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 � The musculoskeletal problems of haemophilic patients 
begin in infancy when minor injuries lead to haemarthro-
ses and haematomas.

 � Early continuous haematological primary prophylaxis by 
means of the intravenous infusion of the deficient coagu-
lation factor (ideally from cradle to grave) is of paramount 
importance because the immature skeleton is very sensi-
tive to the complications of haemophilia: severe structural 
deficiencies may develop quickly.

 � If primary haematological prophylaxis is not feasible due 
to expense or lack of venous access, joint bleeding will 
occur. Then, the orthopaedic surgeon must aggressively 
treat haemarthrosis (joint aspiration under factor cover-
age) to prevent progression to synovitis (that will require 
early radiosynovectomy or arthroscopic synovectomy), 
recurrent joint bleeds, and ultimately end-stage osteoar-
thritis (haemophilic arthropathy).

 � Between the second and fourth decades, many haemo-
philic patients develop articular destruction. At this stage 
the main possible treatments include arthroscopic joint 
debridement (knee, ankle), articular fusion (ankle) and 
total joint arthroplasty (knee, hip, ankle, elbow).
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Introduction
The clinical severity of haemophilia is usually related to 
the plasma level of factor VIII or factor IX. Patients are clas-
sified as having mild, moderate or severe haemophilia 
depending on the level of the deficient factor, which can 
be > 5% of normal in mild cases and < 1% of normal in 
severe haemophilia. This is reflected in the frequency and 
causes of bleeding. Whereas a patient with mild haemo-
philia will bleed rarely, usually only after significant 
trauma or surgery, those with severe haemophilia may 

have several episodes per month, and typically bleed 
spontaneously as a result of minimal trauma or activities 
of daily living.1

About 90% of bleeding episodes in haemophilic patients 
occur within the musculoskeletal system and, of these, 
80% occur within the joints (mainly elbows, knees and 
ankles). Planning and undertaking elective orthopaedic 
surgery in haemophilic patients is most effective with  
the involvement of an experienced multidisciplinary team 
(MDT) at a specialized haemophilia treatment centre.2 The 
team at least requires a haematologist, whose function is 
to control haemostasis, an orthopaedic surgeon, a physical 
medicine and rehabilitation physician, and a physiothera-
pist. At all stages the patient should be informed to ensure 
that their expectations and functional goals are realistic 
and can be accomplished. The planning phase should 
ensure that surgery proceeds without complication, but 
the surgical team should be ready to handle unanticipated 
problems. Postoperative rehabilitation should begin soon 
after surgery, with attention paid to treatment of haemo-
stasis and pain. Surgery in patients with inhibitor requires 
even more careful preparation.2

Bleeds within the joints
The vast majority of bleeding episodes in haemophilic 
patients occur within the joints (haemarthrosis). Of these 
haemorrhages, the knees, elbows and ankles account for 
almost 80%. The patient’s initial perception of an acute 
haemarthrosis often starts as an aura or a tingling sensa-
tion in the joint. The involved articulation is usually held in 
flexion, swollen (fluid content on palpation), and active 
and passive motion is painful and very restricted.3

Pathogenesis
With the early intravenous provision of the missing coagu-
lation factor, haemorrhages can be controlled and con-
servative orthopaedic management can usually terminate 
the episode without any long-term complications. Should 
the haemorrhage persist or a re-bleed occur, intra-articular 
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blood causes apoptosis of the chondrocytes. At the same 
time the synovial membrane tries to reabsorb blood and 
begins to hypertrophy when there is too much blood in 
the joint. Then a vicious cycle of chronic synovitis devel-
ops, leading to joint destruction and classical haemophilic 
arthropathy.4 The hypertrophic synovium is characterized 
by villous formation, marked increased vascularity (neoan-
giogenesis), and the chronic presence of inflammatory 
cells. In children, synovitis causes hypertrophy of the epi-
physeal growth plates. Bone hypertrophy may lead to leg-
length discrepancies, angular deformities and alterations 
of contour in the developing skeleton.5 If the synovitis is 
not controlled, further cartilage damage will follow. The 
synoviocytes disintegrate and release lysosomal enzymes, 
which not only destroy articular cartilage but also further 
inflame the synovium. The haemosiderin staining of the 
synovium and cartilage bears testimony to the destructive 
elements of proteolytic enzymes. Symptoms of chronic 
arthropathy typically develop by the second or third dec-
ade. As the joint cartilage progressively degrades, deterio-
ration in joint function occurs (limited and painful 
movements) (Figs. 1, 2 and 3).3

