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Vascular perfusion kinetics by contrast-enhanced ultrasound
are related to synovial microvascularity in the joints
of psoriatic arthritis
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Abstract The purpose of the study was to assess the relation-
ship of the continuous mode contrast-enhanced harmonic ul-
trasound (CEUS) imaging with the histopathological and im-
munohistochemical (IHC) quantitative estimation of micro-
vascular proliferation on synovial samples of patients affected

by sustained psoriatic arthritis (PsA). A dedicated linear trans-
ducer was used in conjunction with a specific continuous
mode contrast enhanced harmonic imaging technology with
a second-generation sulfur hexafluoride-filled microbubbles
C-agent. The examination was carried out within 1 week be-
fore arthroscopic biopsies in 32 active joints. Perfusional pa-
rameters were analyzed including regional blood flow (RBF);
peak (PEAK) of the C-signal intensity, proportional to the
regional blood volume (RBV); beta (β) perfusion frequency;
slope (S), representing the inclination of the tangent in the
origin; and the refilling time (RT), the reverse of beta. Arthro-
scopic synovial biopsies were targeted in the hypervascularity
areas, as in the same knee recesses assessed by CEUS; the
synovial cell infiltrate and vascularity (vessel density) was
evaluated by IHC staining of CD45 (mononuclear cell) and
CD31, CD105 (endothelial cell) markers, measured by
computer-assisted morphometric analysis. In the CEUS area
examined, the corresponding time-intensity curves demon-
strated a slow rise time. Synovial histology showed slight
i nc r eased l aye r l i n i ng th i cknes s , pe r i vascu l a r
lymphomonocyte cell infiltration, and microvascular remod-
eling, with marked vessel wall thickening with reduction of
the vascular lumen. A significant correlation was found be-
tween RT and CD31+ as PEAK and CD105+ vessel density;
RT was inversely correlated to RBF, PEAK, S, and β. The
study demonstrated the association of the CEUS perfusion
kinetics with the histopathological quantitative and morpho-
logic estimation of synovial microvascular proliferation, sug-
gesting that a CEUS imaging represents a reliable tool for the
estimate of the synovial hypervascularity in PsA.
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Introduction

In psoriatic arthritis (PsA), vascular abnormalities represent
the most significant histopathological changes in the synovial
membrane (SM) and mainly in large joints, as first described
by Espinoza et al. [1]. In knee joint synovitis of PsA as well as
rheumatoid arthritis (RA), various types of changes in syno-
vial microvascular architecture have been later confirmed by
several other authors [2–4]. Typical macroscopic features of
vascular architecture detected in the joints of PsA and other
spondyloarthritis (SpA) consist in the high density of tortuous
blood vessel network, appearing right from the early phases
[5, 6], and persist throughout the relapsing course of these
diseases [7–9].

The increased vascularity, showing as an increase in the
number of discrete vessels, represents one of the basic macro-
scopic parameters used to define the intensity of synovitis, and
microvessel density is commonly used as a surrogate measure
for angiogenesis [10]. Synovial neovascularization, both in
joint- and teno-synovial lining, has been also showed associ-
ated with increased expression of different adhesion mole-
cules, cytokines, and chemokines [11–13]. In particular, high
expression of vascular endothelial growth factor receptors, as
angiopoeitin-2 ligand of receptor tyrosine kinase with immu-
noglobulin-like/EGF-like domains (Tie) 2, representing two
major pathways of angiogenesis and blood vessel remodeling,
has been demonstrated at level of capillary endothelial cells
and synovial tissue of PsA and other SpA [14–16]. Further,
interleukin (IL)-1ß and IL-6 in synovial fluid (SF), as the
CD45+ mononuclear cells (MNCs) and CD31+ vessels in sy-
novial tissue, have been also reported as candidate synovial
biomarkers in PsA [17].

