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Abstract

Hemophilia A and B are rare X-linked inherited bleeding disorders caused by complete
or partial deficiency in or the absence of coagulation factors VIII and IX. Recurrent
joint bleeding (hemarthrosis) is the most frequent clinical manifestation of severe he-
mophilia. Unless appropriately managed, even subclinical hemarthrosis can lead to the
development of hemophilic arthropathy, a disabling condition characterized by joint
remodelling, chronic pain, and a reduced quality of life, and eventually requires joint
replacement. Given the lack of specific treatments to reduce blood-induced synovitis,
the prevention of bleeding is pivotal to the maintenance of joint health. Prophylactic
coagulation factor replacement therapy using extended half-life recombinant drugs
has significantly improved patients' quality of life by reducing the burden of intrave-
nous injections, and the more recent introduction of nonreplacement therapies such
as subcutaneous emicizumab injections has improved treatment adherence and led
to the greater protection of patients with hemophilia A. However, despite these ad-
vances, chronic arthropathy is still a significant problem. The introduction of point-of-
care ultrasound imaging has improved the diagnosis of acute hemarthrosis and early
hemophilic arthropathy, and allowed the better monitoring of progressive joint dam-
age, but further research into the underlying mechanisms of the disease is required to
allow the development of more targeted treatment. In the meantime, patient manage-
ment should be based on the risk factors for the onset and progression of arthropa-
thy of each individual patient, and all patients should be collaboratively cared for by
multidisciplinary teams of hematologists, rheumatologists, orthopedic surgeons, and

physiotherapists at comprehensive hemophilia treatment centers.
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1 | INTRODUCTION

Hemophilia A and B are rare, inherited X-linked bleeding disorders
caused by a complete or partial deficiency in coagulation factors VIII
(FVII) or IX (FIX). In children and adults with severe hemophilia (i.e.,
plasma FVIII or FIX levels of <1 U/dl), joint bleeding (hemarthrosis)
is the most frequent clinical manifestation,! but recent data have
shown that it may also (although less frequently) occur in patients
with moderate (plasma factor levels of 1-5 Ul/dl) or mild disease
(plasma factor levels of >5 Ul/dl).2

Over the past 30 years, therapeutic advances have progressively
improved the life expectancy and quality of life of hemophilia pa-
tients. The development and marketing of recombinant coagulation
factors in the 1990s was crucial in overcoming limited supplies of
plasma-derived factors; the more recent implementation of tech-
niques such as coagulation factor fusion with the crystallizable
fragment of immunoglobulin G1 or albumin or the addition of poly-
ethylene glycol3 has extended plasma factor half-life and reduced
the required number of intravenous injections; and the introduction
of non-factor replacement drugs such as subcutaneous emicizumab
has greatly improved patients' quality of life and treatment adher-
ence.* The greater availability and convenience of such replacement
and nonreplacement therapies has led to the wider use of prophylac-
tic regimens that are effective in preventing clinically overt bleeding
episodes, particularly when they are individualized on the basis of
each patient's lifestyle and pharmacokinetic profile.®

These advances have also led to a change in the aim of treatment
from increasing life expectancy to preventing joint damage and pro-
tecting against joint bleeding and hemophilic arthropathy.® However,
despite greater adherence to prophylactic regimens, a number of pa-
tients still experience breakthrough bleedings that are sometimes
clinically overt but may also be subclinical, unrecognized, bleeding
episodes that are associated with a risk of joint damage progression.7

Repeated episodes of hemarthrosis lead to joint remodelling and
subsequent hemophilic arthropathy, the targets of which are the di-
arthrodial (synovial) joints (i.e., freely moving joints whose surfaces
are covered by hyaline articular cartilage that interfaces with a film of
viscous fluid secreted by the synovial membrane). This synovial fluid
lines the joint capsule and consists of macrophage- and fibroblast-
like synoviocytes that normally form a few layers on the subintima
with no basal membrane.? A first episode of hemarthrosis typically
occurs in hemophilic children after the age of 1 year, and mainly de-
pends on the severity of the factor deficiency. The bleeding mainly
affects large joints such as the knees, elbows, or ankles, with the
weight-bearing joints of the dominant side being frequently affected
as children begin to walk.”° The cartilage is progressively damaged
by iron deposition and lysosomal enzymes and pro-inflammatory cy-
tokines produced by the inflamed synovium, which eventually leads
to subarticular bone cyst formation. Repeated hemarthroses are
responsible for the development of synovial hyperplasia and angio-
genesis, with further bleeding occurring in the friable and thickened
synovium. Joint bleeding stretches the joint capsule and ligaments
and leads to joint instability, which is worsened because reduced
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joint motility from pain causes peri-articular muscle weakness. In
more advanced stages, the joint is grossly damaged by cartilage loss
and subchondral bone sclerosis, which further limits movement and
leads to crepitus and deformity. Soft-tissue swelling and effusions
are rare, and joint contracture occurs from muscle retraction and
bone ankylosis, particularly if the muscles are weak. The level of pain
varies and fluctuates, but may be severe.!!

