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Abstract: Hemophilia is a hematological disorder characterized by a partial or complete
deficiency of clotting factor VIII or IX. Its bleeding complications primarily affect the muscu-
loskeletal system. Hemarthrosis is a major hemophilia-related complication, responsible for
a particularly debilitating chronic arthropathy, in the long term. In addition to clotting factor
concentrates, usually prescribed by the hematologist, managing acute hemarthrosis and chronic
arthropathy requires a close collaboration between the orthopedic surgeon and physiotherapist.
This collaboration, comprising a coagulation and musculoskeletal specialist, is key to effectively
preventing hemarthrosis, managing acute joint bleeding episodes, assessing joint function, and
actively treating chronic arthropathy. This paper reviews, from a practical point of view, the
pathophysiology, clinical manifestations, and treatment of hemarthrosis and chronic hemophilia-
induced arthropathy for hematologists, orthopedic surgeons, and physiotherapists.

Keywords: hemophilia, arthropathy, hemarthrosis, hematoma, physiotherapy, target joint

Introduction to hemophilia treatment

Hemophilia is an X-linked hereditary bleeding disorder caused by deficiency in coagu-
lation factor VIII (FVIII), for hemophilia A, and factor IX (FIX), for hemophilia B.
Approximately 85% of patients with hemophilia (PwH) suffer from hemophilia A,
and 15% from hemophilia B. The varying degrees of FVIII or FIX deficiency define the
disease form as mild, moderate, or severe. Severe hemophilia is characterized by FVIII
or FIX basal levels of less than 1%, moderate hemophilia by basal levels between 1%
and 5%, and mild hemophilia by basal levels between 6% and 40%. The prevalence of
hemophilia A is estimated at 1 in 5,000 live male births, and that of hemophilia B at 1 in
30,000.! The deficient clotting factor activity results in inadequate thrombin generation,
with a tendency for bleeding. Severe hemophilia patients are particularly symptomatic
and display spontaneous bleeding from early childhood, primarily (80%—90% of bleed-
ing episodes) in the musculoskeletal (MSK) system (muscles and large joints) and, less
frequently, mucosal or cerebral hemorrhages. Intra-articular bleeding (hemarthrosis)
causes synovial hypertrophy and cartilage damage, with gradual but inexorable joint
destruction (hemophilic arthropathy).?

Hemophilia treatment is based on the intravenous injection of the deficient clot-
ting factor. This is also referred to as replacement therapy. The treatment can be
administered on-demand in more or less frequent sessions in order to treat or prevent
occasional bleeding episodes. In severely affected patients, replacement therapy is
administered in a prophylactic (or preventive) method, typically consisting of two
to three administrations per week.® Prophylaxis is used with the aim of maintaining
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minimal residual FVIII or FIX levels (>1%) and preventing
spontaneous bleeding. Primary prophylaxis, which is initiated
prior to or immediately following the first hemarthrosis, is
used to prevent joint destruction or to halt its progression.

In the absence of primary prophylaxis, most severe PwH
will sooner or later develop a first hemarthrosis, typically
manifesting between the ages of 1 and 5 years. Repeated
hemarthrosis is responsible for arthropathy in adulthood.
Prophylaxis should therefore be initiated early and be
continued throughout childhood, adolescence, and, often,
adulthood. Given the variability of hemophilia’s phenotypic
expression, replacement therapy should be individualized,
with respect to dosing and injection frequency. The use of
continuous FVIII or FIX infusion allows stable plasma con-
centration coagulation factor to be achieved and maintained.
This treatment modality is recommended prior to and during
surgical procedures or significant hemostatic challenges.*

The most challenging complication of therapy is the
development of inhibitory alloantibodies directed against
FVIII or FIX. These antibodies, also termed inhibitors, usu-
ally appear at the beginning of treatment, representing an
immune response directed against FVIII or FIX, which is
recognized as a foreign protein. These inhibitors develop in
approximately 25%-30% of severe hemophilia A patients,
yet only in 3%—5% of hemophilia B patients. They render
replacement therapies ineffective, and limit patient access to
a safe and effective standard of care, with increased morbid-
ity and mortality risk.' The consequences are dramatic, as
hemarthroses are more frequent and more difficult to control,
resulting in increased treatment costs and decreased quality
of'life (QoL ).’ The introduction of bypassing agents, such as
activated prothrombin complex concentrates (APCC) (Factor
eight inhibitor bypassing activity or FEIBA®) or recombinant
activated factor VII (rFVIla or NovoSeven®), has dramati-
cally improved the management of acute bleeding episodes
in inhibitor patients, enabling them to be treated at home and
resulting in substantially enhanced QoL.

