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26.1 Introduction

In chronic inflammatory joint diseases, synovial
tissue is the major site of inflammation. Latest
reports indicate that ultrasonography may be an
important imaging technique to determine the
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and is particularly helpful for the quantification of
low blood flows at synovial tissue level. Contrast-
enhanced ultrasound (CEUS) may be a promising
tool to evaluate inflammatory arthritis, because of
its ability to provide dynamic imaging, and high
sensitivity for angiogenesis. Angiogenesis is
emerging as a key player in the pathogenesis of
many chronic inflammatory arthritis. A number of
scoring systems, improving reliability and conse-
quently the responsiveness of US in clinical trials,
have been proposed. However, there is still a lack
of an expert-derived consensus, especially on the
core set of joints to scan. We have attempted to
summarize the emerging B-mode ultrasound,
color/power Doppler ultrasound, and CEUS
imaging techniques and their applications in
quantifying synovial inflammation.

26.2 Musculoskeletal Ultrasound
Scoring Methods

In patients with rheumatoid arthritis, sonographic
findings of synovial inflammation were found
predictive for irreversible joint damage (i.e., bone
erosions), and they can be significantly changed
by disease-modifying antirheumatic drugs. Color
and power Doppler techniques have shown to be
of diagnostic value in the detection of vascularity
in intra-articular synovial tissue and provide a
measure of neovascularization within the syno-
vial lining of tendons and within tendons them-
selves. The ultrasound quantification of synovial
inflammation is essential for at least three rea-
sons: (i) for diagnosing active synovitis, (ii) for
therapy monitoring, and (iii) as a predictive fac-
tor for relapse in patients in remission.

26.2.1 Ultrasound Scoring Systems

Several semiquantitative scoring systems using
grayscale findings and power Doppler signals
have been proposed (Table 26.1). In most of the
published studies, grayscale and Doppler find-
ings have been graded independently and each
elementary component had its dedicated scoring
system.

Recently, the EULAR-OMERACT (European
League Against Rheumatism-Qutcome Measures
in Rheumatology) group for musculoskeletal
ultrasound has agreed on the use of a four-grade
semiquantitative  scoring system for both
B-mode-detected and Doppler-detected synovi-
tis, which have demonstrated good multi-
examiner intra-observer and inter-observer
reliability in RA patients.

In 2003, Szkudlarek et al. developed a four-
step semiquantitative US grading system for joint
effusion, synovial thickening, and power Doppler
signal at synovium level in five preselected small
joints of patients with RA: second and third
metacarpophalangeal joints, second proximal
interphalangeal joint, and first and second meta-
tarsophalangeal joints. Joint effusion was defined
as a compressible anechoic intracapsular area
and the amount of fluid semiquantitatively scored
as follows: grade 0: no effusion; grade 1: minimal
amount; grade 2: moderate amount (without dis-
tension of the joint capsule); and grade 3: exten-
sive amount (with distension of the joint capsule).
Synovial thickening was defined as a non-
compressible hypoechoic intracapsular area
scored as follows: grade O: none; grade 1: mini-
mal synovial thickening filling the angle between
the periarticular bones, without bulging over the
line linking tops of the bones; grade 2: synovial
thickening bulging over the line linking tops of
the periarticular bones without extension along
the bone diaphysis; and grade 3: synovial thick-
ening bulging over the line linking tops of the
periarticular bones with extension to at least one
of the bone diaphysis. Semiquantitative grading
of the PD signal in the synovium was described
as follows: grade 0: no flow; grade 1: single-
vessel signals; grade 2: confluent vessel signals
in less than half of the area of the synovium; and
grade 3: vessel signals in more than half of the
area of the synovium (Figs. 26.1 and 26.2).