There is evidence that even a single episode of hemarthrosis
can start the inflammatory process that leads to synovial thickening
and irreversible angiogenesis, thus predisposing to recurrent bleed-
ing.'? Prophylaxis decreases the incidence of bleeding at all ages,
but joint motion can be preserved only if it is started before the age
of 3 years.13 Prophylactic treatment is superior to episodic infusions
in preventing joint disease and should therefore be started as soon
as possible and needs to be continued throughout life.? However,
magnetic resonance imaging (MRI) data indicate that joint damage
can still be identified in about 20% of clinically asymptomatic pa-
tients even if they are receiving prophylaxis,’ and it has been hy-
pothesized that this due to subclinical bleeds silently leaking into
clinically asymptomatic joints that are left untreated because they
are not recognized.14

The aim of this review is to give an overview of our current
knowledge of the mechanisms leading from hemarthrosis to hemo-
philic arthropathy, which is still the most important complication of

hemophilia A and B, and describe future perspectives.

2 | FACTORS CONTRIBUTING TO
ARTHROPATHY

Multiple factors contribute to the development and progression of
arthropathy in hemophilia patients, and account for the heteroge-
neity of the clinical phenotypes despite similar coagulation factor

levels and prophylactic regimens.

2.1 | Genetic susceptibility

The main predisposing factors for recurrent hemarthrosis and ar-
thropathy are plasma FVIII and FIX levels, which depend on the
type of gene mutations. However, as patients with the same mu-
tation often have different bleeding phenotypes, other genetic
factors such as inherited thrombophilia may also be involved.'
Genetic susceptibility to more rapid joint damage progression
also involves gene polymorphisms associated with an increased
expression of pro-inflammatory cytokines such as tumor necrosis
factor (TNF)-a. Lopez-Jimenez et al. have reported that carriers of
the TNFa-308G>A variant have a larger number of subchondral
cysts,” platelet aggregation,’® and the innate immune response
pathways that play a fundamental role in pathogen recognition
and the activation of innate immunity such as nucleotide-binding
oligomerization domain-containing protein 2, and toll-like receptor
10.
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2.2 | Localfactors

Susceptibility to spontaneous joint bleeds depends on the rich vas-
cularization of synovial membranes, mechanical stress in weight-
bearing joints, and the local regulation of hemostasis, which is
different from that of other tissues.?%2! Human synovial membranes
simultaneously have low levels of tissue factor (TF) and high levels
of TF pathway inhibitor, which reduce the activation of the extrinsic
coagulation pathway.m'21 Furthermore, the synovial fluid of hemo-
philia patients with arthropathy contains high levels of thrombo-
modulin, a cofactor for the formation of anticoagulant activated
protein C.?2 Other hemostatic factors may be locally involved, such
as thrombin-activatable fibrinolysis inhibitor, the activation of which
is decreased because of the inherent defect in thrombin genera-
tion during joint bleeding, thus leading to high levels of fibrinolytic
activity and premature clot lysis.?>?* Furthermore, hemarthrosis
increases the number of synovial cells expressing urokinase plas-
minogen activator and plasminogen activator inhibitor 1, which has
the net result of increasing synovial levels of plasmin, the effector
protease of the fibrinolytic system.?® In addition to increasing sus-
ceptibility to bleeding, high urokinase plasminogen activator levels
can have other detrimental biological effects, such as the stimula-
tion of chemotaxis, angiogenesis, the proliferation of human syno-
vial cells, and bone and cartilage damage.?®?®> Accordingly, it has
been found that intra-articular antiplasmin treatment is effective in
reducing synovitis and cartilage damage in a mouse model of joint
bleeding.26