The progress in the field of not-invasive imaging tech-
niques has changed the diagnostic approach to inflammatory
arthropathies, and magnetic resonance imaging (MRI), dy-
namic contrast-enhanced (DCE) MRI [18, 19], and ultraso-
nography [20] are today considered key for the assessment
of synovial proliferation and vascularity. MRI measures of
synovial volume and rate of synovial enhancement have dem-
onstrated a good correlation with macroscopic and microscop-
ic synovitis scores in arthritis patients [18, 19]. DCE MRI is
now considered to be the most valuable method for monitor-
ing synovitis, also allowing the depiction of different shapes
and distributions of time-intensity curves in arthritis [21]. Ad-
ditionally, a fast enhancement, followed by early washout by
DC MRI, has been identified as the predominant feature in
knees of patients with early RA [22].

However, differences between gadolinium, which is
known to diffuse to extravascular space and microbubble-
based contrast ultrasound (US) agents, which are confined to
the intravascular space, make impossible to compare the per-
fusion kinetics by the two methods.

Assessment of synovial vascularity with US techniques is
well documented in literature. Indeed, color (D) and power
Doppler (PD) US are used to evaluate synovial vascularity,
but these modalities can detect only larger vessels with signals
above the noise level or flow velocities above the threshold of
the wall filter [23]. PDUS, revealing the movement of blood
cells within a vessel, has been used to differentiate between
hypervascular and fibrous pannus and to assess the therapeutic
response to intra-articular treatment of synovitis of the knee
joint. However, limitation of PDUS is represented by inade-
quacy to indicate increased vascularity or hyperaemia of the
synovium, making often difficult interpretation of PD images
[24–26].

Thus, contrast-enhanced US (CEUS) imaging, using
second-generation contrast medium based on sulfur
hexafluoride-filled microbubbles, and low mechanical index
(MI) have overcome this limitations, improving the contrast
and spatial resolution [27, 28]. In particular, second-
generation contrast agents show a high and prolonged stability
in the peripheral blood, being detected by gray scale harmonic
imaging techniques, allowing a real-time analysis of all vas-
cular phases and providing detailed information on tissue per-
fusion [27].

On the other hand, the superiority of gray-scale CEUS to
detect synovial vascularity in comparison to PDUS has been
assessed in RA patients, making possible the differentiation
between active synovitis and inactive intra-articular thicken-
ing [28–31].

However, the value of the quantitative CEUS technique in
the assessment of synovial tissue perfusion has not yet well
established.

The purpose of this study is to assess the relationship of the
CEUS evaluation with the histopathological features and im-
munohistochemical (IHC) quantitative estimation of micro-
vascular proliferation on arthroscopic bioptic synovial sam-
ples of patients affected by sustained PsA. The ultimate goal
is to improve the definition of the pathophysiological features
of synovial angiogenesis, as the accuracy of these diagnostic
tools for the objective assessment of synovial blood perfusion
imaging in PsA.

Material and methods

Patients

The study was approved by the local Ethic Committee of the
University Hospital of Padova (Italy) (number 52723; October
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11, 2010), and written informed consent was obtained from
each participant in accordance with the principles outlined in
the Declaration of Helsinki, after being informed about the
intent and the methodology of the study.

Clinical and demographic characteristics of the patients are
reported in Table 1. All the patients participating in the study
fulfilled the ClASsification criteria for Psoriatic ARthritis
(CASPAR) [32]. The psoriasis area and severity index
(PASI) was less than 10 in these patients.

We enrolled 32 consecutive PsA patients with refractory
knee joint synovitis for study. All knees showed clinical evi-
dence of joint effusion (positive bulge sign or ballottement of
the patella, or both). All patients attend the Rheumatology
Unit of Padova University Hospital. All had persistent active
knee arthritis (characterized by pain, tenderness, and effu-
sion). Mean duration of knee joint involvement was 6.9±
9.99 years (Table 1).