In 2000, Wakefield et al. described the first
semiquantitative scoring system for the assess-
ment of bone erosions. A bone erosion was
defined as an interruption of the bony cortex with
an irregular floor documented in longitudinal and
transverse planes. The size of the definite bone
erosion was measured using its maximal diame-
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Table 26.1 Main ultrasound scoring systems for synovitis listed in chronological order
No. of Joint
Author Year Pathologies patients  Grade Examined joints region
Wakefield 2000 Bone erosion 100 0-3 Unilateral MCP 1I-V Ulnar,
et al. radial,
palmar,
and dorsal
Szkudlarek 2003 Joint effusion, synovial 30 0-3 Unilateral MCP II, III,  Dorsal
et al. thickening, PD activity PIP II, MPT I and IT
Scheel et al. 2005 Effusion/synovial 46 0-3 Unilateral MCP I1-V, Palmar,
hypertrophy PIP II-V, assessment dorsal
Naredo 2005 Joint effusion, synovial 49 0-3 sum of bilateral Dorsal
et al. thickening, PD activity 60-, 18-, 16-, 12-,
10-, and 6-joint
score
Backhaus 2009 Synovitis, 120 0-3; 0-1 for Unilateral wrist, MCP  Dorsal,
et al. tenosynovitis, tenosynovitis and IL III PIP II, IIT, MPT ~ palmar,
paratendonitis, PD erosion LV lateral
activity, bone erosions
Ellegaard ~ 2010 PD activity 109 0-3 Unilateral wrist Dorsal
et al.
Dougados 2010 Synovitis 76 0-3; 0-1 for Bilateral 28 joints vs. Dorsal,
et al. tenosynovitis 38 joints (28 + MTPs)  plantar
vs. 20 joints (20
MCPs + 20 MTPs)
Hammer 2011 Synovitis, 20 0-3 Bilateral 78 joints vs. Dorsal
etal. tenosynovitis PD 44 joints, 28 joints, 12
activity, bursitis joints, and 7 joints
Kawashini 2011 Synovitis, bursitis 24 0-3 Bilateral elbows, wrists, Dorsal,
et al. knees, and ankles palmar
Bachkaus 2012 Synovitis, 432 0-3 Sum of wrist, MTP Dorsal,
et al. tenosynovitis, 1I-V, MCP/PIP II and III plantar
paratendonitis, bone
erosions
Ohmdorf 2012 Synovitis, 6 0-3 Dominant wrist, MCP II Dorsal,
et al. tenosynovitis, and III, PIP II-V, MPT  radial, and
paratendonitis, bone Il and V plantar
erosions
Harlung 2012 Synovitis, 199 0-3 Shoulder, elbow, hip, Dorsal,
et al. tenosynovitis PD and knee ventral,
activity and lateral
Yoshimi 2014 PD activity 234 0-3 Wrists, knees, MCP 1-V, Dorsal,
et al. PIP II and IIT palmar
Agaet al. 2015 GSUS and PDUS 439 0-3 7-joint/2 tendon (MCP, Dorsal,
scores PIP, MTP), radiocarpal, palmar,
elbow, tibialis plantar
Luz et al. 2016 Synovitis, 48 0-3; 0-1 for Wrist, MCP Il and III,  Dorsal,
tenosynovitis PD tenosynovitis PIP II and III palmar
activity, bone erosions
Jantaetal. 2016 Synovitis, 47 0-3 12-joint (wrist, hand, Dorsal,
tenosynovitis, PD ankle, MTP); B-mode, palmar
activity PD, tenosynovitis
Sun et al. 2017 Synovitis, PD activity 235 0-3 Bilateral wrists, MCP  Dorsal

I-V, PIP I-V
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Synovial effusion Synovial hypertrophy Synovial hyperemia
Grade 0
Grade 1
Grade 2 A
Grade 3

Fig.26.1 Ultrasound semiquantitative scoring scheme of
synovial effusion, synovial hypertrophy, and synovial
hyperemia assessing synovitis grade at MCP joint using

Fig.26.2 Rheumatoid arthritis. Active synovitis detected
using a longitudinal dorsal scan at metacarpophalangeal
joint level. Both images (a) and (b) show representative
examples of synovitis grade 3 using grayscale scoring
system. Using power Doppler assessment grade 2 and
grade 3 can be assigned, respectively, to (a) and (b). p
proximal phalanx, m metacarpal bone

ter and the following scoring system was pro-
posed: small erosion: <2 mm; moderate erosion:
2-4 mm; and large erosion: >4 mm (Fig. 26.3).

dorsal longitudinal scan. Red dotted line = tangent line to
tops of joint bones; asterisk = dorsal plate; arrow = cap-
sule profile

In a recent study by Hurnakova J et al., carti-
lage damage of the metacarpal head was assessed
in patients with rheumatoid arthritis and in
patients with osteoarthritis using a very-high-
frequency probe (up to 22 MHz) and the follow-
ing five-grade semiquantitative scoring system:
0 = normal hyaline cartilage; 1 = loss of the
sharpness of the cartilage superficial margin;
2 = partial-thickness defect of the cartilage layer;
3 = full-thickness defect of the cartilage layer
with normal subchondral bone profile; and
4 = complete loss of the cartilage layer and sub-
chondral bone damage (Fig. 26.4).