2.3 | Environmental factors
Several environmental factors may also contribute to accelerating
the progression of hemophilic arthropathy: the prophylactic use of
clotting factor replacement therapy, the type of replacement prod-
ucts or regimens, the frequency of treatment and joint bleeding,
the presence of inhibitors, the type of lifestyle, and the body mass
index.?’-30

Although the value of prophylaxis in decreasing the number of
bleeds has been established,” the optimal trough factor level for joint
damage prevention is still debated. Because a longer time with FVIII
levels of <1 1U/dl is associated with more bleeding, a trough FVIII
level of >1% was once thought to be sufficient to protect joints from
spontaneous bleeding,®* but den Uijl et al. have shown that patients
with levels of 210% were still at albeit very low risk of spontaneous
joint bleeding, which only disappeared at levels of 215%; further-
more, each 1% increase in plasma factor levels was associated with
an 18% reduction in bleeding frequency.®? Recent recommenda-
tions by the European Directorate for the Quality of Medicines &
Healthcare®® and the World Federation of Hemophilia®* suggest a
target minimum trough level of 3% to 5% to preserve joint func-
tion. However, regular prophylaxis is not feasible for many patients
worldwide, and so many of them still develop arthropathy9; further-
more, the availability of only standard half-life factor products and

a lack of access to extended half-life products makes it difficult to
maintain the recommended levels.

The presence of inhibitors promotes joint disease progression35
because of the unsatisfactory management of acute hemarthrosis
with bypassing agents. Furthermore, the presence of an immune re-
action to FVIII may have an unfavorable effect on the immunological
milieu of joints.'® The recent introduction of nonfactor replacement
drugs such as emicizumab provides more consistent protection, thus
contributing to preserving joint health in patients with inhibitors,
although long-term study results are not yet available.

Physically active children are at higher risk of developing ar-
thropathy,®” but regular physiotherapy and physical activity reduces
the recurrence of joint bleeding by promoting joint stability. Early
rehabilitation is strongly encouraged after the resolution of an acute
episode of hemarthrosis.30-38

Finally, other factors that are known to be associated with joint
deterioration in osteoarthritis (OA), such as aging, a high body mass
index, associated with increased joint weight loading, and altered
joint biomechanics resulting from trauma and instability, may also be

involved in the progression of hemophilic arthropathy.3%4°

3 | MECHANISMS OF HEMOPHILIC
ARTHROPATHY

The pathophysiology of hemophilic arthropathy has not yet been
fully elucidated, especially in terms of the mechanisms associated
with subclinical and early disease, and the development of intra-
articular inflammation. Recurrent joint bleeding leads to the two
main consequences synovitis and osteochondral damage, which in-
fluence each other and contribute to the development of arthropa-
thy (Figure 1).154

3.1 | Synovitis
Depending on the stage of progression, hemophilic arthropathy
shares some clinical and biological features with inflammatory dis-

eases such as rheumatoid arthritis (RA)*?

and degenerative joint dis-
eases such as OA and hereditary hemochromatosis.*>*# In patients
with RA, synovitis is typically characterized by synovial hyperplasia
(the proliferation of synovial cells and inflammatory cell infiltration)
and a rich, newly formed and more permeable vascular network.*’
In normal joints, after a single bleed from trauma, hemosiderin and
ferritin are taken up by macrophage-like synoviocytes and then
returned to the circulation but, in patients with hemophilia, he-
marthrosis is followed by the intracellular deposition of blood break-
down products in synovial macrophages and, in the case of ongoing
or repeated bleeding, synovial clearing capacity is overwhelmed,
and this leads to iron accumulation (hemosiderin) and synovial mem-
brane hyperplasia.lo'44 In line with this, synovial membrane speci-
mens from patients with early-stage hemophilic arthropathy are
characterized by inflammation, an increased number of synovial villi,
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FIGURE 1 The structure of (A) a healthy joint and (B) a joint with hemophilic arthropathy. Recurrent hemarthrosis (represented by

blood drops for the sake of simplicity) induces the proliferation (synovial hyperplasia) of fibroblast-like synoviocytes and macrophage-

