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MR arthrography: pharmacology,
efficacy and safety in clinical trials

Abstract Objective: A meta-analy-
sis was carried out of clinical trials
published between 1987 and 2001 in
respect of the clinical pharmacology
and safety as well as the diagnostic
efficacy of gadolinium-DTPA
(Gd-DTPA) for direct intra-articular
injection before MRI examination.
Design: Scientific papers (clinical,
postmortem and experimental stud-
ies) and information from the manu-
facturer regarding intra-articular in-
jection of Gd-DTPA that addressed
questions of mode of action, optimal
concentration and dose, elimination
and safety were reviewed. Clinical
studies were classified according to
their study design. The sensitivity,
specificity and accuracy of MR
arthrography (MRA) were compared
with a “gold standard” (arthroscopy,
arthrotomy) and other radiological
evidence for different joints.
Results: Fifty-two clinical studies of
the overall 112 studies addressed as-
pects of diagnostic efficacy of MRA
in patients or in healthy volunteers.
The shoulder was the most assessed
joint (29 of 52 studies). Good
(>80%) or even excellent (90-100%)
sensitivity, specificity and accuracy
were found for MRA in most indica-
tions, especially for the shoulder and
knee joints and induced extension of
rotator cuff lesions, labrum abnor-
malities and postoperative meniscal
tears. Two millimoles per liter has
proven to be the best concentration
for intra-articular administration of

Gd-DTPA. After passive complete
diffusion from the joint within

6-24 h, complete and rapid renal
elimination takes place after intra-
articular injection. Local safety
proved to be excellent after intra-
articular administration of
Gd-DTPA. Regarding systemic
tolerance almost no side effects have
been reported, but the same safety
considerations apply for intra-
articular administration of Gd-DTPA
as for intravenous injection.
Conclusions: The diagnostic efficacy
of intra-articular MRA in most clini-
cal conditions affecting major joints
is greater than that of plain MRI. In
some diagnostic problems MRA
achieves almost the same sensitivity
and specificity as the surgical gold
standard. Given a sterile application,
the intra-articular administration of
Gd-DTPA in a concentration of

2 mmol/l prior to MRI is a safe
procedure.

Keywords Magnetic resonance
imaging - Arthrography -
Effectiveness - Safety - Pharmacology
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Introduction

Clinical experience with the intra-articular administra-
tion of contrast-enhancing solutions for use in MR artho-
graphy (MRA) now extends for over 10 years [1]. Apart
from the rarely used application of NaCl solutions [2, 3,
4, 5], this experience is based almost exclusively on the
application of gadolinium DTPA (Gd-DTPA). To date,
Gd-DTPA is widely approved by the responsible state
agency in a concentration of 500 mmol/l as an MR con-
trast agent for intravenous (i.v.) injection in some coun-
tries of the European Union and in the United States.
Numerous studies and case reports have shown the diag-
nostic benefit of intra-articular administration of Gd-
DTPA before MRI examination (direct MR arthrogra-
phy).

In the present overview, we aimed to analyze the clin-
ical pharmacology and safety of the intra-articular
administration of Gd-DTPA as well as the diagnostic
efficacy for the different joints based on the available lit-
erature from 1987 to 2001.

Methods

Clinical pharmacology

Clinical and experimental studies and monographs on pharmaco-
dynamic and pharmacokinetic characteristics following intra-artic-
ular administration of Gd-DTPA were considered (key words: ga-
dolinium-DTPA, Magnevist, side effects, dose, signal-noise ratio,
MR, intra-articular). Since specific studies on total body dose and
local tissue exposure in man are lacking, experimental studies in
animals as well as theoretical calculations based on experiences
after i.v. administration of Gd-DTPA were taken into account.
Recommendations for optimum concentration and dose in differ-
ent joints and imaging windows are provided according to the lit-
erature and our own experience.

Clinical trials — literature basis

Published papers on MRA were reviewed after a literature dat-
abase Medline search (Knowledgefinder, Version 4.16, Aries
Systems Corporation, and PubMed — National Library of Medi-
cine; key words: MR arthrography, arthrography, direct arthrogra-
phy, MRI, CT arthrography, shoulder, elbow, knee, ankle, hip
wrist, finger) for the 15 year period 1987-2001. For the purposes
of the present overview all publications reviewed fulfilled the
(strict) quality criteria (see below) relating to the experimental de-
sign, valid methodology, size of the patient population examined
or the quality of the journal (e.g., peer review) (n=112).
The type of study was determined as follows:

® ‘“experimental study”: studies in vitro or using defined phan-
toms (n = 19);

® “clinical study”: studies on patients or healthy volunteers
(n=54);

® “postmortem study”: studies on postmortem joints (n = 39).

For the present review, all clinical studies (n=54) have been in-
cluded in which direct MRA with gadolinium-containing solutions

has been used for definite indications on the wrist, knee, shoulder,
ankle, finger or hip joint. The focus of scientific interest in this re-
gard has been studies of the shoulder joint. Only original papers
from journals listed in Index Medicus are mentioned; abstracts or
summaries from congress contributions have not been included.
The clinical studies have been categorized as follows by their de-
sign:

® “Controlled”: prospective study related to a reference method
such as arthroscopy or open surgery as the gold standard. The
study has defined inclusion and exclusion criteria as well as a
defined study protocol, in which information is provided about
the diagnostic efficacy based at least on descriptive statistics.
Nineteen studies are included, of which nine concern the
shoulder [1, 6, 7, 8, 9, 10, 11, 12, 13], four the knee [14, 15,
16, 17], three the wrist [18, 19, 20], two the ankle [21, 22] and
one the hip [23]. These studies comprise a total of 640 pa-
tients.