Haematological prophylaxis
Continuous prophylactic intravenous clotting factor 
replacement has been reported to slow the natural course 
of haemophilic arthropathy. Many authors have stated 
that continuous haematological prophylaxis from two to 
18 years prevented the development of haemophilic 
arthropathy if the concentration of the patient’s deficient 
factor was prevented from falling below 1% to 3% of nor-
mal. This can be achieved with the intravenous infusion of 
25 to 40 U/kg factor VIII three times weekly in patients 
with haemophilia A and 25 to 40 U/kg factor IX twice 
weekly in patients with haemophilia B.6,7

The most feared and clinically significant complication 
of factor replacement is the development of alloantibod-
ies (inhibitors) directed against the exogenous factor VIII 

molecules which inhibit the function of the replacement 
factor VIII.8 Inhibitors to factor VIII occur in about one-
third of those with severe haemophilia A, typically within 
the first 20 exposures to exogenous factor VIII early in the 
first 2–3 years of life when venous access is a challenge.9 
The development of inhibitors to factor VIII results in a sig-
nificant increase in the likelihood of morbidity due to 
uncontrollable bleeding.10

A new drug called Emicizumab has been developed for 
the treatment of patients with haemophilia A. Emici-
zumab-kywh (ACE910) is a recombinant, humanized, 
asymmetric bispecific antibody that functions to bring 
activated factor IXa and zymogen factor X into an ade-
quate steric conformation to mediate the activation of fac-
tor X to factor Xa thereby mimicking the cofactor function 
of factor VIIIa.11 Once-weekly subcutaneous injection of 
Emicizumab at three dose levels has been demonstrated 
to be efficacious as prophylaxis to prevent bleeding in 
most haemophilia A patients with inhibitors to factor VIII. 
Moreover, in more than two-thirds of patients without 
inhibitors to factor VIII, prevention of bleeding has been 
demonstrated. The mean annual treated bleeding rates 
were diminished in patients with as well as those without 
an inhibitor to factor VIII. The main advantage of Emici-
zumab is subcutaneous administration and efficacy irre-
spective of the presence of inhibitors. Emicizumab could 
conceivably represent a new era in the management of 
patients with haemophilia A.12

Treatment of haemarthroses
Haemarthrosis must be aggressively treated to prevent 
chondrocyte apoptosis and progression to synovitis, 
recurrent joint bleeds and ultimately end-stage osteoar-
thritis. These joint bleeds need the following: deficient 
factor intravenous replacement to 50%; joint aspiration 
to debulk the joint blood and alleviate associated pain 
(Fig. 4); short-term immobilization for 48 hours; and 

a) b)

Fig. 1 Elbow haemophilic arthropathy: (a) anteroposterior 
radiograph; (b) lateral view.

a) b)

Fig. 2 Haemophilic arthropathy of the knee joint: (a) 
anteroposterior view; (b) lateral radiograph.
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deficient factor replacement every 2–3 days (prophylaxis 
regimen) until the joint is fully rehabilitated and there is 
no evidence of residual blood and/or associated synovi-
tis.13 In this respect, point-of-care ultrasonography (POC-
US) is essential (Fig. 5).14,15 Chronic synovitis will require 
a synovectomy: radiosynovectomy (RS) or arthroscopic 
synovectomy (AS).16

Treatment of synovitis
If left untreated, synovitis followed by degenerative 
changes within the joint will occur and a stiff or painful 
joint will result. Many authors have previously defined 
the role of RS, a common therapeutic procedure for 
chronic haemophilic synovitis. For the treatment of 
chronic haemophilic synovitis, RS should always be indi-
cated as the first procedure. It is an easy procedure with a 
number of satisfactory results.16 With RS with Yttrium-90, 

Phosporus-32 or Rhenium-186 there is an expected 75% 
to 85% success rate. The indication for RS is the presence 
of synovitis (confirmed clinically and by POC-US) causing 
two or more haemarthroses in a particular joint over the 
last six months despite adequate haematological prophy-
laxis.16 It is important to emphasize that no more than 
three RSs should be repeated within an approximate six-
month window in order not to exceed the maximum 
annual recommended dose of radioactive materials (1 
milisievert-mSv/year). It does not mean that RS can be 
repeated many times in the life of the haemophilic 
patients if needed, provided that the safety level of 1 
mSv/year is always respected. If after three procedures, 
RS fails, an AS is indicated.16 Arthroscopic synovectomy 
generally achieves similar results to RS; however, as AS is 
a surgical procedure under general anaesthesia (recom-
mended in haemophilic patients), it can be accompanied 
by a certain number of complications common to surgi-
cal procedures.