like synoviocytes that produce the vascular endothelial growth factor responsible for angiogenesis and vascular remodelling, and pro-
inflammatory cytokines such as tumor necrosis factor-alpha, and interleukin-6 and 1-beta. These further amplify the fibroblast-like
synoviocyte proliferation and production of reactive oxygen species that induce chondrocyte apoptosis. Osteochondral damage is an
inevitable consequence of the direct exposure of chondrocytes to iron, metalloproteinases, and a disintegrin and metalloproteinase with
thrombospondin motifs that is produced by fibroblast-like synoviocytes when stimulated by inflammation. ADAMTS, a disintegrin and
metalloproteinase with thrombospondin motifs; IL-1, interleukin-1; IL-6, interleukin-6; MMPs, metalloproteinases; ROS, reactive oxygen
species; TAFI, thrombin activatable fibrinolysis inhibitor; TF, tissue factor; TFPI, tissue factor pathway inhibitor; TM, thrombomodulin; TNF-
alpha, tumor necrosis factor-alpha; uPA, urokinase plasminogen activator; VEGF, vascular endothelial growth factor

and iron accumulation in macrophages that is greater than that ob-
served in RA patients.““"47

Recurrent bleeding also causes the production of inflammatory
cytokines such as TNF-q, interferon-y, interleukin-1p and interleu-
kin-6 that, by directly stimulating the expression of the receptor ac-
tivator of nuclear factor-kB (RANK) ligand (RANKL), further increase
synovial membrane hyperplasia.”*8-°° RA synovitis is typically char-
acterized by leukocytic infiltration involving macrophages, lympho-
cytes, and plasma cells, which frequently form ectopic lymphoid
aggregates.®>®? However, such aggregates are not typical in the
non-inflammatory stages of OA or in hemophilic arthropathy, both
of which are characterized by a higher degree of fibrosis.>>>*

Tissue macrophages can differentiate into an inflammatory
subtype (M1), which expresses an array of inflammatory cytokines
and has microbicidal functions, or into an anti-inflammatory and
pro-healing subtype (M2).*24%55 A transient increase in the pro-
inflammatory M1 response has been demonstrated in the synovial
tissue of FVIII-deficient mice 1 week after acute joint bleeding, fol-
lowed by longer lasting up-regulation of a reparative M2 response
2-4 weeks after the acute event. The pro-inflammatory cytokines
produced by M1 macrophages stimulate catabolic activity and H,0,
production by cartilage chondrocytes, thus leading to cartilage de-
struction®® and the poor elimination of iron from the joint.>> On
the other hand, anti-inflammatory M2 macrophages have stronger
neo-angiogenic properties than other macrophage subsets and may
contribute to the abnormally greater vascularization and remodel-
ling observed in hemophilic arthropathy patients.45 This view is fur-
ther supported by the evidence that cells of monocyte/macrophage

lineage in the synovial membrane also express vascular endothelial
growth factor.”’ Finally, macrophages from patients with hemophilia
A have impaired macrophage colony stimulating factor (M-CSF)-
mediated functions such as clot invasion, phagocytosis, wound in-
filtration, and the induction of a regenerative tissue response,® and
similar observations have been made in mice with hemophilia B.>
These findings may explain the delay in wound healing and tissue
regeneration observed in patients with hemophilia as well as their
susceptibility to recurrent hemarthrosis.”® It has also been shown
that arthropathy patients have increased microvessel density in sy-
novial tissue and increased serum vascular endothelial growth factor
expression as a result of the inflammatory response and hypoxia in-
duced by recurrent bleeding.>”¢°

Fibroblast-like synoviocytes, which play a key mechanistic role in
RA by producing pro-inflammatory cytokines and degrading enzymes
such as matrix metalloproteinases, and have a marked tendency to
invade and damage cartilage and the underlying bone,®* are also in-
volved in the progression of hemophilic arthropathy. Recurrent joint
bleeding and iron deposition induce their uncontrolled proliferation
because of the increased expression of E3 ubiquitin-protein ligase
mdm?2 and the proto-oncogene c-Myc, both of which are involved in
regulating cell proliferation.’®¢2

Hereditary hemochromatosis, a genetic disease characterized by
hepcidin dysregulation and a high iron overload, is associated with
a form of degenerative iron-related arthropathy that presents with
mild or absent synovitis and has clinical features similar to those of
OA. In patients with hemochromatosis, iron is gradually accumu-
lated as Fe3+, which is less toxic than the heme-derived Fe2+ that is
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deposited together with circulating blood inflammatory cells during
the course of hemarthrosis in hemophilia patients. Furthermore, the
development of arthropathy in hemophilia patients starts with re-
current joint bleeding in early childhood, whereas hereditary hemo-
chromatosis is characterized by more gradual iron accumulation and
clinical symptoms that only become overt in later life. These differ-
ences account for the different pathological findings associated with

hemochromatosis and hemophilic arthropathy.?