Musculoskeletal complications

of hemophilia

From hemarthrosis to chronic
arthropathy

Unlike primary hemostasis disorders, such as functional
platelet disorders, thrombocytopenia, or von Willebrand
factor (VWF) deficiency, essentially characterized by cuta-
neous and mucosal bleeding, PwH develop deep hemor-
rhages mainly affecting muscles and large synovial joints.
In severe hemophilia, 90% of bleeding episodes involve the

MSK system, and in 80% of cases, the joints are particularly
affected.® These bleedings primarily consist of spontaneous
hemarthroses that occur without any clearly identified cause
and usually affect one joint at a time. In severe hemophilia
patients, the initial hemarthrosis occurs at the time when the
locomotor system is first solicited, namely when the child
starts to walk. If left untreated, severe hemophilia patients
may present more than 30 hemarthroses per year. Bleeding
frequency and location tend to vary according to the patient’s
age at consultation. While the knees and elbows are most
commonly affected in patients older than 30 years of age,
adolescents and young adults usually present bleedings affect-
ing the ankles, despite adequate replacement therapy.’

Based on clinical manifestations, three stages can be
distinguished: acute hemarthrosis that resolves with well-
conducted replacement therapy and rehabilitation, usually
without clinically detectable sequelae; subacute hemarthro-
sis occurs after repeated hemarthrosis episodes in the same
joint — at this stage, the joint and surrounding soft tissues do
not fully recover, while clinical signs of joint damage per-
sist and are detectable between bleeding episodes; chronic
arthropathy develops following numerous repeated bleeding
episodes in joints, resulting in a significant loss of muscle
function and muscle—tendon contractures.®

Acute hemarthrosis

For PwH, pain onset and local discomfort are the most com-
mon signs indicating that bleeding has started. If replacement
therapy is not initiated quickly after the onset of joint bleed-
ing, hemarthrosis will progress rapidly within a few hours,
and the related transient functional impairment will evolve
into a painful, hot, and swollen joint (Figure 1). In order
to reduce intracapsular pressure, the affected limb tends to
adopt an antalgic posture, usually in flexion, while weight-
bearing becomes impossible, resulting in immediate loss of
mobility. Administering coagulation factors rapidly reduces
the pain, although inflammation and functional impairment
may persist for some time, depending on the amount of blood
present in the joint.

Subacute hemarthrosis

Subacute hemarthroses arise after repeated episodes of
hemarthrosis have occurred in the same joint. At this stage,
the joint becomes a “target joint” due to its incomplete
recovery. Clinical signs of joint damage are detectable
between bleedings, consisting of decreased mobility, joint
swelling due to joint effusion or synovial hypertrophy iden-
tifiable by palpation, and muscle, ligament, and capsular
contractures.
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Figure | Acute hemarthrosis of the right knee in a young boy with severe
hemophilia A.

Chronic arthropathy

Repeated hemarthrosis episodes engender a proliferative
and destructive chronic synovitis with progressive joint
destruction, known as hemophilic arthropathy. In the first
stage, chronic knee arthropathy is characterized by joint

A

hypertrophy due to chronic synovitis and effusion, in contrast
to quadriceps atrophy (Figure 2A). Following this, an irregular
epiphyseal hypertrophy deforms the joint and limits the range
of motion (ROM), with a trend toward flexion contracture. In
severe forms, we can observe static disorders such as genu
valgum, lateral and posterior tibia subluxation and deforma-
tion in rotation, which lead to severe disability. Chronic ankle
arthropathy primarily involves the tibio-talar and/or subtalar
joint. Weight-bearing becomes painful, and joint stiffness is
noted, particularly when getting out of bed in the morning.
The patient’s movements in dorsiflexion and plantarflexion,
as well as movements of inversion-eversion, become limited.’
Vicious attitudes in equine or plano-valgus deformation tend
to develop (Figure 3). Chronic elbow arthropathy develops
insidiously, leading to a loss of flexion-extension and prosupi-
nation, joint instability, and sometimes neurological complica-
tions like ulnar nerve impingement caused by osteophytes. In
more advanced stages, a narrowing of the epiphyseal surfaces
with loss of joint congruence, instability, and degradation of
the remaining articular surfaces can be observed. Advanced
bone changes, such as flattening of the femoral condyles or
aseptic talus dome necrosis, as well as the presence of geodes
and subchondral cysts are characteristic features of hemophilic
arthropathy:.

Pathophysiology of hemophilic
arthropathy

Hemarthrosis is the hallmark symptom of severe hemophilia.
These joint bleedings are not usually observed in patients
with impaired primary hemostasis, such as thrombopathy,
thrombocytopenia, or von Willebrand disease (VWD). Only
patients suffering from a complete deficiency of the VWF

Figure 2 (A) Patient with severe arthropathy of the left knee. The clinical Gilbert score was calculated to be 8/12, comprising presence of extension lag, limited flexion,
severe muscular atrophy, crepitus on motion, and instability. (B) The clinical score could not be calculated in the same patient at the time of an acute hemarthrosis.
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Figure 3 Severe arthropathy of the right tibio-talar and subtalar joints, characterized
by a plano-valgus deformation.
Note: The presence of an important atrophy of the calf muscles of the right leg.

(Type 3 VWD) are at risk of hemarthrosis, which is enhanced
by the FVIII deficiency resulting from VWF deficiency.