® “Partially controlled”: only some of the above-mentioned re-
quirements of a controlled study are fulfilled or are fulfilled in
only some of the population examined. Twenty-three studies
were identified, of which 14 concern the shoulder [24, 25, 26,
27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37], four the knee [38,
39, 40, 41], two the wrist [42, 43], two the hip [44, 45] and one
the finger joints [46]. In these studies, a total of 2,011 patients
were examined with MRA and 772 of them were studied under
controlled conditions.

® “Uncontrolled”: the requirements of a controlled and partly
controlled study are not fulfilled. Ten studies were included in
this category, of which six concern the shoulder joint [2, 47,
48, 49, 50, 51] and one each the ankle [52] and the wrist [53].
In addition, various joints were examined in two large multi-
center studies [54, 55] which were of great importance regard-
ing safety aspects. A further 2,515 patients were exposed to in-
tra-articular Gd-DTPA.

Thus, a total of 1,412 patients were studied under controlled con-
ditions (arthroscopy/surgery) in 42 studies while a total of 5,166
patients were exposed to intra-articular Gd-DTPA in a total of 52
studies. Furthermore, two recent studies on patients’ perception
and discomfort during MRA of different joints in a total of 315 pa-
tients were included in the clinical study population [56, 57].

Sensitivity and specificity were calculated in 31 of the con-
trolled and partly controlled studies, and the accuracy (in addition)
in 18 studies. Other statistical statements connected with the deter-
mination of the agreement between MRA and arthroscopy/arthrot-
omy or conventional imaging are based on the use of kappa values
[7, 12, 13, 14, 32], the chi-square test [12, 20, 32], Fisher’s exact
test [22, 24] and the Wilcoxon signed rank test [24] as well as the
McNemar test [9, 12, 17, 21].

Side effects and complications of intra-articular administration
of Gd-DTPA mentioned in the studies quoted are reported. In par-
ticular, two major open trials which focused on the adverse events
classified as tolerance indicators and other adverse events of MRA
are considered [54, 55]. Although neither study has been pub-
lished in a scientific journal or included in Medline, they are con-
sidered because of the large number of patients examined and the
unique approach concerning the examination of adverse events.

Scientific papers, monographs (clinical, postmortem and ex-
perimental studies and reports) and information from the manufac-
turer that addressed questions of mode of the action, optimum
concentration and dose, elimination and safety as well as the influ-
ence of magnetic field strength and iodinated contrast agent on the
image quality were reviewed.



Results
Clinical pharmacology

Basic pharmacological characterization
and mode of action

Gd-DTPA for intra-articular injection is usually used in a
concentration of 2 mmol/l. The active ingredient is gado-
pentetate dimeglumine, which is the N-methylglucamine
salt of a stable gadolinium complex based on diethylene-
triamine penta-acetic (DTPA). The gadolinium ion has
seven unpaired electrons resulting in strong paramagnet-
ic properties and, hence, a very strong hydrogen-proton
spin lattice (T1) relaxation effect. The stable chelated ion
maintains strong paramagnetic properties while provid-
ing excellent safety for the otherwise toxic gadolinium.
If the joint is filled with gadolinium-containing fluid, the
signal in the cavity increases with the use of T1-weight-
ed sequences, and all intra-articular structures, even
those with a weak or intermediate signal (including hya-
line and fibrous cartilage, ligaments, tendons, joint cap-
sule), are clearly contrasted. In order to study the rela-
tionship between field strength and signal emission, the
relaxivities of Gd-DTPA were determined at field
strengths of 0.0002—4.7 T [58, 59]. A decrease in T1 re-
laxivity was found in the low field range below 0.4 T but
did not change significantly on transition to the medium
and high field range up to 2 T.

Optimum concentration and dose

Depending on the pulse sequence chosen, the maximum
signal intensity measured in in vitro experiments is
found at Gd concentrations between 0.5 [60] and
2.5 mmol/l [50, 61]. For a T1-weighted sequence with
TE/TR = 500/18 ms as is normally used in joint studies,
the highest signal intensity and, hence, also the highest
contrast, can be expected from a 1 mmol/l Gd-DTPA so-
lution. However, dilution of the applied contrast medium
by existing inflammation- or trauma-related effusion can
occur in vivo. A dilution effect of the injected Gd-DTPA
commonly occurs not only when there is an increased
collection of intra-articular fluid (effusion) but must also
be considered under physiological conditions. Thus, at a
concentration of 2 mmol/l, an adequate contrast medium
effect is still available even in the case of a 1:1 dilution.
Bearing in mind individual circumstances, for exam-
ple postinflammatory or post-traumatic states such as ad-
hesive capsulitis, recommendations regarding the vol-
ume to be administered per joint are given in Table 1.

