New approachesto imaging of early rheumatoid arthritis

P.G. Conaghan, D. McGonagle, R. Wakefield, P. Emery

Rheumatology and Rehabilitation Unit,
University of Leeds, Leeds, UK.

Philip G. Conaghan, MBBS, FRACP,
Senior Lecturer; Dennis McGonagle,
MBBch, BAO, MRCPI, Lecturer;
Richard Wakefield, BM, MRCP, Research
Fellow; Paul Emery, BA, MA, MBBChir,
MD, FRCP, ARC Professor of Rheuma-
tology.

Please address correspondence and
reprint requests to: Prof. Paul Emery,
Rheumatology and Rehabilitation
Research Unit, University of Leeds, 36
Clarendon Road, Leeds LS2 9NZ, UK.

Clin Exp Rheumatol 1999; 17 (Suppl. 18):
S37-HA2.

© Copyright CLINICAL AND
ExPERIMENTAL RHEUMATOLOGY 1999.

Key words:

Early rheumatoid arthritis, magnetic
resonance imaging (MRI), sonography,
x-ray, ultrasonography (US), dua
x-ray absorptiometry (DXA).

ABSTRACT

Conventional radiology (CR) isa major
tool for the diagnosis and assessment of
early arthritis. However, CR does not im-
age the primary pathology of rheuma-
toid arthritis (RA), i.e. the synovium, and
isinsensitive for radiological erosions.
New techniques, particularly magnetic
resonance imaging (MRI) and ultra-
sonography (US) have shown their po-
tential to improve on the sensitivity of
CR. Thisarticle reviews the current sta-
tus of this approach in early disease.

Introduction

Conventional radiography (CR) hastra-
ditionally provided the marker for both
diagnosis and disease therapeutic modi-
fication in rheumatoid arthritis (RA): the
radiographic bony erosion. However,
there are problems with the parameter
of erosion in disease measurement: itis
present in less than 40% of cases of early
RA at presentation (1) and therefore has
limited diagnostic utility, and discord-
ance has been reported between clinical
disease activity and erosion progression
(2). The introduction of newer, multi-
planar imaging modalities, such as mag-
netic resonance imaging (MRI) and
ultrasonography (US), that have the abil-
ity to image both soft tissue and bone,
has resulted in increasing knowledge
about both the pathogenesis and treat-
ment response in early RA.

M agnetic resonance imaging

The technology

A number of features have contributed
to the increased use of MRI in rheuma-
tology, including better access to scan-
ners, the improved resolution of scan-
ners, and rapid developments in the se-
quences used for evaluating different tis-
sues. The principles of MRI have been
simply explained elsewhere (3), but a
brief description follows. The hydrogen
protons in human tissues align when
placed in an external magnetic field; this
is termed longitudinal magnetisation.
When excited by an external electromag-
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netic pulse, they acquire energy or reso-
nance, with a consequent decreasein lon-
gitudinal magnetisation and an increase
in transverse magnetisation. When this
pulseis turned off, the protons will re-
turn to their previous low-energy state.
The net movement of protonsresultsin
an electric current measured asthe MR
signal.

The appearances of particular tissues
depends on their hydrogen proton con-
tent. When using common MRI sequen-
ces, a T1-weighted (T1W) image results
in fat-containing tissues such as bone
marrow having ahigh signa (Fig. 1). On
T2W images, both fat and fluid have a
high signal. Modern techniques of fat
suppression can eliminate this high sig-
nal from fat (Fig. 2), thereby making sites
of fluid and inflammation easily visible
(Fig. 3). One of thetools used for evalua
ting synovitisis the paramagnetic agent
gadolinium-diethylenetriaminepenta-
cidic acid (Gd-DTPA). This agent short-
ens the relaxation times of adjacent tis-
sues, thereby improving contrast, and its
uptake depends on tissue vascularity and
capillary permeability, hence identifying
the sites of inflammation.

When comparing MRI studiesin RA, it
is useful to examine the magnet strength
(measured in Tesla), the sequences per-
formed (including whether axial or coro-
nal views were included), and the ana-
tomic sites studied, asthese al vary con-
siderably. It is also important concep-
tually to realise that CR shows bright
bone because of the calcium content,
whereas bright bone on TIW MRI im-
ages represents the bone marrow hydro-
gen content. Thus, “MRI erosion” is not
the same pathogenic entity as CR ero-
sion, athough, as will be discussed be-
low, they likely represent the same le-
sion at different pointsin time.

MRI and bony damage

A number of studies have demonstrated
the superior sensitivity of MRI over CR
to detect bony damage. Many of these
reports involved short duration or early
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Fig. 2. Corond view of anorma hand using a T2 fat-suppressed sequence. Note
the low signa from bone marrow.