For tenosynovitis and tendon damage a task-
force of the OMERACT US group agreed on a
four-grade semiquantitative scoring system (i.e.,
grade 0, normal; grade 1, minimal; grade 2, mod-
erate; grade 3, severe). Both longitudinal and
transverse planes should be used to assess both
inflammatory findings and tendon ruptures.

The data acquired by all scoring systems
depend on both acquisition and interpretation
processes and the following practical tips are fun-
damental to consider, especially when a compari-
son between a previous or future ultrasound
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Fig. 26.3 Rheumatoid arthritis. Second metacarpopha-
langeal joint on longitudinal radial scan. Representative
examples showing bone erosions with different sizes. p
proximal phalanx; m metacarpal bone

examination is,
planned.

As regards the acquisition process, it may be
based on anatomic or pathologic references: in
other words, the sonographer may save the
images using standard scanning planes described
using fixed anatomic landmarks, or according to
the maximal expression of synovitis.

The images acquired using standard scans are
easily compared, but they may underestimate or
completely miss synovitis; conversely the method
based on pathologic findings may lead to the
acquisition of images with different anatomic
backgrounds, but they display the outcome mea-

respectively, requested or

sure which is essential for therapy monitoring.
Thus, ultrasound examination should not be lim-
ited to placing the probe in a selected number of
scanning planes, but it should entail the movement
of the probe from one side of the anatomic site
under examination to the other side, to look for the
maximal expression of synovial inflammation.

Interpretation of ultrasound findings indica-
tive of synovitis for therapy monitoring must
consider the following main issues: intra- and
inter-observer reliability and sensitivity to
change. In fact, interpretation based only on pres-
ence/absence is likely to provide a higher degree
of intra- and inter-observer agreement, but it may
miss early improvements due to treatment; con-
versely adopting a semiquantitative scoring sys-
tem allows for a more sensitive-to-change method
which distinguishes different grades of synovitis.
In other words, presence/absence approach
misses the benefit obtained by a treatment induc-
ing a change from synovitis grade 3 at baseline to
grade 1 at follow-up examination, because it
requires the complete disappearance of the ultra-
sound findings indicative of synovial inflamma-
tion to record an improvement.

26.2.2 Examined Joints

Several core sets of joints have been proposed to
assess rheumatoid arthritis activity with ultra-
sound; however, to date, there is no clear consen-
sus on the optimal joint count to use in daily
clinical practice. To include ultrasound in the
clinical routine, it is of major importance to scan
the lowest number of joints and tendons that is
able to give relevant information on the inflam-
matory process at patient level.

Hammer et al. published a study, in which a
comprehensive US score including 78 joints was
compared with reduced joint counts (7-, 12-, 28-,
and 44-joint scores) at different time points, dur-
ing biologic agent treatment. They found high
correlation between the reduced joint scores and
the 78-joint score at all examination time points
for power Doppler ultrasound.

In the development of scoring system, Scheel
et al. examined semiquantitatively (0-3) and quan-
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Fig. 26.4 Rheumatoid arthritis. Metacarpal head on lon-
gitudinal dorsal scan. Representative examples of differ-
ent grades of cartilage damage. (a) Normal hyaline
cartilage. (b) Loss of the sharpness of the cartilage super-
ficial margin. (c) Partial-thickness defect of the cartilage

titatively synovitis in the clinically most affected
metacarpophalangeal and proximal interphalan-
geal joints of the hands of rheumatoid patients.
They found no significant differences between
semiquantitative scores and quantitative measure-
ments and concluded that the examination of a

layer. (d) Full-thickness defect of the cartilage layer with
normal subchondral bone profile. (e) Complete loss of the
cartilage layer and subchondral bone damage. p proximal
phalanx; m metacarpal bone

reduced number of joints is preferable, in view of
the shorter examination time required.