Gray scale and power Doppler US evaluation

Before contrast-enhanced study, gray scale and PD US exam-
ination were performed immediately after the clinical exami-
nation using an Esaote MyLab 25 Xvision ultrasound scanner
(Esaote, Genoa, Italy) with a linear 7.5-MHz array transducer
by experienced sonographers. Standardized anatomic guide-
lines of the scan in three recesses of the knee—superpatellar
recess (SPR) and lateral and medial parapatellar recesses
(LPPR and MPPR)—were used [33]. SPR was evaluated by
scanning the zone between the prefemoral (posterior
suprapatellar) fat pad and the upper margin of the femoral
cartilage (supine position; knee joint extended; bicipes
femoris at rest). At the level of LPPR and MPPR, the vertical
edge along the lateral and medial margins of the knee cap
(bicipes femoris contracted) was identified by scanning.

PDUS examination was conducted to assess flow signal in
the pannus areas (more than 3 mm of synovial thickness) and

was set for high sensitivity, with a low wall filter to allow
detection of vessels with a low blood flow. The pulse repeti-
tion 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.

The knee joint recess indicating the strongest vascularity in
the synovial pannus on PDUS evaluation was chosen for ex-
amination by contrast-enhanced technique.

Gray scale CEUS evaluation

Contrast-enhanced US examinations were performed by
means of US apparatus (Esaote MyLab 25 Xvision ultrasound
scanner; Esaote, Genoa, Italy), which was specifically de-
signed for sonographic examinations with a contrast agent.
A contrast agent composed of sulfur hexafluoride-filled
microbubbles (SonoVue, Bracco International B.V., Amster-
dam, Nederlands) was used.

A 7.5-MHz dedicated linear transducer was used in con-
junction with a specific continuous mode contrast-enhanced
harmonic imaging technology, BContrast Tuned Imaging tech-
nology (CnTI)^, which allows the transmission of the specific
resonance frequency of sulfur hexafluoride-filled
microbubbles, and the selective registration of harmonic fre-
quencies. This allows a significant reduction of the insonation
power with a reduction of the nonlinear harmonic behavior of
the stationary tissues.

The acoustic pressure was set at 45 kPa in each patient, and
the mechanical index (MI) was selected automatically by the
sonography scanner in relation to beam focus depth.

All patients gave their informed consent for the use of
contrast agent. A 4.8-mL bolus of contrast agent was injected
into a peripheral vein and was followed by an injection of
10 mL of physiologic saline solution.

Immediately after the injections, the synovial tissue under
examination was scanned in CnTI mode with a frame rate of
15 frames per second. The transducer was kept in a fixed
position to highlight all the phases of enhancement. The beam
focus was placed at the level of the synovial prolifera-
tion or immediately below it, and beam gain was set at
the minimum level.

The apparatus in question affords the recording and filing
of the images in digital format, and all the dynamic phases of
the examination performed during 60 s were saved using this
system.

Quantitative study

The digital recordings were sent from the sonography scanner
to a PC and were then processed by means of a commercial
software (Qontraxt, Amid and R&D, Bracco, Milan, Italy)
allowing the generation of time-intensity curves of contrast

Table 1 Clinical and demographic characteristics of psoriatic arthritis
patients included in the study

Clinical and demographic characteristics Values

Patients (n) 32

PsA duration, years, mean±SD 6.32±4.75

Patients age, years, mean±SD 38.90±13.33

Knee joint synovitis duration 6.9±9.99 years

Female, n (%) 16 (47.05)

Systemic treatment at study entry

DMARDs, n (%) 26 (81.25)

ETN, n (%) 6 (18.75)

Pdna, n (%) 6 (18.75)

PsA psoriatic arthritis, DMARDs disease-modifying antirheumatic drugs,
ETN etanercept, PDN prednisolone
a Daily prednisolone dose ≤10 mg
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agent and the estimate of the perfusion parameters after setting
of region of interest (ROIs).

The tissue perfusion evaluation of the pulse-inversion har-
monic imaging contrast-enhanced ultrasound (CEUS) was
performed by the automatic quantification assessment, using
the video intensity data, in a simple mono-exponential model:
SI(t))=PEAK*[1-e(-beta t)] (the simple exponential fitting
curve assumes that the signal intensity is zero at the initial
perfusion instant) (Figs. 1 and 2).

