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Contrast-enhanced Coded Phase-inversion Harmonic
Sonography of Knee Synovitis Correlates with
Histological Vessel Density: 2 Automated Digital
Quantifications
MARIE-JOËLLE KAISER, JEAN-PHILIPPE HAUZEUR, SILVIA BLACHER, JEAN-MICHEL FOIDART,
MANUEL DEPREZ, ALEXANDRA ROSSKNECHT, and MICHEL G. MALAISE

ABSTRACT. Objective. To use contrast-enhanced coded phase-inversion harmonic B-mode sonography to assess
the acoustic enhancement of the synovial area of the knee; and to compare the data with the histo-
logical vessel density.
Methods. Eleven patients eligible for a knee arthroscopy were studied. Acoustic quantification was
carried out by a digital image analysis program that detects the time-dependent increase [intensity
(time) = k × time + C] of gray-level intensity in all the pixels of a specific region of interest (ROI)
following intravenous injection of the microbubble contrast agent sulfur hexafluoride. Echo-guided
synovial biopsies were carried out in the same ROI. Synovial vessel areas were quantified after
Factor VIII immunostaining of synovial biopsies using an automated digital image analysis.
Results. Significant (p < 0.05) correlations were observed between histological vessel density and
percentage of the synovial area with a k value > 0.01 (r = 0.93) and kmax values (r = 0.79), as well
as between the 2 latter parameters (r = 0.72). The histological vessel density and the 2 acoustic
parameters were also significantly correlated with the logarithm of erythrocyte sedimentation rate (r
= 0.77, r = 0.87, r = 0.67, respectively) and with log C-reactive protein serum concentration (r = 0.69,
r = 0.83, r = 0.62, respectively).
Conclusion. Contrast-enhanced coded phase-inversion harmonic B-mode sonography coupled with
an appropriate data analysis method is a new tool to identify and quantify vessel density in knee syn-
ovitis. (J Rheumatol First Release April 15 2009; doi:10.3899/jrheum.080584)
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In addition to synovial membrane proliferation and massive
leukocytic infiltrate, neovascularization is a characteristic of
the pannus of rheumatoid arthritis (RA). Identification and
quantification of the effusion and of the synovitis can now

be addressed through application of high resolution B-mode
ultrasonography (US) to joints in RA1-4 or osteoarthritis
(OA)5,6. With synovial thickening, the vascularization is a
condition associated with the destructive capacity of the RA
pannus7,8. Visualization and possibly quantification of
angiogenesis, now considered crucial in RA9, can be
obtained with color10-16 and power Doppler3,17-33 sono-
graphy. The power Doppler technique, more sensitive than
color Doppler17,19, has been correlated with the histological
assessment of synovial membrane microvascular density in
knee24 and hip27 joints of patients with OA and RA. Briefly,
in rheumatoid joints, the presence of a Doppler signal was
observed in 23% of hands and knees positive at sonogra-
phy31, in 40%25 to 54%29 of swollen and/or tender metacar-
pophalangeal (MCP) joints, 50% of knees34, 52% of MCP
and proximal interphalangeal (PIP) joints, and in 60% of
wrists and both swollen and tender MCP and PIP joints14.
Quantification of Doppler images has been performed using
semiquantification scales3,11,13,18,21,22,24,27,30 or computer-
aided image analysis10,12,14,24,27,32. Abnormalities in
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Doppler sonography of inflamed joints have also been
shown to reduce or to normalize after steroid injections of
joints15,18,21 or administration of etanercept12 and
infliximab3,32.
Power Doppler US as a technique remains limited in the

detection of slow flow and flow in small vessels13, and sig-
nal interpretation remains delicate, mainly limited by flash
artifacts and variability generated by machine settings, the
operator, and the acoustic conditions35. Recent reports have
examined these difficulties and limitations36-38.
The use of microbubble contrast agent is another US

approach in assessment of vascularization39, as injection of
microbubbles of galactose/palmitic acid (Levovist®;
Schering AG, Berlin, Germany) enhances both gray-scale
images and flow-mediated color13,16 and power23,26,28,29,33