Naredo et al. investigated the validity of
reduced joint counts including large and small
joints on both sides. A 12-joint score including
bilateral wrist, metacarpophalangeal and proxi-
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mal interphalangeal joints of the second and third
fingers, and knees was used to determine effu-
sion, synovitis, and PD activity. Such a scoring
system correlated highly with a corresponding
60-joint score. In fact, 12-joint score reflected the
overall joint inflammation in patients with RA
and is therefore useful for monitoring treatment.

Luz et al. proposed a novel ultrasound scoring
system for hand and wrist joints for evaluation of
patients with early RA. Such a scoring system
involved the assessment of the wrist and second
and third metacarpophalangeal and proximal
interphalangeal joints. The score consisted of
inflammation parameters (synovial proliferation,
power Doppler signal, and tenosynovitis) and
joint damage parameters (bone erosion and carti-
lage damage). The method proved to be a useful
tool for monitoring inflammation and joint dam-
age in patients with early RA, demonstrating sig-
nificant correlations with longitudinal changes in
disease activity and functional status.

More recently, 705 patients with definite RA
were investigated and a selection of eight joints
(bilateral wrist and metacarpophalangeal joints
of second, third, and fifth fingers) was found sim-
ple and efficient to detect synovitis in daily
practice.

In 2009, Backhaus et al. proposed a seven-
joint US composite scoring system, including
wrist, metacarpophalangeal and proximal inter-
phalangeal joint of the second and third fingers,
and metatarsophalangeal joint of the second and
fifth toes. The joints were examined by B-mode
and power Doppler ultrasound for synovitis,
tenosynovitis/paratendonitis, and  erosions
(Table 26.2).

B-mode ultrasound synovitis was scored
semiquantitatively according to Scheel et al.,
while the power Doppler signal was assessed
using the scoring system of Szkudlarek et al.
Tenosynovitis/paratendonitis and bone erosions
in B-mode ultrasound were recorded on a binary
basis (presence/absence). The authors concluded
that the use of this score would provide a fast
overview of disease activity in daily clinical prac-
tice and would be helpful in monitoring
treatment.

To date the seven-joint US composite scoring
system proposed by Backhaus et al. represents the
most comprehensive (not only joints are included
but also tendons; not only inflammatory findings
are evaluated, but also bone erosions) and vali-
dated (not only in cross-sectional studies in com-
parison with clinical and other imaging data, but
also in longitudinal studies testing its responsive-
ness) approach for assessing patients with rheu-
matoid arthritis. This accounts for its being the
most used score in rheumatological clinical prac-
tice. From a practical point of view, its main limi-
tation lies on the fact that it is based on a fixed set
of anatomic structures to scan (Table 26.2). Since
the anatomic structures are frequently affected
joints in rheumatoid arthritis, this score works
very well when assessing a cohort of patients with
rheumatoid arthritis. However, in a specific single
patient it may miss the most clinically involved
joints. Thus, a possible solution in daily clinical
practice could be to scan the seven joints indi-
cated by Backhaus et al. together with the most
clinically inflamed joint at the time of the visit.

26.2.3 Color and/or Power Doppler
Ultrasound Methods

Color and/or power Doppler ultrasound tech-
niques have gained importance because of their
ability to assess abnormal blood flow at synovial
tissue level, a key feature of the inflammatory
process in patients with chronic arthritis. Apart
from the outcome measure for monitoring dis-
ease activity during treatment (Fig. 26.5),
Doppler findings have been proposed as predic-
tors for relapse in patients in clinical remission
and have been found able to predict erosive pro-
gression both in patients with early RA and in
patients with low disease activity or remission.
Color and/or power Doppler ultrasound tech-
niques are operator- and machine-dependent tech-
niques. The following practical aspects should be
considered during a Doppler examination of joint
and periarticular structures. First, the patient must
find a comfortable position during the scanning to
avoid an increase of pressure at the anatomic site
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Table 26.2 B-mode ultrasound (US) and power Doppler (PD) US assessing synovitis, tenosynovitis/paratendonitis,
and bone erosions from the dorsal, palmar, and ulnar aspects of the wrist, metacarpophalangeal (MCP), proximal inter-

