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outcomes were not assessed in these studies. No studies
were found for interventions at nerves at other sites.

Safety

Procedural pain was assessed in one study (high RoB)
favouring US over palpation-guided injections.*® Long-
term pain and symptom severity, mostly assessed by
the Boston Carpal Tunnel Questionnaire, were similar
in US and palpation groups according to six studies
(four moderate, two high RoB),40 43454761 yohile higher
symptom severity'' and long-term pain*’ in the palpation
as compared with the US groups were observed in two
studies (both with high RoB). Furthermore, one study
with moderate RoB, reported a higher rate of hand weak-
ness in patients who underwent palpation as compared
with US-guided injections (18% vs 0%),"* and another
study with high RoB revealed higher cumulative adverse
events including finger numbness, skin discolouration,
subcutaneous fat atrophy and pain caused by steroid
injection (steroid flares) in patients undergoing palpa-
tion (25%) as compared with the US-guided interven-
tions (8%)." Other adverse events did not differ between
groups.* 447

Efficacy

Hand function, quality of life and treatment response
were similar between US and palpation-guided injec-
tions,* #4701 \hile two studies described greater
symptom_ relief'” and longer duration until another
intervention was required in the US groups.*® Studies
assessing electrophysiological parameters®” ** * % and
median nerve thickness® revealed heterogeneous results,
without a clear signal for any method.

Cost and time

Costs for US-guided injections in private practice and
hospital based outpatient clinics were higher than for
palpation guidance according to one study in the USA."’
No data were available on cost-effectiveness.

Imaging settings and technical standards (PIC02)
Only three studies comparing different technical settings/
equipment for imaging-guided interventions were
found.” ®* * Study characteristics and detailed results
are depicted in table 5 and online supplemental table 8,
respectively. According to one RCT with moderate RoB,
a one-needle technique to dissolute calcific depositions
in rotator cuff calcific tendinopathy resulted in a higher
rate of needle obstruction (15% vs 3.6%) as compared
with a two-needle method (one needle for injection, one
for aspiration). Other outcomes such as the duration of
the procedure, accuracy and safety were similar.*®

A second RCT with moderate RoB investigated the
performance of a 25mL mechanical as compared with
a 60mL automatic syringe for US-guided aspiration of
knee effusion. No differences were found concerning
pain or gathered amount of synovial fluid.*

Just et al performed a retrospective cohort study (high
RoB) to compare an US-guided needle—an US-guided