Based on the available data, it can be concluded that
the absence of tissue factor in joints and muscles accounts
for the articular tropism of bleeding in PwH.!° Tissue fac-
tor is a protein present on the surface of extravascular cells.
When there is a breach in a blood vessel, FVIIa, present at low
concentrations in the blood and primarily involved in initiating
the process of coagulation, is brought into contact with tissue
factor (the equivalent of matchbox). This connection causes
the “spark” that triggers the coagulation process, principally
comprising thrombin generation and the conversion of fibrino-
gen to fibrin. An amplification loop involving FVIII, FIX, and
FXI leads to an explosive amount of thrombin being generated.
While it is critical that this amplification loop functions cor-
rectly in tissues containing low tissue factor levels, the loop is
ineffective in PwH, resulting in insufficient thrombin genera-
tion, with hemorrhages of varying severity. Hemorrhages occur
principally in the large synovial joints, such as the knees, elbows,
and ankles, which are at increased risk of traumatism.

The pathological mechanism underlying the development
of hemophilic arthropathy is rather complex and not yet fully
understood. This mechanism is likely multifactorial, involving
cartilage degradation and inflammation of the synovial mem-
brane due to the noxious effects related to blood effusions.!!!?
Repeated episodes of hemarthrosis lead to an inflammatory
and hypertrophic synovitis, with hemosiderin being deposited
in synovial macrophages. This hyperemic and hypertrophic
synovium is more sensitive to microtraumatisms, thus causing
a vicious circle of bleeding, synovitis, and new hemorrhage.
The enzymes and cytokines involved in degrading the hemo-
siderin released into the joint further contribute to synovial
inflammation and cartilage destruction, among other factors,
such as increased intracapsular pressure. Firstly, fibrous tis-
sue develops within the synovium, then intra-articular and
capsular fibrosis manifests with joint stiffening, also termed
joint ankylosis. In addition to this inflammatory response,
a second pathogenic mechanism comes into play. The pres-
ence of blood within the joint has a direct corrosive effect
on the cartilage, inducing chondrocyte apoptosis and thus
altering the cartilage matrix. The joint bleeds thus provoke
a hemophilic arthropathy, with all the characteristics of both
inflammatory joint diseases, like rheumatoid arthritis and
degenerative diseases like osteoarthritis.

While all the joints of the upper and lower limbs may be
affected by hemarthrosis, it is much rarer to see hip, shoulder,
carpus, or small hand or foot joint involvement. Over 80% of
hemarthroses occur in the knee, elbow, or ankle. Given that
the intra-articular bleeding originates in the synovial plexus,
a biomechanical hypothesis can be advanced. These types of
trochlear or hinge joints are subject to significant constraints
in rotation and present a convex surface fitting into a concave
surface, potentially promoting bleedings by impingement of
the enlarged synovium. Joints that tend to bleed frequently
(ie, target joints) are those that are most frequently affected
by chronic arthropathy at a later stage. This potentially
causal relationship is still subject to frequent debate, as
some patients with significant joint damage experience few
episodes of clinically diagnosed hemarthrosis, despite hav-
ing developed first arthropathy signs revealed by magnetic
resonance imaging (MRI)." It is likely that hemophilia is
associated with repeated subclinical intra-articular bleeding,
even in intensively-treated patients.

Muscular complications: hematomas

Hematomas are another major complication of hemophilia.?
These hematomas typically do not occur spontaneously but as
a result of trauma, even if minimal. The hematoma develops
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gradually, causing an often-delayed diagnosis. Hematoma
severity depends on the size and location. Hematoma size
is often related to the anatomical lesion site. Subcutaneous
hematomas rarely grow to a large size, due to the limited
space available. Conversely, hematomas located in a large
muscle, such as the gluteal region or calf, can reach a large
size because bleeding occurs in an expandable space, tolerant
of large volume increases, before clinical signs develop.

Bleeding in large sheath muscles, such as the thigh or
gluteal region, can lead to severe anemia. In small sheath
muscles, like the anterior surface of the forearm, palm, or calf,
bleeding may cause neurovascular compression. Some hema-
tomas can be dangerous, owing to their location. Hematomas
located near a nerve root ending or a vascular bundle may
compromise the functional prognosis. Hematomas of the glu-
teal region or popliteal fossa can, for instance, lead to sciatic
nerve compression. Hematomas of the anterior compartment
of the forearm are dangerous, given their potential to com-
press the median or ulnar nerve, resulting in a Volkmann’s
contracture affecting the tendons. Hematomas of the iliopsoas
muscle are common, initially causing moderate groin pain
associated with a vicious attitude in hip flexion. Clinical
signs may be misleading, further delaying the diagnosis. As
a consequence, the diagnosis is often made when femoral
nerve compression or severe anemia is observed. In rare
cases, hematoma may present as an encapsulated blood col-
lection referred to as hemophilic pseudotumor.