Both RS and AS are procedures for synovial destruction 
used in a number of haemophilia centres for the manage-
ment of chronic haemophilic synovitis. Taking into 

a) b) c)

Fig. 3 Bilateral ankle haemophilic arthropathy: (a) anteroposterior radiograph of both ankles; (b) lateral view of the left ankle; (c) 
lateral radiograph of the right ankle.

Fig. 4 Joint aspiration in acute haemophilic haemarthrosis.

Fig. 5 Ultrasonography (US) of acute haemarthrosis.
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account the risk of infection after surgical procedures in 
human-immunodeficiency-virus-positive patients, RS is 
recommended first. RS is also of particular interest in 
patients with inhibitors, who otherwise are difficult to 
treat from the haematological point view (by means of 
aPCCs [activated prothrombin complex concentrates] 
and/or rFVIIa [recombinant activated FVII]). The reported 
rate of complications after RS is 1%.16

Treatment of arthropathy
The orthopaedic complications of haemophilia are patient-
specific and treatment protocols often need to be altered 
to suit the individual.

Elbow arthropathy

Excision of the radial head and partial open synovectomy 
is a consistently reliable operation that appears to prolong 
the functional life of the elbow joint. With proper selection 
it dramatically reduces the rate of haemarthroses, improves 
forearm rotation by 20º to 60º, decreases pain, improves 
function and does not cause a problem with elbow insta-
bility.17,18 In some cases of valgus deformity, ulnar nerve 
involvement may occur. In this case, surgical ulnar nerve 
release should be indicated.3 The scant data regarding 
results of total elbow replacement (TER) for haemophilic 
arthropathy are limited to small case series and case 
reports. Research has found that, while pain alleviation 
and patient satisfaction are promising, variable results 
with significant complications and infection rates may dis-
courage routine use of TER for haemophilic arthropathy of 
the elbow.19 The rate of reported complications is between 
12.5% and 85%.20–23 The rate of reported revisions is 
between 12.5% and 37.5%.24,25

Knee arthropathy

Arthroscopic debridement should be considered in the 
young haemophilic patient to avoid or delay total knee 
replacement (TKR). The operation may give the patient 
years of life without pain.26 The most commonly used pro-
cedure in advanced knee haemophilic arthropathy is TKR 
(Figs. 6 and 7). However, the high risk of infection (7% on 
average) is a concern (Fig. 8).27–30 Reported results of pri-
mary TKR in haemophilia are satisfactory.27–31 It is para-
mount today to use a multimodal blood-loss prevention 
approach (MBLPA) including intra-articular tranexamic 
acid (TXA) in primary and revision TKR for patients with 
haemophilia.

In a reported study, an MBLPA-TXA in TKR for haemo-
philic patients was effective, with a zero transfusion rate 
(compared with 40% in the non-MBLPA-TXA group).32 
The MBLPA-TXA group had less postoperative blood loss 

a) b) c) d)

Fig. 6 Total knee replacement (TKR) in a patient with inhibitor: (a) anteroposterior preoperative radiograph; (b) lateral preoperative 
view; (c) anteroposterior postoperative radiograph; (d) lateral postoperative view. The result was excellent.

a) b)

Fig. 7 Aseptic loosening of a primary total knee replacement 18 
years after implantation that required revision arthroplasty with 
a CCK (constrained condylar knee) implant: (a) anteroposterior 
preoperative view; (b) anteroposterior postoperative 
radiograph. The result was excellent.
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than the non-MBLPA-TXA group. The MBLPA-TXA group 
included the following: (a) tourniquet with 100 mmHg 
above systolic pressure, released after skin closure; (b) sur-
gical blood-saving protocol, including: femoral canal 
obturation with bone graft and intra-articular infiltration 
of posterior capsule, medial and lateral capsule, and liga-
ments, before closure, of 80 cc saline with adrenalin 300 
mcg, morphic chloride 10 mg, tobramycin 100 mg, beta-
methasone sodium phosphate 6 mg, betamethasone ace-
tate 6 mg, and ropivacaine 200 mg; (c) an intra-articular 
injection of a combination of TXA (25 mL, 2500 mg) and 
sodium chloride (10 mL, 18 mg).32

