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Introduction: For persons with hemophilia, optimization of joint outcomes is an important

Funding information arthropathy in persons with hemophilia, and to move toward consensus among hemo-
Novo Nordisk philia care providers regarding the preferred ultrasound protocols for global adaptation.
Handling Editor: Dr Suzanne Cannegieter. Methods: A global survey of hemophilia treatment centers was conducted that fo-
cused on understanding how and why ultrasound was being used and endeavored to
move toward consensus definitions of both point-of-care musculoskeletal ultrasound
(POC-MSKUS) and full diagnostic ultrasound, terminology to describe structures being
assessed by ultrasound, and how these assessments should be interpreted. Next, an in-
person meeting of an international group of hemophilia health care professionals and
patient representatives was held, with the objective of achieving consensus regarding
the acquisition and interpretation of POC-MSKUS and full diagnostic ultrasound for use
in the assessment of musculoskeletal (MSK) pathologies in persons with hemophilia.
Results: The recommendations were that clear definitions of the types of ultrasound
examinations should be adopted and that a standardized ultrasound scoring/meas-
urement system should be developed, tested, and implemented. The scoring/meas-
urement system should be tiered to allow for a range of complexity yet maintain the
ability for comparison across levels.

Conclusion: Ultrasound is an evolving technology increasingly used for the assess-
ment of MSK outcomes in persons with hemophilia. As adoption increases globally
for clinical care and research, it will become increasingly important to establish clear
guidelines for image acquisition, interpretation, and reporting to ensure accuracy,

consistency, and comparability across groups.
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Essentials

e Ultrasound is an evolving technology gaining traction for assessment of persons with hemophilia.

e To optimize outcomes, standardized ultrasound protocols should be adopted globally.

o A tiered ultrasound scoring/measurement system allowing comparison across levels is recommended.
e Guidelines for ultrasound acquisition, interpretation, and reporting will ensure consistency.
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1 | INTRODUCTION

Recurrent hemarthrosis and resultant hemophilic arthropathy con-
tinue to be a major cause of morbidity in persons with hemophilial*
despite the rapidly advancing hemophilia treatment landscape and
widespread introduction of prophylaxis with consequent improve-
ment in bleed prevention and treatment strategies.”! Hemophilia
treatment center (HTC) providers have a growing interest in develop-
ing more accurate and objective methods for the assessment of acute
musculoskeletal (MSK) episodes, joint health, and efficacy of novel
hemostatic agents (factor, nonfactor, and gene therapy). Bleeding
may be reduced with newer treatments, but any bleeding, including
subclinical bleeding, can be deleterious to the joint. Optimization of
long-term joint outcomes is an important unmet need.
Musculoskeletal ultrasound (MSKUS) has emerged as a promis-
ing tool to serve as an adjunct to clinical evaluation of acute bleed-
ing episodes.??!3 MSKUS has also been used for longitudinal joint
health assessment through assessment of disease activity (joint
effusion and synovial proliferation) and, to a lesser extent, osteo-
chondral derangement.!*8 Several point-of-care musculoskeletal
ultrasound (POC-MSKUS) and full diagnostic MSKUS scanning pro-
tocols and scoring systems have been proposed over the past two
decades, with varying degrees of validation, adoption, and imple-

mentation by HTCs.2?2¢

Ideally, one key goal for MSKUS would be
to detect clinically significant joint disease or predictors of joint
disease at an early stage where intervention (e.g., administration or
intensification of prophylaxis) is likely to be beneficial.*?’

The aim of this initiative was to determine how ultrasound is
currently used for the assessment of persons with severe inherited
bleeding disorders, focusing on hemophilia, and to move toward es-
tablishing consensus among hemophilia care providers regarding the
use of proposed ultrasound protocols, by conducting a survey and a
2-day in-person consensus meeting of relevant experts in the fields
of hemophilia and imaging.

The objective of the survey was to determine the scope of use of
MSKUS (POC-MSKUS and full-diagnostic MSKUS) for the manage-
ment of persons with hemophilia as part of the comprehensive care
model at HTCs, with focus on MSKUS definitions and terminology,
image acquisition protocols, interpretation of findings, and grading
or scoring.

Using data from the survey, existing literature, and expert opin-
ion from the planning committee (PB, VB), the objectives of the 2018
Toronto Ultrasound Meeting were formulated to answer a series of

questions listed in Table 1.

