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Introduction: Ultrasound is increasingly used as addition to physical examination for
detection of subclinical joint changes in haemophilia. However, the added value of
ultrasound to physical examination for detecting synovial proliferation is not fully
established.

Aim: To determine the diagnostic accuracy of swelling at physical examination for
ultrasound-detected synovial proliferation in haemophilia.

Methods: PubMed and EMBASE were searched up to 2 August 2022. Studies reporting
original data on occurrence of swelling at physical examination and synovial prolifer-
ation on ultrasound of index joints in persons with haemophilia were included. Risk
of bias and applicability were assessed using the Quality Assessment of Diagnostic
Accuracy Studies 2 (QUADAS-2) tool. Diagnostic accuracy parameters of swelling at
physical examination for ultrasound-detected synovial proliferation were determined.
Summary sensitivity and specificity were calculated using a bivariate random-effects
model.

Results: Fifteen studies reporting on swelling at physical examination and synovial pro-
liferation on ultrasound in 2890 joints of 627 patients were included. Prevalence of
subclinical synovial proliferation ranged between 0% and 55%. Sensitivity of swelling
was low [summary estimate .34; 95% confidence interval (Cl) .24-.46], while specificity
was high (summary estimate .97; Cl .92-.99). Predictive values varied widely due to
inter-study differences in prevalence of synovial proliferation.

Conclusion: Joint swelling has low sensitivity for presence of ultrasound-detected
synovial proliferation in haemophilia, suggesting underestimation of synovial prolifer-
ation by physical examination alone. Consequently, ultrasound screening may generate

important information on synovial changes which would otherwise remain undetected.
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1 | INTRODUCTION

Haemophilic arthropathy, caused by recurrent intra-articular bleeds
in the ankles, knees and elbows (index joints), still causes major dis-
ease burden in persons with haemophilia.2~* Haemophilic arthropathy
results from a multifactorial process in which synovial inflammation
plays an important role. Several studies have reported that synovial
proliferation is associated with increased bleeding and progression
of arthropathy.*® Through termination of the vicious circle of joint
bleeding and inflammation, early detection and treatment of syn-
ovial proliferation might enable adaptation of treatment and improve
outcome.

Traditionally, physical examination, according to, for example the
Haemophilia Joint Health Score (HJHS),’ is used to monitor joint
health.1° During physical examination, synovial proliferation may be
characterized by painless swelling and subtle range of motion limita-
tions. Yet, physical examination is thought to be relatively insensitive
for detection of early joint changes such as synovial proliferation.10-12
More sensitive methods for monitoring joint health are needed since
progression of arthropathy is observed despite low joint bleeding
rates.’S These findings suggest that subclinical bleeding and inflamma-
tion may contribute to joint deterioration. With the expected reduction
in joint bleed rates following intensive haemophilia treatment, the
detection of early, subclinical cases of synovial proliferation'* becomes
even more relevant for clinical management.

Imaging techniques such as magnetic resonance imaging (MRI) and
ultrasound may offer this increase in diagnostic accuracy. Although
MRI is the current gold standard for detection of joint changes
in haemophilia, routine MRI assessments of multiple joints is chal-
lenging due to duration, high costs and limited availability.’® Ultra-
sound is a low-cost, widely available modality that provides real time
information, which makes it easy to implement in clinical practice.
Moreover, high to excellent agreement between ultrasound and MRI
has been reported for detecting soft tissue abnormalities in joints
of people with haemophilia.>21 The high accuracy makes ultra-
sound a good screening tool for presence of abnormal soft tissue.
If clinically relevant, MRI can be used subsequently to differenti-
ate the nature of the tissue. Over the past years, ultrasound is
increasingly used as point-of-care addition to the existing check-up
routine.2223

Several studies have compared the accuracy of ultrasound and
physical examination for detecting (early) joint abnormalities in
people with haemophilia during routine assessment. Most litera-
ture on this topic has focused on detecting haemophilia arthropa-
thy as a whole and less on detecting specific parameters such as
synovial proliferation.11121524-28 Only one study specifically com-
pared physical examination and ultrasound for detection of synovial
proliferation.2? However, the ability of physical examination compared
to ultrasound to detect synovial proliferation is of particular interest,
as synovial proliferation is potentially reversible and timely treatment
may prevent further damage.

Our hypothesis is that swelling at physical examination is not highly

sensitive for synovial proliferation and therefore ultrasound may have
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added value in screening for subclinical synovial proliferation. The
aim of this study was to systematically review and meta-analyse the
existing literature on swelling at physical examination and synovial pro-
liferation on ultrasound in joints of people with haemophilia. We deter-
mined the diagnostic accuracy of swelling at physical examination for
ultrasound-detected synovial proliferation. The diagnostic accuracy of
swelling for ultrasound-detected synovial proliferation quantifies the
underestimation of synovial proliferation based on swelling alone, pro-
viding an estimate of the added value of ultrasound for screening for

subclinical synovial proliferation.

2 | MATERIALS AND METHODS

The conduct of this systematic review was guided by the Cochrane
Handbook for Systematic Reviews of Diagnostic Test Accuracy° and
was reported according to the Preferred Reporting Items for Sys-
tematic reviews and Meta-Analyses for Diagnostic Test Accuracy
(PRISMA-DTA) guideline.?!