In the non-MBLPA-TXA group, the standard proce-
dure was used, without any particular blood-saving 
technique (tourniquet with 350 mmHg, released before 
skin closure for electrocoagulation of bleeding; no limits 
or treatment to preoperative haemoglobin; no femoral 
canal obturation, 24–48 hour vacuum drain, opened 
with skin closure, no intra-articular infiltration; and no 
TXA administration).32

The reported rate of survival after TKR at ten years is 
between 83% and 92%.23,33–35 Late periprosthetic infec-
tions are a major concern, and precautions aiming to 
avoid haematogenous spread of infections during factor 

b)a) c) d)

e) f) g) h)

Fig. 8 Two-stage revision total knee replacement (TKR) in a periprosthetic infection: (a) anteroposterior view of the knee before TKR; 
(b) lateral radiograph of the knee prior to TKR; (c) anteroposterior view of the knee after TKR; (d) lateral view of the knee after TKR; 
(e) articulated spacer implanted in the first stage of the two-stage revision arthroplasty performed (anteroposterior view); (f) lateral 
radiograph of the articulated spacer; (g) anteroposterior view of the revised implant (constrained condylar knee [CCK] design) after 
the second stage of the two-stage revision arthroplasty; (h) lateral radiograph of the revised implant (CCK design) after the second 
stage of the two-stage revision arthroplasty. The result was excellent.
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concentrate infusions should be strongly encouraged. 
Pseudoaneurysms after TKR may occur (Fig. 9). In haemo-
philia, the most common cause of a haemarthrosis follow-
ing TKR is the development of a pseudoaneurysm.36–40 
This complication is due to unrecognized injury of the 
peri-articular vessels. Failure to diagnose and treat it may 
lead to subsequent recurrence of bleeding. Following 
aspiration of the haemarthrosis via arthrocentesis the 
existence of a pseudoaneurysm must be suspected. A CT 
angiogram and a digital subtraction arteriography must 
be performed to confirm the diagnosis. An arterial embo-
lization of the pseudoaneurysm must then be performed 
immediately using a helical microcoil.38

Ankle arthropathy

The surgical management of the haemophilic ankle must 
include arthroscopic ankle debridement (in the initial 
stages of cartilage degeneration), and ankle distraction, 
ankle arthrodesis or total ankle replacement (TAR) (in late 
stages of cartilage degeneration).41

While patients with severe haemophilic arthropathy of 
the ankle are likely to improve in terms of pain and range 
of motion after TAR, there is insufficient information to 
routinely advise its use. Complication and infection rates 
are concerning, and the absence of survival analysis infor-
mation makes it hard to quantify the profit to the patient 
in light of the dangers and resources implicated in the 
procedure.41 A study found a total rate of intraoperative 
and postoperative complications of 33%.42 In other 
reports the predicted implant survival of TAR was 94% at 
5, 85% at 10 and 70% at 15 years, respectively.43

A common deformity associated with tibiotalar and sub-
talar arthropathy is fixed plantar flexion, that can be allevi-
ated by means of the surgical lengthening of the Achilles 
tendon associated to a posterior open capsulotomy.41

Anterior osteophytes of the distal tibia and talus some-
times cause pain due to impingement. In these cases, 
open or arthroscopic removal of such osteophytes should 
be indicated.41

Intra-muscular bleeds
In the majority of cases, bleeds within the muscles are 
caused by trauma. They are very often associated with 
direct trauma and the pathology becomes quite evident 
due to the swelling; pain, local warmth and bruising that 
typically appear in the overlying skin. The vast majority of 
these muscle bleeds resolve spontaneously with adequate 
factor coverage, leaving no functional loss. It is, however, 
necessary to examine the patient carefully to ensure that 
there is no danger to vascular elements and no neural 
compromise. Diagnostic US (Fig. 10) and/or CT scan 
(Fig. 11) are paramount to confirm diagnosis.14,15

Compartment syndromes (Volkmann’s contracture of 
the hand and foot) have been reported as a result of such 
bleeding incidences within the closed compartments of 
the forearm and leg.44 Compartment syndromes (fore-
arm, leg) are surgical emergencies.