This software is able to analyze the signal intensity of each
single pixel of each frame and thereby to generate a chromatic
map that allows immediate evaluation of perfusion proprieties
of the entire organ under examination or region of interest
(ROIs), irrespective of shape or dimensions, as selected by
the operator. In practice, a virtual image composed of a scale
of primary colors varying from red (maximum signal intensi-
ty) to blue (minimum signal intensity) is obtained.

On the basis of this analysis, the software enables to obtain
numeric values for each point in the region under examina-
tion, during a temporal sequence selected by the operator, as
the final result. These values are correlated to the quantity of
contrast medium that reached the examined area.

Contemporaneously, the system allows the generation of
signal intensity-time curves in relation to the selected point
or region and the estimate the quantitative perfusion
parameters.

Since the microscopic and macroscopic heterogeneities in
the synovial microcirculation in persistent RA, PsA, and SpA
KJS, the level of enhancement is not uniform over the entire
synovial area. For this reasons, the positions and dimensions

of the ROIs at synovial pannus were chosen on the basis of
gray scale contrast-enhanced study and were outlined includ-
ing all hypervascular synovial area in the section of plane
under examination.

Perfusional parameters including regional blood flow
(RBF); peak (Peak) of the signal intensity (SI), which is
reached asymptotically at the end of the perfusion process,
and it is proportional to regional blood volume (RBV); beta
(β) perfusion frequency; slope (S), which represents the incli-
nation of the tangent in the origin, is obtained by the product
of PEAK and β parameters, being proportional to the regional
blood flow (RBF) and the refilling time (RT), the time when a
line, starting tangent to the curve at time t equal to zero,
reaches the PEAK value (RT=1/β), were analyzed.

Synovial histology and immunohistochemistry

Arthroscopic biopsies were carried out within 1 week after the
examination in 32 active joints. Synovial tissue specimens
were collected for biopsy during arthroscopy while the pa-
tients were under anesthesia. The specimens were taken from
areas of intense synovial hyperemic proliferation. For each
knee, synovial samples were always taken from the joint re-
cess chosen for CEUS examination. The patients’ serial biop-
sy samples were stored in paraformaldehyde and embedded in
bloc in paraffin [17]. Synovial vessels were evaluated after
immunostaining using CD31/PECAM-1 (clone JC70A) and
CD105 (endoglin transmembrane homodimeric component of
the transforming growth factor-ß type I receptor, as
proliferation-antigen on angiogenic endothelial cells; SN6h)
antibodies and mononuclear cell (MNC) infiltration using
CD45/LCA (clone 2B11 and PD7-26) antibodies, labeling
mononuclear cells, as monocytes, DC, and lymphocytes
(DakoCytomation, Glostrup, Denmark).

CD45+, CD105+, and CD31+ expressions were measured
by computer-assisted morphometric analysis (Image Proplus
version 5), and a 2-mm two area was evaluated. The average
value over four to six samples per knee joint was used for
analysis.

Statistical analysis was carried out using an SpSS software
(version 12). Spearman’s rank correlation test was used for
comparison between perfusional CEUS parameters and HIC
index.

Results

Synovial histology and immunohistochemistry

Synovial histology showed slight increased layer lining thick-
ness, perivascular lymphomonocyte cell infiltration, and mi-
crovascular remodeling. The vessels showed marked vessel

Fig. 1 Parameters of the pulse-inversion harmonic imaging [contrast-
enhanced ultrasound (CEUS)*]. PEAK peak of the signal intensity (SI)
which is reached asymptotically at the end of the perfusion process,
proportional to regional blood volume (RBV); RT refilling time: the
time when a line starting tangent to the curve at time t equal to zero
reaches the PEAK value. Slope (S): inclination of the tangent in the
origin. It is obtained by the product of PEAK and beta parameters;
proportional to regional blood flow (RBF); β (beta): perfusion
frequency. It is the inverse of the RT. *Qontraxt, Amid and R&D,
Bracco, Milan, Italy.
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intimal medial thickening with significant reduction of the
vascular lumen.