Doppler signals, increasing US sensitivity in most studies.
The number of positive MCP and PIP joints rose from 58%
to 78%13 with color Doppler, and increased the power
Doppler signal score in 72% of knees in a study28 using
semiquantitative scales. A recent study34 described that the
percentage of tender and swollen RA joints showing a
power Doppler signal rose from 50% to 80% after perfusion
of a second-generation microbubble contrast agent such as
SonoVue® (Bracco, Milan, Italy), an aqueous suspension of
sulfur hexafluoride microbubbles40. Lastly, a quantification
method has been proposed measuring the area of the under-
lying time-intensity curve recorded within 5 minutes after
injection of the microbubble agent26; this measure was sig-
nificantly reduced after one intraarticular steroid injection
in the knee33. Because limitations such as blooming arti-
facts, poor spatial resolution, and low sensitivity to slow
flow remain41, it was of interest to develop another
approach.
Applied to study of the liver for diagnosis of metastases

or hepatocellular carcinoma39,41, coded phase-inversion
(CPI) harmonic US depicts signal from microbubbles with
good accuracy and with spatial resolution devoid of
Doppler-related artifacts41. Real-time continuous imaging in
the early arterial phase, i.e., 15–40 seconds after intravenous
injection of microbubble contrast agent, provides enhanced
signal intensity indicating the presence of microbubbles in
tumor vessels of the metastasis39 or hepatocellular carcino-
ma41, identifying the tumor neovascularization. Our aim
was to evaluate whether the technique could be applied to in
vivo quantification of synovial vascularization. To achieve
this, an original computation program was developed;
results were compared to the “gold standard” for vessel
identification, an immunohistological image analysis quan-
tification on synovial biopsies collected from the correspon-
ding region of interest (ROI) where US measurements were
performed. US and histological data were then compared to
the biological signs of inflammation, the erythrocyte sedi-
mentation rate (ESR), and the serum C-reactive protein
(CRP) concentration.

MATERIALS AND METHODS
Study population.After approval by the ethical committee of the university
hospital of Liège and with informed consent, 11 patients were prospective-
ly enrolled to undergo a knee synovial biopsy during arthroscopy for diag-
nostic (4 cases) or therapeutic (joint lavage in 1, synovectomy in 6 cases)
purposes. Seven patients had RA, 3 had psoriatic arthritis (PsA), and 1 OA.
Epidemiological data (age, sex, disease duration, ESR and CRP) are given
in Table 1.

Procedures. US and arthroscopy were carried out at the same time by 2
rheumatologists (JPH and MJK) experienced in arthroscopy and muscu-
loskeletal sonography. Under local (n = 4), spinal (n = 4), or general anes-
thesia (n = 3), an arthroscope (2.7 or 4 mm diameters) was inserted antero-
laterally and a biopsy forceps was placed by the superolateral portal. No
tourniquet and no adrenaline were used to avoid any modification of the
local vascularity. The US study was performed before any fluid distension
of the joint.

Ultrasound evaluation. The US evaluation was performed with a GE Logiq
9 device (GE Healthcare Technologies, Milwaukee, WI, USA) using a lin-
ear 7-MHz transducer. The ROI was the superomedial recess of the
quadricipital pouch because it is generally rich in synovitis and easy to
access for biopsy from the superolateral approach (Figure 2A). The US
contrast agent used was SonoVue® (Bracco), an aqueous suspension of sul-
fur hexafluoride microbubbles36. This blood-pool Doppler enhancing agent
is known to be well tolerated, with a good safety profile40,42. At time zero,
a 5-ml intravenous bolus (8 µl sulfur hexafluoride in microbubbles/ml) was
rapidly injected manually through a 20-gauge cannula inserted into an ante-
cubital vein, followed by a flush with 10 ml of sodium chloride 0.9%. No
side effects were observed. The probe was stabilized on the same position.