Fig. 10 Ultrasonography (US) of a muscle haematoma.

a) b) c) d) e)

Fig. 9 Pseudoaneurysm after primary total knee replacement (TKR) with a constrained condylar knee (CCK) design due to severe 
varus deformity and muscular atrophy: (a) anteroposterior view of the knee before TKR; (b) lateral radiograph prior to TKR; (c) severe 
postoperative haemarthroses five days after surgery was treated with joint aspiration; (d) angiogram demonstrated the existence of 
an arterial pseudoaneurysm (arrow); (e) arterial embolization (arrow) solved the problem.
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The most common and most serious of muscle bleeds 
occur in the iliopsoas muscle. Right lower-quadrant 
abdominal pain has mimicked the symptomatology of an 
acute appendicitis. Compression of the femoral nerve 
may present as an area of reduced sensation in the ante-
rior aspect of the thigh. Attempts to extend the hip joint 
cause severe pain and force the patient into hyperlordosis 
of the lumbar spine. As it is difficult clinically to differenti-
ate between a bleed into the iliopsoas muscle and an 
intra-articular haemorrhage into the hip joint, one must 
rely on objective testing. US and/or CT scan are able to 
differentiate between the largely extended joint capsule 
with intra-articular haemorrhage and the bleed that is situ-
ated within the muscle fibres (Fig. 11). The iliopsoas mus-
cle haematoma takes a long time to improve even under 
haematological prophylaxis, and then flexion contracture 
of the hip joint may persist for weeks. Secondary haemor-
rhages into the same area are common and hence, pro-
phylactic factor replacement must be continued. Whereas 
coxhaemarthrosis is a problem requiring days of extra 
treatment, an iliopsoas haematoma may require weeks 
until full resolution is achieved (to be confirmed with US 
and/or CT scan).3

Haemophilic pseudotumours
The pseudotumour is basically an encapsulated haema-
toma. A thick fibrous capsule surrounds a haematoma in 
varying degrees of organization; calcification and ossifica-
tion may be seen within it. The management of the patient 
with a haemophilic pseudotumour is complex and with a 
high rate of potential complications. There are a number 
of therapeutic alternatives for this dangerous condition: 
embolization, radiation, percutaneous management, sur-
gical removal and exeresis and filling of the dead cavity.45

Proximal pseudotumours occur in the proximal skele-
ton, especially around the femur and pelvis. They appear 
to originate in the soft tissue, erode bone secondarily from 
outside, and develop slowly over many years. An iliopsoas 
muscle haematoma may develop a pelvic pseudotumour. 
Proximal pseudotumours occur in adults and do not 
respond to conservative treatment. Large proximal pseu-
dotumours in adults should be removed surgically as 
soon as they are diagnosed. Distal pseudotumours occur-
ring distal to the wrist and ankle appear to be secondary 
to intraosseous haemorrhage, and develop rapidly. They 
are seen mainly in children and adolescents.45

Distal pseudotumours should be treated primarily 
with long-term factor replacement and immobilization. 
In children, surgical removal or even amputation is indi-
cated when conservative treatment fails to prevent pro-
gression. Percutaneous evacuation should be considered 
in inoperable advanced pseudotumours. Evacuation is 
carried out with a large trocar under image intensifier 
control; the cavity is filled with different quantities of 
fibrin seal or cancellous bone, depending on the size of 
the pseudotumour.46

It is hoped that with the advent of widespread mainte-
nance therapy, pseudotumours will be less common in 
the future. It is important that they are diagnosed early, 
and prevention of muscular haematomas is key to reduc-
ing their incidence. Untreated, proximal pseudotumours 
will ultimately destroy soft tissues, erode bone and may 
produce neurovascular complications. Surgical excision is 
the treatment of choice but, like all orthopaedic proce-
dures in haemophilic patients, should only be carried out 
in major haemophilia centres by a multidisciplinary surgi-
cal team.