2.1 | Literature search

PubMed and EMBASE were searched up to 2 August 2022 for relevant
publications. Search queries were built with the help of an experienced
librarian (mentioned in acknowledgements) and included synonyms,
MeSH and Emtree terms for ‘haemophilia’ ‘physical examination’ and
‘ultrasound’. The complete search strategy is provided in Supplement
S1. Additionally, reference lists of included studies were checked for
relevant publications.

2.2 | Eligibility criteria and study selection

Observational studies reporting original data from routine physical
examinations and ultrasound of index joints in children and/or adults
with haemophilia A or B and related diseases, regardless of disease
severity, were included. Data on presence of swelling at physical exam-
ination and synovial proliferation on ultrasound for individual joints
had to be available from the publications or had to be provided by
the authors upon request. Only publications written in English or
Dutch and published in peer-reviewed journals were considered. To
avoid overlap in study populations, publications reporting on the same
cohort were identified and only the study providing the most com-
plete description of the cohort was included. Studies on acute painful
(bleeding) episodes or intra-articular interventions were excluded,
since these studies were not considered to represent routine joint
assessment and were therefore beyond the scope of this review. All
publications were screened for eligibility based on title and abstract
and subsequently relevant publications’ full text were independently
assessed by two reviewers (FL and MT). Discrepancies of evalua-
tions were discussed upon consensus between the two reviewers or

resolved by a third reviewer (WF).
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2.3 | Quality assessment

Assessment of the risk of bias and applicability of the studies to our
research question was performed according to the Quality Assess-
ment of Diagnostic Accuracy Studies 2 (QUADAS-2) tool.>2 The tool
was tailored as described in the QUADAS-2 background document
to specifically fit the current review question. The main refinement
was no downgrading for unblinded ultrasound examinations as blind-
ing for joint swelling seemed unfeasible and not in-line with clinical
practice. The risk of bias assessment was categorized into four key
domains: ‘patient selection’, ‘index test, ‘reference standard’ and ‘flow
and timing’. Concerns about applicability were assessed for the first
three domains. Per domain risk of bias and applicability concerns
were scored as ‘low’, ‘high’ or ‘unclear’. The tailored QUADAS-2 tool
is available in Supplement S4. Two reviewers (FL and MT) indepen-
dently assessed all studies, and discrepancies in the judgements were

discussed upon consensus or resolved by the third reviewer (WF).

2.4 | Data extraction and data analysis

Data on study design, patient characteristics, conduct of physical
and ultrasound examinations and occurrence of swelling and syn-
ovial proliferation at joint level were extracted from the publications
or requested from the authors by one reviewer (FL) using the data
extraction form in Supplement S3. Authors were given a 2-month
response period for providing additional data with a reminder sent
after 2-4 weeks. Swelling was defined as ‘absent’ (HJHS/Gilbert score
swelling = 0) or ‘present’ (HJHS/Gilbert score swelling > 0) and defini-
tions used for synovial proliferation were ‘absent’ (ultrasound synovial
proliferation score = 0, according to the HEAD-US score, Doria et al.
or Klukowska et al.) or ‘present’ (ultrasound synovial proliferation
score > 0).:18:33-35 Djagnostic accuracy parameters (sensitivity, speci-
ficity, positive and negative predictive values) on joint level were
calculated for each individual study using the original study data. The
parameters’ 95% confidence intervals (Cl) were calculated according to
the Clopper-Pearson ‘exact’ method. Heterogeneity between studies’
sensitivities and specificities was assessed visually in forest plots and
by Higgin'’s 12 statistics. Based on the judgement for the ‘patient selec-
tion’ domain of the of QUADAS-2, the included studies were divided
into two groups: ‘screening of index joints’ where the evaluated joints
were not preselected based on joint status and were therefore consid-
ered to represent a routine screening setting (e.g. assessment of all six
index joints or a random selection of a subset of index joints) or ‘pre-
selected joints’ where evaluated joints were selected based on joint
status (e.g. preselection based on available HJHS/radiological Petters-

son scores3®

or assessment of the most/least affected joint only). To
estimate the diagnostic accuracy of swelling for ultrasound-detected
synovial proliferation in routine screening, summary estimates for sen-
sitivity and specificity with their Cl were calculated using a bivariate
random-effects model adjusting for between-study heterogeneity.3”

In addition, subgroup analyses for treatment modality, disease sever-
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ity, age and risk of bias were performed, and forest plots of the
diagnostic accuracy parameters of the studies sorted by prevalence
of synovial proliferation and joint status were visually inspected
for trends in the parameters based on these study characteristics.
Analyses were performed in RStudio (version 1.3.1093), using the Gen-
BinomApps (version 1.2), meta (version 6.0-0) and mada (version .5.11)
packages.

3 | RESULTS

The process of literature search is shown in Figure 1 and yielded a
total of 1814 individual publications. Cross-reference searching did
not identify additional publications. After title and abstract screening,
full text publications of 188 studies were assessed for eligibility. The
reasons for excluding studies based on full text are summarized in Sup-
plement S2. Eventually, 15 studies!1215.24.29.38-47 \were included in
the systematic review. The 15 included studies reported on occurrence
of swelling and synovial proliferation in 2890 joints of 627 patients.
The study populations varied between children (n = 7), adults (n = 4)
and mixed populations (n = 4) and patients investigated mostly had
severe haemophilia A. Physical examination was performed according
to the HJHS in 14/15 studies and the Gilbert score®® in the remaining
study. Ultrasound examinations were mainly performed according to
the HEAD-US protocol (12/15 studies). In two studies an ultrasound

.48 was used. Prevalence of syn-

protocol described by Zukotynski et a
ovial proliferation ranged between 4.8% and 95%. A detailed summary

of the included studies is presented in Table 1.