3.2 | Osteochondral damage
In an early stage of arthropathy, osteochondral damage is probably
the result of the direct effect of blood and iron on chondrocytes.
Blood is toxic to human cartilage after only 2 days12 because the
formation of hemosiderin and hydroxyl radicals leads to chondro-
cyte apoptosis and impaired renewal of the extracellular matrix.
The growing cartilage of children is more susceptible to this kind of
damage.®®

Advanced stages of chronic synovitis further contribute to os-
teochondral damage because of the production of pro-inflammatory
cytokines and proteases,®® and altered local bone homeostasis from
an imbalance in the RANK/RANKL/osteoprotegerin pathway even-
tually leads to increased bone resorption and the development of
subchondral damage.®* The advanced stages of hemophilic arthrop-
athy are characterized by quiescent fibrotic synovitis, geodes, and
subchondral cysts, which are usually observed much later in the life
of patients with degenerative arthropathies such as OA.>*%° Before
the introduction of biological disease-modifying antirheumatic
drugs (DMARDs), RA also frequently progressed to OA,** although
the degree of synovial fibrotic changes in the context of hemophilic
arthropathy is greater than that observed in OA, thus indicating a
disease-specific expression of pro-fibrotic factors such as connec-

tive tissue growth factor.

4 | IMAGING

In the past, joint damage was almost exclusively evaluated on the
basis of X-ray findings, but MRl is currently preferred because it al-
lows the more precise detection of joint involvement in hemophilia
patients. Furthermore, the more recent introduction of joint ultra-
sonography (US) in the clinical practice of hemophilia care has made
it possible to identify early signs of arthropathy®® and the presence

and site of bleeding in point-of-care settings.(’7

4.1 | Radiography (X-rays)

Early-stage hemophilic arthropathy is radiologically characterized by
soft-tissue swelling, and the later stages by juxta-articular osteopo-
rosis, bone lesions with overgrowth of the epiphysis, and cartilage
damage, which is first visualized as joint space narrowing and then

as the complete loss of cartilage space and the associated formation
of subchondral bone cysts, bone erosions, and joint profile irregu-
larities.®® The most widely used scoring system for assessing the
severity of joint damage by means of plain radiography is still the
time-honored Petterson score, but it is well known that radiography
is insensitive to early changes.®’

4.2 | Magnetic resonance imaging and
computed tomography

Magnetic resonance imaging allows an early evaluation of soft-tissue
involvement, subchondral cysts, and cartilage damage. Two main
scoring systems have been proposed: the Denver score and the sys-
tem coming from the international MRI expert working group of the
International Prophylaxis Study Group, even though no international
consensus was reached.”®”! MRl is considered the gold standard for
joint imaging but, in addition to its cost and unavailability in point-of-
care settings, it has the further limitations that children may need to
be sedated and it is less convenient in terms of multiple joint assess-
ments and serial follow-up examinations. Furthermore, although US
and MRI are comparably sensitive in detecting synovial hypertrophy,
MRI signal intensity may be unable to distinguish synovial fluid from
synovitis, or bloody intra-articular effusions from their nonbloody
counterparts.72

Computed tomography is highly sensitive in detecting bone
changes, but cannot provide detailed information concerning soft

tissue involvement, and requires a large amount of ionizing radiation.