Table 1 Recommended volume of Gd-DTPA to be administered
per joint

Joint Volume required (ml) Reference
Shoulder

Instability 15-20 [29]

Rotator cuff lesion 10-12 [13]

Wrist 4 [19]

Finger joint 1-2

Hip 10-20 [23, 44, 54, 55]
Knee joint 25-50 [15, 54, 55]
Ankle 12-20 [21]

Total body dose and local tissue exposure
after intra-articular and i.v. administration

In some countries, Gd-DTPA is licensed for intravenous
administration as a paramagnetic contrast medium in
MRI up to a total body dose of 0.3 mmol/kg body weight
in adults (0.2 mmol/kg in children), but the standard dos-
age administered is 0.1 mmol/kg body weight. Although
no figures for the total body dose exist in the case of in-
tra-articular administration, it can be roughly estimated
from a simple calculation taking the individual body
weight into account:

Given a concentration of 2 mmol/l and a patient
weight of 70 kg, a theoretical total body dose of 50 ml x
2 umol/ml (= 2 mmol/l) divided by 70 kg = 1.4 pumol/kg
results from a maximum administered volume of 50 ml.
Depending on the size of the joint, a volume between 10
and 40 ml is usually injected. This theoretically calcu-
lated maximum whole body dose after intra-articular ad-
ministration is, therefore, about 200 times lower than
the maximum permissible and approved intravenous
dose.

Gd-DTPA, as a hydrophilic agent, diffuses throughout
the entire extracellular space after intravenous injection.
It has a distribution volume of about 0.21-0.23 1/kg body
weight [62]; in theory, therefore, the maximum interstiti-
al concentration after an intravenous dose of 0.3 mmol/kg
or 0.21-0.23 1/kg is 1.3—1.4 mmol/l.

The intra-articular gadolinium concentrations mea-
sured after intravenous administration of 0.1 mmol/kg
body weight Gd-DTPA or Gd-DOTA are between 0.029
and 0.44 mmol/l [63, 64, 65]. These values are lower
than would be expected for uniform distribution in the
extracellular space (see above). The discrepancy be-
tween the mean measured and the calculated values can
be explained by the fact that a large proportion of the
surface of the joint cavity shows limited diffusion by
bradytrophic and non-perfused cartilage, so that free dif-
fusion is slowed down correspondingly. Since only the
synovial membrane of the joint capsule can be regarded
as a diffusing tissue, equalization of the concentration



with the rest of the extracellular space can be achieved
only after a prolonged period of time — during which,
however, the total amount of gadolinium in the body has
already fallen again markedly because of renal excretion.
It must also be recognized that the physiologically or
pathologically available joint fluid further dilutes the
contrast agent administered into the joint. It can be as-
sumed that local intolerance reactions in the joint due to
the concentration after intra-articular injection are un-
likely to be any more frequent than after systemic con-
trast medium administration. This assumption is con-
firmed by the safety reports (see below).

Elimination from joints and body

Apart from the experimental results in animals [66], only
a few clinical studies exist which permit at least an esti-
mate of the timeframe in which gadolinium-DTPA
leaves the joint [47, 67, 68], and no studies in man exist
which have specifically addressed the elimination of
gadopentetate dimeglumine after intra-articular injection
by repeated sampling of synovial fluid or urinary kinet-
ics. However, according to calculations, plasma and
urine concentrations will drop rapidly below the detec-
tion limit. According to a study which examined the im-
aging window after intra-articular injection of the clini-
cally used 2 mmol/l Gd-DTPA solution into the shoulder
joint the highest signal intensity was achieved immedi-
ately after the injection, and the intensity fell within the
first 120 min [68]. The level of usable contrast was
shown to be nondiagnostic in the joint after 6 and 24 h
[47, 68].

It is clear that, just as after intravenous administra-
tion, complete and rapid renal elimination takes place af-
ter intra-articular injection as well as passive diffusion
out of the joint, since no significant amounts of gadolini-
um have been demonstrated in surgical preparations
either in animal experiments or in pathological studies
[66, 69].

Results acquired in animal experiments and in vitro
regarding the pharmacodynamics and pharmacokinetics
of gadolinium after local administration show that, al-
though free gadolinium is taken up completely by hya-
line cartilage (i.e. by all three layers) within 24 h, com-
plex-bound Gd-DTPA diffuses much more slowly and in
much smaller amounts than free gadolinium into the car-
tilage tissue [66]. These results were confirmed in 10 pa-
tients in whom an endoprosthesis was implanted because
of pronounced arthrosis of the knee. Gd-DTPA was in-
jected into the pertinent knee in a concentration of
1-5 mmol/l at 17-137 h preoperatively. The surgically
removed sections of cartilage were examined by mass
spectroscopy for their gadolinium content at specified
sites. All values were found to be close to the lowest
limit of detection (= 0.05 mg/kg) [66, 70].

Interaction between Gd-DTPA
and iodinated contrast media

The joints are usually punctured either without any
technical aids (e.g., knee) or under X-ray fluoroscopic
control (e.g., shoulder), when a small amount of iodina-
ted contrast medium is usually injected to ensure that
the needle is in the joint cavity. Occasionally, iodinated
contrast medium is also used in order to obtain both
conventional or CT-assisted arthrograms and magnetic
resonance images after a single joint puncture [8, 47].
Both the intrinsic signal behavior of the X-ray contrast
medium and the influence of the contrast medium on the
relaxation behavior of Gd-DTPA must then be consid-
ered.