Clinical and radiological diagnosis
of hemophilic arthropathy

A complete MSK assessment of joint and muscle func-
tion should be performed in any PwH, with an evaluation
of the joints conducted every 6 months in children and,
at least, every year in adults.* Several clinical scores have
been proposed. The Gilbert score constitutes an additive

A

Normal

Pettersson score =8/13

score used to quantify joint defects.'* The Gilbert score is
based on different functional and structural aspects, includ-
ing joint pain, bleeding frequency, deformation in the frontal
plane, presence of a flexion contracture, ROM limitation,
instability, muscular atrophy, presence of crepitus on motion,
and joint swelling (Figure 2A and B). Despite lacking psy-
chometric properties, such as reproducibility, sensitivity,
and responsiveness, the Gilbert score is still used in clinical
practice to evaluate patients with evident arthropathy signs,
especially as it offers the possibility of systematizing the
clinical examination.!”” The Hemophilia Joint Health Score
(HJHS), which was recently developed by a consensus of
experts, is more sensitive to early changes; while originally
created for the pediatric population, it may also be recom-
mended in adults.'®!”

Radiography has been used for several decades to evalu-
ate hemophilic arthropathy. Two classification systems of
the ankles, knees, and elbows, both based on conventional
radiography, have been widely used to quantify hemophilic
arthropathy in clinical trials: the Arnold—Hilgartner (A-H)
scale and the Pettersson score.'®!° The A-H scale is a progres-
sive scoring method including six stages (Stages 0-5), with
Stage 5 corresponding to the worst finding (ie, end-stage
arthropathy). The A-H scale is based principally on radio-
graphic findings and attempts to categorize joint changes into
stages that have surgical significance. The Pettersson score
is an additive scale where each abnormality is graded from
0 to 2, and the points of each category are then summed in
order to obtain an individual joint score (Figure 4A and B).
There are some differences between the two scoring systems.
While the A-H scale is simple and easy to use by everyone,
the Pettersson score is more meticulous and more efficiently
discriminates between the different stages of hemophilic
arthropathy. In addition, the Pettersson score is not designed
to evaluate soft tissue changes, as these are inherently difficult

Pettersson score =12/13

Figure 4 Pettersson radiological score (the maximum of |13 points representing most severe arthropathy) in a 27-year-old severe hemophilia A patient showing (A) a
normal ankle (left) and a moderate arthropathy (right). (B) End-stage hemophilic arthropathy (avascular necrosis of the talar dome, multiple osteophytes, severe joint space

narrowing, and natural fusion of the joint).
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to assess through plain radiography. The major limitation
of radiography is that it is able only to depict gross joint
alterations, and cannot detect early changes in soft tissues,
synovium, or cartilage, and is therefore insensitive to the
early changes of hemophilic arthropathy.? In this case, once
radiographic changes become apparent, the arthropathy has
usually already reached an advanced and irreversible clinical
stage. More refined and sensitive tools are required to monitor
subtle changes in joints, to improve therapy.
Ultrasonography (US) is a low-cost, noninvasive, and real-
time imaging technique.?'*? US is ideally suited for determining
the extent and degree of soft tissue inflammation, detecting the
presence of intra-articular fluid, carrying out follow-up, and
fine-tuning treatment for patients with hemarthrosis or chronic
synovitis, so as to adjust the dosage of coagulation factor.
Moreover, this examination is easy to perform in children.
MRI is currently the most sensitive imaging technique for
early detection of joint lesions.? In contrast to conventional
radiography and US, MRI enables multitissue imaging that
includes the bones as well as the surrounding ligaments and

tendons. MRI is able to visualize all hemophilic arthropathy
lesions and may thus be used to detect and monitor less-
advanced joint damage, particularly common at the early
stages of arthropathy. It is therefore considered as the gold
standard for identifying early changes in joints. Nonetheless,
MRI is costly, less accessible, and more time-consuming
than other imaging techniques. Furthermore, it often requires
sedation in children.

An overview of advantages and drawbacks of main diag-
nostic approaches assessing MSK in PwH is summarized
in Table 1.

In addition to the structural damage caused to joint car-
tilage by recurrent bleeding episodes, PWH may experience
functional limitations, as well as difficulties in performing
and participating in everyday activities. The International
Classification of Functioning, Disability, and Health (ICF)
describes the functioning of a person as the perception of the
body by the individual and society.* Clinical scores, such
as the Gilbert score and the HJHS, integrate both aspects
of body function and body structure. Activity limitations

Table | Advantages and drawbacks of main diagnostic approaches assessing MSK impairments in patients with hemophilia

Diagnostic approach ~ Advantages Drawbacks
Clinical examination e Allows routine clinical follow-up, systematization of MSK e Insensitive to early structural damages
(HJHS, Gilbert score) assessment e Gilbert score: psychometric properties not established

and function

Provides assessment of some aspects of joint structure

e HJHS: good intra- and inter-reliability, more sensitive to
evaluate mild-stage arthropathy, validated in CwH

Radiography e Widespread availability
(A-H scale, e Monitors advanced stages
Pettersson score) o Moderate cost

e Moderate radiation

Ultrasonography

e Good visualization of superficial MSK structures (synovium,
tendons, muscles, cartilage/osteochondral interface)