2 | METHODS

2.1 | Survey design, dissemination, and analysis

This survey is complementary to a recently published International
Prophylaxis Study Group (IPSG) survey aimed at determining the
global status of ultrasound use for the management of persons with
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hemophilia.?® This second of two surveys focused on understanding
how and why ultrasound was being used in various clinical contexts,
and to begin to move toward consensus definitions of both POC-
MSKUS and full diagnostic MSKUS, terms used to describe struc-
tures being assessed by ultrasound, and how these assessments
should be interpreted. This study was approved by the Research
Ethics Board at the Hospital for Sick Children (SickKids), with partici-
pant consent implied upon completion of the survey.

The survey was developed by the Ultrasound Taskforce of
the IPSG, with input from MSK radiologists and other hemophilia
health care providers and was pilot tested by an international panel
of subject matter experts. The complete survey can be found in
Appendix A.

The survey was distributed from July to August 2018 using
an HTC-based approach; only one response was requested from
each HTC surveyed. The list of HTCs was selected on the basis
of the results of the first IPSG ultrasound survey, which specifi-
cally asked for contact information of health care providers who
are currently using ultrasound at each HTC and also included the
pooled email list used to distribute that survey.?® The survey was
distributed to 313 HTCs in 26 countries, spanning North America
(Canada, United States), South America (Argentina, Brazil, Chile,
Colombia, Venezuela), Europe (Czech Republic, Denmark, France,
Finland, Germany, Greece, Italy, Norway, Spain, Sweden, the
Netherlands, Turkey, and the United Kingdom), and the rest of the
world (Australia, China, India, Israel, New Zealand, and Taiwan).
The survey was hosted on a Research Electronic Data Capture sys-
tem housed at SickKids.2%3°

Responses to the survey were summarized using descriptive
statistics. All analyses were completed using R version 3.5.6 (R

Foundation for Statistical Computing, Vienna, Austria).

2.2 | Ultrasound consensus meeting

A 2-day meeting and workshop was held in Toronto, Ontario,
Canada, in September 2018. Invitees included a range of disciplines
(pediatric and adult hematologists, MSK radiologists, physical thera-
pists, orthopedist, etc.), and patient representatives, selected from
among the survey respondents by the planning committee to en-
sure comprehensive, multi-disciplinary representation of all relevant
areas of expertise and patient experience in the use of ultrasound
for the management, assessment, and surveillance of hemophilic
arthropathy.

The goals of the Toronto 2018 Ultrasound Meeting are outlined
in Table 1; the overall objective was to develop consensus regarding
the acquisition and interpretation of ultrasound (POC-MSKUS and
full diagnostic MSKUS) for use in the assessment of MSK patholo-
gies in persons with hemophilia and other severe inherited bleeding
disorders. To accomplish this, the meeting was divided into two main
components: a series of presentations and education sessions on the
status and use of ultrasound at various global HTCs, including a re-
view of the survey results, and breakout workshops as follows:
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TABLE 1 Summary of the meeting objectives, final recommendations from the clinical and technical workshops, and the unanimous
recommendations from the group as a whole

Meeting Objectives:

1. What is the scope of use of ultrasound for the assessment and follow-up of MSK pathologies in persons with hemophilia?

2. What is the global variation in the use of ultrasound for the assessment and follow up of MSK pathologies in persons with hemophilia?

3. What are the current and recommended (future) acquisition protocols for achieving the priorities identified above?

4. How should ultrasound examinations be interpreted and scored to deliver meaningful clinical/research information relevant to the priorities

identified above?

5. Given current gaps in knowledge, what are our current recommendations for areas of development and improvement, as well as future
directions for research as related to the assessment and follow up of MSK pathologies in persons with hemophilia?

Source Recommendations

High-level summary from entire A basic understanding of ultrasound needs to be attained to increase user confidence.

group Clear definitions of the various levels of ultrasound examinations should be developed.

A standardized and harmonized ultrasound scoring system for assessment of MSK disease in persons with
hemophilia should be developed, tested, and implemented for use both clinically and in the research

setting.

A tiered ultrasound scoring/measurement system that builds in complexity but allows for comparison across

tiers should be adopted.

Future endeavors should include standardization of ultrasound acquisition protocols for detection of MSK
disease in the joints of persons with hemophilia, with a focus on the index joints (ankles, knees, and elbows).

