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 A reminiscence of an elective orthopaedic repair performed in San Francisco 
in the early 1960s suggested that in the pre-concentrate era, surgical opera-
tions were performed only to try and save a life, and if the patient survived, 
the postoperative course was stormy and lengthy. In 1968, Dr. J. Vernon Luck, 
Sr., did succeed in inserting a vitallium cup into a patient’s damaged acetabu-
lum under cover of the newly available factor VIII concentrate. Although the 
patient subsequently did very well with a Charnley ‘total’ hip replacement, he 
died of AIDS in 1988 [1]. 

 This early report shows the importance of the collaboration needed 
between the haematologist and the orthopaedic surgeon in order to provide 
good haemostasis during joint surgery in haemophilia. Almost half a century 
later, this book reviews the tremendous advances that have been made in such 
surgery. The use of continuous infusion and recombinant products has 
allowed for results similar to those in the general population [2]. These issues 
are addressed in Chap.   2    . 

 The knee is the most common joint to be affected in haemophilia, fol-
lowed by the elbow, ankle, hip and shoulder [3]. All these joints are consid-
ered in Chaps.   5    ,   6    ,   7    ,   8     and   9     in this book. Total knee replacement provides 
the most extensive experience and is reviewed in Chap.   8     by the editor of this 
book, Carlos Rodriguez-Merchán, a surgeon with enormous experience in 
haemophilic patients. 

 Although radiography has a place in the management of joint disease in 
haemophilia, the use of other imaging modalities has revolutionized thera-
peutic decision making, with magnetic resonance imaging and ultrasonogra-
phy in particular coming to play an important role. Imaging, reviewed in 
Chap.   4    , is now essential for the good management of joint disease including 
surgery. 

 Thrombo-prophylaxis remains a contentious issue for patients with an 
inherited bleeding disorder, and this is discussed in Chap.   11    . There is no 
doubt that the management of haemophilia requires a multidisciplinary team 
approach including the physiotherapist and the rehabilitation specialist. 
These important aspects of care are covered in Chap.   12    . 

 Pain relief for haemophilic individuals with arthropathy can be problem-
atical in the face of the many analgesics exhibiting anti-platelet effects. 
Inclusion of Chaps.   13     and   14     is therefore very relevant. It is interesting to 
note that in the 1968 experience, narcotics were given in high doses, and 
these could be tapered quickly following joint replacement and pain relief [1]. 
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 It was Inga Marie Nilsson from Malmö, Sweden, who pioneered prophy-
laxis in the 1960s, and there is now widespread acceptance of this as a ‘state-
of- the-art’ treatment in the well-resourced world following the publication of 
two random controlled trials [4]. However cost-effectiveness remains an 
issue, and a discussion of this is included in Chap.   15    . 

 The advent of safe clotting factor concentrates together with the wide-
spread use of prophylaxis raised the prospect of a generation of patients with 
haemophilia who would not have joint disease. It was even thought that the 
orthopaedic surgeon would be redundant in this group of patients. Clearly, as 
this book attests, that is not the case. Patients with haemophilia are living 
much longer and approaching a normal life expectancy, and this holds true 
even for those with HIV infection. Many of these patients have severe 
arthropathy because in their younger life, treatment was unavailable or inad-
equate. Although modern recombinant products are safe from transfusion- 
transmitted disease, inhibitors remain a challenge, and these patients may 
develop arthropathy through ineffective treatment. Those who have had the 
benefi t of modern treatment and prophylaxis demand a normal lifestyle – 
young boys play football and the ankle will remain a challenging joint. 
Furthermore, this book addresses the well-resourced world: many parts of the 
world can only dream of joint surgery. 

 Much has been achieved in the last 50 years, but the orthopaedic surgeon 
is likely to be required in the comprehensive care team for many years to 
come. This book will help those providing the essential joint surgery. 

 London, UK  Christine A. Lee, 
 MA, MD, DSc(Med), FRCP, FRCPath, FRCOG 
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1.1            Introduction 

 In patients with hemophilia, orthopedic (muscu-
loskeletal) problems can affect the joints or the 
muscles [ 1 – 3 ]. Virtually 90 %, however, involve 
the joints and they normally begin in childhood. 
Hemarthroses (bleeding into the joints) tend to 
recur in spite of the synovial membrane’s capacity 
to reabsorb the blood. When there is a lot of blood 
in the joint, the synovial membrane becomes 
hypertrophied because the cytokines and angio-
genic factors from the intra-articular hemorrhage 
stimulate the synovial cells to replicate [ 3 ]. Then, 
the hypertrophic synovium is more prone to bleed 
again (it becomes very friable and hypervascular-
ized), ending up in a vicious circle of hemarthrosis-
synovitis- hemarthrosis. In addition, the blood in 
the joint can directly cause death of the chondro-
cytes in the joint cartilage [ 3 ]. 

 The joint pain caused by the above processes 
can lead to an antalgic fl exion deformity of the 
affected joint which is initially reversible, but will 
eventually become permanent (fi xed deformity) 

(Fig.  1.1 ). The hyperemic reaction caused by the 
hemarthrosis leads to asymmetrical hypertrophy 
of the epiphyseal growth plates which can go on 
to result in axial deviation of the affected limbs. 
This all leads to joint damage, which progresses 
within only a few years to destruction of the joint 
(hemophilic arthropathy) (Fig.  1.2 ) [ 4 ].

    The non-joint-related musculoskeletal prob-
lems in hemophilia, which account for over 10 % 
of orthopedic lesions in the patient with hemo-
philia, are essentially soft-tissue hematomas, 
muscle hematomas, and pseudotumors [ 4 ]. 

 With adequate prophylaxis, at least from the 
age of 2–18 (ideally lifelong), it is possible to 
convert severe hemophilia into a moderate condi-
tion, considerably reducing (although not totally 
preventing) the associated musculoskeletal prob-
lems [ 5 – 7 ]. 

 The main benefi t of orthopedic surgery in 
hemophilia is that it markedly improves the 
patient’s quality of life [ 8 ]. This is achieved by 
appropriately managing the joint problems 
(hemophilic arthropathy) and the muscle hemato-
mas and their complications (hemophilic pseudo-
tumors, nerve paralysis caused by compression, 
and compartment syndrome) [ 7 ]. 

 The level of evidence of hemophilia litera-
ture is very low. In fact, no study on the muscu-
loskeletal complications of hemophilia has 
been included in the Cochrane Library so far. 
The aim of this chapter is to discuss the man-
agement of the musculoskeletal manifestations 
of hemophilia.  