Immunohistochemistry for CD45 and CD31 highlighted
inflammatory cell infiltration and neoangiogenesis (Figs. 3
and 4). The mean values of synovial immunohistochemistry
for CD45+ MNCs as for CD31+ and CD105+ endothelial cells
are reported in Table 2

CEUS evaluation

The mean values of CEUS parameters are reported in Table 3.
Significant correlations were found between the levels of
CD31+ and either of CD105+ expression on synovial vessels
(r 0.69; p=0.0000) or CD45+ MNCs (r 0.57; p=0.0007) in
synovial tissue of PsA patients.

Fig. 3 a–c Immunohistochemical staining of CD31+ endothelial cells (a), CD105+ endothelial cells (b), and infiltratingCD45+mononuclear cells (c) in
synovial biopsy sample of the knee joints of patients with psoriatic arthritis included in the study

Fig. 2 a–eMain graphic window. After running the program, a graphical
user interface (GUI) with the following Main Graphic Window will be
displayed: a ROI window; b Parametric Map Window; c Time Selection
Window; d the average brightness ROI signal; e ROI curve Window. a
ROI window: after loading the clip, the user is prompted with a window
where the external ROI must be defined. This external region will contain
the area which will be analyzed on a pixel-by-pixel base by the software.
b Parametric Map Window: parametric imaging is constituted of four
synthetic colored maps that correspond to the four parameters of the
fitted curve. The perfusion loop (i.e., the video intensity-time
propagation due to the passage of the contrast agent in the tissue of
interest) is visualized on the Parametric Map Window. Parametric maps
are easy-to-interpret color images describing different aspects of the organ
perfusion (see Fig. 1 for details). After processing, map for the parameter
PEAK is shown as first on the right window of the GUI. The original

values of the color-scale and the values obtained after moving the
threshold are reported in the image representation. c Time Selection
Window: the definition of the perfusion time period corresponds to the
selection of the frames, within the loop, which enter into the analysis
(commonly from the arrival of contrast media to the end of washout).
The quantification assessment is performed on the frame sequence within
the selected perfusion period. d Average brightness ROI signal: the
average brightness variation over time will be displayed in the Time
Selection Window. e ROI curve Window: the software performs the
tissue perfusion evaluation using the video intensity data. The signal
intensity (SI) extracted from the image during the contrast agent bolus
passage or the refilling period is approximated by the standard parametric
curve. The refilling curve is extracted for each pixel of the automaticallym
aligned sequence of images
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In the CEUS-enhanced area studied, which represents the
section of the plane that contains variable blood vessels den-
sity within synovial tissue of very low volume flow, the cor-
responding time-intensity curves demonstrated a slow rise
time. Among the synovial CEUS perfusion parameters, the
RT, a function of both vascular volume and flow rate, showed
a significant inverse relation either to synovial RBF, or PEAK,
or S and β (Table 4).

The analysis of correlation between synovial perfusion and
synovial vascularity showed a significant positive association
between RT- and PEAK-CEUS parameters and the synovial
tissue expression of CD31 or of CD105, respectively
(Table 5).

Discussion

Dysregulation of angiogenesis, defined as blood vessels
sprouting from pre-existing vessels, has shown to be crucial
in the inflammatory arthritis such as in tumor growth [34, 35].

The definition of the microvascular synovial perfusion hemo-
dynamic, as the precise measure and delineation of the histo-
pathological counterpart at single joint level, is of major im-
portance for the development of reliable imaging methods
[36–38]. Until now, the attempt to correlate the DUS or PDUS
signal measures in arthritis, to synovial microvessels density
by histopathology, has provided conflicting results. Recently,
a cross-sectional study in hand joints of RA patients showed in
line with previous findings [39] a significant association be-
tween DUS activity, determined maximum color fraction, and
the extent of inflammation in the synovial biopsies, measured
by immunohistochemical staining [40]. However, synovial
pathology was also evident in 15 % of the biopsies taken from
Doppler negative sites [40]. Discordant relationships between
PD US imaging and histology were again reported in arthritis
[41–43]. A positive correlation between the number of

Fig. 4 a–d Synovial histology
(hematoxylin and eosin staining
of synovial tissue) in four
representative patients with
psoriatic arthritis included in the
study