The US program for image acquisition was the CPI harmonic program,
a contrast agent-specific technique37 that produces strong preferential
imaging of the microbubbles in an image. The program encodes the trans-
mitted signal with multiple frequencies to enhance the bubble resonance
and decodes the received signal to process only the contrast harmonic sig-
nal and not the tissue harmonic signal. Briefly, 2 identical pulses with
reverse polarity are transmitted to the tissue in rapid succession and the
scanner detects and sums the echoes generated. Linear scattering from tis-
sue results in a signal void, while nonlinear signals from microbubbles
stand out37. Additionally, the CPI technique is used for good separation of
the harmonic signal. This technique enhances the contrast-tissue ratio, the
signal-noise ratio, and the penetration37. Video loops were recorded contin-
uously during 2 minutes after the injection of microbubble agent and were
recorded on the hard disk.

Biopsy procedure. Just after the US contrast test, a synovial biopsy was
done at the same location as US acquisition (Figure 2A, 2B).

Immunohistochemistry. Each synovial specimen was analyzed in toto (8 to
20 sections). Sections (thickness 5 µm) were cut at 40 µm intervals from
formalin-fixed, paraffin-embedded synovial tissue samples. Sections were
dehydrated through graded alcohols, incubated in H2O2 (0.3 % for 15 min),
and rinsed in distilled water followed by Tris buffer, pH 7.14, for 5 min.
Factor VIII immunostaining was performed to identify blood vessels43.
Sections were incubated with rabbit polyclonal antibody anti-human von
Willebrand Factor VIII (1:100; code N1505, Dako, Glostrup, Denmark) for
1 h at room temperature. After 3 washes in Tris buffer (5 min), sections
were incubated with Envision anti-rabbit secondary antibody (code K4011,
Dako) for 30 min at room temperature and then washed again in Tris buffer
(3 × 5 min). Immunoreactivity was visualized with 3,3’diaminobenzidine
(DAB+, code K3468, Dako). Negative controls were obtained by omitting
the primary antibody. Microphotographs were taken with a Zeiss Axioplan
light microscope. At magnification 50×, the surface of the photographed
field is 1.7 mm (L) x 1.18 mm (l) = 2 mm2.

Digital image analysis. Image treatments for both US and histological sec-
tions were analyzed using Matlab software and Aphelion 3.2 software
(Adcis, Herouville Saint-Clair, France). Algorithms developed in this work
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were carried out using standard means of signal processing and mathemat-
ical morphology44-46.

Image processing of histological sections. The main preprocessing steps of
histological sections we used are illustrated in Figure 1, as follows.

1. Images were recorded in the full-color red (Figure 1.2), green (Figure
1.3), and blue (RGB) (Figure 1.4) space. As the vessels appeared with
greater contrast in the blue channel (Figure 1.4), the blue image was used
for all subsequent analysis.

2. A mask was then created by applying a threshold transformation
(Figure 1.5). Combination of the original image (Figure 1.4) with the mask
(Figure 1.5) allowed isolation of the studied tissue from the background
(Figure 1.6).

3. To enhance contrast of the vessels, a morphological filter, the so-
called “top hat” operator44, was applied on the masked image and the
resulting image was subtracted from the previous one. In the resulting
image (Figure 1.7), vessels appeared as black structures easily distin-
guished from the background.

4. The enhanced image was binarized with a threshold value computed
automatically using the entropy of the gray-level histogram of the
image45,46. After this, all pixels located in the tissue area were allocated a
value of 1 and those located in the background a value of 0 (Figure 1.8).

5. A morphological filter (“opening” operator) was used to eliminate
small objects and artifacts44. The lower limit of a vessel size was arbitrari-
ly fixed to 5 pixels, corresponding to the limit of resolution of the optical
microscope at the magnification used (Figure 1.9). For each binary image,
the blood vessel density was determined as the number of pixels character-
istic of a vessel divided by the number of pixels characteristic of the tissue.

6. Vessel density was expressed as the mean value of the densities of 8
to 20 images, the number of images processed depending upon the number
of slices obtained, which is a function of the size of the biopsy sample (one
density/image, one image/slice; Table 1).

Image processing of US images. The GE Logiq 9 device provides a file
(AVI format) that contains a video stream. In our study, a typical AVI file
had the following technical characteristics: size 93,605,888 bytes; 2281
images per video; 38 images/second during playback; image size 532 × 434
pixels; and type of image: true color (RGB).