        E.  C.   Rodríguez-Merchán      (*) 
  Department of Orthopedic Surgery , 
 “La Paz” University Hospital-IdiPaz , 
  Paseo de la Castellana 261 ,  Madrid   28046 ,  Spain   
 e-mail: ecrmerchan@gmx.es   

    H.   De la   Corte-García      
  Department of Physical Medicine and Rehabilitation , 
 “Doce de Octubre” University Hospital , 
  Avenida de Córdoba S/N ,  Madrid   28041 ,  Spain   
 e-mail: hortensia.corte@yahoo.es  

  1      Musculoskeletal Manifestations 
of Hemophilia 

           E.     Carlos     Rodríguez-Merchán      and 
    Hortensia     De la     Corte-García    

mailto:ecrmerchan@gmx.es
mailto:hortensia.corte@yahoo.es


2

  Fig. 1.1    Irreversible fl exion 
contracture of the knee, 
secondary to multiple 
hemarthroses. Note the 
posterior subluxation of the 
tibia associated with the 
problem       

a b

c

  Fig. 1.2    Clinical appearance of severe hemophilic arthropathy in both knees ( a ) and the radiographic images confi rm-
ing the joint disease ( b ). A bilateral total knee replacement was performed in two stages, with a satisfactory result ( c )       
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1.2     Management of Muscle 
Hematomas and Their 
Complications 

1.2.1     Compartment Syndrome 
and Compression Neuropathy 

 Muscle hematomas can occur in any part of the 
body (Fig.  1.3 ) although the most common sites 
are the iliopsoas muscle and the fl exor compart-
ment of the forearm [ 4 ,  9 ]. If not adequately dealt 
with, they can lead to compartment syndrome and 
a possible need for urgent surgical decompression 
of the compartment [ 10 ]. Iliopsoas hematomas 
are often associated with paralysis of the crural 
nerve. It is important to remember that a right ilio-
psoas hematoma can be confused with appendici-
tis. The diagnosis of iliopsoas hematoma should 
be confi rmed by ultrasound and/or computed 
tomography (CT). Crural nerve paralysis often 
requires rehabilitation for as long as 18 months 
before it fully resolves. Electromyography (EMG) 
is useful for the diagnosis and for assessing prog-
ress. Periodic ultrasounds are essential to confi rm 
that the hematomas have been completely reab-
sorbed, and with the appropriate hematological 
treatment, this does usually occur. New bleeding, 
however, is common, and the treatment must 

therefore be continued for several weeks or even 
months until complete reabsorption is certain. 
Surgical decompression of the compartment is not 
appropriate for an iliopsoas bleed even if there is 
crural nerve involvement.

   In the forearm, surgical opening of the entire 
fl exor compartment may be necessary, since once 
compartment syndrome is established, it has a 
considerable effect on the function of the whole 
arm [ 4 ]. In some patients (particularly the immu-
nosuppressed), a soft tissue hematoma can 
become spontaneously infected and turn into an 
abscess. Diagnosed early, this can generally be 
resolved with treatment based on intravenous 
antibiotics and surgical drainage.  

1.2.2    Hemophilic Pseudotumors 

 Although rare, pseudotumors are a serious com-
plication of hemophilia. They are progressive 
cyst-like infl ammations that affect the muscles, 
caused by recurrent bleeding and associated with 
radiographic evidence of bone involvement [ 11 –
 13 ]. Most pseudotumors are seen in adult patients 
and occur near the proximal ends of the long 
bones. However, they can occur distally in the 
wrist and ankle in young patients before skeletal 

a b

  Fig. 1.3    Large hematoma in the right thigh of a hemophilia patient, anterior view ( a ) and posterior view ( arrow ) ( b ).        
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maturity. If left untreated, proximal pseudotu-
mors may destroy the soft tissues, erode the bone, 
and cause serious vascular and/or nerve damage. 

 Despite having a mortality rate of 20 %, the 
treatment of choice for proximal pseudotumors is 
surgical removal [ 11 ]. This mortality is primarily 
due to surgery. Regression, although not true cure, 
has been reported with long-term treatment with 
the defi cient clotting factor and immobilization. 
This treatment should only be used in inoperable 
cases, such as patients with inhibitors who are 
poorly controlled. Percutaneous evacuation of the 
pseudotumor followed by fi lling with fi brin glue 
and/or cancellous bone can at times provide satis-
factory results. Preoperative embolization of large 
pelvic pseudotumors may help to reduce intraop-
erative bleeding when removing surgically. 

 Distal pseudotumors can be controlled with 
hematological treatment and immobilization. It is 
important to be aware of the possibility of pseu-
dotumors when one or more masses are detected 
in the limbs or pelvic region of a person with 
hemophilia. However, chondrosarcoma and lipo-
sarcoma have been confused with hemophilic 
pseudotumors in these patients [ 14 ]. Ultrasound, 
CT, and MRI (magnetic resonance imaging) will 
help to confi rm the diagnosis in each case.   

1.3     Management of Hemophilic 
Arthropathy 

 Hemophilic arthropathy is polyarticular (knees, 
ankles, elbows, hips, shoulders) and affects the 
patients from early childhood. Hemarthroses are 
accompanied by severe pain and an initially 
reversible antalgic fl exion contracture. The blood 
within the joint alters chondrocyte (cartilage 
cells) proteoglycan synthesis, causing their death 
(apoptosis). 

1.3.1    Hemarthrosis 

 Proper treatment of hemarthrosis should include 
early diagnosis, adequate hematological treat-
ment, evacuation of the blood in the joint (arthro-
centesis), physiotherapy, and prevention of new 

episodes of bleeding [ 7 ]. Clinical diagnosis 
should be confi rmed by ultrasound. X-rays 
should also be performed to rule out (or confi rm) 
radiological signs of joint disease. 

 A great deal of debate continues to surround 
the subject of joint aspiration (evacuation of the 
hemarthrosis or arthrocentesis) in hemophilia. 
Until very recently, it was considered to be 
extremely dangerous due to the high risk of new 
bleeding and infection (septic arthritis). My view 
is that major hemarthroses must be aggressively 
treated to prevent progression to synovitis and 
recurrent joint bleeds. However, there is no evi-
dence of grade I in the literature confi rming the 
role of arthrocentesis in the setting of hemarthro-
sis. The use of joint aspiration is more a matter of 
experience based in empirical data [ 4 ]. Therefore, 
we use arthrocentesis in acute and tense hemar-
throses. The joint puncture must be done under 
tight hematological control and strict aseptic con-
ditions [ 4 ]. 

 Following arthrocentesis, it is recommended 
that the joint be immobilized for 3–5 days with a 
compression bandage. Ice should not be used for 
acute hemarthroses, as that seems controversial 
now [ 15 ]. The patient should then undergo a 
course of controlled physiotherapy, as rehabilita-
tion is essential in order to prevent, as far as pos-
sible, chronic synovitis. The duration of the 
physiotherapy will depend on the time required 
for full recovery of joint mobility and muscle 
strength. Recurrent bleeding episodes must be 
avoided during the recovery period. Patients 
should be seen every 3 months in order to assess 
their progress closely.  