3.1 | Quality assessment

A summary of the risk of bias assessment and the applicability concerns
is presented in Table 2, additional details are available in Supplement
S5. In 4 out of 15 studies,1121542 preselected joints were included
resulting in a high risk of selection bias with corresponding applicabil-
ity concerns in the patient selection domain. Results of these studies
were not generalizable to a routine screening setting and were not
included in the meta-analysis. The conduct of the physical examina-
tion was assessed with ‘high risk of bias’ in 3 of 15 studies because of
non-blinded operators (n = 2)1247 and operators who were not experi-
enced/trained in the use of the HJHS (n = 1).38 For DiMinno et al.,'® the
applicability concerns of the physical examination performance were
‘high’ due to the use of the Gilbert score instead of the HJHS. Although
use of the Gilbert score by Di Minno et al. was scored as a concern
regarding the applicability in the quality assessment, its impact on the
generalisability of the results to a setting in which the HJHS will be
used is considered minimal. The performance of ultrasound examina-
tions did not raise high risk of bias nor applicability concerns. A time
window > 24 h between physical examination and ultrasound assess-
ment introduced a high risk of bias in the ‘flow and timing’ domain

in three studies.'14%47 Three studies scored ‘high risk of bias’ in the
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latter domain because examinations were not performed in all eligi-
ble joints*1** or not all data from the examined joints was available for

analysis.!2

3.2 | Diagnostic accuracy of swelling for detection
of synovial proliferation

The prevalence of subclinical synovial proliferation ranged from 0% to
55%. Calculated sensitivity, specificity, positive and negative predictive
values (PPV, NPV) of swelling for detection of synovial proliferation
from the individual studies are available in Figure 2 and Tables 3 and 4.
Sensitivity was mostly low to moderate, with a few outliers rang-
ing from .00 to 1.00. The overall low sensitivity indicates that only
a small proportion of the joints with synovial proliferation on ultra-
sound showed swelling at physical examination. Specificity was mainly
high, yet outliers were observed as well (range .14-1.00). The mostly
high specificity of swelling indicates that absence of synovial prolifer-
ation on ultrasound was likely to correspond to absence of swelling
in the included studies. Heterogeneity of included studies was consid-
erable for sensitivity (Higgins’ 12 79.7%, C| 67.3-87.4) and specificity
(Higgins’ 12 85.9%, CI 78.3-90.8). For positive predictive values, large
variation was observed (range .48-1.00), where studies with a high
prevalence of synovial proliferation showed higher PPVs. Negative pre-
dictive values varied widely as well (range .13-1.00) with increasing

NPVs with decease of the synovial proliferation prevalence in the study

population. The wide ranges in predictive values indicate that the prob-
ability that presence or absence of swelling truly corresponds with
presence or absence of synovial proliferation on ultrasound respec-
tively varied widely between studies, depending on the prevalence.
Subgroup analyses for treatment, disease severity, age and risk of
bias showed no significant differences between sensitivity and speci-
ficity in the subgroups. Visually, sensitivity and specificity of swelling
appeared not to be associated with joint status, nor with prevalence
of synovial proliferation. Results of subgroup analyses are available in
Supplement Sé.

3.3 | Meta-analysis of screening studies

Eleven out of 15 included studies were considered ‘screening of index
joints’ studies?427.38-4143-47 3nd were thus included in a bivariate
random-effects model to determine summary estimates for sensi-
tivity and specificity. Subclinical synovial proliferation was found in
4.6-41.7% of the joints in these studies. The diagnostic accuracy
parameters of the 11 individual studies are available from Table 3.
The summary estimates obtained in the meta-analysis were .34 for
sensitivity (Cl .24-46) and .97 (Cl .92-.99) for specificity, indicating
that in routine assessment no synovial proliferation on ultrasound
corresponded to no swelling in most cases, yet only a part of the
ultrasound-detected synovial proliferation cases showed swelling at

physical examination.
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TABLE 2 Tabular presentation of the results of the QUADAS-2 assessment

Risk of Bias Applicability Concerns
Patient Index Reference Flow & Patient Index Reference

Study Author (year) selection test standard Timing selection test standard
Adramerina (2022) L L L L L L L

De La Corte-Rodriguez (2022) L L L L L L L
Roussel (2022) L L L H L L L
Daffunchio (2021) L L L L L L L
Kavakli (2021)* L L L L L L L
Maseide (2021)* L H L H L L L

Plut (2021)" L H L L L L L
Prasetyo (2021) ? L L L L L L
Stephensen (2018)* L L L H L L L
Timmer (2017) L L L L L L L
Altisent (2016) L L L H L L L
Guha (2020)* H ? L L H ? L
Foppen (2016)* H H L H H L L
Poonnoose (2016) H L L H H L L

Di Minno (2013)* H L L L H H L

L' owrisk, High Risk. ? UnclearRisk.

QUADAS-2: Quality Assessment of Diagnostic Accuracy Studies 2.
*Judgement based on additional data provided by the authors.