An in vitro and clinical MRA study of different ionic
and non-ionic iodinated contrast media (all with a
300 mg/ml content of iodine) showed a much higher sig-
nal intensity than with physiological saline for T1-
weighted sequences. This effect, which is not fully un-
derstood, was more pronounced with the ionic contrast
medium ioxithalamate (Telebrix, Guerbet, Paris, France)
than with the non-ionic monomeric compound iopromide
(Ultravist, Schering, Berlin, Germany) or the dimeric
preparation iotrolan (Isovist, Schering, Berlin, Germany)
[50]. Despite this, no additive effect causing a further in-
crease in signal intensity occurs after the admixture of
X-ray contrast medium to gadolinium solutions, but rath-
er a distinct loss of signal. A 25% decrease in the signal
intensity can be expected in vitro even with a 15% vol-
ume X-ray contrast medium compared with a pure sodi-
um chloride/Gd-DTPA solution [50].

Besides this, in a recent in vitro study three iodinated
contrast agents were mixed and incubated with Gd-
DTPA at a concentration approximating that used during
MRA (1:20) in order to determine whether free toxic ga-
dolinium ion dissociates from the gadopentetate dime-
glumine complex. It was found that no gadolinium ion
dissociated from the gadopentetate dimeglumine com-
plex even after adding saline, lidocaine or epinephrine.
These results have shown that the mixture of Gd-based
and iodinated contrast material is safe and also can be
mixed with epinephrine and/or lidocaine for clinical use
[71].

Clinical study population

Patients were recruited to the studies who had had joint
pain over a long period of time with or without preced-
ing trauma and who were to be diagnosed and, if neces-
sary, treated with the help of arthroscopy or another sur-
gical measure. MRA was performed with the agreement
of the patient prior to the stated gold standard methods.
The main exclusion criteria were known contraindica-
tions to an MR examination, including metallic implants,



a cardiac pacemaker and claustrophobia. The patient
population was only described in detail with regard to
sex and age distribution in some studies. In these studies
there were 2,436 men (64.9%) and 1,317 women
(35.1%) who underwent MRA.

Diagnostic accuracy in clinical trials

All 42 controlled or partly controlled studies, in which
the value of intra-articular MRA was tested against the
current gold standards of arthroscopy or arthrotomy,
were included in the analysis. Additionally, MRA was
inconsistently compared with plain MRI, conventional
arthrography or CT arthrography (CTA). When compar-
ing MRA with the previously described gold standards,
it should be remembered that even the gold standards
themselves are limited (not all joint compartments can be
directly visualized by arthroscopy because of the rigidity
of the instruments) [72].

Shoulder joint

Nine controlled and 14 partially controlled studies were
evaluated. A total of 1,833 patients were included in
these 23 studies. The above-mentioned requirements of a
controlled study were fulfilled in 839 patients.

Compared with the gold standard, sensitivities and
specificities of more than 80% were consistently found
for labral lesions regardless of the location (superior, in-
ferior, posterior sections of the labrum) and severity
(partial or complete tears) of the lesion. In three of these
studies, the sensitivity and/or specificity was as high as
100% [1, 8, 27]. These results regarding diagnostic effi-
cacy were confirmed in further controlled [6, 9] and par-
tially controlled studies [24, 25, 26, 27] of labral lesions
in which MRA consistently displayed sensitivities
around and above 90%. A comparison with CTA was
made in two controlled [8, 9] and two uncontrolled stud-
ies [31, 33], and with plain MRI likewise in two con-
trolled [1, 9] and two uncontrolled studies [29, 37]. In all
studies, MRA proved to be superior to the other two mo-
dalities as regards the demonstrability of labral lesions
(Figs. 1, 2). Only in respect of the demonstration of en-
thesophytes in the postero-inferior section of the glenoid
was CTA found to be superior in one of the study series
[33].

The detection of rotator cuff lesions was evaluated in
eight studies, all of which showed the particular value of
MRA in the diagnosis of incomplete ruptures of the rota-
tor cuff as well as their differentiation from full-thick-
ness tears. The sensitivities and specificities were consis-
tently reported as being 80-100% [1, 8, 10, 11, 29, 30,
31, 32]. Agreement regarding the diagnosis of complete
ruptures of the supraspinatus and infraspinatus tendon

Fig. 1 Shoulder MR arthrography (2 mmol/l Gd-DTPA, intra-
articular) showing a tear of the inferior glenoid labrum. The site of
the tear is demonstrated by a small linear extension of contrast
medium (arrow) into the inferior labrum in this coronal, fat-
saturated T1-weighted spin-echo (TR 568, TE 8) image of the
shoulder