1.3.2    Synovitis 

 Another problem is synovitis (synovial hyper-
trophy), caused by the cytokines and angiogenic 
factors from the intra-articular hemorrhage that 
stimulate the synovial cells to replicate, which 
eventually leads to a vicious circle of 
hemarthrosis- synovitis-hemarthrosis [ 3 ]. The 
circle must be broken by synovectomy. This 
may be medical or surgical. Medically, the best 
type is radiosynovectomy, the alternative being 
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chemical synovectomy. Surgical synovectomy 
can be performed arthroscopically or by open 
surgery [ 16 – 20 ]. 

 Short courses of intra-articular prednisone 
should be taken into account as an option prior to 
synovectomy [ 21 ]. 

 Review of literature prior to 2002 showed no 
reports of malignancy related to  32 P [ 22 ,  23 ]. 
However, in 2002 and 2009 two cases of acute 
lymphocytic leukemia (ALL) were reported after 
radiosynovectomy in two hemophilic children 
[ 23 ]. Given the short latency between exposure 
and diagnosis of ALL in both patients, the casual 
relationship between  32 P exposure and ALL could 
not be fi rmly established. It is important to note, 
however, that there was also insuffi cient data to 
rule out causality. 

 Recently, a report of Infante-Rivard et al. 
demonstrated that there was no dose-response 
relationship with the amount of radioisotope 
administered or the number of radiosynovectomy 
treatments [ 19 ]. The study provided some indica-
tion for the safety of the procedure, but homoge-
nous diagnostic groups of younger patients (such 
as hemophilic patients) receiving radiosynovec-
tomy will need more evaluation. 

 The principal aim in hemophilia is, as far as 
possible, to prevent hemarthrosis before the 
synovitis can occur. Once developed, the aim is 
to treat it as early and aggressively as possible. 
The diagnosis should be confi rmed by ultra-
sound or MRI (magnetic resonance imaging). 
Ultrasound is particularly useful for the knee, 
while MRI is more accurate for the elbow and 
the ankle. Nowadays power Doppler ultrasonog-
raphy (US) is a very important tool for assessing 
knee bleeds [ 24 ,  25 ]. When conservative treat-
ment, i.e., defi cient clotting factor replacement 
therapy plus physiotherapy, fails to break 
the hemarthrosis-synovitis-hemarthrosis vicious 
circle, intervention is required to destroy the 
synovial membrane. 

 A medical synovectomy is simply the injection 
of a substance into the joint to “stabilize” the syno-
vial membrane. The main reason for performing 
any type of synovectomy is the presence of an 
excessive amount of synovial membrane in a par-
ticular joint (hemophilic synovitis). We  consider 

medical synovectomy the procedure of choice in 
cases of hemophilic synovitis with recurrent hem-
arthrosis, and that surgical synovectomy should 
only be used in cases where medical synovectomy 
has repeatedly failed. In view of its effi cacy and 
minimal risk, medical synovectomy may also be 
used in patients with inhibitors [ 13 ,  14 ,  26 ]. 

 The differential diagnosis between synovitis 
and hemarthrosis can, and should, be made by 
US and/or MRI. Plain X-rays are useful for 
assessing the degree of joint disease when decid-
ing on synovectomy. It is logical to expect that 
the worse the synovitis, the more diffi cult it will 
be to resolve it by synovectomy. Indeed, in severe 
cases, multiple consecutive medical synovecto-
mies can be necessary, and even then, surgical 
synovectomy may still be required. 

 The main indication for medical synovectomy 
is the presence of chronic hemophilic hypertro-
phic synovitis causing recurrent hemarthroses 
that do not respond to hematological treatment. 
The most commonly used these days are chemi-
cal synovectomy (rifampicin, oxytetracycline) 
and isotopic synovectomy or radiosynovectomy 
(with yttrium-90, phosphorus-32, or rhenium-
 186). In general, medical synovectomy has a 
70 % effi cacy rate, and it can be used at any point 
in the patient’s life; the main aim is to reduce the 
number and severity of hemarthroses and the 
damage the blood in the joint causes to the carti-
lage over the medium and long term. 

 Radiosynovectomy can be repeated if the fi rst 
injection fails, up to three times at 6-month inter-
vals if radioactive isotopes are used, or weekly, as 
many as 10–15 times if using rifampicin or oxy-
tetracycline. Radiosynovectomy has been used 
worldwide for over 40 years, and no evidence has 
been found of any harm caused by the radioactive 
isotopes [ 27 ,  28 ]. In my opinion, assuming the 
isotopes are available, radiosynovectomy (with 
yttrium for knees and rhenium for elbows and 
ankles) is the procedure of choice in children 
aged over 12. We prefer rhenium for elbows and 
ankles because its therapeutic penetration power 
(1 mm) correlates well with the size of the 
synovium of medium-sized joints. However, in 
the knee we prefer yttrium because its therapeu-
tic penetration power is 2.8 mm and it correlates 
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well with the size of the knee synovium. Failing 
radiosynovectomy, rifampicin, and oxytetracy-
cline are the alternatives (multiple, fairly painful, 
weekly injections are required for effective 
chemical synovectomy) [ 16 – 20 ]. 

 Surgical synovectomy can be performed by 
open surgery or by arthroscopy. Most authors 
recommend arthroscopy [ 20 ,  29 ]. Once skeletal 
maturity has been reached, open surgery syno-
vectomy may be indicated for the elbow, com-
bined with resection of the radial head to improve 
pronation and supination of the elbow. In our 
center, we now always opt for radiosynovectomy 
with yttrium-90 (knees) or rhenium-186 (elbows 
and ankles) as the fi rst option, and then if, after 
2–3 radiosynovectomies at 6-month intervals, we 
have not managed to control the synovitis, we 
turn to surgical synovectomy (preferably 
arthroscopic) [ 26 ]. Prior radiosynovectomy does 
not lessen the chance for optimal response with 
surgical synovectomy (radiation does not cause 
fi brosis that makes complete resection diffi cult). 

 In terms of radiosynovectomy, our experience 
has confi rmed a 70 % reduction in the mean rate of 
bleeds. Regarding pain and ROM, the rate of 
improvement is 70 % (statistically signifi cant) and 
3 % (not signifi cant), respectively [ 18 ]. We use 
yttrium-90 (185 MBq, TPP-therapeutic penetration 
power of 2.8 mm) in the knees and rhenium- 186 
(TPP 1 mm) in the elbows (56–74 MBq) and ankles 
(74 Mbq). We have given over 400 injections to 
date (1–3 per patient, at 6-month intervals). The 
risk of complications is 1.5 % (four infl ammatory 
responses, one mild radiation burn to the skin, one 
septic arthritis of the knee). Radiosynovectomy is 
our fi rst option for the treatment of synovitis (450 
euros per injection), with arthroscopic synovec-
tomy as second-line treatment (4,500 euros). We 
opt for arthroscopic synovectomy after the failure 
of three attempts at radiosynovectomy at 6-month 
intervals. So far, only 3.5 % of patients have 
required this technique [ 18 ].  