@ e 3
[] E= g
0 c
(3]
* -5 —_ 0 < ‘8
m - @ OJ% L= &
=4 ] m DN N~ O =
gE| 2 s, %4 a 8 |E &
o¥ > 2 S
e8| 3 —E 3= a T |38 ¢
> E > ) o 9
s 5 5*;)c0; = g 8 E 4 E
£ 9 QL. T2 oL e L s &9
= 0@ QO O® T o 50
'UE <HOJ0 <0 NogWa| > f'S'
o x x B x xx x¥ x<| g ©0
Z o -—N=r = N~~~ O x v
— 2 22
(7') < o EE
Q < gggd
A | s |fish
> (¢} O K- =
25y § g £853
£8 o S 8 9D
[e R <IF-] E E ﬁ:.C.Q
> 9B o 9 >E
<=0 X x 5E£00
L'® o N I -~ 352¢
e N
N « 03 QE
£ o 5L 6=
[e S 2 0c§
> >CE=
< 0 cE®
(i) | | I 985S
gC 22
~ ggea
I s gn .
€2 = g2 58388
[} = cc= §=509
ST o <8, |g33t
w cTo 3 @ S 2 3T E Y
- Ree & o 26 8 0EC®Q
—_ 55 3 c = Q c ot o
7] » »a = =2=0 T 00
29 °0
c T o
S 8222
s Lo
o ~ o =
[0} c 00 Qw®
2 S SCog
—_ £ = > 29590
=) =d .o 8 o g EBS L
cz 6ETSc @ c 9] g S
o35 S5 E0 @ . O 3 SR
= © T Qo © (oo £ 090
c O _,__(/)08 -o-ch @ 80)9;‘
2% 28Ss5 5885 = 2253
= 82 08 9¢g 3 (=i Jao
[Te} © Q a9 c o220
£0 N o8 ».20.8 > o 's 28
£ DL EE DEEE (%) E8E0
‘O'CE%
X < o
B [25g8
- © Ea'gm»
S 88g |£2==2
= < ® o5
EE — |_|_8 Ewbg
®c 2 h & o5 2 T80
c - N = > ®
75 E 5 Q ZE = g EE 0
ox=%Y =4 S DDE £33%a
z2< 3 = « 55< >58¢9
— g8 ¢y
9] £§£4°
I
o > c8 g > o x 8@
o < o © = > ©ocy <
Q. [SRES =02 = 5 = £0 .
= O m £ g ® [ TN )
()] o c Q 2 E - & - Qv
ie) ) 5% 9 559875 ESOCQB| ~Sc3
5 b 28 3E o EEEE| 88w
3 B 852 8E€EE£E S£98  52SF
- ) C 12} — =
5 o ol 2 ETO £80T| P52
= T 0ol
(] %) Ogpc®
= 0 o 2 SES§
> 5 DB <
o| B k3 = = 8 £929
c S o [0] T o I:S(n ;a-n_c‘“-x
< £ < =z JEO a o EOgE
[3) o E o € O E I C T O E G
[0} = = o535 n T Te 5 e
i <o = © T D o< 2=3
o] T 1o
c 290 gk
@ Q a om ==
o) O ] E—
() <2 Q e
=y D $ %GJ om Eg_o_g%
= Slo Z 420 = g+ 2359
+ B = = Q@ =9
= E=] <] EROES P 5 og ©
9] 9|2 < 2 S %) 325
1) w|o O QE o) 2253
o 2 6m< 2
2 c| & o 588s9
= =) =
o g% =3 [£28%3
® o2 o = S$x00
I ° g Q @ cggom
= .0 7] 8§
o) 3|8 O D) = Yoo 8 x
= (o) Loco0O
%) w|g o o o © ST ERX
2 = SEBod
i) T £8 %00
2 «© 8 08 F=0C
n c E0lsw
5|2 5 Egolg
c S =S
L | .= b =2 [0
o 58 & 9 ) Bocal
[} C| o © = Qo < o€ AT
s s~ 5 ~ g £ o 235,52
s — O — - ® o )
@© 0|8 S = 5 2 2 o5 E5<® 6
= >|d «O ISK%) 2 a5 Formo

10

Bosch P, et al. RMD Open 2021;7:€001864. doi:10.1136/rmdopen-2021-001864

“1ybuAdoo Aq pa1osioid 1sanb Aq TZ0zZ ‘22 19qUSAON UO Jwod fwg uadopwi//:dny woly papeojumod “TZ0Z 19qWBAON ZZ U0 $98T00-TZ0z-uadopwl/9eTT 0T Se paysiignd 1siy :uado any


https://dx.doi.org/10.1136/rmdopen-2021-001864
http://rmdopen.bmj.com/

portal and forceps—and an arthroscopic approach for
synovial tissue biopsy at multiple joints. They observed
similar safety (pain and adverse events) and efficacy
outcomes in all three groups. Slightly more patients in the
portal and forceps as well as in the arthroscopic groups
reported that they would eventually accept further syno-
vial biopsies.” Studies comparing different settings to
perform interventional procedures were not found.

Procedural protocols for imaging-guided interventions
(PICO3)

Sixteen studies were found (nine on large, three on small
joints and periarticular structures and four on nerves)
comparing either different procedures and puncture
sites (eg, in-of-plain US and out-of-plain US, injection in
different knee recesses),22 6167727478 1 different targets
(eg, periarticular vs intra-articular) for imaging-guided
interventions.” ® ™77 Table 6 and online supplemental
table 9 contain and overview of studies and detailed
results, respectively.