Fig. 3. Coronal view of the hand (T2 fat-suppressed sequence) from arheumatoid
arthritis patient showing inflammation (high signal) in the second to fourth
metacarpophaangeal heads (*).
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RA patients. McQueen et al. examined
the carpus in 42 patients with RA of a
mean duration of 4 months and found
CR erosionsin 15%, but MRI bony le-
sionsin 45% (4). Jorgensenet al. found
MRI erosionsin 4 of 15 wristswith nor-
mal CR and a similarly short disease
duration (5). Fordind et al. (6) demon-
strated a marked superiority of the MRI
erosion count over the CR erosion count
at the knee, but only a small difference
at the fifth metatarsophalangeal (MTP)
joints, in 30 patients with a mean dis-
ease duration of 8 months. Using fat sup-
pression sequences, we have reported (in
abstract form only) CR and MRI find-
ings in the second to fifth metacarpo-
phaangeal (MCP) joints of early RA pa-
tients (7). Ten radiographic erosions
were found in 116 joints examined,
whereas MRI demonstrated more than
100 bony abnormalities. This observa-
tion highlights the capacity of fat-sup-
pressed MRI to demonstrate areas of
bone oedema, which are dso demonstra-
ted at the wrist in longer-duration dis-
ease (8). Studiesin longer-duration RA
have also demonstrated the greater sen-
sitivity of MRI at the wrist, finger, and
shoulder joints (9-11).

These studiesin early disease highlight
the fact that most patients with RA have
bony abnormalities on MRI scanning at
presentation. We have also demonstrated
that the described MRI bony changes are
seen only infrequently in normal controls
(12) and seem relatively specific for RA,
being less frequent in patients with poly-
arthritiswho have agood prognosis (13).

MRI and synovitis

Synovitis appears to be the primary in-
flammatory event in RA. The best me-
thod to detect synovitisusing MRI em-
ploys the intravenous contrast agent Gd-
DTPA mentioned above. Gd-DTPA sy-
novitis has been correlated with micro-
scopic changes of inflammation in the
RA knee, including cellular infiltrates,
fibrin deposition, and vascular prolifera-
tion (14-16). One of these studies using
arthroscopy also found correlations with
macroscopic synovitis (15).

Different methods may be applied for
quantitating synovitis, although again
one must be careful when comparing stu-
dies using different measurement tools.

Assessments may be performed either
manually or using semi- or fully-auto-
mated software packages. Synovitis may
be calculated from the total synovial vol-
ume (using multiple sections), from a
single section, or from pharmacokinetic
parameters such astherate of Gd-DTPA
enhancement or maximal Gd-DTPA en-
hancement (17-19).

MRI synovia volumes may be used to
monitor the response to therapy. In the
short term, studies of intraarticular corti-
costeroids in the knee indicate that MRI
volumes are a sensitive measure of
changein clinical disease activity (18,
20, 21). Similarly, we have demonstra-
ted for early RA that MRI detects reduc-
tionsin the MCP joint synovial volume
after intraarticular corticosteroids (22).
Newer studies have demonstrated the
usefulness of MRI in the long-term fol-
low-up of treatment (23).

MRI in the diagnosis and prognosis

of RA

With studies demonstrating that Gd-
enhanced MRI is more sensitive than
clinical examination for both early RA
(6, 7) and RA of longer duration (24),
the possible role for MRI in the screen-
ing of early arthritis populations has been
raised. There are few published studies
in this area, however. One report indi-
cated that addition of the MRI criteria
of contrast-enhancing joints in both
hands of RA (duration not stated) and
non-RA patients to the classification tree
format of the American College of Rheu-
matology criteriaresulted in sensitivity
and negative predictive values of 100%
(25). Importantly, observations based on
MRI have suggested two subgroups of
inflammatory arthritis; a primary intra-
synovial group and an entheseal-based
group (26). The consequences of these
findings will be relevant in defining
MRI-based disease criteria

Although CR-based studies have sug-
gested an uncoupling of synovitis and
bony damage, our MRI studies of early
RA have suggested a more direct rela-
tionship with bone oedema secondary to
synovitis detected as the earliest MRI
bone change (12). This observation is
supported by recent contrast-enhanced
MRI studies demonstrating that baseline
synovitis scores were highly correlated
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with subsequent CR damage at 6 and 12
months in both early (27) and more es-
tablished disease (23, 28). These longer-
term studies highlight the useful ness of
MRI in ng treatment response and
raise questions regarding the definition
of true remission.

Ultrasonography

The technology

Like MRI, changes in ultrasound tech-
nology have increased interest in this
field for rheumatology, as reflected in
recent editorials (29-31). US provides
multiplanar imaging with real-time ex-
amination and alack of ionising radia-
tion - dl-important advantages over CR.
Improved microprocessors, faster digi-
tal imaging systems, and high-frequency
(7.5 - 20 MHZz) transducers have result-
ed in the clearer visualization of both
bone and soft tissues.

The transducer is particularly important
inimage quality: in principle, the higher
the frequency of the sonographic wave,
the greater the resolution of image, but
at the cost of reduced tissue penetration.
Linear-array transducers are the most
suited for examining linear structures
because they emit parallel sonographic
waves which, when applied perpendicu-
larly to the structure, alow for maximum
reflection. Importantly, the development
of new, smaller transducers has allowed
better accessto the small joints. In gen-
eral, musculoskeletal pathology results
in reduced echogenicity within the tar-
get structure (see Figs. 4 and 5).