Figure 2, A1 and A2, shows representative US images of the synovial
region. Using software supplied with the GE Logiq 9 device, the time evo-
lution of the gray-level intensity of 6 different manually chosen ROI can be
selected (Figure 2, A3 and A4). As shown in Figure 2 A3, the gray level of
4 different ROI were recorded and remained stable with time in the absence
of bubble contrast. By contrast, in the presence of bubble contrast agent, the

gray level of one ROI (the yellow one, Figure 2 A4) abruptly increased 10
seconds after the beginning of the video stream, the time needed for the
contrast agent to appear in the ROI, whereas the gray level of the other ROI
(the green) remained unchanged in otherwise identical experimental condi-
tions. As shown in Figure 2 A4, the software adjusts the gray level evolu-
tion with time with the equation: intensity (time) = B + A(1 – e–kt).

This manual processing is slow, the manual positioning remains sub-
jective, and the software does not allow probing a continuous region, but
only 6 points. Therefore, in order to determine the contrast-enhanced
acoustic density on the whole image obtained, we used an automated com-
puter-assisted image analysis procedure, as follows.

1. Twenty images, one every 100 images (Figure 2 B1), were extracted
from the video, this number corresponding to our available computing
capacity.

2. Each image was restricted to a frame of 400 × 400 pixels. To allow
automatic determination of the gray-level evolution of each point of the
images (20 frames of 16,000 pixels), the frames were strictly stacked, tak-
ing the first one as reference (Figure 2 B2).

3. The gray-level intensity as a function of time for each pixel was
determined in the 20 successive images.

4. Although it was best fitted with the exponential equation, we decid-
ed to adjust the evolution of the gray-level intensity with time, for each
pixel of the image, with the more simple linear equation, Intensity (time) =
k × time + C; Figure 2 A4.

5. The 160,000 (400 × 400) values of k, which describe the gray-level
evolution of each point of the image, are represented in a color-graduated
scale from its minimum value in blue (k = 0) to maximum value in red
(Figure 2 B3).

6. As pixels with a k value of 0 do not exhibit acoustic enhancement, we
postulated that those with a k value different from zero are potential vascu-
lar structures; we then calculated the number of pixels with a lower limit of
k ranging from 0.01 to 5. Calculations were performed (1) in a window
traced manually (Figure 2 B4) and focused on the ROI corresponding to the
area of the biopsy by referring to the trail of the forceps (Figure 2 A1;
Figure 2 B5 illustrates the area of the ROI with k values > 0.01); (2) on the
full image; and (3) on the full image less the window.

Finally, the maximal value of k in the ROI (kmax) was also determined
for each patient.

Statistical analysis. Correlations between histological and sonographic
measures of the synovitis, as well as between these measures and the bio-
logical variables ESR and CRP, were determined by linear regression using
the least-square method (Statview® 4.5; Abacus Concepts, Berkeley, CA,
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Table 1. Population epidemiology, histologic vessel density, and sonographic parameters.

Epidemiology Experimental Procedures
Histology Ultrasonography

Patient Age, yrs Sex Disease Disease ESR, CRP Sections, Vessel Density* k > 0.01 (% kmax
Duration, yrs mm/h mg/l (n) (% of ROI area) of ROI area)

1 61 M RA 1 19 10 18 4.3 ± 2.2 47.9 8.4
2 33 M RA 5 87 66 14 6.0 ± 1.2 53.3 7.5
3 68 F RA 2 58 67 9 7.7 ± 2.1 54.1 13.4
4 28 F RA 6 12 3 20 6.1 ± 1.4 50.7 7.1
5 59 M RA 18 17 7 20 3.0 ± 1.6 46.3 5.1
6 75 F RA 3 14 15 10 2.1 ± 0.6 46.6 6.3
7 61 F RA 7 41 38 20 7.3 ± 1.3 51.6 9.3
8 48 M PsA 12 10 2 10 3.1 ± 1.8 43.9 8.7
9 43 M PsA 3 24 15 8 4.1 ± 1.2 47.2 7.1
10 28 M PsA 1 2 1 9 2.0 ± 0.8 41.7 3.9
11 53 M OA 2 7 3 20 1.4 ± 0.5 41.1 5.5