phalangeal (PIP), and metatarsophalangeal (MTP) joints

Wrist Fingers Toes
Synovitis Dorsal + PD  MCP II, III MPT IL, V
Palmar + PD  Palmar + PD Dorsal + PD
Ulnar + DP Dorsal-only PD
PIP I1, 111
Palmar + PD
Dorsal-only PD
Paratendonitis/  Dorsal + PD MCP II,
tenosynovitis Palmar + PD  IIIDorsal + PD
Ulnar + PD Palmar + PD
Bone erosions MCP I1, 11T MTPIL, V
Dorsal, palmar Dorsal, plantar
MCP I1 MTPV
Radial Lateral 8
PIP I1, 111
Dorsal, palmar E
1 joint 4 joints 2 joints 7 joints

under examination and consequent false-negative
findings. Second, the sonographer should reduce
as much as possible the compression on the tis-
sues with the probe. Third, the Doppler parame-
ters should be set to obtain the maximal sensitivity
for the detection of synovial blood flow. Although
they may vary using different ultrasound systems,
the mean values of the main Doppler parameters
can be the following:

Doppler frequency: 6 MHz for large joints,
i.e., knee; 9 MHz for smaller joints, i.e., wrist;
and 11 MHz for very small joints and superfi-
cial structures, i.e., distal interphalangeal
joints and tendons of the fingers and toes.
Pulse repetition frequency (PRF): ranging
from 750 Hz to 1.3 KHz.

Doppler gain: the highest value not generating
random noise artifacts.
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Wrist

Fig. 26.5 Rheumatoid arthritis. synovitis.
Ultrasound changes induced by intra-articular steroid
injection assessed using a dorsal longitudinal view. (a)
Baseline assessment showing active wrist synovitis. (b)
Two weeks after the injection the same view allows the
detection of the disappearance of ultrasound signs of
synovitis. (¢) One month after the injection, the image
shows the persistent absence of ultrasound signs of syno-
vitis. ca capitate bone, lu lunate bone, ra radius, t common
extensor tendons of the fingers

26.2.4 Doppler Quantitative
Assessment of Synovial
Blood Flow

Using different machines, Doppler modalities,
and settings may have a considerable influence
on the quantification of inflammation by ultra-
sound in patients with chronic arthritis, and this
must be taken into account when a follow-up
examination is performed. Semi- or fully auto-
mated software tools for quantitative assessment
of active synovitis may help reducing the inter-
observer variability. Quantitative Doppler scor-

ing systems include the count of color pixels or
the color pixel intensity, in a region of interest
(ROI), outlined by the sonographer, in synovial
tissue, inside the joint capsule, using dedicated
post-processing software and spectral Doppler
analysis with measurement of the resistive index
(RI) (Fig. 26.6).

Spectral Doppler analysis can be used to
obtain a quantitative estimation of the grade of
the synovial perfusion. The normal flow at the
level of soft tissues is characterized by high resis-
tance (i.e., high values of RI), because the dia-
stolic velocity has been considered to be zero.
Conversely, the inflammatory process is charac-
terized by an increased perfusion and permeabil-
ity of vessels together with neovascularization,
and consequently an increase of the diastolic
velocity and low values of RI indicate an inflam-
mation process.

Thus, RI value allows quantitative measure-
ments of the synovial blood flow providing an
estimation of the synovial activity in patients
with chronic arthritis: the lower the value of RI,
the higher the grade of synovitis.

26.3 Role of CEUS
in the Assessment

of Inflammatory Arthritis

Contrast-enhanced US (CEUS) consists of a sus-
pension of stabilized gas-filled spheres, which
once introduced into the bloodstream, intrave-
nously, generate high-intensity signals which can
be detected by the transducer. These tiny micro-
bubbles are smaller than red blood cells, which
thereby can be introduced into the vascular sys-
tem, and keep stable during the whole process of
examination. CEUS microbubbles are “blood
pool” contrast agents because once injected
inside the vessels, they remain inside the lumen
and do not diffuse in the extra-arterial tissue or in
the cells, showing the exact vascular patterns and
neoangiogenesis in the inflamed synovium. This
is important because angiogenesis is reported to
be the earliest sign of rheumatoid arthritis and
other inflammatory rheumatic diseases.
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Fig.26.6 Spectral
Doppler analysis, with
automatic calculation of
the resistive index (RI).
Abnormal
vascularization, with
decreased value of RI,
due to persistent flow
during the diastole, can
be observed at the level
of inflamed synovial
tissue of the wrist in a
patient with RA