Fig. 2 Shoulder MR arthrography (2 mmol/l Gd-DTPA, intra-
articular) showing an anterior avulsion of the glenoid labrum. Axial
T1-weighted spin-echo (TR 668, TE 8) image shows displacement
of the anterior labrum (arrows) between subscapular tendon and
glenoid; contrast medium is interposed between the labrum and
the glenoid



and of tendinitis is high, as shown clearly by kappa val-
ues of between 0.65 and 0.93 [32]. The value of MRA
was compared with CTA in the demonstration of partial
or complete ruptures of the rotator cuff and statistically
evaluated in one controlled study [8]. Regardless of the
type or extent of the rupture, the sensitivity was 73% for
CTA and 100% for MRA, while the specificity was
100% for both techniques. In comparison to plain MRI,
MRA improves the detection rate of complete ruptures
from 77% to 99% [1]. In a retrospective controlled anal-
ysis of 50 patients with the clinical diagnosis of rotator
cuff tear, shoulder impingement syndrome, instability or
chronic shoulder pain MRA showed a high sensitivity
(91-100%) and good accuracy (72-90%) as well as a
substantial interobserver agreement (kappa value 0.67)
for the detection and grading of lesions in the subscapu-
laris tendon [13]. Furthermore, the study revealed a su-
periority of parasagittal images compared with trans-
verse images for this diagnosis [13].

In two studies on superior labral anterior posterior
(SLAP) lesions, which are an important cause of shoul-
der disability, the sensitivity and specificity for detecting
a SLAP-lesion were 84-92% and 69-91%, respectively
[12, 26]. The interobserver reliability was moderate to
substantial (0.44-0.77) [12]. A correct grading of differ-
ent SLAP lesion types was available in 13 of 17 patients
[26]. In addition, a more recent study has shown that the
image interpretation with a fat-suppressed coronal
oblique T1-weighted sequence provided the highest sen-
sitivity (91%) for the detection of SLAP tears [12].

Two controlled studies [1, 9] with small numbers of
cases have been published concerning the demonstration
of free joint bodies by MRA. The results allow the con-
clusion that small loose bodies can be reliably delineated
by MRA.

Knee joint

Several studies [14, 15, 16, 17, 39] (a total of 214 con-
trolled cases) evaluating the accuracy of MRA in the
demonstration of articular cartilage damage of the knee
have shown that clinically relevant stages of surface ir-
regularities of varying severity can be reliably detected.
Although the sensitivity of MRA for the demonstration
of the earliest stage with circumscribed softening and
swelling of the cartilage is only 0-29%, this rises to
80-100% (specificity and accuracy: 91-100%) for the
clinically relevant stages [14, 16, 17, 40]. Particularly for
the later stages, MRA provides results which are in com-
plete agreement with those of arthroscopy/arthrotomy.
The detection of osteochondrosis dissecans is almost as
good with MRA (success rate 93-100%) as arthroscopy,
while plain MRI showed a success rate of 39-57% [40].
A comparison with CTA in the detection of cartilage le-
sions is provided in one series [17], which shows that

both CTA and MRA are comparable with a sensitivity
and specificity of 80—-100%. In a comparative study of
MRA and MRI in the detection and staging of naturally
occurring cartilage lesions MRA has been shown to be
superior to plain MRI: the sensitivity for detecting chon-
dral lesions increased from 62% to 85% after intra-artic-
ular injection of Gd-DTPA; also the correct staging of
the chondral lesion increased from 51% to 98% using
surgery as the gold standard [14].

The excellent agreement between the MRA and the
arthroscopy/arthrotomy findings with regard to degener-
ative changes of the meniscus is demonstrated by a sen-
sitivity, specificity and accuracy of 100% for MRA in an
analysis of 89 postoperative knees [38]. This is not sur-
prising because MRI had already shown excellent results
— a sensitivity of 92%, a specificity of 95% and an accu-
racy of 93% for T1-weighted (plain) MRI — in that study
[38]. In contrast, the demarcation of recurrent tears fol-
lowing surgery is a difficult question. Excellent studies
[15, 41] have shown that even here MRA allows a reli-
able diagnosis with a high detection rate (85-92%). In
the detection of recurrent meniscal tears after surgery the
sensitivity (69%), specificity (60%) and accuracy (66%)
of conventional MRI increased to 89%, 86% and 88%
respectively, after MRA [15]. Similar results were
achieved in a smaller study where conventional arthrog-
raphy, conventional MRI, MRA using iodinated contrast
material and MRA using gadolinium were compared for
the same indication. The accuracy of the different imag-
ing techniques was 58%, 77%, 75% and 92%, respec-
tively, confirming that MRA may be the best technique
for the detection of postoperative meniscal tears [41].

Ankle joint

A comparison of MRA with the gold standards of ar-
throscopy and arthrotomy was performed involving 17
patients with chronic instability of the ankle and related
to the demonstration of rupture of two ligaments (the an-
terior talofibular ligament and the calcaneofibular liga-
ment) and the pertinent concomitant diseases [21]. A
sensitivity, specificity and accuracy of 100% was found
for the detection of a rupture of the anterior talofibular
ligament and slightly lower values (sensitivity 90%,
specificity 83% and accuracy 82%) for detection of a
rupture of the calcaneofibular ligament.