3.4 | Diagnostic accuracy in selected joints

Four out of 15 studies investigated preselected joints. The diagnos-
tic accuracy parameters of these studies are summarized in Table 4.
Di Minno et al.1® investigated subclinical arthropathy in 40 ‘healthy
joints’ of Italian adults with severe haemophilia A and found subclini-
cal synovial proliferation on ultrasound in 55% of joints. The diagnostic
accuracy parameters based on this study were similar to the estimates
found in the screening studies. PPV could not be determined due to
the absence of swelling in this study. Guha et al.*? conducted a study
including the most affected joints, according to HJHS, of 30 Indian chil-

dren and did not observe any subclinical synovial proliferation (0%).
In contrast to the other studies, this study showed high sensitivity
(1.00, CI .85-1.00) and low specificity (.14, Cl .00-.58) of swelling for
ultrasound-detected synovial proliferation. Lastly, two studies inves-
tigated heterogeneous groups of joints in which the prevalence of
haemophilic arthropathy was dependent on joint selection. Foppen
et al.'2 performed a side-to-side comparison of the joint with the high-
est risk of arthropathy with its contralateral joint in 32 Dutch children.
Poonnoose et al.!! preselected joints based on their x-ray Pettersson
scores to establish the full spectrum of arthropathy severity includ-
ing 50% of joints with negligible to mild haemophilic arthropathy. The
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PPV: positive predictive value, NPV: negative predictive value

FIGURE 2 Diagnostic accuracy parameters of swelling at physical examination compared to ultrasound for detection of synovial proliferation

difference in synovial proliferation prevalence of 4.8% in the study
by Foppen and 94.5% in the study by Poonnoose was reflected in
the obtained predictive values, with a high NPV (.98, Cl .91-1.00) and
moderate PPV (.67, Cl .09-.99) based on Foppen et al. as opposed by
low NPV (.13, Cl .03-.32) and high PPV (1.00, CI .89-1.00) based on

Poonnoose et al.

4 | DISCUSSION

This systematic review and meta-analysis estimated the diagnos-
tic accuracy of swelling for ultrasound-detected synovial prolifera-
tion based on 15 studies reporting on 2890 joints of 627 patients.
Prevalence of subclinical synovial proliferation in the studies ranged
between 0% and 55%. Overall, sensitivity of swelling was low indicat-
ing an underestimation of ultrasound-detected synovial proliferation
based on swelling alone. Specificity of swelling was high, indicating
that joints without ultrasound-detected synovial proliferation usually
show no swelling. NPV and PPV varied widely corresponding to the
variation in prevalence of synovial proliferation in the various studies.
Summary estimates of sensitivity and specificity for studies performed
in a routine screening setting showed low sensitivity (.34; Cl .24-.46)
and high specificity (.97; Cl .92-.99) of swelling for ultrasound-detected
synovial proliferation. These summary estimates indicate fair evidence
for the added value of ultrasound in screening for subclinical synovial

proliferation.

4.1 | Strengths and limitations

A strength of this review is the systematic literature search with

the retrieval of additional data from authors, combined with evalu-

ation according to the Cochrane guidelines. As a result, this review
provides the most complete overview possible of currently existing
published and unpublished data on the occurrence of swelling at physi-
cal examination and synovial proliferation on ultrasound during routine
joint assessment in study populations varying in age, disease sever-
ity, treatment, and/or joint status. However, using unpublished data
also introduces a risk of information bias since the data provided by
authors cannot be fully checked for accuracy. A possible limitation of
this review is the focus on swelling as only clinical indicator for syn-
ovial proliferation, while disregarding minimal pain and slight loss of
range of motion as potential signs of synovial proliferation.'® However,
synovial proliferation on ultrasound only shows weak correlation with
pain (r < .3), and no significant correlation with range of motion.2¢ A
focus on assessment of swelling alone is therefore expected to be of
minimal influence on the results of the current study. Lastly, we com-
pared swelling on physical examination with ultrasound for detecting
synovial proliferation. The ultrasound was serving as the reference
standard in this regard. However, ultrasound is an imperfect reference
standard, since the established gold standard for diagnosing synovial
proliferation is MRI.#? As a result, the diagnostic accuracy parameters
presented only reflect performance of swelling relative to ultrasound.
Due to the possible misclassification of outcome by ultrasound, the
diagnostic accuracy parameters cannot be viewed as the performance

of swelling for detecting the true disease status as determined by MRI.

4.2 | Quality of evidence

Limitations for drawing high-quality evidence conclusions from this
review are the risk of selection and information bias, the considerable
between-study heterogeneity of the included studies, and their lim-

ited sample sizes. For 12 of 15 included studies, additional data on the
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TABLE 4 Diagnostic accuracy parameters of swelling at physical examination compared to ultrasound for detection of synovial proliferation in preselected joints

Diagnostic accuracy parameters

Population

Study

Synovial

Joint
status

proliferation
Prevalence

FPFN TN

TP

N (joints)

Age Severe Prophylaxis (HJHS)

Joint selection

NPV [CI]

PPVI[CI]

Specificity [CI]

Sensitivity [CI]
1.00[.85-1.00]

Median

.791[.60-.92] 1.00[.03-1.00]

.14[.00-.58]

na 767%" 30 23f

10%

na

Most affected Children

Guha (2020)

joint
High risk &

.98[.91-1.00]