Ultrasonographic studies of RA

There are few published studies on US
in RA (let dlone early RA), and thislack
of peer-reviewed studies, together with
alack of recognised guidelines for stand-
ardised joint examination and training,
have hindered the more widespread use
of US. However, recent abstracts pre-
sented at international meetings suggest
that the areais developing rapidly.

In earlier studies, US was found to de-
tect more synovial and bony pathol ogy
in established RA when compared to
normal wrist and MCP joints (32, 33).
Recent studies have concentrated on the
validation of the technique and have
compared USwith arthroscopic and MRI
findings. Rubaltelli et al. compared US
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Fig. 4. Longitudina section through a second metacarpophalanged joint (M =

[
. t —

Fig. 5. Longitudinal section through a second metacarpophalangeal joint (M =

metacarpa head, P = phalanx) showing synovitis (S) over thedorsd aspect of the  metacarpa head, P = phalanx) showing alarge erosion (small arrowheads) on the
radial aspect of the metacarpa head.

joint.

synovial thickness with arthroscopic
findingsin 13 RA (and 14 psoriatic ar-
thritis) knees and found good correla-
tionsfor the suprapatellar and medial re-
cess compartments (34). A Finnish group
compared CR, MRI, computerised tom-
ography (CT) and US for the detection
of humeral head erosions, again in long-
standing RA (35). They found MRI, CT,
and US all to be more sensitive than CR,
with MRI and US being superior to CT
in detecting small erosions. US wasthe
most sengitive tool for detecting erosions
of the greater tuberosity, highlighting
once again the benefits of multiplanar
access.

In arecent report, Backhaus et al. have
compared CR, MRI, scintigraphy, and
USin the finger joints of 60 inflamma-
tory arthritis patients, 36 of whom had
RA (36). This study confirmed the sen-
sitivity of MRI for detecting bony pa-
thology and found that both US and MR
had high sensitivity for detecting syno-
vitis. Ultrasonography was found to be
more sensitive than MRI for the detec-
tion of synowvitis, in contrast to other stud-
ies (7,37). We have studied the MCP
joints of early RA patients, comparing
MRI and US, and found them to be
equally sensitive in the detection of in-
flammatory changes (7).

The potential use of USin the evalua-
tion of the therapeutic response remains
exciting, but again there are little pub-
lished data. Uncontrolled studies of smdll
numbers of inflamed knees of estab-
lished RA patients have demonstrated
that USis useful in detecting longitudi-
nal changesin both synovial thickening
and effusions (38-40). Preliminary re-
ports suggest that power Doppler, which
can assess tissue hyperaemia more ef-
fectively than standard colour Doppler
techniques, may also be useful for as-
sessing longitudinal changesin synovial
inflammation (41, 42). The sengitivity of
power Doppler may be further enhanced
by intravascular bubble contrast agents
(43).

Other imaging modalities

Imaging modalities other than MRI and
USmay also havearolein early RA di-
agnosis and treatment monitoring. Hand
bone minera density (BMD) studies per-
formed using dual x-ray absorptiometry
(DXA) have demonstrated significant
correlations between this and other sites,
with loss of hand BMD occurring before
systemic disease (44). Early loss of hand
BMD in RA may be predictive of long-
term BMD and functiona outcome (45).
Recent work from our group has suggest-
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ed that loss of hand BMD may be spe-
cific to RA when compared with patients
who have limited hand synovitis or ar-
thralgias (46).

Preliminary reports suggest the useful -
ness of positron emission tomography
(PET) scansin assessing the response to
treatment in the knee and wrist joints of
RA patients (47, 48). The latter of these
reports, although describing only 2 pa-
tients, found a good correlation between
the reduction in MRI synovial volume
(post-corticosteroid) and areduction in
synovial metabolism as measured by
PET with 18F-fluoro-2-deoxyglucose.
Another area of modern imaging that
offers great promiseisthe use of radio-
pharmaceuticals. A radiolabelled anti-E-
selectin monoclonal antibody has been
reported to localise to the inflamed joints
of RA patients (49).

Conclusions

Imaging technology continuesto change
and isimproving rapidly. New hardware,
new software, and falling costs will en-
hance the usefulness and availahility of
both MRI and US. Automated synovitis
estimations and the devel opment of dedi-
cated extremity scanners (50) will im-
prove the usefulness of MRI to clinicians
and clinical trialists. Well-designed vali-
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dation studies are delineating the role for
USin the diagnosis and monitoring of
early RA, and its real-time advantages
make it ideally suited for use in outpa-
tient settings. The application of new
imaging techniques to the early diagno-
sis and evaluation of the treatment re-
sponse heralds an erain which rheum-
atologists will be able to better target and
reduce synovitis and consequently im-
prove RA patient outcomes.
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