The more recent type of US contrast agents
consists of stabilized microbubbles of a sulfur
hexafluoride gas (SonoVue®, Bracco, Milan,
Italy). The use of CEUS improves the sensitivity
of CDUS and PDUS in the identification of
abnormal vascularization in joint inflammation,
allowing a more exact measurement of the syno-
vitis and a better characterization of the pannus,
in terms of differentiation between hypervascu-
larity, hypovascularity, and avascularity. This
method has been shown to correlate with the his-
topathological quantitative and morphologic esti-
mation of microvascular proliferation in synovial
tissue.

26.3.1 Quantitative Analysis of CEUS

After an intravenous injection of the contrast
microbubbles, a time-intensity curve (TIC) in the
region of interest (ROI) is displayed by the soft-
ware, showing an S-shaped wash-in and a nearly
exponential washout (Fig. 26.7). The enhance-
ment curves can be compared to those built with
gadolinium DTPA in magnetic resonance studies.
After the bolus injection, the slope of the ascend-
ing and descending curve, the time to peak, the
maximum intensity, and the area under the TIC
curve are the most common parameters calcu-

RRRAIRER
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MDV 8.05cm/s
RI 0.70
P 1.26
S/ID 3.4
AT 145 ms
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¥ '“I;.‘i!ll.

lated by the software, representative of the perfu-
sion kinetics, and therefore they allow a detailed
evaluation and quantification of synovial inflam-
mation. Another approach of quantitative CEUS
analysis of the vascular perfusion of synovium is
pixel-based level and in a study a linear relation-
ship was discovered between the parameters of
quantitative CEUS and the frequencies of some
interleukins in patients with psoriatic arthritis.

26.3.2 Applications of Quantitative
Analysis of CEUS
in Inflammatory Arthritis

Many studies have demonstrated that CEUS may
be an excellent tool in the early diagnosis in
inflammatory diseases, such as rheumatoid
arthritis, psoriatic arthritis, and ankylosing spon-
dylitis, as well as in degenerative disorders. Most
of these studies have been performed in patients
with rtheumatoid arthritis. The capacity of CEUS
compared to that of B-mode and power Doppler
ultrasound for detection of vascularity in joints of
rheumatoid patients was evaluated by the
International ~ Arthritis Contrast Ultrasound
(IACUS) study group in a multicenter trial of five
European centers. CEUS has been found more
sensitive than color and power Doppler ultra-
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Fig. 26.7 Example of the time-intensity curve in patients with RA at baseline (a, b) and after 3 months of treatment
with biologic agents (c, d)
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sound in the differentiation between active and
inactive synovitis. CEUS significantly improves
the detection of synovial vascularization at the
knee in rheumatoid patients and the area under
the curve correlates with the clinical and labora-
tory findings of disease activity and with the
degree of knee inflammation, being significantly
higher in patients with clinically active synovitis
compared with those with inactive synovitis.
Apart from synovitis, CEUS was found to be use-
ful in the detection of pathologic intra- and peri-
tendinous vascularity associated with
tenosynovitis; in the evaluation of vascularized
erosive lesions, which are a sign of progressive
active disease; and in the demonstration of vascu-
larized synovial lining of the inflamed bursa.
Similar results have been found in patients with
spondylarthritis. It has been demonstrated that
the perfusion kinetics of CEUS, such as refilling
time, peak intensity, regional blood flow, and
slope, are associated with vascular synovial pat-
tern in patients with psoriatic arthritis. There is
also evidence confirming that the hypervascular-
ity can be shown in the inflamed sacroiliac joints
with spondylarthritis.