.67 [.09-.99]

.98[.91-1.00]

.67[.09-.99]

59

63

4.8%

94%  100%

Children

Foppen

contralateral

joint

(2016)

.60[.45-73] 1.00[.29-1.00] 1.00[.89-1.00] .13[.03-32]

317 21

na 94.5%" 55

na

100%

Negligible - Children

Poonnoose

severe HA

(2016)
Di Minno

45[.29-.62]

na

1.00[.81-1.00]

.00[.00-.15]

18

22

55.0% 40

0

70%

Adults 100%

Healthy joints

(2013)

Healthy joints: clinically asymptomatic joints never involved by overt bleeding events with Gilbert score = 0, Most affected joint: most affected joint based on HJHS v2.1 assessment, Negligible - severe HA:

preselected joints based on Pettersson score, representing a spectrum ranging from negligible to severe haemophilic arthropathy, High risk & contralateral joint: Joint with the highest risk of arthropathy based
on life-time bleed reports and the contralateral joint for side-to-side comparison, f Details provided by the author upon request, na: not available, HJHS: Haemophilia Joint Health Score, TP: true positive, FP: false

positive, FN: false negative, TN: true negative, Cl: 95% confidence interval, PPV: positive predictive value, NPV: negative predictive value.

Haemophilia dWFH \/ /| oy | o

presence of swelling and synovial proliferation for individual joints
were provided by the authors upon request. In addition, the major-
ity of studies were not specifically designed to compare physical
examination and ultrasound for detection of synovial proliferation
specifically, resulting in potential selection and/or information bias
in 9 of 15 studies. While 12 of 15 included studies reported on
the correlation between HJHS and ultrasound!1:12:46:47.24,29,39-42,44.45
and 7 of 10 aimed at investigating the correlation between HJHS

and uItrasound,11*29*39140*44'45'47 |_29

only De la Corte-Rodriguez et a
aimed at comparing the separate items of the HEAD-US and HJHS.
The large between-study heterogeneity made pooling of all studies to
obtain summary estimates of diagnostic accuracy inappropriate. How-
ever, with use of bivariate random-effects modelling, heterogeneity-
corrected summary estimates were generated for studies performed
in a routine screening setting, thus providing evidence for the added

value of ultrasound for screening of subclinical synovial proliferation.

4.3 | Clinical implications and future research

This review provides fair evidence that there is added value of ultra-
sound to routine physical examination for screening of subclinical
synovial proliferation: absence of swelling does not represent absence
of synovial proliferation on ultrasound. The clinical relevance of ultra-
sound screening may be highest in (relatively) healthy joints, since
detection of subclinical synovial proliferation in these joints may have
the largest impact. Early treatment of synovitis may limit bleeding and
joint deterioration, and thereby prevent progression to haemophilic
arthropathy in these relatively healthy joints. From a treatment per-
spective, it is important to distinguish between reversible synovial
inflammation and irreversible fibrotic synovial changes. As fibrotic syn-
ovial changes may occur in joints following recurrent joint bleeding,”®
ultrasound-detected synovial proliferation may not reflect active syn-
ovial inflammation in all joints affected by previous bleeding or
haemophilic arthropathy. MRI might be used to differentiate between
active synovitis and fibrotic synovial changes.?! Increased synovial
vascularisation detected by Power/Colour Doppler imaging on ultra-
sound might help in distinguishing between active inflammation and
fibrotic synovium, yet its diagnostic accuracy in haemophilic joints
is a topic of debate and has not been established.>! Longitudinal
ultrasound studies are needed to establish the clinical relevance of
ultrasound-detected synovial proliferation with or without increased
vascularisation by monitoring the effect of treatment alterations after

diagnosis of synovitis.

5 | CONCLUSION

Studies evaluating swelling at physical examination and synovial pro-
liferation on ultrasound show large heterogeneity, causing variability
in the observed diagnostic accuracy parameters. Overall low sensitiv-
ity of swelling for ultrasound-detected synovial proliferation suggests

underestimation of synovial proliferation by physical examination
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alone. This review provides fair evidence that ultrasound has added
value in a routine setting for detecting subclinical synovial prolifera-
tion. Future studies may identify patient subgroups in which ultrasound
examination is most clinically relevant. Additionally, the clinical conse-
quences of detection of synovial proliferation by ultrasound need to be
established.

AUTHOR CONTRIBUTIONS

FL, MT, WF and KF contributed to the conception and design of the
study. FL and MT acquired and analysed the data. All authors con-
tributed to the interpretation of data for the work. FL drafted the
manuscript. MT, PJ, KF and WF revised the manuscript critically for
important intellectual content. All authors approve the final version of
the manuscript to be published. All authors agree to be accountable for
all aspects of the work in ensuring that questions related to the accu-
racy or integrity of any part of the work are appropriately investigated

and resolved.

ACKNOWLEDGEMENTS

The authors thank F. P. Weijdema, Librarian at Utrecht University
Library, for his help setting up the literature search queries. They also
thank A. Adramerina, C. Altisent, C. Daffunchio, M.N.D. Di Minno, K.
Kavakli, R.J. Maseide, R. Mondal, M. Prasetyo, D. Plut, P.M. Poonnoose,
E. Rodriguez-Merchan, N. Roussel and D. Stephensen for their contri-
bution to this review by proving us additional data on their studies. This
research was financially supported by an independent research grant

from Sobi.