Confirms the presence of intra-articular fluid/muscle
hematoma and monitors its evolution and location

Effusion, synovial hypertrophy, and periarticular edema

appear as nonspecific soft-tissue swelling

e Poor sensitivity to detect the earliest arthropathic
changes, only visualizes gross bone alteration

e Poor sensitivity to change

Operator dependent (inter-individual assessment
variability)

Unable to penetrate the deep tissues and to visualize
the central aspect of the cartilage

o Low cost, easy access, no need of sedation in young children

e Noninvasive, no radiation

Real-time technique

Magnetic resonance
imaging (IPSG scale)

bones and cartilage changes

deposit, small focal cartilage defects)

Provides images with high soft-tissue contrast
Multitissue imaging: good visualization of soft tissues,

Allows the visualization of early arthropathic changes
(hemarthrosis, effusions, synovial hypertrophy, hemosiderin

Power Doppler able to measure synovial vascularity

e Complex, costly, and less accessible technique

Requires sedation in young children
e Too sensitive for the evaluation of end-stage
arthropathy

Imperfect reference standard for the assessment of
synovial hypertrophy with severe hemosiderin deposition

Provides detailed information about more advanced e Time consuming, difficult to investigate multiple joints

changes (erosions, subchondral cysts, cartilage destruction)
e Gold standard for identifying changes in joint structure

Abbreviations: MSK, musculoskeletal; HJHS, Hemophilia Joint Health Score; CwH, children with hemophilia; A-H, Arnold—Hilgartner; IPSG, International Prophylaxis

Study Group.
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(eg, the inability to climb or go down stairs or difficulty
shaving due to elbow arthropathy) can be measured using
two hemophilia-specific scores: a self-reported score, the
Hemophilia Activities List (HAL); and a performance-based
score, the Functional Independence Score for Hemophilia
(FISH).?2¢ In conjunction with clinical evaluation, it is also
recommended that the impact of joint damage on QoL be
assessed (eg, CHO-KLAT, Haemo-QoL scores).?’

Management of acute

hemorrhagic episodes

The management of acute bleeding episodes is based cur-
rently on immediate replacement therapy and the RICE
(Rest, Ice, Compression, and Elevation) regime. In the acute
phase, the first therapeutic measure consists in injecting clot-
ting factor within 2 hours of bleeding onset. The classically
recommended dose is 25 to 40 IU/kg of FVIII, or 50 [U/kg
in cases of severe hemarthrosis.* Several injections, spaced
out over time, are generally required.

The application of ice following a soft tissue injury is
believed to help manage acute hemarthrosis-related pain
by decreasing nerve conduction velocity, reducing edema
formation through proinflammatory response reduction,
and inducing vasoconstriction, thereby reducing blood flow
to the injured tissue.”® However, Forsyth et al have recently
suggested that any decrease in intra-articular temperature
could interfere with coagulation in the presence of acute
tissue lesions (in vitro) in both in animals and human sub-
jects with normal hemostasis.?*° Furthermore, applying ice
actually delays healing by preventing macrophages from
releasing insulin-like growth factor (IGF-1) within the dam-
aged muscle or joint. Since applying ice to an injury has been
shown to reduce pain, it is our view that cooling an injured
joint or muscle for short periods, soon after the bleeding, is
acceptable, but that this should not exceed 6 hours.

The rest imposed to a joint means immobilization and no
weight-bearing. In cases of impaired hemostasis, synovial tis-
sue may be predisposed to rebleeding during the fragile wound
healing phases of angiogenesis and fibroblast proliferation.’!
Joints should be rested in a functional position, thus favoring
early, conservative, and gentle mobilization. In terms of the
load that can be applied to a lower limb joint during the acute
phase, a recent animal study indicated that weight-bearing on
a bleeding joint, as compared against a non-weight-bearing
one, resulted in more cartilage matrix damage.*? It is therefore
advisable to avoid weight-bearing during the first week; the
use of walking aids (crutches, walker) enables progressive
weight-bearing from the seventh day onwards.

An appropriate balance should be established between
rest, early mobilization, and weight-bearing so as to prevent
unwanted complications associated with immobilization,
while simultaneously minimizing the risk of rebleeding,
synovitis, and cartilage damage. Externally applied com-
pression helps to limit joint swelling by increasing external
pressure and limiting joint capsule distension, thus leading
to reduced bleeding through earlier tamponade.?* Elevation
is also an effective method for reducing hemarthrosis-related
swelling. Elevating the swollen area to above heart level
reduces capillary hydrostatic pressure, and gravity helps the
blood to flow back to the heart.*

An imaging assessment is not routinely required except in
cases of trauma. Angiography with embolization is exception-
ally carried out, when major hemarthrosis does not respond
well to initial treatment.** A local vascular abnormality that
can be embolized is sometimes detected. It is necessary to
administer analgesics, like paracetamol, but caution should
be exercised in hepatitis C patients with hepatic insufficiency.
In these cases, opioids and cyclooxygenase-2 (COX-2) selec-
tive non-steroidal anti-inflammatory drugs (NSAIDs) (with
no effect on primary hemostasis) can potentially be used. As
highlighted in a recent review, the management of hemarthro-
sis is based on low-level evidence, given the limited number
of studies and the lack of randomized studies.*