Large joints and periarticular structures

Shoulder

Two studies (one RCT with high® and one RCT with
low”™ RoB) compared glenohumeral joints with the
subacromial /subdeltoid bursa as targets for US-guided
GC injections in patients with adhesive capsulitis/frozen
shoulder. Patients reported higher pain levels,’” ® as well
as increased symptom severity™ after injections into the
subacromial/subdeltoid bursa. Shoulder extension and
external rotation, however, were better in the subacro-
mial/subdeltoid bursa group in one study,”” whereas in
the other study, internal rotation and scores according
to the American Shoulder and Elbow Surgeon scale
were better when the glenohumeral joint was injected.®
Another RCT (moderate RoB) focusing on patients
with scapular pain and comparing injections either in
the subscapular muscle or in the scapulothoracic bursa
reported no differences between the groups according to
safety and efficacy outcomes.”

Spine and SIJ

A retrospective cross-sectional study (high RoB) inves-
tigated different targets at the spine when using CT to
retrieve tissue samples in patients with infectious spon-
dylodiscitis/osteomyelitis. No differences in quality and
quantity of samples were observed when either the bone,
disc or paravertebral tissue was targeted.” Two prospec-
tive cohort studies (both high RoB) compared the value
of injecting GC intra-articularly or periarticularly at the
SIJ via CT* or US® guidance. The CT study reported
higher pain levels at 3 and 6months in case of periar-
ticular injections, while the US study concluded that
there was no difference in pain 4weeks after the injec-
tions.

Knee
In-of-plain US and out-of-plain US was compared in
patients undergoing knee injections in one RCT with

moderate RoB. The study revealed no differences
concerning accuracy, safety and duration of the inter-
vention between groups.”" Furthermore, no differences
were found for accuracy and safety when US-guided knee
injections were conducted at the mediallateral, midlat-
eral or superolateral recess according to two RCTs with
moderate RoB each.” ™

Small joints and periarticular structures

US-guided periarticular injections of the AC joint
resulted in lower pain reduction when performing the
crossover arm test as compared with intra-articular injec-
tion, according to one RCT with low RoB. Other pain
assessments (eg, pain at night or pain after pressure) and
the amount of other adverse events were similar between
groups.77 Intra and extra tendon sheath injections at the
Al pulley were compared in two RCTs with high76 and
moderate”” RoB. No differences concerning safety and
efficacy outcomes were found between groups in both
studies.

Nerves

Two RCT on US-guided injections in CTS, both with
moderate RoB, investigated the performance of drug
release above or below the median nerve,74 or an ulnar
versus a midline approach for injection.”’ No differ-
ences between groups were found for safety and effi-
cacy outcomes including long-term pain, other adverse
events, function and electrophysiological parameters.
Another study with moderate RoB reported less long-
term pain, better function and less swelling of the
median nerve after injection of the carpal tunnel from
the radial rather than from the ulnar site of the wrist.”
Furthermore, one retrospective cohort study (high
RoB) assessed whether there were differences in safety
or efficacy outcomes when the needle was placed in the
intraepineurium as compared with the extraepineurium,
when performing US-guided hydrodissection and GC
injection of the median nerve in CTS.” The results for
safety and clinical efficacy outcomes like function and
symptom severity were comparable between groups,
while patients receiving intraepineural injections yielded
a higher reduction of perinerve oedema 2weeks after
the intervention as compared with those who underwent
extraepineural interventions.