CONFLICT OF INTEREST
The Department of Radiology and Nuclear Medicine receives research

support from Philips Healthcare.
F.L. declares no conflicts of interest. M.T. received research grants

from Novo Nordisk and SOBI and performed consultancy activities
for SOBI, all paid to the institution. P.J. participates as a researcher
in a clinical trial supported by Sanifit. K.F. has received speaker’s fees
from Bayer, Baxter/Shire, Sobi/Biogen, CSL Behring and Novo Nordisk;
has performed consultancy for Bayer, Biogen, CSL Behring, Freeline,
Novo Nordisk, Roche and Sobi; and has received research support from
Bayer, Baxter/Shire, Novo Nordisk, Pfizer and Biogen; all fees were
paid to the institution. W.F. has received research grants from Novo

Nordisk and Pfizer which were paid to the institution.

DATA AVAILABILITY STATEMENT

The data that support the findings of this study are available in the sup-
plementary material of this article and from the corresponding author
upon reasonable request.

ETHICS STATEMENT
This study was performed in accordance with the Declaration of
Helsinki.

ORCID
Flora H. P.van Leeuwen " https://orcid.org/0000-0002-8384-4385

Merel A. Timmer " https://orcid.org/0000-0003-1910-999X

VAN LEEUWEN ET AL.

Kathelijn Fischer "= https://orcid.org/0000-0001-7126-6613

Wouter Foppen "= https://orcid.org/0000-0003-4970-8555

REFERENCES

1. Fischer K, Steen Carlsson K, Petrini P, et al. Intermediate-dose versus
high-dose prophylaxis for severe hemophilia: comparing outcome and
costs since the 1970s. Blood. 2013;122(7):1129-1136.

2. Mazepa MA, Monahan PE, Baker JR, et al. Men with severe hemophilia
in the United States: birth cohort analysis of a large national database.
Blood. 2016;127(24):3073-3081.

3. Manco-Johnson MJ, Abshire TC, Shapiro AD, et al. Prophylaxis ver-
sus episodic treatment to prevent joint disease in boys with severe
hemophilia. N Engl J Med. 2007;357(6):535-544.

4. van Vulpen LFD, Holstein K, Martinoli C. Joint disease in haemophilia:
pathophysiology, pain and imaging. Haemophilia. 2018;24:44-49.

5. Pulles AE, Mastbergen SC, Schutgens REG, et al. Pathophysiology of
hemophilic arthropathy and potential targets for therapy. Pharmacol
Res.2017;115:192-199.

6. Jansen NWD, Roosendaal G, Lafeber FPJG. Understanding
haemophilic arthropathy: an exploration of current open issues.
Br J Haematol. 2008;143(5):632-640.

7. Lambert T, Auerswald G, Benson G, et al. Joint disease, the hallmark of
haemophilia: what issues and challenges remain despite the develop-
ment of effective therapies? Thromb Res. 2014;133(6):967-971.

8. Foppen W, van der Schaaf IC, Beek FJA, et al. MRI predicts 5-year
joint bleeding and development of arthropathy on radiographs in
hemophilia. Blood Adv. 2020;4(1):113-121.

9. Feldman BM, Funk SM, Bergstrom BM, et al. Validation of a new
pediatric joint scoring system from the international hemophilia pro-
phylaxis study group: validity of the hemophilia joint health score.
Arthritis Care Res. 2011;63(2):223-230.

10. Srivastava A, Santagostino E, Dougall A, et al. WFH guidelines for the
management of hemophilia. Haemophilia. 2020;26(S6):1-158.

11. Poonnoose PM, Hilliard P, Doria AS, et al. Correlating clinical and radi-
ological assessment of joints in haemophilia: results of a cross sectional
study. Haemophilia. 2016;22(6):925-933.

12. Foppen W, van der Schaaf IC, Fischer K. Value of routine ultrasound
in detecting early joint changes in children with haemophilia using the
‘Haemophilia early arthropathy detection with UltraSound’ protocol.
Haemophilia. 2016;22(1):121-125.

13. Nijdam A, Foppen W, de Kleijn P, et al. Discontinuing early prophylaxis
in severe haemophilia leads to deterioration of joint status despite low
bleeding rates. Thromb Haemost. 2016;115(5):931-938.

14. Oldenburg J. Optimal treatment strategies for hemophilia: achieve-
ments and limitations of current prophylactic regimens. Blood.
2015;125(13):2038-2044.

15. Di Minno MND, lervolino S, Soscia E, et al. Magnetic resonance imag-
ing and ultrasound evaluation of “healthy” joints in young subjects with
severe haemophilia A. Haemophilia. 2013;19(3):e167-73.

16. Foppen W, van der Schaaf IC, Beek FJA, et al. Diagnostic accuracy of
point-of-care ultrasound for evaluation of early blood-induced joint
changes: comparison with MRI. Haemophilia. 2018;24(6):971-979.

17. AcharyaSS, Schloss R, Dyke JP, et al. Power doppler sonography in the
diagnosis of hemophilic synovitis - a promising tool. J Thromb Haemost.
2008;6(12):2055-2061.

18. Doria AS, Keshava SN, Mohanta A, et al. Diagnostic accuracy of ultra-
sound for assessment of hemophilic arthropathy: mRI correlation. Am
J Roentgenol. 2015;204(3):W336-47.