26.3.3 Clinical Application of CEUS
in Therapeutic Monitoring
in Inflammatory Arthritis

The quantification of synovitis is a key aspect to
support therapy decisions in daily practice in

patients with inflammatory arthritis and imaging
findings contribute to estimating synovial inflam-
mation activity. In the EFSUMB (European
Federation of Societies for Ultrasound in
Medicine and Biology) guidelines, CEUS is
described as a method whose findings may
change as a result of adequate treatment. A num-
ber of studies confirmed that CEUS can play a
role in the therapeutic monitoring in inflamma-
tory arthritis and in the evaluation of true remis-
sion (Table 26.3). CEUS has been shown to be
able to detect changes in synovial perfusion after
intra-articular steroid injection in patients with
RA and in patients treated with tumor necrosis
factor alpha (TNFa) inhibitors. In these patients,
CEUS was found to be useful in the short-term
follow-up, as it seems to provide an indication of
the presence or absence of residual disease
activity.

26.3.4 Limitations

Apart from the advantages, some drawbacks
must be considered when using CEUS to assess
synovitis for therapy monitoring in clinical prac-
tice. In fact, CEUS imaging allows the assess-
ment of only one joint per each dose of contrast
medium administered intravenously which limits
the examination to one or very few target dis-
tricts. Moreover, the contrast agent administra-
tion involves an increase in the running costs, and
carries a risk, albeit minimal, of side effects.



26 Therapy Efficacy Evaluation in Synovitis

245

Table 26.3 Main studies focusing on the role of CEUS in therapeutic monitoring in inflammatory arthritis listed in 3.1
chronological order

Author Year
Carotti 2002
et al.

Salaffi 2005
et al.

Klauser 2005
et al.

Song 2008
et al.

Klauser 2010
et al.

Ohmdorf 2011
et al.

Stramare 2013
et al.

Mouterde 2014
et al. SpA
Bonifati 2014
et al. PsA
Cozzi 2015
et al.

Tamas 2015
et al.

Disease
RA

RA

RA

RA and SpA

Tenosynovitis
in RA, still
disease, SSc,
SpA

RA

RA

Nonsteroidal
anti-
inflammatory
drugs
Anti-TNF-alpha
agents

PsA

Early arthritis

Therapy
Intra-articular injection
of glucocorticosteroids

Intra-articular injection
of triamcinolone
hexacetonide

Conventional synthetic
drugs

Intra-articular injection
of glucocorticosteroids

Not done

Anti-TNF-alpha agents

Anti-TNF-alpha agents

The slope values by
time-intensity analysis

The count of swollen
(ACR 66), tender (ACR
68), and active inflamed
joints

Mud-bath treatment,
anti-TNF-alpha agents

Conventional synthetic
drugs

Quantification
method
Time-intensity curve
parameters

Median values of the
area underlying
time-intensity curves

Enhancement and
semiquantitative
assessment

The slope values by
time-intensity
analysis

Extent of vascularity
on semiquantitative
assessment

Enhancement slope
and semiquantitative
assessment

Enhancement and
semiquantitative
assessment

CEUS improved the
detection of
enthesitis in SpA
patients

A significant
reduction of all
clinical variables,
including CEUS

The count of swollen
(ACR 66, tender
(ACR 68), and active
inflamed joints

Peak, slope, area
underlying
time-intensity

Results

The mean values of the
underlying time-intensity
curves differed between
patients with active and those
with inactive synovitis
Synovitis activity was highly
associated with changes of
the value of the area
underlying time-intensity
curves. The values are also
correlated with CRP and
index score of synovitis
activity

CEUS improved the
differentiation of active
versus inactive synovitis

A significant improvement of
clinical and CEUS
parameters in patient 1, and
elevated parameters in patient
2

CEUS was significantly more
sensitive in the detection of
vascularization, compared to
power Doppler ultrasound
CEUS showed the best
sensitivity in detecting the
changes after the treatment
with anti-TNF-alpha among
all the imaging techniques
applied in the study

CEUS might be useful in the
short-term follow-up of
patients with RA

A significant appearance
delay and faster washout
were observed in the
therapeutic group

Peak and area underlying
time-intensity curve
significantly decreased during
the treatment with the
remission of the symptoms

CEUS contrast-enhanced ultrasound, PsA psoriatic arthritis, RA rheumatoid arthritis, SpA spondylarthritis, SSc sys-

temic sclerosis
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