* Mean value ± standard deviation. RA: rheumatoid arthritis; PsA: psoriatic arthritis; OA: osteoarthritis; ESR: erythrocyte sedimentation rate; CRP: C-reac-
tive protein (0–6 mg/l); ROI: region of interest.
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Figure 1. Image processing of histological sections: splitting of the colour image (1) into its red (2), green (3), and blue (4)
components; a mask image (5) is used to isolate tissue area from the component background (6); (7) contrast enhancement of
vessels; (8) transformation of the ROI into a binary image in which pixels that belong to vessels have the value 1 and those that
belong to tissue the value 0; (9) final binary image in which small objects and artifacts were filtered.
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Figure 2.A. Synovitis sonography without and with microbubble contrast agent: (1) Image of the synovial region during biopsy; white arrow shows the trail
of the biopsy forceps. (2) Contrast-enhanced coded phase-inversion harmonic sonography of the corresponding synovial region. (3 and 4) Time evolution of
the gray-level intensity of ROI measured without (3) and with (4) a microbubble contrast agent injection. (4) Time evolution of the gray-level intensity fitted
with a linear and an exponential function. B. Processing of US images: (1) Representative microbubble contrast image of the video stream; (2) image rescaled
and framed to 400 x 400 pixels; (3) k image composed by pixels colored in function of their value; (4) window designed on the ROI allowing comparison of
US measurements with the histological vessel density; (5) pixels in the window where k values are > 0.01.
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USA) after logarithmic transformation. P values < 0.05 were considered
significant.

RESULTS
Vessel density and k values. The vessel density of the 11
biopsies ranged from 1.4% to 7.7% (mean 4.3%; individual
values shown in Table 1). We selected 3 representative vas-
cular densities — low 2.0%, Patient 10), intermediate
(4.1%, Patient 9), and high (7.7%, Patient 3) — and
observed in the selected ROI 3 different profiles of distribu-
tion of the k values (k > 0.01; Figure 3). Synovitis with 2%
density of vessels showed a reduced number of low k values
(kmax = 4.0; Figure 3A). In synovitis with 4.1% of vessels,
we observed more positive and higher k values (kmax = 7.9;
Figure 3B). Synovitis with the highest histological density,
7.7% of vessels, showed both the highest number of positive
k values and the highest values (kmax = 13; Figure 3C). In
these 3 examples, the percentages of the ROI with k values
> 0.01 were 42%, 46%, and 51%, respectively.
Individual k values > 0.01 in the ROI area ranged from

41% to 54% (Table 1), with a mean value of 46.6%.
A positive and linear significant correlation (r = 0.93, p <

0.0001) was found between the histological vessel density
and the percentage of k values > 0.01 in the ROI area
(Figure 4A). Of note, this significant correlation was lost
when the k values were calculated on the whole image (400
× 400 pixels) including (r = 0.07, p > 0.05) or not including
(r = 0.06, p > 0.05) the ROI (data not shown). The cutoff
value of k > 0.01 gave the highest correlation between both
variables, although correlations remained significant when
other cutoff values were tested (k > 0.05, r = 0.89, p < 0.001;
k > 0.1, r = 0.78, p < 0.01; k > 0.15, r = 0.68, p < 0.05; k >
0.20, r = 0.61, p < 0.05). Significance was lost for all high-
er cutoff values of k that were tested (0.25 to 5).
Because regions with the highest k values were those

with the highest enhancement of echogenicity, i.e., regions
whose probability to represent a vessel was maximal, we
also calculated kmax values; kmax values ranged from 3.9 to
13.4 (mean 7.5; individual values shown in Table 1).
Interestingly, a positive and linear significant correlation (r =
0.79, p = 0.0037) was also found between kmax values and
the histological vessel densities (Figure 4B), as well as for
kmax values and the percentage of k > 0.01 in the ROI area
(r = 0.72, p = 0.01; data not shown).
Finally, the histological vessel density, the percentages of

k values > 0.01 in the ROI area, and kmax values were also
significantly correlated with log ESR and with log CRP
(Table 2).