Clinical and technical A basic understanding of ultrasound and its potential role(s) needs to be established to increase confidence in

workshops its use.

A need exists to develop clear definitions of the various levels of ultrasound examinations. The group
suggests dividing ultrasound examinations in persons with hemophilia into two categories: POC-MSKUS

and complete diagnostic ultrasound.

There is an urgent need to standardize and globalize ultrasound scanning and scoring systems. Validation of
ultrasound scanning and scoring protocols against the reference gold standard, MRI, is necessary.

Unresolved controversies include the ability of ultrasound to detect hemosiderin and surface bone erosions

and subchondral cysts, and the role (if any) of color and power Doppler and/or contrast Doppler in the
evaluation of persons with hemophilia.

A need exists for pediatric atlases detailing normal joint ossification and normal expected pediatric values for
soft tissue, epiphyseal cartilage thickness, and vascularization at various ages.

As ultrasound becomes more widely used, the group calls for guidelines addressing training and proficiency,
credentialing and privileging, maintenance of competence, ultrasound management, and quality assurance.

Next steps:

Planned follow-up meeting using a formal nominal groups process with a targeted group of experts to review available ultrasound (including
point-of-care and full diagnostic ultrasound) and MRI protocols for acquisition and interpretation of musculoskeletal disease in persons with
hemophilia and to develop an imaging algorithm suitable for clinical use when assessing patients with hemophilia, and possible acute/chronic

MSK disease.

Abbreviations: MRI, magnetic resonance imaging; MSK, musculoskeletal; POC-MSKUS, point-of-care musculoskeletal ultrasound.

1. The Clinical Working Group (n = 27), which consisted primarily
of hematologists, physical therapists, orthopedic surgeons, and
patient representatives, aimed to establish the clinical questions
that should be addressed with ultrasound, guided by the overall
objectives of the meeting. In this workshop, presentations and
discussions were held covering the following topics: the use
of imaging in orthopedics/MSK system, lessons from clinical
trials, perspectives from persons with hemophilia, and a final
group discussion.

. The Technical Working Group (n = 20), which consisted primar-
ily of radiologists, sonographers, physicists, artificial/augmented
intelligence specialists, and data scientists aimed to discuss and
establish standardized protocols for ultrasound image acquisi-

tion, interpretation, and scoring with clear definitions. This group

established a series of more specific questions to guide the ensu-
ing discussions, including establishing the usefulness of ultrasound
scoring systems for arthropathy versus the direct measurement
of structures, how best to assess vascularity, and issues around
existing normative data. The latter is particularly important for
pediatric assessments, which pose additional challenges including
the need for a sophisticated understanding of normal joint matu-

ration, secondary ossification, and age-based variations.

The Working Groups arrived at their recommendations through
in-depth discussion to reach a group consensus. Unanimous agree-
ment of the overall group recommendations was achieved via a
group discussion with a moderator with extensive experience in

achieving group consensus (BF).
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3 | RESULTS

3.1 | Global survey

Responses were received from 76 of 313 (24.3%) HTCs surveyed. Of
those, 55% (42/76) reported routine use of full diagnostic ultrasound,
and 52% (40/76) reported routine use of any type of POC-MSKUS.

A proposed set of definitions for full diagnostic ultrasound
and POC-MSKUS that were developed during the first IPSG ul-
trasound survey were presented‘28 Most respondents agreed
with the proposed definitions as written (76% for full diagnostic
ultrasound and 90% for POC-MSKUS), however, some suggestions
were made as to how the definitions could be modified and im-
proved (Table 2).

Of the HTCs using full diagnostic ultrasound, 74% reported di-
rect tissue measurements; of the HTCs using POC-MSKUS, 58% re-
ported results in a standardized way (e.g., a score), with 32% using
direct measurements. POC-MSKUS was used primarily to support
clinical decision making (85%) and as an educational tool (78%). At
the time of the survey, only 40% of HTCs using POC-MSKUS re-
ported using it to support research.

For full diagnostic ultrasound, >70% of scans were both acquired
and interpreted by radiologists, and the maximum acceptable scan
time per joint was up to 30 minutes. Conversely, for POC-MSKUS,
the majority of scans were being performed and interpreted by
physical therapists (70%) and/or hematologists (35%), and the maxi-
mum acceptable scan time per joint was up to 10 minutes. Less than
10% of HTCs felt that it was acceptable to scan a joint for longer
than 60 minutes for full diagnostic ultrasound or 20 minutes for
POC-MSKUS.