Table 2 Biological synovial markers

IHC positive cells in synovial tissue
(cell/2-mm2 area)a

Values

CD31 87.81±61.00

CD45 892.75±447.33

CD105 125.44±95.81

Data are expressed as mean±standard deviation (SD)

IHC immunohistochemistry
a Synovial biopsies obtained from 32 knees

Table 3 Values of contrast-enhanced ultrasound (CEUS) perfusional
parameters derived by the evaluation of the 32 knee joints of psoriatic
arthritis patients included in the study (Spearman’s correlation test)

CEUS perfusional parameters Values

RBV 0.67±6.16

Peak 31.69±10.33

β 0.60±0.57

S 8.83±6.93

RTs 5.63±2.31

RBF 5.73±3.33

Data are expressed as mean±standard deviation (SD)

CEUS contrast-enhanced ultrasound, RBV regional blood volume, Peak
peak of the signal intensity, β perfusion frequency, S slope, RT refilling
time, RBF regional blood flow
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synovial vessels and amount of PD signal was found in RA
andOA. However, the study examined only advanced stage of
knee joints, requiring arthroplasty [41, 44]. Notably, the exis-
tence of Doppler signal in the synovium is not always specific
for inflammation, since fibrosis and amount of fibrin could
also give a positive PD [26]. To our knowledge, the only
previous study using CEUS method showed the association
between the percentage of area with acoustic enhancement
and the immunohistology vessel density, but a limited number
of patients with different arthritis were considered, as hemo-
dynamic parameters of perfusion analysis were not reported in
detail [45]. However, by using the gray scale CEUS in tumors,

the analysis of contrast enhancement kinetics the blood flow
was highly correlated to microvascular density. It may derive
from the characteristic perfusion kinetics of malignant tumors,
with a tendency toward faster and stronger enhancement and
greater perfusion flow [46, 47]. Likewise, the contrast en-
hancement perfusion patterns were associated to the morpho-
logic features of vessel histology [48].

The first important finding of this study comparing perfu-
sion kinetics using CEUS technique with the detection of IHC
synovial vascularity in PsA joints was the demonstration of a
direct correlation between contrast-refilling time and the
CD31+ microvessel density. Our finding suggests that the
bulk of proliferated vascular network, by increasing the resis-
tance to synovial vessel flow, might determine the prolonga-
tion of the RT. Among the potential factors which may affect
the synovial refilling time, the vessel intrinsic factors, as tor-
tuosity of the microvasculature, reduced vessel diameter, or
capillary obliteration [38], could be involved. A reduction in
synovial blood flow during the progression of arthritis was
noted after induction of experimental arthritis [49], as a re-
duced blood volume fraction of synovial capillaries has been
observed in RA [2, 36].

The histopathological examination of the synovial biopsies
of knee joints affected by sustained PsA showed striking mi-
crovascular changes, characterized bymarked vessel wall pro-
liferation, basement membrane thickening, and sclerosis, with
reduction of the size of vascular lumen. These microvascular
changes resemble typical morphology of the synovial vessel,
corresponding in turn to that described in the seminal work of
Espinoza, mainly involving small and medium size arterioles
[1]. The reduction of the lumen of synovial vessels may be a
relevant factor in the perfusion kinetics obtained by CEUS,
since the vessel diameter represents the dominant parameter in
flow regulation in a single vessel [38].

In line with the CEUS perfusion findings of the study, when
PsA knees were compared to RA using DCE-MRI analysis, a
significantly lower rate of late enhancement (after 15′) was de-
tected in the joints of PsA, at a time when vessel intrinsic factors
seemed to play a predominant role in delayed synovial washout
rate [50], and in PsA only, DCE-MRI contrast enhancement
was unrelated to the inflammation parameters [50, 51].

The next new finding of the study was the positive associ-
ation of PEAK of contrast intensity, (proportional to regional
synovial blood volume) with the CD105+ microvessel densi-
ty, representing the new formed capillary network [52], which
is rapidly growing in the scattered areas of more active
neovascularity in PsA [7].