DISCUSSION

Overall, we found that imaging (especially US)-guided
interventions at joints and periarticular structures were
reported to lead to more accurate needle positioning
as compared with palpation-guided interventions in the
majority of studies. The studies themselves, as well as
results for safety and efficacy were heterogeneous, and
data on cost-effectiveness were absent. Another observa-
tion is that the quality of studies was generally low: 51%
had a moderate and 47%a high or critical RoB assess-
ment.
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*These columns indicate the number of outcomes studied and their categories (eg, 6 x efficacy indicates that six different outcomes related to the efficacy category were studied), with the respective time point(s) when the outcome was determined (parenthesis). The term ‘BSL’ refers to differences concerning the

outcomes at BSL. A detailed description of studies and outcomes can be found in supplement.
AC, acromioclavicular; BSL, baseline; CTS, carpal tunnel syndrome; GH, glenohumeral joint; n.a., not applicable; OA, osteoarthritis; RCT, randomised controlled trial; RoB, Risk of Bias; SASD, subacromial-subdeltoid; SIJ, sacroiliac joint(s); US, ultrasound.;

1A green, yellow, red and black circle indicate low, moderate, high and critical risk of bias, respectively. In case multiple circles are depicted, certain outcomes within one study had different risk of bias.

Table 6 Continued
Year author
Babaei-Ghazani’®

2020

Positioning a needle or another instrument in, rather
than outside the target not only reduces the risk of
adverse events,"’ ** but may also have positive effects
on short-term and long-term pain, as well as on efficacy
outcomes.” ™77

Studies comparing different imaging techniques such
as US and fluoroscopy were scarce, which is related to the
fact that centres usually have expertise with one rather
than multiple techniques.’

Only a few studies were available on different technical
settings/equipment for imaging-guided procedures,” ** *
addressing the value of different equipment, but not the role
of assistance by healthcare professionals, monitoring of vital
signs, the use of contrast agents or different types of aseptic/
antiseptic conditions. Similarly, studies considering different
levels of experience of the healthcare provider performing
the intervention have not been conducted. It would for
example be important to know the accuracy of a palpation-
guided intervention of an experienced clinician as compared
with a imaging-guided procedure of a fellow.

A Delphi-based consensus paper series on clinical indi-
cations for imaging-guided interventional procedures in
the musculoskeletal system has recently been published
by the European Society of Musculoskeletal Radiology.””
While this series presented important general statements
on the use and the value of imaging (eg, ‘US guidance is
a safe and effective method for brachial plexus block’),’
the present work focused on direct comparisons between
methods, settings and procedures when performing
imaging-guided interventions (eg, US vs fluoroscopy, or
intra-articular vs periarticular injections). Certain studies
only assessing one imaging method, setting or procedure
are therefore not covered in this review.”"™’

One of the major limitations of the available studies was
their low scientific quality. Missing information on the
randomisation process (for RCTs), outcome assessment
(RCTs and non-randomised studies) and the population
of interest (cross-sectional studies) were the main reasons
for moderate/high RoB of the studies retrieved. Poten-
tial confounders were also observed in a small number of
non-randomised studies, which was mainly due to their
retrospective design. Prospective study design as well as
adequate statistical models accounting for confounding
factors such as the baseline values of certain outcomes
may in future lead to more robust results.

Another limitation was the heterogeneity of study designs
and outcomes which prevented us to meta-analyse the avail-
able data. We nevertheless tried to categorise outcomes
according to overarching groups (accuracy, efficacy, safety
and costeffectiveness) in order to facilitate comparison
between studies and to enable overall conclusions. Some
outcomes could have been assigned to several of these cate-
gories (eg, pain was reported under ‘safety’, even though
it could also be considered an efficacy outcome), and we
tried to be as consistent as possible when categorising the
outcomes into these broader groups in order to provide the
best information available to the EULAR task force and the
scientific community.
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In conclusion, the majority of studies indicated a higher
accuracy of needle positioning at joints and periarticular
structures when using imaging (especially US) guidance
as compared with palpation-guided interventions with
the limitation of heterogeneity of data and considerable
RoB. Heterogeneity was also observed among studies on
safety and efficacy, whereas data on cost-effectiveness
were virtually absent.
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