1.3.3    Advanced Joint Disease 

 The literature seems to support the use of the 
intra-articular injections of hyaluronic acid (so- 
called viscosupplementation) in the treatment of 

knee osteoarthritis, because it diminishes pain 
and improves disability, generally within 1 week 
and for up to 3–12 months (but especially at the 
5–13-week postinjection period). There are only 
fi ve reports in the literature on the effi cacy of 
knee viscosupplementation in hemophilia, all of 
them with a low level of evidence [ 30 ]. The fi ve 
studies dealing with viscosupplementation in 
hemophilia recommend it for hemophilic 
arthropathy of the knee as a way of delaying the 
need of operative treatment when noninvasive 
medical therapy (relative rest, oral anti-infl am-
matory drugs, oral analgesics, and physical ther-
apy) has failed. My view is that the short-lived 
improvement afforded by viscosupplementation 
does not seem to warrant its use in hemophilic 
patients given the risks and the cost involved. 
Further trials are required to ascertain whether 
viscosupplementation should be indicated in 
painful radiological hemophilic arthropathy of 
the knee [ 30 ]. 

 When the extent of joint involvement pro-
gresses as a result of the joint bleeds being impos-
sible to control, patients will not only develop 
certain joint deformities and contractures but also 
subchondral cysts and osteophytes. Valgus defor-
mity of the knee and the ankle is common, while 
the most typical in the elbow is hypertrophy of 
the radial head. Hemophilia patients may there-
fore present with valgus fl exion deformities in 
one or both knees, equinus (Fig.  1.4 ) in one or 
both ankles, and in one or both elbows in fl exion. 
Osteotomy is often necessary on the knee and 
ankle to correct the poor joint alignment [ 31 ].

   Flexion contractures are common in hemo-
philia and diffi cult to resolve once they become 
fi xed. The joints most affected are the elbows, 
knees, and ankles. The contracture is initially 
antalgic and is related to a hemarthrosis, which 
means that within the fi rst few weeks, the con-
tracture can be resolved with the appropriate 
treatment (hematological treatment plus rehabili-
tation) [ 32 ]. The deformity will subsequently 
become fi xed, with the resulting negative effects 
on function, and may even require surgery. In the 
knee, lengthening of the tendons in the popliteal 
fossa (hamstrings release) combined with a pos-
terior capsulotomy or supracondylar extension 
osteotomy may correct the fl exion deformity. In 
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the ankle, Z-lengthening of the Achilles tendon 
may also be necessary [ 4 ]. 

 In the hip, patients may develop a disease 
 similar to Perthes disease in relation to the recur-
rent joint bleeds. Perthes is a condition in chil-
dren characterized by a temporary loss of blood 
supply to the hip. Without an adequate blood sup-
ply, the rounded head of the femur dies. The area 
becomes intensely infl amed and irritated. Perthes 
is really a complex process of stages. Treatment 
of Perthes may require periods of immobilization 
or limitations on usual activities. The long-term 
prognosis is good in most cases. After 18 months 
to 2 years of treatment, most children return to 
normal activities without major limitations. 
Perthes disease usually is seen in children 
between 4 years and 10 years of age. It is fi ve 
times more common in boys than in girls. Initial 

treatment is with an abduction orthosis, thereby 
making surgery rarely necessary (varus osteot-
omy of neck of the femur). Juxta-articular cysts 
are also common and, when large and symptom-
atic, may require curettage and fi lling with bone 
graft, with or without fi brin glue. The formation 
of large anterior osteophytes is common in the 
ankle, and when symptomatic, surgical excision 
may be necessary. 

 Many hemophilia patients under the age of 40, 
and as young as 10, already have severe joint 
damage (advanced joint disease). At this point, 
the possible treatments are radial head resection, 
total hip replacement, arthroscopic debridement 
of the knee, total knee replacement (TKR), and 
ankle arthrodesis [ 4 ]. When there is multiple 
joint involvement, operating on only one joint 
may not improve the patient’s overall function-

  Fig. 1.4    Severe equinus 
deformity of the ankle in a 
patient with hemophilia       
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ing, and our objective should therefore be to 
achieve one functional limb. It is recommended 
in hemophilia that multiple joint interventions be 
done in one single operation, since the complica-
tion rate is lower than would be expected and the 
rehabilitation time after multiple-joint surgery is 
relatively short [ 33 ]. 

 In the elbow, radial head resection tends to 
reduce the number of joint bleeds and improve the 
degree of pronation and supination. Elbow defor-
mity can cause ulnar nerve damage, which may 
require surgical neurolysis (release) [ 34 ,  35 ]. 

 In the hip, the best solution is total hip replace-
ment (THR). A spontaneously ankylosed hip can 
even be converted into a prosthesis, with the aim of 
improving the severe low back and knee pain suf-
fered by patients with an ankylosed hip [ 36 ,  37 ]. 

 In the knees, if the patient is very young and 
has a long life expectancy, it may be worthwhile 
debriding arthroscopically in order to relieve the 
pain for a few years [ 38 ]. If the arthroscopic knee 
debridement fails, TKR may be an option [ 39 –
 47 ]. THR and TKR appear to last longer in peo-
ple with hemophilia than in people of a similar 
age with osteoarthritis [ 45 ]. It is evident that in 
the age of joint replacement, hip and knee 
replacement should be offered to the hemophilia 
patient with massive joint damage associated 
with severe pain and marked functional disabil-
ity. Nonetheless, the surgeon and the patient must 
weigh up the risks and benefi ts (especially if the 
patient is severely immunosuppressed). 

 THR and TKR have a limited span of use due 
to wear and tear (15 years for knees, 20 years for 
hips). Ideally, the youngest age joint replacement 
can be done without having to replace it later is 
60 for THR and 65 for TKR. Our preferred type/
brand of prosthesis for the knee is a posterior sta-
bilized (PS) design with cemented components 
(with antibiotic-loaded cement), always with 
patellar resurfacing (Insall-Burstein type). For 
the hip we prefer a cemented Charnley design. 