Ultrasound examination was completed most commonly to eval-
uate joint effusions (85%), followed by assessment of soft-tissue
structures (82%), cartilage (75%), osteochondral surfaces (71%), and
muscle integrity (65%). There was less agreement regarding the use
of Doppler technology to assess for increased vascularity, 30% of
HTCs do not use any Doppler in their ultrasound evaluations, while
the remainder reported using primarily color Doppler (28%), primar-
ily power Doppler (27%), or both color and power Doppler about
equally (15%).

There was a high level of agreement in terms of nomenclature to
report soft-tissue (86%) and osteochondral (83%) findings. Figure 1
shows the items that HTCs felt should be considered for assessment
in the soft-tissue domain. A majority agreed that assessment of effu-
sion/hemarthrosis, simple/complex effusion, and synovial hypertro-
phy/thickening should be mandatory components of an ultrasound
evaluation.

In contrast, there was very little consensus on what struc-
tures can and should be assessed from the osteochondral domain.
Figure 2 shows a breakdown of HTC opinions regarding what can be
seen on ultrasound for the assessment of cartilage loss, subchondral
cysts, and surface erosions. The highest proportion of respondents
(ranging from 24% to 43% per question) indicated that they felt they
did not have the expertise required to answer these questions.
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3.2 | Ultrasound consensus meeting

Forty-seven of 50 (94%) invited individuals attended the consensus
meeting and workshop. Attendees included a global representation
of pediatric and adult hematologists, radiologists, physical thera-
pists, orthopedic surgeons, data scientists, and patient representa-
tives (Figure 3).

A summary of the recommendations from both the clinical and
technical working groups is outlined in Table 1. In response to these
recommendations, a moderated discussion occurred, where unani-
mous consensus was reached on a series of high-level recommenda-
tions, detailed in Table 1.

4 | DISCUSSION

Hemophilic arthropathy continues to occur in patients with inherited
bleeding disorders. This arthropathy persists despite advances in
management and a multimodal approach to joint health assessment,
based on the International Classification of Functioning, Disability,
and Health developed by the World Health Organization‘l""&ﬂ’“'34

It is widely accepted that joint bleeding drives the progression of
hemophilic arthropathy, but the pathophysiology of blood-induced
joint/muscle damage in persons with hemophilia is complex, and the
multifactorial process that results in bone damage is not yet fully
elucidated.?> A need exists for a more accurate serial joint status as-
sessment, which may provide evidence of hemostatic agent or gene
therapy efficacy and allow for personalization of prophylactic regi-
mens when used as part of a set of outcome measures,>!>17:28:36-38

Hemophilic arthropathy shares some clinical and sonographic
features of rheumatoid arthritis (RA), a disease model that has suc-
cessfully implemented high-resolution ultrasound for research and
patient management.39 In hemophilia, synovitis and osteochondral
damage are markers of disease progression and clinical/subclini-
cal joint bleeding.}*1%540 Ultrasound, especially POC-MSKUS, is a
promising tool in hemophilia that is being used globally, irrespective
of HTC size or resources in the assessment of MSK pathologies in
individuals with inherited bleeding disorders.?® Adoption rates are
expected to increase as POC-MSKUS and full diagnostic ultrasound
definitions are established, and awareness of guidelines and demon-
stration of clinical utility of this imaging tool increases, while the cost
of ultrasound scanners decreases.*!

The survey respondents agreed to the proposed definitions of
POC-MSKUS and full diagnostic ultrasound but suggested minor
modifications to make them crisp and more differentiated based on
scope of use, question(s) being answered, scanning times, and re-
porting of findings. This will facilitate a better uniformity irrespective
of who is scanning (radiologist vs other trained provider). This sur-
vey showed sustained POC-MSKUS implementation rates in clinical
practice, relative to the first IPSG ultrasound survey,?® primarily by
HTC physical therapists and hematologists as a real-time, quick scan
that serves as an adjunct to physical examination to support clinical
decision making by answering yes/no questions, as an educational
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tool for HTC staff and patients, and potentially as a research tool to
monitor joint outcomes over time.

Proposed roles of MSKUS include, but are not limited to, screen-
ing for early detection of hemophilic arthropathy in index joints
(elbows, knees, and ankles),*6'742 following progression of hemo-
philic arthropathy in serial examinations, evaluation of painful MSK

12132543 3nd interventional (image-guided joint aspiration

episodes,
with or without joint injection).***® Well-designed prospective mul-
ticenter studies evaluating these roles in this population are needed.