DISCUSSION
The importance of angiogenesis in the onset and progression
of RA as well as in the structural damage caused to adjacent
cartilage and bone structures is unquestionable7-9,13.
Visualization and quantification of vessels in RA synovitis

are enabled by imaging techniques such as contrast-
enhanced sonography in Doppler mode, and by highly sen-
sitive color Doppler ultrasound techniques47,48. Despite
enthusiastic reports3,10,16-33, practical difficulties are
encountered in separating artifacts from true Doppler
signals36-38.

6 The Journal of Rheumatology 2009; 36:6; doi:10.3899/jrheum.080584

Figure 3. Histogram distribution of the k values > 0.01 in 3 representative
histological vessel densities (percentage of the ROI): (A) low: 2.0%; (B)
intermediate: 4.1%; (C) high: 7.7%.
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We propose an alternative methodology, B-mode contrast-
enhanced CPI harmonic sonography, to study synovial vas-
cularization. It is based on the fact that pixels with constant
gray level during infusion of Sonovue® contrast medium
show resting structures, whereas pixels that exhibit some
acoustic enhancement where the microbubbles are moving
are presumably the vessels. In the former, the k value, the
slope of the equation [intensity (time) = k × time + C], is zero,
and in the latter, k value is different from zero. It was shown
that the synovial area with an increase of gray-level intensity
during Sonovue® infusion (k > 0.01) was highly correlated
with the vessel density measured on synovial biopsies per-
formed in the same ROI. Further, both acoustic and histolog-
ical quantifications could be fully automated.

Our results have shown that this technology is applicable
to study the vascularization of synovitis, as previously
shown for that of hepatocellular carcinoma or liver metas-
tases39,41. The specificity of our results is based on the fol-
lowing arguments.
1. Correlation was obtained with the gold standard for

vessel identification, immunohistology with Factor VIII
staining43.
2. Very close spatial and temporal relationships were

respected between acoustic and arthroscopic procedures by
a constant echographic control, reducing potential sample
bias and probably improving the validity of the comparison.
3. The correlation found was restricted to the analysis of

the acoustic ROI, which corresponds to the area where the
biopsy was performed.
4. The correlation was conserved for several different

thresholds of k values, which eliminate fortuitous findings.
Further, acoustic and histological image quantifications
were obtained with automated digital programs that support
the reproducibility of the results.
Use of traditional methods of signal processing and

mathematical morphology44,45 enabled us to propose a
method for quantifying the synovitis vascularization with an
extreme sensitivity, as the best correlation between the
acoustic enhancement and vessel density was obtained for k
values as low as > 0.01. The results also convinced us
retroactively of the validity of the processing options cho-
sen: (1) analysis of all pixels present in the image or in the
ROI instead of the restricted number of 6 allowed by the
software supplied with the GE Logiq 9 US device; (2) trans-
formation of the exponential equation fitting the gray-level
enhancement given in the software into a linear one; and (3)
automated extraction of every 100 images in the video loop
to save 20 images selected for the final analysis.
Determination of the maximal value of k (kmax) was an indi-
cation of how rapidly and intensely the gray level was
enhanced during the infusion of the Sonovue® agent. It
remains unknown whether high kmax values might indicate
the presence of larger vessels or of vessels with higher
flows, and conversely, kmax values were also significantly
correlated with the histological vessel density. Correlation
between the area of the ROI with k values > 0.01 and the

7Kaiser, et al: Contrast-sonography of knee synovitis

Figure 4. Correlations between histological vessel density and percentage
of the ROI area with k values > 0.01 (A), and with kmax values in the ROI
(B).

Table 2. Significant correlations between histological/sonographic para-
meters of synovitis and 2 biological parameters of activity.

Parameters Tested Log ESR Log CRP
r p r p

Histological vessel density 0.77 0.0054 0.69 0.0177
% of k > 0.01 in the ROI 0.87 0.0004 0.83 0.0015
kmax 0.67 0.0226 0.62 0.0418