Validation of CEUS to quantify synovial inflammation has
been reported in several studies, allowing the improved detec-
tion of intra-articular microvascularity compared with the tra-
ditional enhanced PDUS [28], since it may overcome the lim-
itation of the PDUS methods of detection of only the fast
blood flow of large vessels. In patients affected by PsA and

Table 4 Correlations between the different contrast-enhanced ultra-
sound parameters (CEUS) (Spearman’s correlation test)

RBV PEAK β S RBF

RBV – r 0.853
p 0.000

r 0.212
p n.s

r 0.156
p n.s

r 0.352
p 0.0478

PEAK p n.s – r 0.207
p ns

r 0.102
p n.s

r 0.835
p 0.000

β p n.s – – r 0.857
p 0.000

r 0.740
p 0.000

S p n.s – – – r 0.883
p 0.000

RT r 0.200
p ns

r −0. 354
p −0.0469

r −0.435
p −0.0126

r −0.442
p −0.0113

r −0.5693
p −0.0007

RBV regional blood volume,Peak peak of the signal intensity, β perfusion
frequency, S slope, RT refilling time, RBF regional blood flow

Table 5 Correlations between contrast-enhanced ultrasound (CEUS)
parameters and immunohistochemical (IHC) parameters CD31, CD105,
and CD45 (Spearman’s correlation test)

CD31 CD105 CD45

RBV r 0.020 r 0.22 r 0.23

p ns p ns p ns

PEAK r 0.04 p 0.0377 r 0.11

p ns r 0.369 p ns

β r -0.026 p 0.0505 r 0.11

p ns r −0.348 p ns

S r −0.16 r −0.11 r 0.12

p ns p ns p ns

RT p 0.0151 r −0.01 r 0.17

r 0.425 p ns p ns

RBF r 0.260 r −0.06 r −0.18
p ns p ns p ns

CD31 – p 0.000 p 0.0007

– r 0.69 r 0.57

CD31 CD31+ synovial vessel density, CD105 CD105+ synovial vessel
density, CD45 CD45+ synovial mononuclear cell numbers, RBV regional
blood volume, Peak peak of the signal intensity, β perfusion frequency, S
slope, RT refilling time, RBF regional blood flow
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SpA, the CEUS technique was shown also to increase the
detection of synovial hypervascularity in knees, compared
with the unenhanced PD method [29], investigating active
sacroiliitis [31] and enthesitis [53].

Among the limitations of gray scale CEUS techniques in
arthritis assessment, there are the micro-invasiveness of the
method, the cost and time expensive technique, the only one
joint, which can be once examined, and the assessment of
perfusion in the single plane or section. Furthermore, diagnos-
tic value and reproducibility in monitoring arthritis treatment
are not well established [49].

Recent studies indicate that subclinical enthesitis and syno-
vitis, mostly in wrist and knee joints, are very common either
in psoriasis and in early PsA disease [54, 55], being linked by
a particular Bvascular phenotype^ [56, 57], characterized by
high PD scores [57]. Further, the frequency of extra-articular
PD signal at metacarpophalangeal joints allowed to differen-
tiate PsA from RA [58], as joint and tendon-related PD scores
were higher in patients with active versus inactive PsA disease
[59]. All the data suggest the requirement of a reliable, quan-
titative measure of synovial perfusion for monitoring the PsA
treatment, as has been proven by the use of CEUS method in
the follow-up of the angiogenesis inhibitors in tumors [60]. In
this view, as the decrease of PD flow of the capillary network
confined to the outer synovial surface layer, was reported to
precede the change in gray scale synovial thickening [29],
CEUS-PEAK might represent a useful tool for the detection
of early changes of synovial blood perfusion.

In conclusion, the study demonstrated the association of
the CEUS perfusion kinetics with the histopathological quan-
titative and morphologic estimation of synovial microvascular
proliferation, providing more insight on the relationship be-
tween perfusion kinetics and synovium vascular proliferation
process in PsA, also suggesting that a contrast-assisted ultra-
sound imaging represents a reliable tool for the estimate of the
synovial hypervascularity in arthritis.
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