19. Sierra Aisa C, Lucia Cuesta JF, Rubio Martinez A, et al. Compari-
son of ultrasound and magnetic resonance imaging for diagnosis and
follow-up of joint lesions in patients with haemophilia. Haemophilia.
2014;20(1):e51-7.

20. Plut D, Kotnik BF, Zupan IP, et al. Diagnostic accuracy of
haemophilia early arthropathy detection with ultrasound (HEAD-US):

85U80|7 SUOWIWOD A0 3|edldde aup Aq peusenob ae ssjpiie YO ‘88N JO se|nJ 1oy ArIqiT8ulIUO A8]1M UO (SUOTPUCD-PUe-SLLIBIAL0D A8 1M ATeJq 18U [UO//:SANY) SUORIPUOD pue Swid | 8 88S *[£202/80/20] Uo ArigiTaulluo A1 ‘Ariqi AISIBAIUN 149N AQ 2€24T'3eU/TTTT OT/I0pAU0D A8 Im AreIq Ul UO//:SANY Wolj pepeojumod ‘Z ‘€202 ‘9TSZS9ET


https://orcid.org/0000-0002-8384-4385
https://orcid.org/0000-0002-8384-4385
https://orcid.org/0000-0003-1910-999X
https://orcid.org/0000-0003-1910-999X
https://orcid.org/0000-0001-7126-6613
https://orcid.org/0000-0001-7126-6613
https://orcid.org/0000-0003-4970-8555
https://orcid.org/0000-0003-4970-8555

VAN LEEUWEN ET AL.

21

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

a comparative magnetic resonance imaging (MRI) study. Radiol Oncol.
2019;53(2):178-186.

von Drygalski A, Moore RE, Nguyen S, et al. Advanced hemophilic
arthropathy: sensitivity of soft tissue discrimination with muscu-
loskeletal ultrasound. J Ultrasound Med. 2018;37(8):1945-1956.
Bakeer N, Dover S, Babyn P, et al. Musculoskeletal ultrasound in
hemophilia: results and recommendations from a global survey and
consensus meeting. Res Pract Thromb Haemost. 2021;5(5).

Bakeer N, Shapiro AD. Merging into the mainstream: the evolution
of the role of point-of-care musculoskeletal ultrasound in hemophilia.
F1000Research. 2019;8.

Timmer MA, Foppen W, Schutgens REG, et al. Comparing findings of
routine haemophilia joint health score and haemophlia early arthropa-
thy detection with UltraSound assessments in adults with haemophilia.
Haemophilia. 2017;23(2):e141-43.

Muca-Perja M, Riva S, Grochowska B, et al. Ultrasonography of
haemophilic arthropathy. Haemophilia. 2012;18(3):364-368.

De la Corte-Rodriguez H, Rodriguez-Merchan EC, Alvarez-Roman MT,
et al. HJHS 2.1 and HEAD-US assessment in the hemophilic joints: how
do their findings compare? Blood Coagul Fibrinolysis. 2020;31(6):387-
392.

De la Corte-Rodriguez H, Rodriguez-Merchan EC, Alvarez-Roman MT,
et al. The value of HEAD-US system in detecting subclinical abnor-
malities in joints of patients with hemophilia. Expert Rev Hematol.
2018;11(3):253-261.

Ligocki CC, Abadeh A, Wang KC, et al. A systematic review of ultra-
sound imaging as a tool for evaluating haemophilic arthropathy in
children and adults. Haemophilia. 2017;23(4):598-612.

De la Corte-Rodriguez H, Rodriguez-Merchan EC, Alvarez-Roman MT,
et al. Clinical assessment and point of care ultrasonography: how to
diagnose haemophilic synovitis. Haemophilia. 2022;28(1):138-144.
Deeks J, Bossuyt P, Takwoingi Y, et al. Cochrane Handbook for
Systematic Reviews of Diagnostic Test Accuracy. 2013.

Mclnnes MDF, Moher D, Thombs BD, et al. Preferred reporting items
for a systematic review and meta-analysis of diagnostic test accu-
racy studies the PRISMA-DTA statement. JAMA - J Am Med Assoc.
2018;319(4):388-396.

Whiting PF. QUADAS-2: a revised tool for the quality assessment of
diagnostic accuracy studies. Ann Intern Med. 2011;155(8):529.

Gilbert M. Prophylaxis: musculoskeletal evaluation. Semin Hematol.
1993;30(3 suppl 2):3-6.

Martinoli C, Della Casa Alberighi O, Di Minno G, et al. Development
and definition of a simplified scanning procedure and scoring method
for haemophilia early arthropathy detection with ultrasound (HEAD-
US). Thromb Haemost. 2013;109(6):1170-1179.

Klukowska A, Czyrny Z, Laguna P, et al. Correlation between clinical,
radiological and ultrasonographical image of knee joints in children
with haemophilia. Haemophilia. 2001;7(3):286-292.

Pettersson H, Ahlberg A, Nilsson IM. A radiologic classification of
hemophilic arthropathy. Clin Orthop Relat Res. 1980;149:153-159.
Reitsma JB, Glas AS, Rutjes AWS, et al. Bivariate analysis of sensitivity
and specificity produces informative summary measures in diagnostic
reviews. J Clin Epidemiol. 2005;58(10):982-990.