Additionally, the previously mentioned study with ar-
throscopic/arthrotomic control [21] contains a compari-
son of MRA with MRI and conventional radiographs.
While MRA showed a sensitivity, specificity and accura-
cy of 100% for the detection of a rupture of the calca-
neofibular ligament, plain MRI achieved a sensitivity of
only 50%, a specificity of 100% and an accuracy of
59%; the corresponding figures for the conventional ra-
diographs were 57%, 100% and 65% for the detection of



Fig. 3A, B Hip MR arthrogra-
phy (2 mmol/l Gd-DTPA, intra-
articular) showing a tear of the
anterior superior part of the la-
brum acetabulare. Oblique-co-
ronal T1-weighted fat-saturated
(TR 545, TE 11) images with
anterior angulation show exten-
sion of the contrast medium
(arrow) into the hypointense la-
brum, indicative of a labral tear

a rupture of one of the two ligaments. MRA was like-
wise found to be superior to plain MRI in the demonstra-
tion of a rupture of the calcaneofibular ligament: sensi-
tivity 90% versus 50%, specificity 83% versus 83% and
accuracy 82% versus 63%.

Loose bodies were not detected by either MRI or con-
ventional radiography in the two patients in whom they
had been identified during surgery, but were demonstrat-
ed in one by MRA [21]. Cartilaginous lesions of the
trochlea tali were demonstrated in two of three cases by
MRI and radiography, while all three lesions were de-
tected by MRA [21].

A recent arthroscopically controlled retrospective
study assessing the diagnostic accuracy of MRA in an-
terolateral ankle impingement in 32 patients revealed a
sensitivity, specificity, accuracy, positive and negative
predictive value between 90% and 100% for the assess-
ment of the anterolateral soft tissues [22].

Overall, MRA can be regarded as being more sensi-
tive and specific than plain MRI and than conventional
radiography in the detection of ruptures of the lateral
ligaments of the ankle and detection of cartilaginous
lesions.

Hip joint

A comparison of MRA with the gold standard with re-
gard to the detection and assessment of the severity of a
labral lesion was performed in 72 cases [23, 44, 45].
MRA after intra-articular injection of Gd-DTPA was
shown to have a sensitivity and accuracy of more than
87%. The extent of the labral rupture was either not ful-
ly demonstrated or underestimated at MRA in three pa-
tients. In two of these patients, the hip could not be ade-
quately filled with contrast medium because of shrink-
age of the capsule [44]. One study [44] dealt with the
demonstration of labral lesions and the classification of
the severity of these lesions. A surgically controlled

comparison of MRA versus plain MRI was performed in
these cases (n=22). While plain MRI showed a sensitivi-
ty of only 30% and an accuracy of only 36%, MRA dis-
played almost complete agreement with the surgical re-
sults with a sensitivity of 90% and an accuracy of 91%
(Fig. 3). Plain MRI underestimated — in some cases con-
siderably — the extent of the labral lesion in 14 of 22
cases [44].

It can be concluded that direct MRA with a 2 mmol/l
Gd-DTPA solution can reliably detect intra-articular pa-
thology and is superior to plain MRI.

Wrist joint

In the series studied [18, 19, 42, 43] on the demonstra-
tion of a lesion of the triangular fibrocartilaginous com-
plex (TFCC), a very high sensitivity and specificity of
between 90% and 100% was shown for MRA in two
studies [18, 42]; another study resulted in a sensitivity of
100% and a specificity of 80% [19]. A comparison of
MRA with other diagnostic methods and the gold stan-
dard has so far been completed in only two studies with
a total of 40 patients [19, 42]. In an earlier study, MRA
proved to be as good as plain MRI and inferior to con-
ventional arthrography in the detection of a TFCC lesion
[19], whereas in the most recent study, using up-to-date
technology, MRA proved to be clearly superior to plain
MRI in sensitivity, specificity and accuracy [42] (Fig. 4).

Good (sensitivity and specificity 80%) and excellent
results (sensitivity 100%, specificity 100% and accuracy
90%) were found for MRA in two smaller patient popu-
lations as regards the detection of a defect of the lunotri-
quetral ligament (LT) [18]. In contrast to this, MRA pro-
duced seven false-positive results for LT lesions in a re-
port on 15 patients [19]. These results from 1992 were,
however, obtained only with simple T1-weighted SE se-
quences without fat suppression and would nowadays be
considered technically inadequate.



Fig. 4 Wrist MR arthrography (2 mmol/l Gd-DTPA, intra-articu-
lar) demonstrating a complete tear of the triangular fibrocartilagi-
nous complex (TFCC). Coronal, fat-saturated T1-weighted image
(TR 31, TE 4.9, flip angle 20°) of the right wrist shows a small
disruption (arrow) of the radial fixation of the TFCC with transi-
tion of the contrast medium into the distal radioulnar joint (arrow-
head)