Several full diagnostic and POC-MSKUS scanning and scoring sys-
tems have been proposed,®2%22 some validated and others in various
stages of validation. However, a unifying globally standardized proto-
col is not yet agreed on. Reaching a consensus on the list of patholog-
ical findings to include and their assigned weight in a scoring system
is necessary to meet this end and allow for comparison to magnetic
resonance imaging (MRI) examinations.*’ Pertaining to POC-MSKUS,
the working groups acknowledge that more than one protocol might
be needed to satisfy different needs, and a tiered system that builds in
complexity but allows for comparison across tiers may be useful with
simplified, detailed, and expanded protocols for bedside, detailed clin-
ical, and research purposes, respectively. Semiquantitative, simplified,
POC-MSKUS scanning protocols that rely on pattern recognition and
use little to no measurements appear best matched for typical clini-
cal use and real-time joint assessment (Hemophilia Early Arthropathy
Detection by Ultrasound and Universal Simplified Ultrasound).'”?2
Conversely, quantitative, more detailed scanning protocols that re-
port soft-tissue and osteochondral measurements and include color
and/or power Doppler imaging may be better suited for more com-
prehensive joint evaluation, research, and clinical trials (Joint Activity
and Damage Exam and full diagnostic protocols).®®2° The choice of
scanning protocol and scoring system is best determined by the user,
based on local health care environment, extent of joint disease, and

information sought from the scan.

Regarding structures routinely examined by ultrasound, the
majority of meeting participants agreed on the nomenclature
used to report soft tissue findings with effusion (simple vs. com-
plex) and synovial hypertrophy or thickening being mandatory
components of the MSKUS evaluation. However, very little con-
sensus was achieved with what can be feasibly and accurately
assessed from an osteochondral domain, the utility of Doppler
(color/power) and/or contrast in the evaluation of hemophilic ar-
thropathy, and hemosiderin detection. This was not surprising, as
available evidence is contradictory and inconclusive. Ultrasound
remains inferior to MRI in the evaluation of the central aspect of
the cartilage and subchondral bone; it appears to be limited to the
peripheral aspect of the joint, as most of the ultrasound beam is
reflected over the bony surfaces.!6:21°°

MRI remains the gold standard to assess joint changes in hemo-
philia. The clinical relevance of MRI findings was recently highlighted
in a single-center, prospective cohort study, which showed that in
persons with hemophilia with limited arthropathy, joints with sy-
novial hypertrophy on MRI had significantly higher 5-year bleeding
rates; those joints bled sooner and more often.”? Currently, there is
fair evidence (grade B) to recommend MSKUS as an accurate tech-
nique for early diagnosis of hemophilic arthropathy with particular
regard to soft-tissue abnormalities. POC-MSKUS may be most suit-
able for routine joint assessment given the limited availability and
high cost of MRI, and the insensitivity of radiographs to early joint
changes.’®?! Interestingly, the application of artificial intelligence/
machine learning (AIML) to pattern recognition in medical images
has recently been proven to be very successful in enhancing clin-
ical decision support software solutions, especially in situations
that require the standardization and processing of very complex
problems.>? By coupling these advances with the relatively inex-
pensive and readily available ultrasound modality, one may achieve

an efficient and yet diagnostically accurate solution. A standardized

TABLE 2 Definitions as proposed in the global survey for full diagnostic ultrasound and POC-MSKUS with suggested modifications for

consideration based on participant responses

Proposed definitions

Full diagnostic ultrasound

Referring to the use of ultrasound in radiology departments to diagnose and follow pathologic findings
throughout the extent of the joint/muscle that is amenable to visualization of anatomic structures
by conventional ultrasound transducers (typical frequency range: 3.5-15 MHz) using a 360-degree

coverage approach.
POC-MSKUS

An ultrasound examination performed by a health care professional in which the purpose is to identify
the presence or absence of a limited number of specific findings; examples of such findings in persons
with hemophilia are (i) presence or absence of fluid in a joint consistent with a recent joint bleed
(hemarthrosis); and (ii) presence or absence of synovial hypertrophy in a joint. The POC- MSKUS
examination can be performed by a practitioner other than a radiologist and in a site other than a
diagnostic imaging center (ie, at the bedside in an inpatient ward or outpatient clinic).