In a small number of cases, often in post-traumatic con-
text, hemarthrosis can be massive and expose the cartilage
to a large amount of blood. The bleeding episode can, of
course, be interrupted by the infusion of clotting factor,
but there is an unavoidable time elapse before the synovial
membrane has reabsorbed the large amount of blood. Dur-
ing this time, the cartilage is exposed to high concentrations
of blood. Given the known correlation between the extent
and time of exposure to blood on the one hand and the
degree of chondrocyte apoptosis on the other hand, joint
aspiration can be recommended as early as possible, ide-
ally within 24 hours.* This procedure is indicated in cases
of major bleeding when the joint remains tight, swollen,
and painful.? It relieves pain and spasm, and accelerates
functional rehabilitation. Aspiration with washing and local
steroid infiltration presupposes that the patient is protected
by coagulation factor infusion and is performed in strictly
aseptic conditions, and is only recommended for severe
hemarthrosis. The systematic use of joint aspiration should
be avoided, owing to the risk of infection and other complica-
tions. Joint aspiration is formally indicated in case of acute
hip hemarthrosis, though rare, with the aim of preventing
aseptic osteonecrosis.?
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The goal of physiotherapy in the initial acute phase of
muscle hematoma is to decrease pain and swelling, support
wound healing, and maintain hemostasis.** Clinical guide-
lines recommend the RICE regime, with some supplementary
restrictions imposed. A short resting period, consisting either
of immobilization or non-weight-bearing, is advised for the
first 48—72 hours, post injury, to prevent further hemorrhage.
The use of crutches is recommended for patients with the
most severe type of lower extremity hematoma, particularly
when the injury is located at a site which poses difficulties
for sufficient immobilization, such as in iliopsoas hematoma.
In young children, compression is not recommended, given
their inability to alert physicians of adverse symptoms such
as paresthesia.’® In the acute phase, all therapies that impede
the hemostatic process, such as massages and heat sources,
are contraindicated.

Following the short immobilization period, low-intensity
stretching exercises should be initiated, within the limits of
pain, in order to distend the maturing scar while it is still
plastic.* Since any loss of muscle strength may increase the
risk of muscle bleeds during physical activities, a specifically-
tailored muscle strengthening program is advisable, involv-
ing firstly isometric contractions then concentric exercises.
Any estimates of time to full recovery in PwH should be
realistic and based on known timelines from nonhemophilic
populations.’® Rehabilitation can be discontinued based on
the patient’s ability to stretch the injured muscle to pre-bleed
levels, as well as the pain-free use of the injured muscle. In
cases where simple everyday movement has induced the
hematoma, it is important to continue rehabilitation beyond
pre-bleed levels in order to improve functional movement
patterns.

The principles of management of an acute hemarthrosis
in a PwH are summarized in Table 2. The steps and treat-
ments indicated in the emergency room are summarized
in Table 3.

Management strategies for chronic
hemophilic arthropathy and acute
hematoma

Conservative treatments: physiotherapy,

rehabilitation, and orthoses

Weekly physiotherapy sessions, designed to improve global
joint mobilization and prevent vicious attitudes and muscle
atrophy, may be offered to PwH with chronic arthropathy.*’
In individuals with advanced single- or multiple-joint
arthropathy, maximizing function and adapting to limitations

Table 2 Principles of management of acute hemarthrosis in a
hemophilia A patient

Substitutive

25-40 [U/kg of FVIII

treatment 50 IU/kg if severe or post-traumatic

hemarthrosis

2-3 injections every 12 hours (hemophilia A)
or 18 hours (hemophilia B) are generally
necessary

Immobilization

No circular plaster

Non-weight-bearing Essential in acute phase

Ice/cryotherapy

Ice applied 5-15 minutes only during the first
6 hours. Prevent any direct contact with the
skin

Radiological exams Rare, except in cases of trauma

Antalgia

Paracetamol (with caution if hepatitis C),
opioids, selective COX-2 NSAIDs

Joint aspiration Severe and tense hemarthrosis after

correction of the coagulation deficit, under

strict asepsis and in the first 24 hours only. No

joint aspiration in cases of mild hemarthrosis
Rehabilitation

Start early in order to prevent loss of function

Abbreviations: FVIII, factor VIIl; COX, cyclooxygenase; NSAID, non-steroidal
anti-inflammatory drug.

should be the focus of therapy, using appropriate strategies
such as pacing activities, exercise programs, the provision
of aids for everyday activities, and the avoidance of aggra-
vating activities.