 The risk of infection is higher for hemophilia 
patients undergoing total joint replacement, with 
a mean risk of approximately 7 % [ 48 ], than in 
the non-hemophilia population, where this fi gure 
is only 1–2 %. One of the risks inherent with joint 
replacement in the hemophilic patient is risk of 

Staphylococcus infection from central venous 
catheters (CVCs). To reduce that risk systematic 
preoperative screening by swab is very impor-
tant. Prevention of positive cases by means of 
nasal decontamination (mupirocin 3 days) is 
advisable. Preoperative antibiotic prophylaxis 
has shown itself to be an effi cient method to 
lower infection rates. Operating theaters ideally 
should be equipped with laminar fl ow [ 49 ]. In 
persons with hemophilia, there are three addi-
tional risk factors: insuffi cient hemostasis, HIV- 
positive status, and central venous catheters 
(CVCs). Implementing the preventive measures 
for the general population and a suffi cient level of 
clotting factor for 2–3 weeks can help diminish 
the infection in persons with hemophilia under-
going TKR. In HIV-positive patients with CD4 
count less than 200 cells/μl, early, vigorous treat-
ment should be instituted for suspected infection 
and surgical intervention individualized based on 
the balance of risks and benefi ts. Strict adherence 
to hand washing and aseptic technique are essen-
tial elements of catheter care. Caregiver educa-
tion is an integral part of CVC use, and the 
procedural practices of users should be regularly 
reassessed [ 49 ]. On the other hand, continuous 
infusion (CI) of factor is preferable to bolus infu-
sion (BI) to reduce bleed risk which we know can 
be associated with higher infection risk. 

 The standard treatment for end-stage osteoar-
thritis of the ankle joint in hemophilic patients 
has been fusion of the ankle joint [ 50 ]. Total 
ankle replacement (TAR) is still controversial as 
a treatment option. Barg et al. [ 51 ] analyzed 10 
total ankle replacements performed in eight 
hemophilia patients. Their mean age was 43 years 
and the average follow-up was 2.7 years. They 
stated that for patients with hemophilic osteoar-
thritis of the ankle joint, TAR is a valuable alter-
native treatment to ankle fusion.   

1.4     Potential Complications 
of Treatment 

 The main risks of orthopedic surgery in hemo-
philia are infection and bleeding [ 4 ]. The mean 
risk of TKR infection is 7 %, as opposed to 1–2 % 
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in the osteoarthritis population. Two operations 
are generally necessary (two-stage revision 
arthroplasty) to solve it (with an 85–90 % likeli-
hood of success). Many hemophilia patients are 
infected with HIV (human immunodefi ciency 
virus) and HCV (hepatitis C virus). HIV infec-
tion can increase the risk of postoperative infec-
tion. In HIV-positive persons with hemophilia 
with CD4 count less than 200 cells/μl, early, vig-
orous treatment should be implemented for sus-
pected infection and surgical orthopedic 
intervention individualized based on the balance 
of risks and benefi ts [ 49 ]. What also must be 
remembered is the risk of HIV and HCV infec-
tion for the “surgical team” in the event of acci-
dental puncture wounds. 

 Excessive postoperative bleeding can be the 
result of inadequate hemostasis or the development 
of a pseudoaneurysm during the intervention, 
which usually becomes evident in the immediate 
postoperative period (sooner or later). After ruling 
out a problem with hemostasis (that the levels of 
clotting factor are not too low), the diagnosis of 
pseudoaneurysm must be confi rmed by CT angio-
gram or conventional angiogram. Embolization of 
the artery is the fi rst treatment option, and artery 
ligation (with or without distal bypass) is the next 
alternative (open surgery). Early diagnosis and 
treatment of this complication is essential, in par-
ticular to prevent the risk of infection of the associ-
ated excess blood in the joint. It appears that 
pseudoaneurysms do not develop more commonly 
in hemophiliac arthroplasties than in non-hemo-
philiac arthroplasties [ 52 ]. 

 In orthopedic surgery for hemophilia patients, 
general anesthesia is recommended, since spinal 
anesthesia can lead to serious complications 
(deriving from development of a spinal hema-
toma) [ 53 ]. 

 In patients with inhibitor (antibody to the clot-
ting factor given by intravenous infusion), hemo-
stasis can be achieved using bypassing agents 
such as aPCCs (FEIBA: factor VIII inhibitor 
bypassing agent, Baxter) and rFVIIa (recombi-
nant activated factor VII, NovoSeven, Novo 
Nordisk) [ 54 – 58 ]. However, if surgical manage-
ment of inhibitor patients is made, we should out-
weigh the risks and the advantages of surgery. In 

other words, given the high risk of bleeding com-
plications and need to resort to rescue therapy, 
surgery in patients with inhibitors is not to be 
undertaken lightly. 

 The risk of venous thromboembolism (VTE) 
after orthopedic surgery in hemophilia patients is 
very low [ 59 ]. In fact, little has been published 
addressing the role of thromboembolic prophy-
laxis in the hemophilic patient population follow-
ing THR and TKR. Although the American 
College of Chest Physicians (ACCP) and the 
American Academy of Orthopedic Surgeons 
(AAOS) have set guidelines for thromboembolic 
prophylaxis in the general population, no such 
standard of care is in place for hemophilic 
patients. While the risk of thrombosis in hemo-
philic patients following THR and TKR is 
thought to be lower, cases have been reported of 
pulmonary embolism and deep vein thrombosis 
(DVT) in hemophilic patients [ 59 ]. In our center 
we do not use pharmacological prophylaxis of 
VTE in persons with hemophilia. In fact, we have 
never seen such complication in patients with 
hemophilia so far. However, in non-hemophilia 
patients we use daily subcutaneous low-
molecular- weight heparin (LMWH) for 2 weeks 
after THR and TKR. In all patients we advise 
mechanical prophylaxis by means of early mobi-
lization after surgery. 

 Most authors replace the defi cient coagulation 
factor for 10–14 days. However, a high rate of 
infection has been reported when using insuffi -
cient hemostasis [ 46 ]. To achieve adequate hemo-
stasis during major surgery, our recommendation 
in hemophilia A patients is to perform clotting 
factor replacement preoperatively until a mini-
mum level of 100 % of normal is achieved; then 
the level is maintained at 60 % of normal for 14 
postoperative days, and then clotting factor 
replacement is infused to obtain a level of 30 % 
of normal prior to rehabilitation sessions for 
8–10 weeks. 

 The World Federation of Hemophilia (WFH) 
guidelines [ 60 ] endorsed by the International 
Society of Thrombosis and Hemostasis (ISTH) 
suggest that in hemophilia A patients undergoing 
major surgery, plasma factor peak level (when 
there is no signifi cant resource constraint) must 
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be 80–100 (IU/dL) preoperatively. In the postop-
erative period such a level must be 60–80 in days 
1–3, 40–60 in days 4–6, and 30–50 in days 7–14. 
In minor surgery, the desired level in hemophilia 
A must be 50–80 preoperatively. Postoperatively 
it must be 30–80 during days 1–5, depending on 
the type of procedure. In patients with hemo-
philia B undergoing major surgery, the preopera-
tive recommended level is 60–80. In the 
postoperative period the level must be 40–60 in 
days 1–3, 30–50 in days 4–6, and 20–40 in days 
7–14. In minor surgery the preoperative level in 
hemophilia B must be 50–80, while the postop-
erative level must be 30–80 in days 1–5, depend-
ing on the type of procedure.  