Plut D, Faganel Kotnik B, Preloznik Zupan |, et al. Detection and evalu-
ation of haemophilic arthropathy: which tools may be considered more
reliable. Haemophilia. 2021;27(1):156-163.

Prasetyo M, Moniqa R, Tulaar A, et al. Correlation between hemophilia
early arthropathy detection with ultrasound (HEAD-US) score and

41.

42.

46.

47.

48.

49.

50.

51

Haemophilia ¢WFH /| £y | =

hemophilia joint health score (HJHS) in patients with hemophilic
arthropathy. PLoS One. 2021;16(4):e0248952.

. Stephensen D, Classey S, Harbidge H, et al. Physiotherapist inter-

rater reliability of the haemophilia early arthropathy detection with
ultrasound protocol. Haemophilia. 2018;24(3):471-476.

Altisent C, Martorell M, Crespo A, et al. Early prophylaxis in children
with severe haemophilia A: clinical and ultrasound imaging outcomes.
Haemophilia. 2016;22(2):218-224.

Guha A, Rai A, Nandy A, et al. Joint scores in hemophilic arthropa-
thy in children: developing country perspectives. Eur J Rheumatol.
2020;7(1):26-30.

. Adramerina A, Teli A, Symeonidis S, et al. Treatment individual-

ization using pharmacokinetic studies and joint ultrasound imag-
ing in pediatric patients with hemophilia. J Pediatr Hematol Oncol.
2022;44(5):237-242.

. Roussel NA, Chantrain V, Foubert A, et al. Gaining more insight into

ankle pain in haemophilia: a study exploring pain, structural and func-
tional evaluation of the ankle joint. Haemophilia. 2022;28(3):480-490.

. Daffunchio C, Galatro G, Rossi M, et al. Clinical and ultrasound

evaluation of patients with haemophilia on prophylaxis. Haemophilia.
2021;27(4):641-647.

Kavakli K, Ozbek SS, Antmen AB, et al. Impact of the HEAD-US scoring
system for observing the protective effect of prophylaxis in hemophilia
patients: a prospective, multicenter, observational study. Turkish J
Hematol. 2021;38(2):101-110.

Maseide RJ, Berntorp E, Astermark J, et al. Haemophilia early
arthropathy detection with ultrasound and haemophilia joint health
score in the moderate haemophilia (MoHem) study. Haemophilia.
2021;27(2).

Zukotynski K, Jarrin J, Babyn PS, et al. Sonography for assess-
ment of haemophilic arthropathy in children: a systematic protocol.
Haemophilia. 2007;13(3):293-304.

Tolend M, Majeed H, Soliman M, et al. Critical appraisal of the inter-
national prophylaxis study group magnetic resonance image scale
for evaluating haemophilic arthropathy. Haemophilia. 2020;26(4):565-
574.

Stein H, Duthie R. The pathogenesis of chronic haemophilic arthropa-
thy. J Bone Joint Surg Br. 1981;63-B(4):601-609.

Di Minno MND, Pasta G. Diagnosis and treatment of chronic synovi-
tis in patients with hemophilia: consensus statements from the Italian
association of haemophilia centers. Blood Transfus. 2020;18(SUPPL
3):s319.

SUPPORTING INFORMATION
Additional supporting information can be found online in the Support-

ing Information section at the end of this article.

How to cite this article: van Leeuwen FHP, Timmer MA, de
Jong PA, Fischer K, Foppen W. Screening for subclinical
synovial proliferation in haemophilia: A systematic review and
meta-analysis comparing physical examination and ultrasound.
Haemophilia. 2023;29:445-455.
https://doi.org/10.1111/hae.14737

85U80|7 SUOWIWOD A0 3|edldde aup Aq peusenob ae ssjpiie YO ‘88N JO se|nJ 1oy ArIqiT8ulIUO A8]1M UO (SUOTPUCD-PUe-SLLIBIAL0D A8 1M ATeJq 18U [UO//:SANY) SUORIPUOD pue Swid | 8 88S *[£202/80/20] Uo ArigiTaulluo A1 ‘Ariqi AISIBAIUN 149N AQ 2€24T'3eU/TTTT OT/I0pAU0D A8 Im AreIq Ul UO//:SANY Wolj pepeojumod ‘Z ‘€202 ‘9TSZS9ET


https://doi.org/10.1111/hae.14737

	Screening for subclinical synovial proliferation in haemophilia: A systematic review and meta-analysis comparing physical examination and ultrasound
	1 | INTRODUCTION
	2 | MATERIALS AND METHODS
	2.1 | Literature search
	2.2 | Eligibility criteria and study selection
	2.3 | Quality assessment
	2.4 | Data extraction and data analysis

	3 | RESULTS
	3.1 | Quality assessment
	3.2 | Diagnostic accuracy of swelling for detection of synovial proliferation
	3.3 | Meta-analysis of screening studies
	3.4 | Diagnostic accuracy in selected joints

	4 | DISCUSSION
	4.1 | Strengths and limitations
	4.2 | Quality of evidence
	4.3 | Clinical implications and future research

	5 | CONCLUSION
	AUTHOR CONTRIBUTIONS
	ACKNOWLEDGEMENTS
	CONFLICT OF INTEREST
	DATA AVAILABILITY STATEMENT

	ETHICS STATEMENT
	ORCID
	REFERENCES
	SUPPORTING INFORMATION