Adaptive and corrective splints and orthoses may be con-
sidered for joint instability and deformity. PwH with valgus/
varus malalignment of the hindfoot and flat/cavus foot often
experience discomfort while walking or standing for long
periods. The use of insoles and specially-designed orthope-
dic shoes has been shown to reduce pain and improve ankle
propulsion in patients with end-stage ankle arthropathy.*®
While there is currently no consensus with respect to the
best type of foot orthosis for managing foot pain in PwH,
we proposed insoles as the first option for patients with
moderate ankle arthropathy or partially correctable rear-foot
(compared against orthopedic shoes) for those with more
severe pain or poor ROM.* Hydrotherapy is particularly
recommended for patients with multiple joint arthropathies,
who find land-based functional stretching and strengthening
exercise difficult.*

Deeper hematomas can be difficult to diagnose, as vis-
ible signs may be lacking.’ In this context, US and MRI are
also important diagnostic tools. The assessment of muscle
structure and function following a muscle bleed is essential.
Although the information on muscle integrity may not
affect the immediate hematological input, this will guide
the rehabilitation process and determine the timelines and
outcome expected. Failure in this regard may lead to recurrent
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Table 3 Hemophilia in emergency room — steps and treatment indicated

What not to do for a e Waiting to treat a PwH

PwH emergency o Await the outcome of a morphological or biological examination before treating, unless suspected factor antibody

e Central venous catheters, if possible

Intramuscular injections

Rectal temperature assessment

e Aggressive mobilization of a limb

e Complete circular contentions
What to do for a
PwH emergency

Consider that any symptoms/clinical signs are the result of a hemorrhage
In life-threatening emergencies, do not wait until the medication normally taken by the patient is available

Other than peripheral, venous punctures without correction of the deficit by the coagulation factor

Acetylsalicylic acid and derivatives or non-steroidal anti-inflammatory drugs (except anti COX-2)

Always take a factor dosage and research a factor for antibodies before infusion of antihemophilic factor
In life-threatening emergencies, inject the equivalent medication available on site

o For the first injection, favor a recombinant product

o Always inject coagulation factor in major trauma cases (cranial, spinal, abdominal) it is better to substitute in excess
(except in very young children commencing treatment with factor VIII)

e Correct the deficiency of coagulation before any further investigations (radiography, echography, CT-scan)

e Always inject the factor before an invasive procedure (simple suture, lumbar puncture, arterial puncture, endoscopy)

o Always apply compression on puncture site (10 minutes and compressive bandage)

Abbreviations: PwH, patient with hemophilia; COX, cyclooxygenase; CT, computerized tomography.

or new bleeding episodes at the site of injury or due to com-
pensation strategies adopted as a result of the injury.*

Orthopedic surgery

Surgical procedures should be restricted to patients with
severe joint damage and for whom conservative measures
have failed. In addition, the benefits of surgery should out-
weigh potentially-related complications, such as infections,
neuropathies, and bleeding. In many cases, surgery is delayed
due to the young age of the patient, and taking into account the
technical difficulties in hemostasis. When considering surgery
in PwH, certain precautions must be taken. Operations must
be performed under the coverage of replacement therapy, by
an experienced surgeon, and in a center specifically special-
ized in hemophilia treatment, in order to manage and adapt
to daily replacement therapy. This multidisciplinary approach
is essential to ensure surgical success.

In cases of repeated hemarthrosis in a single joint,
with the related risk of synovitis and chronic arthropathy,
a synovectomy or synoviorthesis may be justified. These
techniques are designed to partially or totally destroy
the hypertrophic synovium refractory to conservative
treatment, and are indicated when bleedings reoccur that
replacement therapy fails to control. Nevertheless, these
procedures must be performed before the development of
excessive joint damage.* Irrespective of which technique
is chosen, none are capable of preventing the degradation
of already damaged joints and cannot improve joint
function. Synoviorthesis consists in injecting a chemical or

radioisotope product into the joint. This technique prevents
inflammation by facilitating the formation of a fibrous tis-
sue that inhibits vessel proliferation and reduces the risk of
intra-articular bleeding. It is minimally invasive and can be
performed in outpatient clinics, requiring no major coverage
with coagulation factors. Surgical synovectomy consists in
conducting as complete a surgical excision as possible of
the hypertrophic synovial membrane. This simultaneously
enables foreign bodies to be washed and retrieved from the
joint. This procedure can be performed either by open or
arthroscopic approach. Arthroscopy avoids large incisions,
is associated with less severe functional loss, and enables a
larger excision of the synovial tissue and earlier rehabilita-
tion, in comparison with the open procedure.*’ Synovectomy,
however, requires administration of more coagulation factors
than that required in synoviorthesis.

Total knee replacement (TKR) has become the treatment of
choice for patients with severe arthropathy of the knee (Figure
5A and B). TKR abolishes pain and corrects some deforma-
tions. Yet this procedure can be complicated by the presence of
an articular fibrosis or severe bone deformities in the preopera-
tive stage. The joint stiffness associated with hemophilia seems
to be principally related to the presence of contractures. These
contractures may result from recurrent hemarthrosis with
subsequent fibroblastic proliferation and progressive arthropa-
thy, or even extra-articular intramuscular bleeding leading to
fibrosis.*! Arthrofibrosis and bone deformities in the preopera-
tive stage are responsible for joint stiffness, which remains a
relatively common complication for PwH undergoing TKR
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Figure 5 (A) Severe right knee arthropathy in a 32-year-old severe hemophilia A patient. It should be noted that the left knee never experienced any hemarthroses, and
therefore presents no articular damage. (B) The same subject following TKR on the right side.