   Conclusions 

 A multidisciplinary team is essential if satis-
factory results are to be obtained in orthopedic 
surgery in people with hemophilia. Prophylaxis 
with the defi cient clotting factor from the age 
of 2 until the patient reaches 18 seems to be 
the only effective way to minimize the joint 
bleeding and joint deformities typical of 
hemophilia in adulthood (joint disease). 
Surgical interventions that are commonly 
required by hemophilia patients include joint 
aspiration (arthrocentesis), synovectomy 
(arthroscopic or radiosynovectomy), osteot-
omy, arthroscopic debridement, tendon 
lengthening, arthrodesis (fusing of joints), 
total joint replacements, resection or percuta-
neous treatment of pseudotumors, fasciotomy 
for compartment syndrome, arthrotomy for 
septic arthritis, drainage of infected hemato-
mas (abscesses), and other orthopedic inter-
ventions. With the current hematological 
treatments, any of the aforementioned ortho-
pedic surgical interventions can be carried out 
in people with hemophilia with a high degree 
of safety (although not as high as in patients 
without congenital clotting disorders). 
Orthopedic surgery in hemophilia patients 
tends to be complex and involves a higher risk 
of both bleeding and infection. With collabo-
ration between hematologists, orthopedic sur-
geons, and other specialists, we can make a 

big difference in the quality of life of people 
with hemophilia. Good hemostasis, appropri-
ate surgical technique, and good postoperative 
rehabilitation are essential.     
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2.1            Introduction 

 Hemophilia A and B are X-linked recessive 
bleeding disorders caused by defi ciency of factor 
VIII (FVIII) or factor IX (FIX), respectively [ 1 ]. 
Because of the mode of inheritance, hemophilia 
A and B mostly affect males, while females are 
carriers. Both factors take part in the intrinsic 
pathway of blood coagulation. Depending on the 
concentration of FVIII or FIX coagulant activity 
in blood, the disorders may be classifi ed as severe 
(<1 % of normal activity), moderate (1–4 %), or 
mild (5–25 %) (Table  2.1 ). The  prevalence of 
hemophilia A is 1 in 5,000 male live births, and 
that of hemophilia B is 1 in 30,000 [ 1 ]. The 

 hallmarks of clinical symptoms of hemophilia 
are joint bleeds (hemarthroses) and muscle bleeds 
(muscle hematomas), bruising, and prolonged 
severe hemorrhage after surgery or trauma. The 
joints most commonly affected are knees, elbows, 
ankles, shoulders, and hips. Joint bleeding usu-
ally appears when the child starts to walk and 
without a known trauma [ 2 ].

   Joint hemorrhage (hemarthrosis), without a 
correct treatment, predisposes to recurrent bleeds, 
chronic synovitis, and hemophilic arthropathy 
[ 3 ]. The main goal of replacement therapy is to 
prevent the development of this pathology. 
On-demand treatment has been shown to slow 
the progression of arthropathy, but cannot pre-
vent it [ 4 ]. The need for primary prophylaxis to 
prevent joint disease was established in the stud-
ies of Nilsson et al. in Sweden [ 5 ]. After 25-year 
follow-up, they observed that full-dose prophy-
laxis started in the fi rst few years of life in boys 
with severe hemophilia prevented recurrent joint 
bleeds and preserved an excellent musculoskele-
tal status [ 5 ,  6 ]. They also observed that joint 
deterioration was frequent because of progressive 
destruction of joints already affected before the 
start of prophylaxis. This fi nding indicated that 
treatment should begin at a very early age, before 
joints are affected. This proposal for so-called 
primary prophylaxis is currently the emerging 
standard of care for patients with hemophilia 
without inhibitor around the world [ 7 ]. 

 In the past four decades, hemophilia has 
changed from a fatal disease to a disorder with a 
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safe and effective treatment available. The overall 
life expectancy of patients has dramatically 
increased in the last years [ 8 ]. Quality of life has 
also improved, mainly as a result of the different 
forms of prophylaxis. However, unfortunately, 
many adult patients still suffer from musculoskel-
etal complications such as chronic synovitis, 
fi xed-joint fl exion contractures, and hemophilic 
arthropathy. These complications result in the 
need for various surgical procedures such as 
arthrocentesis, synovectomies, and total joint 
arthroplasty [ 9 ]. Surgery in children is less com-
mon than in adults, because children do not have 
as many orthopedic complications. The most fre-
quent surgical procedures in children with hemo-
philia are circumcision, dental procedures, 
insertion of a central venous access device 
(CVAD), and tonsillectomy [ 10 ].  

2.2     Replacement Therapy 
for Orthopedic Procedures 
in Hemophilia 

2.2.1     Optimal Level and Duration 
of Replacement Therapy 

 Surgery in patients with hemophilia carries a 
high risk of bleeding and represents one of the 
most challenging areas in hemophilia care. Most 
surgical and invasive procedures can be per-
formed safely in patients with hemophilia with 
factor replacement therapy (intravenous infusion 
of the defi cient factor at the appropriate dose dur-
ing the adequate period of time). Despite the risk, 
the results of orthopedic surgery in patients with 
hemophilia are good; however, a favorable out-
come depends on coordination between multidis-
ciplinary team members. It is also crucial to 

ensure that orthopedic procedures in hemophilia 
patients are conducted in specialized centers by 
an experienced team [ 11 ]. 

 The optimal level and duration of replacement 
therapy needed to prevent bleeding complica-
tions have not been established yet. Hermans 
et al., on behalf of the European Hemophilia 
Therapy Standardization Board, published a 
review article about replacement therapy for 
invasive procedures in patients with hemophilia 
[ 12 ]. They reviewed 35 clinical studies regarding 
replacement therapy for major invasive proce-
dures. The preoperative target factor levels for 
hemophilia A and B were in the majority of stud-
ies (26/31) aimed at values >80 %. In the 27 stud-
ies that addressed postoperative trough levels for 
the fi rst week, values were >70 % in eight stud-
ies, >50 % in 11, and >20–30 % in eight. For the 
second week, data were available in 18 studies, 
and levels were >50 % in four, >30 % in seven, 
and >10–20 % in seven. 

