scores
in RA and osteoarthritis (OA) knee joint synovitis, showing
that PD is a reliable diagnostic method for grading synovial
vascularity12. However, only advanced knee joint synovitis
requiring joint arthroplasty was examined. Discordant
results were reported for RA and OA knee joint synovitis in
similar phases of the disease, targeting several sites of the
knee joint18; and previous macro-microscopic comparisons
of synovial vascular indices yielded only weak correlations4,7.
Microvascular obliteration and the greatly reduced blood
volume fraction of synovial capillaries have been reported
in RA19, suggesting reduced blood flow in RA synovitis20.
Thus, histology is a less suitable pathologic standard to
exclude the potential artifacts of PD imaging. Further, the
earlier studies were performed without the use of contrastenhancing PD agent, and subjective grading of contrastenhanced PD signals still requires validation.
Direct visualization of the synovium is now considered a
useful diagnostic tool and an outcome measure in
synovitis3,17,21. Increased vascularity may both enhance
synovial tissue perfusion and produce hyperemia13, so that
direct vessel visualization appears to be an appropriate gold
standard for PD signals of vessel blood flow.
In our prospective study comparing both CUPD and
CEPD imaging with macroscopic synovial vascularity,
CEPD was found to be more effective than CUPD in both
detection of vessel flow signal and observation of vascular
architecture. Compared with the unenhanced PD method,
contrast administration increased PD flow scores in 72.2%
of knees according to recent reports of improved CEPD
detection of intraarticular vascularity22-24. Moreover, direct
visual survey of the knee joint soon after PD examination

reveals more reproducible contrast-enhanced PD signal
scores (Figure 4) as well as greater sensitivity in detection of
increased vascularity of proliferated villi architecture
(Figure 2), the synovial vascular marking area revealing
higher clinical relevance7,8. The improvement in CEPD
sensitivity fits the significantly increased association with
the level of RA disease activity recently reported with use of
contrast medium25,26.
However, the number of false positive villous vessels
also increased with use of PD contrast medium (Table 3),
due to the “blooming” effect during the enhancement phase,
immediately following the bolus injection of contrast
medium.
Some limitations of our study need to be mentioned.
First, the joints evaluated had severe, therapy resistant knee
joint synovitis, and results are consequently not directly
transferable to early RA and PsA knee joint synovitis.
Second, it should be noted that this was not a study of true
interobserver agreement, as only the video of the US examination was reassessed. In view of recent technical
advances, the accuracy of unenhanced PD synovial vessel
flow assessment by newer US equipment27 should be tested
in large joints and compared with the contrast-enhanced
method. Moreover, the number of our patients with knee
joint synovitis was limited; a prospective study of a larger
number is required to validate subjective quantification of
CEPD signals.
The reliability of the CEPD method in synovial vessel
flow investigation, by prospective comparison with
arthroscopy, indicates the potential clinical usefulness of the
power Doppler technique in assessing knee joint synovitis.
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