The diagnostic efficacy of MRA in ruptures of the
scapholunate ligament (SL) was also examined in the
above-mentioned studies. The results were comparable:
While two of the three studies showed good (sensitivity
82% and specificity 86%) and complete (sensitivity,
specificity and accuracy all 100%) agreement of MRA
with the gold standard, an accuracy of only 67% was
found for MRA in the previously described smaller study
[19]. MRA of the LT and SL ligament has so far been
compared with plain MRI in 35 patients and with con-
ventional arthrography in 15 patients [19, 42]. In one
study of 20 patients, MRA was clearly superior to plain
MRI as regards lesions of both ligaments [42]. In another
report on 15 patients, MRA was found to be the most ac-
curate modality for the demonstration of a SL lesion in
comparison with conventional arthrography and plain
MRI, but still achieved an accuracy of only 66.7% com-
pared with the gold standard [19]. For the detection of an
LT lesion in the same population, the highest accuracy
(80%) among the three modalities was found for plain
MRI [19]. Unlike another study, compared with conven-
tional arthrograms MRA showed a good sensitivity,
specificity and accuracy of 85-100% for TFCC lesions
in 30 patients but a moderate or even poor sensitivity,
specificity and accuracy for SL (52-81%) and LT lesions

(21-94%) was found [43]. In contrast, a comparison of
MRA, MRI, three-compartment arthrography and ar-
throscopy in the assessment of the different parts of the
scapholunate interosseous ligament (SLIL) revealed
MRA to be significantly superior to MRI concerning the
accurate delineation of the SLIL (95% versus 28%), the
confidence level (90% versus 42%) and the true positive
rates for SLIL defects (90% versus 52%) in 41 patients
[20].

In conclusion, the number of all wrist cases to date is
still too small for a definitive assessment of the efficacy
in this indication; however, the trend is towards a diag-
nostic gain with MRA compared with plain MRI. State-
of-the-art MR technology seems to improve the results
of MRA and plain MRI of the wrist.

Finger joints

The detection of a rupture of the collateral ulnar liga-
ment at the carpometacarpal joint of the thumb was eval-
uated in a small study with eight patients. This indicated
that both plain MRI and MRA are more reliable than
stress radiography in the diagnosis of this condition [46].
An evaluation on a larger group of patients is still out-
standing.

Safety in clinical trials

A total of 5,166 patients have been exposed to intra-
articular injection of Gd-DTPA in the quoted 52 studies
(controlled, partly controlled and uncontrolled: see
above). No adverse events were reported which could be
attributed to the contrast agent. The side effects that are
described consistently correspond to the intra-articular
injection procedure itself and the volume injected, which
leads to distension of the joint capsule and thus some
distension discomfort.

Two major open trials have focused on recording ad-
verse events classified as tolerance indicators and other
adverse events following MRA with Gd-DTPA 2 mmol/I
in a total of more than 2,300 patients [54, 55]. The ma-
jority of all other clinical studies quoted did not address
safety aspects of intra-articular application of Gd-DTPA.
Some studies briefly document the fact that the intra-ar-
ticular injection was free from complications in a total of
922 patients [1, 19, 22, 23, 24, 27, 29, 32, 44].

The puncture of any joint always leads to slight pain.
Therefore, the procedure is usually performed under lo-
cal anesthesia of the skin and subcutaneous soft tissue
down to the joint capsule. Similarly, the injection of fluid
(and/or gas) into the joint always results in distension of
the joint capsule and, consequently, distension pain.

A detailed examination of the local and general toler-
ance of Gd-DTPA 2 mmol/l has been made in a large,



open-label prospective study [54]. “Patient cards” com-
pleted by the patients themselves over 3 days were used
to assess the tolerance of the examination. The evalua-
tion based on 1,083 patient cards revealed that a “feeling
of pressure in the joint” was experienced by 67% of the
patients on the day of the examination, by 29.5% on the
second day and by 15% on the third day. “Pain on mov-
ing” was reported by 61.6% of the patients on the day of
the examination, by 49% on the 2nd day and by 38% on
the third day.

A greater percentage of patients with hip examinations
reported a feeling of pressure compared with those who
had knee or shoulder examinations (79% versus 70% and
66%, respectively), probably due to the fact that the joint
capsule of the hip is much tighter. More patients with hip
and shoulder joint examinations reported pain on moving
(68% and 63%) than those with a knee joint examination
(45%), as a higher volume of effusion is tolerated in the
knee. In addition, 990 patients in this study assessed the
painfulness of the examination using a scale from 1 (not
painful) to 7 (very painful): The pain was greatest in the
case of the wrists, knees and hip joints (mean 2.3) and
slightly less in the shoulder (mean 2.1).

A multi-center trial which included 470 patients
showed essentially similar results [55]: Local tolerance
was reported by the treating physician to be “good” in
98% of the examinations and “satisfactory” in 2%. Gen-
eral tolerance was reported to be “excellent” in 99% of
the patients. “Patient cards” completed by the patients
over 3 days were also used in this study. They revealed a
continuous, highly significant decrease in patients’ com-
plaints (e.g., feeling of pressure in the joint and pain on
moving) during the first 2 days after MRA. Using the
same pain assessment scale the mean value of the pain of
the examination was 2.8.

Two more recent studies on patients’ perception and
discomfort during MRA revealed that the pain and dis-
comfort were worse than expected in only 6% and 1% of
the patients, respectively, in a total of 315 patients [56,
57]. In one of these studies, which included 202 patients
undergoing MRA of the shoulder, the arthrography-relat-
ed discomfort was rated as less uncomfortable than MRI-
related discomfort in 40% of the patients while 34%
rated the discomfort of the two imaging methods to be
equal [57].