Fractures
In haemophilic patients fractures can occur anywhere in 
the long bones but are more prevalent near the joints or in 
the diaphysis of the long bone. The lower limb bones, 
especially the femur, are the most common sites for frac-
tures. Fracture haematomas tend to be large in volume 
and may be the cause of acute compartment syndrome.47

Poor musculature, osteoporosis, and haemophilic 
changes in the bone may predispose haemophilic 
patients to risk of fractures. In patients with haemophilia 
the fracture can occur after a trivial trauma, especially if 
associated factors of haemophilic arthropathy, muscle 
wasting, and osteoporosis render the bone more fragile 
and prone to fracture.48

The goal of modern fracture treatment must be to 
obtain an optimal outcome with the patient’s return to 
full activity as soon as possible. Today, internal fixation  
is indicated in most displaced fractures in the adult, 
whereas external fixation remains the best choice for initial 

Fig. 11 Computerized tomography (CT) scan showing an 
iliopsoas haematoma (arrow).
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stabilization with severe soft tissue injuries. If a fracture is 
correctly treated in a haemophilic patient it will progress 
to consolidation in a similar time frame to those occurring 
in the general population.47

Conclusions
Haemophilia left untreated or treated on demand (only 
when a haemarthrosis occurs) destroys the joints at a very 
young age. Primary haematological prophylaxis, cur-
rently the gold standard for the management of haemo-
philia, is not completely efficacious. Moreover, it is only 
available for 25% to 30% of patients worldwide. 
Advances in haematology, combined with advances in 
orthopaedic surgery, have made it possible to ameliorate 
the musculoskeletal complications of haemophilia 
through orthopaedic surgical procedures. These proce-
dures are safe, even in the most complex cases, such as 
patients with inhibitor. The risk of bleeding in surgical 
procedures is higher for patients with haemophilia than 
for the general population and there is also a greater risk 
of infection. Both these factors augment the risk of a poor 
result. Whatever the surgical technique, appropriate sur-
gical haemostasis must be achieved by intravenous infu-
sion of concentrate of the deficient factor (factor VIII or 
factor IX), at the correct doses (ideally for 10–14 days). In 
patients with inhibitor, haemostasis can be achieved with 
the intravenous infusion of aPCCs and/or rFVIIa. Surgical 
orthopaedic procedures that are usually needed by hae-
mophilic patients include joint aspiration, synovectomy 
(radiosynovectomy or arthroscopic synovectomy), arthro-
scopic joint debridement (ankle, knee), Achilles tendon 
lengthening, removal of ankle osteophytes (open or 
arthroscopic), arthrodesis of the ankle, TKR, TAR, TER, 
total hip replacement (THR) resection or percutaneous 
treatment of pseudotumours, fasciotomy for compart-
ment syndrome, and neurolysis of the ulnar nerve.

ICMJE ConflICt of IntErEst statEMEnt
The author declares no conflict of interest relevant to this work.

fundIng statEMEnt
No benefits in any form have been received or will be received from a commercial 
party related directly or indirectly to the subject of this article.

lICEnCE
© 2019 The author(s)
This article is distributed under the terms of the Creative Commons Attribution-Non 
Commercial 4.0 International (CC BY-NC 4.0) licence (https://creativecommons.org/
licenses/by-nc/4.0/) which permits non-commercial use, reproduction and distribu-
tion of the work without further permission provided the original work is attributed.

rEfErEnCEs

1. Zimmerman B, Valentino la. Hemophilia: in review. Pediatr Rev 2013;34:289–294.

2. Escobar Ma, Brewer a, Caviglia H, et al. Recommendations on multidisciplinary 
management of elective surgery in people with haemophilia. Haemophilia 2018;24:693–702.

3. rodriguez-Merchan EC. Musculo-skeletal manifestations of haemophilia. Blood Rev 
2016;30:401–409.

4. Valentino la, Hakobyan n, Enockson C, et al. Exploring the biological basis of 
haemophilic joint disease: experimental studies. Haemophilia 2012;18:310–318.

5. roosendaal g, Jansen nW, schutgens r, lafeber fP. Haemophilic 
arthropathy: the importance of the earliest haemarthroses and consequences for treatment. 
Haemophilia 2008;14:4–10.

6. Berntorp E. If you know you will also see: population pharmacokinetics is the way to 
personalize and optimize prophylaxis in hemophilia. J Thromb Haemost 2017;15:1103–1105.

7. Manco-Johnson MJ, abshire tC, shapiro ad, et al. Prophylaxis versus 
episodic treatment to prevent joint disease in boys with severe hemophilia. N Engl J Med 
2007;357:535–544.

8. dimichele d, rivard g, Hay C, antunes s. Inhibitors in haemophilia: clinical 
aspects. Haemophilia 2004;10(s4):140–145.