Proposed modifications by some
respondents

Full diagnostic ultrasound can
be performed outside of a
radiology department by
trained providers

POC-MSKUS must be defined as
an adjunct to a detailed joint/
muscle physical examination
by an experienced and trained
health care provider, which is
also crucial to differentiating
POC-MSKUS from full
diagnostic ultrasound.

Note: Of note, a consensus regarding an accepted version of the definitions was not achieved in this work.

Abbreviation: POC-MSKUS, point-of-care musculoskeletal ultrasound.
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and harmonized scoring system for ultrasound protocols would be
essential for informing the development and validation of such an
AIML solution.

In RA, Doppler technology and contrast-enhanced ultrasound
(CEUS) are routinely used to assess synovial hypertrophy and hyper-
vascularity indicating acute inflammation and active disease.3%>3-%
However, Doppler imaging is operator dependent and has a high rate
of interequipment variability, making its utility and applicability in
the hemophilia disease model challenging.“z'sg’59 The frequency of
highly vascular synovitis in patients with hemophilia is dependent
upon the prevalence and intensity of prophylactic regimens; there-
fore, the usefulness of Doppler technology may vary by patient pop-
ulation and will emerge over time as more studies are conducted.

Color Doppler ultrasound enables assessment of the velocity and
direction of blood flow within the synovial vessels, making it sub-
optimal for assessment of small vessels and slow flow. Conversely,
power Doppler ultrasound is more sensitive to detect slow, non-
directional flow but is not generally used as a first option imaging
technique for pediatric patients, as it is more sensitive to “flash” ar-
tifacts related to movement.®® Recent technological advances, such
as ultrafast Doppler imaging and coherent flow power Doppler, may
overcome limitations of conventional power/color Doppler ultra-
sound once they become more broadly available.®*

Recently, CEUS was found to be safe and effective and demon-
strated higher sensitivity in detecting synovial hypertrophy and
vascularity than conventional gray-scale ultrasound and color flow
Doppler imaging in patients with hemophilic arthropathy.62 Its po-
tential to influence the clinical management of subclinical bleeding
in persons with hemophilia is yet to be determined but has been
demonstrated in childhood arthritis.®® Blood flow signal detected by
CEUS may predict risk for recurrent bleeding from disturbed angio-
genesis seen in hemophilic arthropathy.®*

The ability of ultrasound to detect hemosiderin deposition inde-
pendent of synovial hypertrophy remained debatable at the time of
this initiative.?%%>"%” Intra-articular blood-derived hemosiderin depo-
sition may be useful in detection of early hemophilic arthropathy,

® Mandatory m Optional

100%
90%
80%
70%
60%
50%

30% |
0% .

40%

20%
FIGURE 1 Soft-tissue domains 10%
that survey respondents felt should
be considered for assessment with Effusion/
ultrasound; N/A indicated respondent did Hemarthrosis
not feel they were qualified to answer the
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as it acts as a marker for blood-induced synovial proliferation and
associated articular cartilage surface destruction.®® The value of
detecting and/or reporting hemosiderin as an independent item by
ultrasound is not substantiated with current data, as it is frequently a
concurrent finding with synovial proliferation on joint MRI.>!

In the first IPSG global ultrasound survey, barriers to POC-
MSKUS implementation included the need for protected time for
training and scanning, access to equipment, local regulations, and
scarcity of cases, making maintenance of competency a challenge,
especially for smaller HTCs.?® The meeting attendees agreed that
the potential benefits of using POC-MSKUS in the evaluation and
management of persons with hemophilia were numerous, and in-
cluded improved diagnostic accuracy, personalized image-guided
management of joint disease, and enhanced patient engagement,
education, and adherence. Ultrasound is rapid, efficient, and allows
for screening and serial monitoring of pediatric patients without the
need for sedation. However, the need for specialized ultrasound
training for use in pediatric patients was identified, as these require
a sophisticated understanding of the immature skeleton, growth
plates, secondary ossification centers, and areas with abundant nor-
mal periarticular fat. The paucity of available literature coupled with
this need for specialized training results in the underutilization of
ultrasound for pediatric patients. Atlases on expected soft-tissue
and epiphyseal cartilage thickness and vascularization and normal
ossification of the joints of maturing healthy children are needed.
Awareness of normal variation and contralateral comparison with
the other joint, if normal, would also be helpful.“’s’69 The use of ultra-
sound in this population may prove beneficial, especially if pediatric
atlases become available, acquisition protocols are standardized, and
guidelines for formal training, proper use, maintenance of compe-
tence, and quality assurance are established.”®