ROI: region of interest; ESR: erythrocyte sedimentation rate; CRP: C-reac-
tive protein.
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kmax values confirms close relationships whose significance
remains to be determined.
By selecting patients with RA, PsA, and OA, we hoped

to obtain a good range of vessel densities, and the range of
1.4% to 7.7% obtained appears to be satisfactory. For ethi-
cal reasons, arthroscopy was not performed in healthy vol-
unteers who usually have no synovitis as shown in magnet-
ic resonance imaging studies. The correlation with histolog-
ical vessel density was obtained with enhanced acoustic
areas ranging from 41.1% to 54.1% of the ROI. The strong
difference in the scale of the histological and acoustic areas
can be explained by the fact that histology yields a 2-dimen-
sional image whereas US evaluation is a 3-dimensional vas-
cular network projection onto a 2-dimensional image in a
dynamic recording.
Elevated serum levels of ESR or CRP are classical indi-

cators of persistence of the inflammatory process in dis-
eased joints. The significant correlations we found between
log ESR and log CRP and the 3 variables tested (histologi-
cal vessel density, percentage of k > 0.01 in the ROI, and
kmax) strongly support the clinical relevance of the method-
ology for studying joint vascularization. Among many pub-
lications, only 2 have found a correlation between joint
Doppler sonography and the ESR13 or serum CRP level33.
Although it is not stated in the text, one can calculate from
the data of Walther, et al24 that serum CRP levels are signif-
icantly correlated with the quantitative vessel histological
score (n = 23; r = 0.51, p = 0.012) but not with the power
Doppler score (n = 23; r = 0.41, p = 0.054). Two recent stud-
ies49,50 used contrast-enhanced (Sonovue®) gray-scale
sonography. In the first49, the contrast was used to improve
detection of synovial vascularity, which improves character-
ization of intraarticular thickening, allowing differentiation
between the active and non-active joints to increase from
60.1% to 97.3%. Further, thickness measurement in active
RA synovitis was significantly increased. A time-intensity
analysis50 calculated the slope of the contrast-induced
acoustic enhancement of synovitis in knee OA, with values
graded on a semiquantitative scale according to the observa-
tion of no (0) or mild (1), medium (2), or strong (3) enhance-
ment. This method allows quantification of digital synovial
vascularization50. We observed with interest that this
methodology is similar in its principles to what we devel-
oped, i.e., calculation of a slope (in our work the k value)
during the acoustic enhancement induced by perfusion of
Sonovue® medium. If the slope (k) value is zero, no vascu-
larization is detected. A slope (k) value different from zero
identifies vessels within the synovitis. An advantage of the
US image processing we developed is that time-intensity
analysis is calculated in each of the thousands of pixels that
constitute the ROI, giving a global and automated result from
an acoustically heterogeneous synovitis area. In other words,
the question is no longer in which region must we calculate
the slope, because calculation integrates the whole area.

Our work has several limitations. First, although hun-
dreds of thousands of pixels were studied, they represent
only 11 patients, and our data will have to be confirmed on
a larger series. Second, the use of microbubble contrast
agent increases the cost (about $80 per ampoule), with the
time of the procedure restricted to one joint analysis during
one perfusion that may generate side effects4. Yet the toler-
ance profile of the product is good33,34, and no side effects
occurred in our study, nor in others49,50. One more short-
coming is the loss of the noninvasive character of the US
procedure31,47. For all these reasons, including the availabil-
ity of new Doppler technologies, the interest in contrast-
enhanced sonography in RA may be limited31,47. We agree
with this, but only for application with the Doppler mode.
The methodology we have described could represent a

valid alternative to the limitations of Doppler sonography.
Contrast-enhanced gray-scale sonography is likely to trans-
form vascular imaging to imaging of perfused tissue at the
microvascular level49. A comparable approach using con-
trast-enhanced gray-scale US has been shown to adequately
quantify intratumoral blood flow and monitor tissue vascu-
lar response to antiangiogenic therapy in mice51. A longitu-
dinal study, after an anti-tumor necrosis factor-α treatment,
for example, is needed to confirm the utility of the method
for monitoring blood flow in synovitis.
Contrast-enhanced gray-scale sonography may represent

a response to the hope that functional images obtained with
color and power Doppler sonography corresponded to mor-
phological findings obtained with real-time gray-scale
sonography37.
Acoustic enhancement after sulfur hexafluoride infusion,

determined through automated digital quantifications, corre-
lated with histological vessel density measurements of knee
synovitis from patients with RA, OA, and PsA.
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