9. Kreuz W, Becker s, lenz E, et al. Factor VIII inhibitors in patients with hemophilia 
A: epidemiology of inhibitor development and induction of immune tolerance for factor VIII. 
Semin Thromb Hemost 1995;21:382–389.

10. Peyvandi f, Makris M. Inhibitor development in haemophilia. Haemophilia 
2017;23:3.

11. shima M. Emicizumab prophylaxis overcomes factor VIII inhibitors in hemophilia A. 
J Pediatr 2017;190:287–290.

12. rodriguez-Merchan EC, Valentino la. Emicizumab: review of the literature and 
critical appraisal. Haemophilia 2019;25:11–20.

13. rodriguez-Merchan EC. Articular bleeding in hemophilia. Cardiovasc Hematol 
Disord Drug Targets 2016;16:21–24.

14. Merchan ECr, de orbe a, gago J. Ultrasound in the diagnosis of the early stages 
of hemophilic arthropathy of the knee. Acta Orthop Belg 1992;58:122–125.

15. de la Corte-rodriguez H, rodriguez-Merchan EC, Jimenez-Yuste V. 
Point-of-care ultrasonography in orthopedic management of hemophilia: multiple uses of 
an effective tool. HSS J 2018;14:307–313.

16. rodriguez-Merchan EC, de la Corte-rodriguez H, Jimenez-Yuste V. 
Radiosynovectomy in haemophilia: long-term results of 500 procedures performed in a 38-
year period. Thromb Res 2014;134:985–990.

17. silva M, luck JV Jr. Radial head excision and synovectomy in patients with 
hemophilia. J Bone Joint Surg Am 2007;89:2156–2162.

18. Merchan ECr, galindo E, Magallon M, gago J, Villar a, sanjurjo MJ. 
Resection of the radial head and partial open synovectomy of the elbow in the young adult 
with haemophilia: long-term results. Haemophilia 1995;1:262–266.

autHor InforMatIon
Department of Orthopaedic Surgery, La Paz University Hospital-IdiPaz, Madrid, 
Spain.

Correspondence should be sent to:  E. C. Rodríguez-Merchán, Department of 
Orthopaedic Surgery, La Paz University Hospital-IdiPaz, Paseo de la Castellana 
261, 28046-Madrid, Spain. 
Email: ecrmerchan@hotmail.com



173

orthopaedic SUrGerY in haemophilia

19. dale tM, saucedo JM, rodriguez-Merchan EC. Total elbow arthroplasty in 
haemophilia. Haemophilia 2018;24:548–556.

20. Marshall Brooks M, tobase P, Karp s, francis d, fogarty Pf. Outcomes 
in total elbow arthroplasty in patients with haemophilia at the University of California, San 
Francisco: a retrospective review. Haemophilia 2011;17:118–123.

21. Kamineni s, adams ra, o’driscoll sW, Morrey Bf. Hemophilic arthropathy 
of the elbow treated by total elbow replacement: a case series. J Bone Joint Surg Am 2004; 
86:584–589.

22. Chapman-sheath PJ, giangrande P, Carr aJ. Arthroplasty of the elbow in 
haemophilia. J Bone Joint Surg Br 2003;85:1138–1140.

23. Wang K, street a, dowrick a, liew s. Clinical outcomes and patient satisfaction 
following total joint replacement in haemophilia: 23-year experience in knees, hips and 
elbows. Haemophilia 2012;18:86–93.

24. sorbie C, saunders g, Carson P, Hopman WM, olney sJ, sorbie J. Long-
term effectiveness of Sorbie-QUESTOR elbow arthroplasty: single surgeon’s series of 15 years. 
Orthopedics 2011;34:e561–e569.

25. Vochteloo aJ, roche sJ, dachs rP, Vrettos BC. Total elbow arthroplasty in 
bleeding disorders: an additional series of 8 cases. J Shoulder Elbow Surg 2015;24:773–778.

26. rodriguez-Merchan EC, gomez-Cardero P. Arthroscopic knee debridement 
can delay total knee replacement in painful moderate haemophilic arthropathy of the knee 
in adult patients. Blood Coagul Fibrinolysis 2016;27:645–647.

27. rodriguez-Merchan EC. Total knee replacement in haemophilic arthropathy.  
J Bone Joint Surg Br 2007;89:186–188.