Abbreviation: TKR, total knee replacement.

despite an intensive and tailored rehabilitation program. For
some patients, however, the resulting slight improvements in
ROM combined with reduced articular pain have a significantly
positive impact on their QoL. A long-term rehabilitation pro-
gram should be recommended for all PWH undergoing TKR.
Lobet et al have proposed an algorithm for the physiotherapy
management of end-stage hemophilic arthropathy of the
knee.?” Combined with the use of clotting factor replacement,
the rehabilitation program following TKR in PwH can, to some
extent, be extrapolated from the program followed by patients
with osteoarthritis of the knee.

In cases of severe elbow arthropathy, bony deformations
of'the joint surfaces are commonly observed, and the enlarge-
ment of the radial head limits prosupination movement. For
these patients, surgical resection of the radial head can be
proposed, to be performed conjointly with a synovectomy
and joint lavage.* The procedure is easy to perform, has few
complications, reduces the occurrence of bleeding episodes,
and reduces painful symptoms. While ROM can consequently
be improved immediately, primarily in the prosupination
direction, movement in flexion-extension is not positively
impacted. The indication for total elbow prosthesis should
be considered when arthropathy impairs everyday activities.
However, elbow joint disease is often tolerated for a long
time. When a prosthesis is eventually indicated, the bone
transformations are so significant that an effective placement
of a prosthesis is impossible.

For severe end-stage ankle arthropathy associated with
severe pain, deformities of the hindfoot in the frontal plane,
and frequent bleeding, the recommended procedure is
surgical arthrodesis of the tibio-talar and/or subtalar joint.*
To date, total ankle replacement (TAR) remains an uncertain

therapeutic option with insufficient follow-up data. The first
results of TAR in PwH do, however, seem satisfactory, both
in terms of pain reduction and improvement of ankle ROM.*
Nevertheless, it seems that such a procedure can only be con-
sidered in PwH who still possess some ROM of the ankle.

Participation in physical activity and sport
For many years, people with hemophilia and other bleeding
disorders were previously discouraged from practicing sports
or physical activities in the attempt to minimize the occur-
rence of hemorrhagic incidents. Participation in appropriate
sports and physical activity should, however, be encouraged
as part of the global approach to hemophilia management as
this provides numerous physical benefits, as well as improv-
ing the emotional and social well being in PwH. An active
lifestyle is associated with the prevention of cardiovascular
disease, diabetes mellitus, cancer, hypertension, obesity,
depression, and osteoporosis, which also holds true for those
suffering from chronic health conditions, as with PwH.*
Walking, swimming, and cycling, to name but a few,
allow patients to strengthen their muscle mass, making them
less vulnerable to bleeding joints. On the other hand, contact
sports and competitions expose them to greater risks of bleed-
ing, and patients should be informed accordingly.* Physical
activity for PwH is associated with specific challenges, such
as the risk of injury, overloading, and potential bleeds; yet,
correctly managed, participation in physical activity and
exercise can improve strength, proprioception, joint ROM,
as well as reducing frequency of bleeding.*® Prior to starting
a new physical activity, a thorough MSK function assess-
ment should be performed, and patients should be advised
on appropriate, safe activities, on an individual basis. The
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physiotherapist can give recommendations on the adaptations
needed in order for a PwH to safely participate in a sport.
Sports and physical activities should ideally be performed
under the cover of factor replacement, and more intense
physical activity, particularly in competitions, should be
matched to the day of prophylaxis administration.

Analgesia and the use of anti-

inflammatory drugs

Asexplained above, the use of analgesics and anti-inflammatory
drugs is recommended at the onset of acute hemarthrosis. The
painful symptoms associated with chronic arthropathy can be
relieved by NSAIDs. The COX-2 selective NSAIDs, which
have the advantage of not provoking a disturbance of primary
hemostasis, are particularly indicated in PwH.*’

Conclusion: the multidisciplinary

follow-up

Ideally, any patient with severe hemophilia should be
followed-up by a hemophilia specialist, with one or two vis-
its conducted per year. For patients with moderate or minor
deficit, annual follow-ups are also essential. Hemophilia is
a rare and complex disease. In order to offer comprehensive
and coherent support, multiple skills are required, and must
be coordinated simultaneously. Specialists in coagulation,
qualified nurses, physiotherapists, and orthopedic surgeons
must work together closely to support the hemophiliac patient
and manage related orthopedic complications. For this reason,
patient follow-up should ideally be centralized within multi-
disciplinary hemophilia centers working closely in collabo-
ration with local hospitals and physicians. The evaluation of
joint status, along with its evolution and the impact on QoL,
represent an integral part of the hemophilia consultation.
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