Contamination of the joint with pathogens during the
procedure is the major complication of joint puncture;
this complication is, however, a risk of MRA compared
with plain MRI and is independent of the type of sub-
stance being injected into the joint. For comparison, the
infection rate for arthrography is reported to be 0.003%
[73]. Infection rates of arthroscopy have been reported to
range from O to 3.4% [74, 75].

No reports exist on “serious adverse events”, such as
anaphylactic shock or other events requiring treatment in
an intensive care unit or hospitalization.

For systemic safety, and thus the possible influence
on laboratory parameters, the total amount of Gd-DTPA
applied is more important than the local concentration in
one joint. Because of the much lower whole body dose
of intra-articularly applied Gd-DTPA it is fair to say that
laboratory changes are extremely unlikely, since no sys-
tematic changes have been described even for the usual
intravenous dose (more than 20 million i.v. applications)
[76].

The main risk factor for contrast-medium-induced re-
nal failure is pre-existing impairment of renal function,
the severity of which can be assessed from the serum
creatinine values. Neither a prospective study in patients
with various degrees of renal impairment nor a meta-
analysis of phase III studies with Gd-DTPA [76] indicate
any effect on kidney function after intravenous injection
of Gd-DTPA in a concentration of 0.1 mmol/kg body
weight. According to information from the manufactur-
ers, there are sporadic reports regarding acute renal fail-
ure after i.v. injection of Gd-DTPA. Since the maximum
whole body dose after intra-articular administration is
much lower than the maximum permissible and ap-
proved intravenous dose, as described above, acute renal
failure after intra-articular administration of Gd-DTPA is
very unlikely.

According to the literature, no specific examination of
the tolerance of Gd-DTPA in patients with impaired liver
function exists, probably because the proportion of ex-
trarenal elimination is very small [69].

No detailed report exists of experience regarding the
tolerance of an intra-articular Gd-DTPA injection during
pregnancy and in lactating women.

One study has investigated the excretion of Gd-DTPA
into the breast milk after intravenous application of a
dose of 0.1 mmol/kg body weight in 20 lactating women
[77]. The cumulative amount of gadolinium excreted in
breast milk during 24 h was measured. Administration of
Gd-DTPA was well tolerated without any adverse events
in all cases. The excreted dose was less than 0.04% (i.e.,
0.003 mmol) of the applied intravenous Gd-DTPA dose.
This is more than 100 times less than the permitted intra-
venous dose of 0.2 mmol/kg body weight for neonatal
imaging. Suspension of breast feeding after intra-articu-
lar administration of 2 mmol/l Gd-DTPA is therefore not
necessary.

Conclusions

Detailed analysis of 52 original papers on MRA in all
clinically relevant joints, observation of discussions of the
diagnostic efficacy of MRA at all the major scientific con-
ferences of the last few years, and our own observations
over the last 6 years allow the following conclusions:

Two millimoles per liter has proved to be the best
concentration for intra-articular administration of Gd-
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DTPA and is used by the vast majority of investigators.
The total quantity to be injected depends on the size of
the joint. The detection rate of several pathological pro-
cesses, conspicuity and visualization of lesions with MR
arthrography using Gd-DTPA 2 mmol/l are better than
with plain MRI in different joints. Intra-articular MRA
with Gd-DTPA 2 mmol/l is superior to i.v. MRA because
the distension of the joint capsule allows more precise
diagnosis of tears (labrum, meniscus) and ruptures (e.g.,
supraspinatus tendon). MRA with Gd-DTPA 2 mmol/l
has proved to be the diagnostic imaging gold standard
for the majority of joints and for numerous problems.
This is particularly true for the shoulder (labral lesions,
rotator cuff rupture), the hip (labral lesions) and the knee
(chondral and meniscal lesions). In the ankle, wrist, and
finger joints it is reserved for special problems. Its use is
not firmly established in the latter two joints because of
less common indications and the resulting lower exami-
nation rate.

Furthermore, in order to assess the safety or the influ-
ence of intra-articular administration of Gd-DTPA
2 mmol/Il on the safety parameters, it is permissible to re-
sort to the existing, extensive data over more than 10

years with the i.v. administration of Gd-DTPA, since the
pharmacodynamics and pharmacokinetics of Gd-DTPA
apply after diffusion from the joint.

The side effects of intra-articular Gd-DTPA adminis-
tration in a concentration of 2 mmol/l are predominantly
related to the puncture of the joint and its filling with flu-
id, and consequently considered to be the general toler-
ance symptoms of any type of arthrography.

No extensive studies exist regarding the effect of the
intra-articular administration of Gd-DTPA on the clin-
ico-chemical parameters, particularly in patients with
impaired kidney or liver function. Because of the identi-
cal (renal) elimination of Gd-DTPA after intravenous
and intra-articular application, the extensive experience
with i.v. application is valid. There is no contraindication
to the intra-articular administration of Gd-DTPA
2 mmol/l in acute or chronic renal failure. This also ap-
plies to patients with reduced liver function. There is no
scientific evidence that the intra-articular administration
of Gd-DTPA 2 mmol/l has to be contraindicated in the
presence of known allergic reaction to i.v. Gd-DTPA.
However, we recommend restraint and surveillance of
the patient during the examination.
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