4.3 | Ultrasonography
Joint US has many advantages over plain radiography because it
does not use ionizing radiation and provides information concern-
ing soft-tissue involvement; it also has advantages over MRI because
children do not need to be sedated, and is less time consuming, less
expensive, and available in point-of-care settings. Di Minno et al.
have shown that there is a good correlation between US and MRI
findings, and that US is reliable in identifying abnormalities even in
joints that patients do not report to be painful or swollen.”®

Ultrasonography is very useful for identifying the tissue abnor-
malities responsible for joint pain in patients with hemophilia. It also
detects the presence of joint bleeding rapidly and accurately, thus
allowing the differential diagnosis of acute hemarthrosis and the
monitoring of chronic arthropathy.74 In comparison with MRI, mus-
culoskeletal US is much more sensitive in detecting bloody effusions
(even as little as 5% of blood) and distinguishing them from non-
bloody effusions,”” although its diagnostic sensitivity to blood clots
and synovial hyperplasia is still not completely satisfactory and MRI
may still be needed when this is clinically important.”®

A recent international survey has found that the majority of he-
mophilia centers use US as a point-of-care means of detecting hemar-
throsis rather than for serial arthropathy scanning.77 However, there
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is still a need for the standardization of algorithms that will help non-
expert operators in its point-of-care use.

Joint US can also be very important in patient education and
professional training: its ability to show patients the status of their
joints in real time can improve treatment adherence, and its use in
the guidance of invasive intra-articular procedures allows operators
to define the best site of entry and needle positioning (see Videos
S1 and S2).

Ultrasonography can also be used to detect osteochondral
changes and, although the reflection of most of its beams from
bone surfaces limits its penetrative ability and makes it impossible
to assess deep changes, it clearly reveals marginal bone erosions,
superficial subchondral cysts, and peripheral articular cartilage
defects. Another possible limitation is that children's joints have a
completely different US appearance from that of mature adult joints
because of their thick immature cartilage and their age- or stage-
specific ossification centers and growth plates. In the absence of a
pediatric joint atlas, these differences may make it difficult to inter-
pret pediatric point-of-care US images.”®’? Furthermore, although
US is currently considered to be an accurate means of diagnosing
arthropathy early, its sensitivity to changes developing during long-
term follow-up still needs to be evaluated in prospective studies.®®
Finally, it is still an examiner-dependent technique, and some fea-
tures are not considered as relevant by many authors, such as power
Doppler examination for evaluating synovial vascularity and the
presence of hemosiderin deposits. However, a number of scanning
procedures and scoring systems have been proposed and some are
currently used as outcome measures in clinical trials, such as the
HEAD-US and the Joint Tissue Activity and Damage Examination
protocol®¢81-8% (Table 1).

5 | CHALLENGES IN THE TREATMENT OF
HEMOPHILIC ARTHROPATHY

The mainstay of hemophilia treatment is replacement of the missing
coagulation factor,whichisusedinorderto preventrecurrent bleeding
episodes such as hemarthrosis and the development of arthropathy.
However, none of the currently available pharmacological treatments
specifically targets synovitis, which is a known source of recurrent
bleeding and the driver of hemophilic arthropathy. Blood aspiration
from the joints at the time of acute hemarthrosis can rapidly resolve
inflammation, but the benefit of this procedure remains controversial
because of the lack of randomized controlled trials.288 The same is
true of intra-articular corticosteroid treatment, which may be useful
in selected patients,®? or conservative intra-articular treatment with
hyaluronic acid or platelet-rich plasma, which may delay the onset
and progression of osteochondral damage.90 A physiotherapy-based
program designed to restore joint function should be started shortly
after acute joint bleeding,’* and the best option seems to be a pro-
gram of isometric muscle exercises and strett:hing.38

Once it has become established, synovitis cannot be treated with
factor replacement alone and it has been suggested TNF-a blockade

TABLE 1 The most frequently used scoring systems and protocols for the ultrasound evaluation of hemophilic arthropathy

Subchondral Bone Damage (Surface

Irregularity, Bone Cysts, Erosions, and

Osteophytes)

Articular Cartilage Damage (Partial or
Full Loss of Thickness, Thinning)