28. goddard nJ, Mann Ha, lee Ca. Total knee replacement in patients with end-
stage haemophilic arthropathy: 25-year results. J Bone Joint Surg Br 2010;92:1085–1089.

29. solimeno lP, Mancuso ME, Pasta g, santagostino E, Perfetto s, 
Mannucci PM. Factors influencing the long-term outcome of primary total knee 
replacement in haemophiliacs: a review of 116 procedures at a single institution. Br J 
Haematol 2009;145:227–234.

30. goddard nJ, rodriguez-Merchan EC, Wiedel Jd. Total knee replacement in 
haemophilia. Haemophilia 2002;8:382–386.

31. rodríguez-Merchán EC. Total knee arthroplasty in hemophilic arthropathy. Am J 
Orthop (Belle Mead NJ) 2015;44:E503–E507.

32. rodriguez-Merchan EC, romero-garrido Ja, gomez-Cardero P. 
Multimodal blood loss prevention approach including intra-articular tranexamic acid 
in primary total knee arthroplasty for patients with severe haemophilia A. Haemophilia 
2016;22:e318–e320.

33. silva M, luck JV Jr. Long-term results of primary total knee replacement in patients 
with hemophilia. J Bone Joint Surg Am 2005;87:85–91.

34. Chevalier Y, dargaud Y, lienhart a, Chamouard V, negrier C. Seventy-two 
total knee arthroplasties performed in patients with haemophilia using continuous infusion. 
Vox Sang 2013;104:135–143.

35. Zingg Po, fucentese sf, lutz W, Brand B, Mamisch n, Koch PP. 
Haemophilic knee arthropathy: long-term outcome after total knee replacement. Knee Surg 
Sports Traumatol Arthrosc 2012;20:2465–2470.

36. scoles PV, King d. Traumatic aneurysm of the descending geniculate artery: a 
complication of suction drainage in synovectomy for hemophilic arthropathy. Clin Orthop 
Relat Res 1980;150:245–246.

37. Kickuth r, anderson s, Peter-salonen K, lämmle B, Eggli s, triller J. 
Hemophilia A pseudoaneurysm in a patient with high responding inhibitors complicating 
total knee arthroplasty: embolization: a cost-reducing alternative to medical therapy. 
Cardiovasc Intervent Radiol 2006;29:1132–1135.

38. rodriguez-Merchan EC, Jimenez-Yuste V, gomez-Cardero P, rodriguez 
t. Severe postoperative haemarthrosis following a total knee replacement in a haemophiliac 
patient caused by a pseudoaneurysm: early treatment with arterial embolization. 
Haemophilia 2014;20:e86–e89.

39. Park JJ, slover Jd, stuchin sa. Recurrent hemarthrosis in a hemophilic patient 
after revision total knee arthroplasty. Orthopedics 2010;33:771.

40. saarela Ms, tiitola M, lappalainen K, et al. Pseudoaneurysm in association 
with a knee endoprothesis operation in an inhibitor-positive haemophilia A patient: 
treatment with local thrombin. Haemophilia 2010;16:686–688.

41. rodriguez-Merchan EC. Management of hemophilic arthropathy of the ankle. 
Cardiovasc Hematol Disord Drug Targets 2017;17:111–118.

42. Barg a, Elsner a, Hefti d, Hintermann B. Haemophilic arthropathy of the ankle 
treated by total ankle replacement: a case series. Haemophilia 2010;16:647–655.

43. Eckers f, Bauer dE, Hingsammer a, et al. Mid- to long-term results of 
total ankle replacement in patients with haemophilic arthropathy: a 10-year follow-up. 
Haemophilia 2018;24:307–315.

44. rodriguez-Merchan EC. Acute compartment syndrome in haemophilia. Blood 
Coagul Fibrinolysis 2013;24:677–682.

45. rodriguez-Merchan EC. Haemophilic cysts (pseudotumours). Haemophilia 
2002;8:393–401.

46. Caviglia H, galatro g, Cambiaggi g, landro ME, Candela M, neme d. 
Treatment of subchondral cysts in patients with haemophilia. Haemophilia 2016;22:292–297.

47. rodriguez-Merchan EC. Bone fractures in the haemophilic patient. Haemophilia 
2002;8:104–111.

48. rodriguez-Merchan EC, Valentino la. Increased bone resorption in 
hemophilia. Blood Rev 2019;33:6–10.