Finally, ultrasound may advance our understanding of the natural
history of hemophilic arthropathy, which has thus far been evaluated
primarily by MRI and radiographs, neither of which are ideally suited
for the serial evaluation of asymptomatic joints. While MRI is the
gold standard for joint evaluations, there is emerging evidence that

Not Necessary 1 N/A

Simple/ Synovial Hemosiderin Synovial
Complex Hypertrophy/ Hypertrophy &
Effusion Thickening Hemosiderin

(considered together)
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With regards to surface erosions, what do you think is feasible to be seen with ultrasound?

Any surface erosion [
Half or more of the articular surface eroded in at least 1 bone [N

Surface erosions cannot be distinguished from subchondral cysts
with us T

None of these [l

I do not feel | have the expertise required to answer this question [T

With regards to subchondral cysts, what do you think is feasible to be seen with ultrasound?

At least 1 subchondral cyst I

Subchondral cysts in at least 2 bones, or cystic changes involving 1/3 _
or more of the articular surface in at least 1 bone

None of these NN
| do not feel | have the expertise required to answer this question _
With regards to cartilage loss, what do you think is feasible to be seen with ultrasound?

Any loss of joint cartilage thickness [

Loss of 50% or more of the total thickness in at least 1 bone [
Full-thickness loss of joint cartilage in at least some area of _

at least 1 bone

Full-thickness loss of joint cartilage including at least one half of the _
joint surface in at least 1 bone
None of these [
I do not feel | have the expertise required to answer this question [

0% 5% 10% 15% 20% 25% 30% 35% 40% 45%

Surface
Erosions

Subchondral
Cysts

Cartilage

FIGURE 2 Summary of pathologies in the osteochondral domain that survey respondents felt could be seen on ultrasound

N =47 Persons with Hemoplhilia (2) FIGURE 3 Summary of attendees at
2018 Ultrasound Meeting in Toronto

Hemophilia Treaters (12)
Radiologists (11)
Radiology Trainees (2)
Sonographers (2)
Physicists (2)
Ultrasound Instructor (1)
Data Scientist (1)

Physical Therapists (10)
Rheumatologists (1)
North America  62% (n=29) Orthopedic Surgeons (3)
Europe 23% (n=11)

Rest of World 15% (n=7)

Geographical Distribution : Attendees (%)

ultrasound may be useful in identifying structural changes in certain are bloody or not.”’*72 |t is yet to be determined if ultrasound-
joint compartments due to its high resolution and, if given with con- detectable findings are responsive or sensitive to changes in therapy;
trast, to distinguish synovium from fluid and to determine if effusions available evidence is insufficient in both quality and quantity.18
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There are some limitations to be considered when reviewing
this work. The results of this survey may not be representative of
all stakeholders who might have been surveyed. While the response
rate was relatively low, potentially due to the low uptake of ultra-
sound at the time of the survey (given that just over 50% of respon-
dents reported having experience with ultrasound), the sample is
likely representative due to the breadth of the global hemophilia
community represented, and therefore has a low risk of nonresponse
bias. The field of ultrasonography is rapidly evolving, and the speed
at which it is advancing is another limitation of the present work.
The survey and meeting were conducted in the second half of 2018,
and while they represent an important step in the process of moving
toward standardization in the use of ultrasound for the assessment
of MSK status in persons with hemophilia, the results reported here

must be interpreted within this context.

5 | CONCLUSION

The results from this survey suggest that full diagnostic ultrasound
and POC-MSKUS are rapidly evolving technologies that are gain-
ing traction for the assessment of MSK outcomes in persons with
hemophilia. As more HTCs begin to use ultrasound for a variety of
contexts spanning from clinical decision-making support to research
and clinical trials, it will become increasingly important to establish
clear guidelines for the acquisition, interpretation, and reporting of
the images. A basic understanding of ultrasound needs to be estab-
lished, including clear definitions of the various levels of ultrasound
examinations. A standardized and harmonized scoring system that
ideally builds in complexity but allows for comparison should be
adopted. Finally, future research should focus on how ultrasound
protocols can be standardized, validated, and implemented across

various clinical/research contexts.
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