Hemosiderin
Deposition

Power-Doppler

Signal

Synovial Membrane

Hypertrophy

Investigated Joints

Year

First Author

Knee, ankle

Yes

Yes

No

Yes

Yes

2001

Klukovska

Knee, ankle

Yes

Yes
Yes

Yes

Yes
Yes

Yes

2007

Zukotynski

Elbow, knee, ankle

Yes

Yes

Yes

2011

Melchiorre

Knee, ankle

Yes

No Yes
Yes

Yes
No

Yes

2012

Muca-Peria

Elbow, knee, ankle

Yes

No

Yes

2013

Martinoli

Knee, ankle

Yes

No

Yes

No

Yes

2015

Doria

Knee, ankle

Yes

Yes

2019 Yes Yes Yes

Kandagaddala

Volland

.u.‘ | 2117

o

Elbow, knee, ankle

Yes

Yes No Yes

Yes

2019
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with monoclonal antibodies may be a means of controlling synovitis
and potentially reducing joint bleeding.”?> However, this cannot be
considered an option until the pathophysiological mechanisms un-
derlying the development and progression of hemophilic arthrop-
athy have been defined, and the precise role of pro-inflammatory
cytokines has been established. Furthermore, no clinical trials ad-
dressing the efficacy of synthetic or biological DMARDs in con-
trolling synovitis have yet been conducted partly because of the
lack of sensitive outcome parameters, disease heterogeneity in small
populations, and the long follow-up required. To reduce the burden
of inflammation that predisposes to recurrent bleeding by refuelling
angiogenesis and synovial hyperplasia, patients with refractory dis-
ease may benefit from joint embolisation,”® or methods of synovial
ablation such as chemical synoviorthesis with rifampicin or tetracy-

clines and radioisotopic synovectomy.c”“’95

6 | FUTURE PERSPECTIVES

The change from episodic treatment to prophylaxis was an impor-
tant advance in hemophilia care; the next objective should be ensur-
ing protection over time because preventing arthropathy depends
on being able to prevent bleeding, which none of the available treat-
ments is capable of doing consistently.”

The recent introduction of non-replacement drugs such as
emicizumab and the early clinical trials of gene therapy raise the
question of whether these therapeutic options can equal the mus-
culoskeletal effects of the current prophylactic regimens based
on FVIII replacement products, particularly the preservation of
growing joints in children. Some authors have suggested FVIII
also play biological roles other than blood coagulation, but it is not
clear whether these are due to FVIII itself or the improvement in
thrombin generation. Similarly, it is still unclear whether the newly
available products can enter the joint vasculature. The effects of
extended half-life products and non-replacement therapy on joint
preservation are currently being investigated in clinical trials, but
these will require long-term follow-up, especially in the case of pe-
diatric joints.

One of the main unmet needs in the management and follow-up
of hemophilic arthropathy is the current lack of serum and syno-
vial biomarkers of disease activity, because their identification and
validation would help to improve decision making. Studies of syno-
vial tissue in patients with recent-onset RA have found significant
correlations between histological findings, transcriptomic profiles,
and the clinical responses to therapeutic choices.” Similarly, the
availability of synovial biomarkers based on transcriptomic analysis
may help to identify predictors of therapeutic responses and pos-
sibly new targets for the personalized management of hemophilic
arthropathy.

The more widespread use of joint US as a routine clinical exam-
ination in comprehensive care centers is expected to help optimize
workflows, allow the prompt diagnosis of acute hemarthrosis, and
improve early treatment. Furthermore, the use of point-of-care US

in clinical practice and at the bedside should also help the regular
monitoring of arthropathy progression once the standardization
of US techniques has been completed.79 The results of ongoing
studies using the HEAD-US and Joint Tissue Activity and Damage
Examination protocols as outcome measures will allow their pro-
spective validation.®®81-8¢

Other developments include the currently ongoing evaluation of
a patient self-conducted US examination using a handheld device at
home (e.g.. NCT04131920, NCT04550988, cIinicaItriaIs.gov),98 and
the growing spread of machine learning and artificial intelligence
in various medical fields as this will further improve point-of-care
US by aiding untrained operators to recognize pathological findings
rapidly and may even help the development of self-conducted US

examinations.

7 | CONCLUSIONS

Despite the growing availability of treatments aimed at preventing
and stopping recurrent joint bleeding, blood-induced arthropathy
still has a considerable impact on the life of patients with hemophilia,
and the many unclear aspects of this scourge require a better under-
standing of its underlying pathophysiological mechanisms to provide
the evidence needed for the development of more targeted treat-
ments. In the meanwhile, the prevention of arthropathy progression
should be based on clotting factor replacement therapy, the use of
nonreplacement drugs such as emicizumab, physical therapy, educa-
tion, and motivation to undertake physical activity in the framework
of constant patient referrals to multidisciplinary teams working at
comprehensive hemophilia care centers.
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