 Duration of treatment in 31 studies varied 
from 5 to 14 days in 19 of the studies, 15–21 days 
in six, and up to 28 days or longer in further six 
studies. Bleeding complications occurred in 
131/1,328 or 10 % of major surgical procedures, 
most of them in the papers published before 
1990. 

 As part of this comprehensive task, Hermans 
et al. also performed a survey in 26 European 
Hemophilia Comprehensive Care Centers, repre-
senting 15 different countries to develop consen-
sus recommendations for replacement therapy 
[ 12 ]. All centers prior to major orthopedic sur-
gery reported a target factor level of at least 80 %. 
In contrast to the literature, continuous infusion 
(CI) was used in procedures performed in nearly 
half of the centers. In most centers, factor levels 
were maintained above 80 % in the postoperative 
period. With bolus infusion (BI), two infusions 
per day were administered in order to maintain 
trough levels above 80 % during the immediate 
postoperative period (from day 1 to 5) and around 
60 % in the late postoperative period (from day 6 
to 14) – values that are higher than published tar-
gets. The duration of postoperative replacement 
therapy ranged from 12 to 14 days. When CI was 
used, the factor level was maintained at 80 % 

   Table 2.1    Classifi cation of hemophilia according to fac-
tor levels and the clinical pattern (bleeds)   

 Severity  Factor levels 
(FVIII/FIX) (%) 

 Clinical pattern 

 Severe  <1  Severe. Spontaneous 
 Moderate  1–4  Moderate. Severe in 

surgery 
 Mild  5–25  Mild. After surgery 
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 during the fi rst fi ve postoperative days and 
decreased to 30–40 % or 50–60 % between days 
6 and 14. Before major orthopedic surgery, pre-
operative pharmacokinetic evaluation was per-
formed in one-third of the centers and the 
recovery measured in more than half of them. 
Thromboprophylaxis with low-molecular-weight 
heparin was used in more than half, and antifi bri-
nolytic treatment in more than two-thirds, of the 
centers [ 12 ]. 

 Regarding synovectomy, Hermans et al. found 
four papers [ 12 ]. These four studies involved 158 
patients undergoing 197 different procedures. 
Factor replacement always included a loading 
dose, ranging from 15 to 50 IU/kg in patients 
with hemophilia A and from 30 to 90 IU/kg in 
patients with hemophilia B, aiming at factor lev-
els between 30–100 % and 30–90 %, respec-
tively. Subsequent replacement therapy was 
either short (repeated bolus at full dose 8–12 h 
later and at half dose on day 2) or prolonged for 
8 weeks using a prophylactic regimen (20 IU/kg 
three times per week – 2 weeks and 15 IU/kg two 
times per week – 6 weeks for hemophilia A and 
30 IU/kg three times per week – 2 weeks and 
25 IU/kg two times per week – 6 weeks for hemo-
philia B). No bleeding complications were 
reported. The survey from European Hemophilia 
Comprehensive Care Centers concluded that a 
target level of factor VIII (FVIII) between 80 % 
and 100 % was reported by 87.5 % of the centers. 
CI for this procedure was considered as an option 
by 62.5 % of the treaters. Treatment was contin-
ued for more than 7 days in a majority of the cen-
ters. Antifi brinolytics were used in 56 % of the 
centers. Our protocol for hemostatic cover in 
orthopedic surgery is shown in table  2.2 .

   In conclusion, in major orthopedic surgery the 
preoperative factor levels should be 80–100 %, 
and in the postoperative period the minimal fac-
tor level should be above 50 % in the fi rst week 
and 30 % in the late postoperative period. 
Nevertheless, the World Federation of Hemophilia 
(WFH) guidelines for perioperative plasma factor 
VIII levels recommend a preoperative level of 
120 %, tapering down to 50 % at 14 days. In 
addition, a very interesting report from Wong 
et al. supports the fact that maintaining a high 

level of clotting factor replacement therapy (at 
least 80 % factor replacement over the fi rst two 
postoperative weeks) throughout wound healing 
can result in lower infection rates, comparable to 
that of total knee arthroplasty (TKA) in patients 
without hemophilia [ 13 ].  

2.2.2     Bolus Infusion (BI) 
and Continuous Infusion (CI) 
of Factor Concentrates 

 Most hemophilia centers use bolus infusion (BI) 
to replace coagulation factors for surgery [ 14 ]. 
Continuous infusion (CI) therapy was described 
initially in 1970 by McMillan et al. [ 15 ]. The idea 
was to maintain stable FVIII levels without the 
deep troughs that regularly accompany BI and 
expose the patient to the risk of bleeding 
(Fig.  2.1 ). However, it did not receive much 
attention because of technical issues related to 
the volumes required for infusion and concerns 
about the stability FVIII at room temperature and 
the potential for sepsis. Later it was observed that 
most FVIII concentrates are stable after reconsti-
tution at room temperature for several days or 
even weeks [ 16 ,  17 ] and can be infused in small 
volumes of concentrated solution (with the addi-
tion of heparin to prevent local thrombophlebitis) 
via minipumps [ 18 – 20 ] to make CI a more acces-
sible therapy.

   Martinowitz et al. described the most accepted 
method in hemophilia centers [ 18 ]. This method 
employs pharmacokinetic dosing and takes 
advantage of decreasing clearance of coagulation 

   Table 2.2    Factor level for invasive orthopedic  procedures 
at our center   

 Procedure 
 Preoperative 
factor level (%) 

 Postoperative 
factor level 

 Major orthopedic 
surgery 

 80–100  >80 % 
1–7 days 
 >50 % 
8–15 days 

 Surgical arthroscopic 
synovectomy 

 80–100  >50 % 
1–7 days 

 Radiosynovectomy  80–100  >50 % 
1–5 days 
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factor during CI. The simple protocol for this 
method is based on the following principles [ 18 ]:
    1.    Pharmacokinetic evaluation prior to a planned 

CI is recommended. The most important 
 pharmacokinetic parameter for calculating 
the ideal rate of continuous infusion is the 
clearance. In the absence of preoperative 
pharmacokinetic evaluation or, in particular, 
in emergency situations, the initial mainte-
nance dose may be calculated using the mean 
of a hemophilia population-based clearance, 
which is approximately 3.5 mL/kg/h for FVIII 
and 4.5 mL/kg/h for FIX.   

   2.    The loading dose is calculated using in vivo 
recovery (IU/dL per IU/kg). A dose is selected 
that will raise the level to the desired minimum 
level appropriate for the surgical procedure 
requiring hemostatic replacement therapy, as 
mentioned before between 80 and 100 %.   

   3.    CI is initiated immediately following bolus 
administration of the loading dose. The initial 
rate is calculated using the clearance obtained in 
the preprocedure pharmacokinetic evaluation 
according to the following steady-state equation: 

 Rate of infusion (IU kg h) = clearance 
(mL kg h) × desired level (IU mL)   

  4.    From the second day, the CI maintenance dose 
is adjusted using the same equation according 
to actual clearance, which is calculated from 
the daily factor level measurements.   

   5.    Perioperative hemostatic demands may increase 
factor consumption beyond that expected. In 
order to prevent an undesired drop in the factor 
level, it is advisable to check factor activity 
8–12 h after the start of CI and to increase the 
rate if necessary.   

   6.    In most patients who require treatment for 
more than 1 week, a signifi cant decrease in 
FVIII clearance is observed during the fi rst 
5–6 days of CI, followed by a plateau at a sig-
nifi cantly lower level than that observed in the 
fi rst days postoperatively [ 14 ,  18 ,  21 ]. This 
allows one to reduce the maintenance dose 
progressively and results in a signifi cant spar-
ing of concentrate.    
  CI is a safe mode of treatment, more cost 

effective, and should be the treatment of choice 
for major surgery in hemophilia patients [ 18 ]. 
Batorova and Martinowitz reported a reduction in 
the bleeding rates and FVIII dosage (36 %) 
 compared with the use of BI [ 14 ].   

2.3     Orthopedic Surgery 
in Hemophilia Patients 
with Inhibitors 

 The development of antibodies that inhibit or 
neutralize replacement therapy with factor (F) 
VIII or FIX is the most serious complication of 
hemophilia treatment today. Inhibitors develop 
in 20–30 % of patients with severe hemophilia A 
but in only 5 % of those with hemophilia B [ 22 , 
 23 ]. Agents that “bypass” the need for FVIII or 
FIX are the mainstay of therapy for acute bleeds 
in inhibitor patients; however, the effect of such 
treatment is not as predictable as that of replace-
ment therapy, and so it is more diffi cult to 
achieve bleeding control in hemophiliacs with 
inhibitors than in their non-inhibitor counter-
parts [ 24 ]. Therefore, inhibitor patients often 
have more severe joint morbidity than those 
without inhibitors, and older patients experience 
signifi cant orthopedic disabilities [ 25 ,  26 ]. 
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It should also be noted that another concern 
 relating to the lack of treatment predictability in 
the inhibitor population is the need to monitor 
the effectiveness of bypassing agents using 
 specifi c assays. 

 Until recently, orthopedic surgery in patients 
with inhibitors was strongly contraindicated; 
however, recent advances in our knowledge of 
effective hemostatic agents have improved our 
ability to adequately control surgical bleeding 
[ 27 ,  28 ]. Furthermore, contemporary advances in 
the orthopedic and hematological arenas have 
made it possible to successfully perform major 
orthopedic operations on hemophilic patients 
who have developed inhibitors [ 29 ]. Nevertheless, 
bleeding is still the most frequent and most seri-
ous problem encountered during orthopedic 
surgery. 

 The clinical conditions that defi ne the indica-
tions for orthopedic surgery are the same for 
inhibitor and non-inhibitor patients – namely, 
chronic pain and severe disability, both of which 
produce stress and social isolation. However, as 
inhibitor patients face higher surgery-associated 
risks, they must be suffering from severe disabil-
ity or intense pain before surgery can be consid-
ered and undertaken. It is extremely important 
that appropriate information is provided and that 
signed informed consent is obtained [ 30 ]. It is 
important to note, however, that despite the sig-
nifi cant risk of bleeding, the results of orthopedic 
surgery in inhibitor patients are generally good 

but with a higher rate of complications than 
patients without inhibitors [ 28 ,  29 ]. 

 It is important to follow international or 
 consensus recommendations for hemostatic cover 
when performing orthopedic procedures in hemo-
philic patients with inhibitors [ 31 – 33 ] (Tables  2.3  
and  2.4 ). Bypassing agents, recombinant factor 
VII activated (rFVIIa) and FEIBA (Factor Eight 
Inhibitor Bypassing Agent), have been used 
according to empirical dosing guidelines, without 
any laboratory monitoring. However, these agents 
are potentially thrombotic, and their effect is not 
as predictable as that of replacement therapy. 
Several laboratory assays have been proposed 
as potentially useful in monitoring bypassing 
therapy, including thrombography, thromboelas-
tography (TEG) and rotational thromboelastogra-
phy (roTEG), assessment of platelet contractile 
force, the Clot Signature Analyzer ® , the modifi ed 
ACT test, and the thrombin generation test [ 11 ]. 
The most important limitation of all these meth-
ods is that no assay end point to date has been 
demonstrated to correlate with clinical outcome, 
and these tests are not yet validated.

    Replacement therapy should commence 
before surgery and continue during postoperative 
rehabilitation, but when should it be stopped? 
Surgical support should continue for 14 days 
after surgery [ 34 ]; because rehabilitation can 
trigger a bleed, so we recommend using a reduced 
cover dose just before the intense rehabilitation 
sessions for several weeks (one dose before each 

   Table 2.3    Recommended dosage of FEIBA ®  (Factor VIII Inhibitor Bypassing Agent) for surgery [ 34 ]   

 FEIBA®  Preoperative (U/kg)  Day 1–day 5  Day 6–day 14 

 Minor procedure  50–75  50–75 U/kg q12–24 h 1–2 doses 
 Intermediate procedure  75–100  75–100 U/kg q8–12 h  75–100 U/kg q12h 
 Major procedure  75–100  75–100 U/kg q8–12 h  75–100 U/kg q12h 

   Table 2.4    Recommended dosage of rFVIIa (recombinant FVII activated) for surgery [ 34 ]   

 rFVIIa  Preoperative  Day 1–day 5  Day 6–day 14 

 Minor procedure  90–120 μgr/kg (ped. 120–150 μgr/kg)  90–120 μgr/kg q2 up to 4 doses 
 q3–6 h for 24 h 

 Intermediate 
procedure 

 120 μgr/kg (Ped. 150 μgr/kg) q2h  90–120 μgr/kg q2 day 1  90–120 μgr/kg q6 h 
 Q3h day 2 
 Q4h day 3–5 

 Major procedure  As above  As above  As above 
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rehabilitation procedure). This is an expensive 
treatment regimen, but development of a wound 
hematoma might jeopardize the long-term out-
come and thus incur even more expense [ 35 ].  

   Conclusions 

 Hemophilia A and B are X-linked recessive 
bleeding disorders caused by defi ciency of 
factor VIII (FVIII) or factor IX (FIX), respec-
tively. Depending on the concentration of 
FVIII or FIX coagulant activity in blood, the 
disorders may be classifi ed as severe (<1 % of 
normal activity), moderate (1–4 %), or mild 
(5–25 %). The hallmarks of clinical symptoms 
of hemophilia are joint and muscle bleedings, 
bruising, and prolonged severe hemorrhage 
after surgery or trauma. Surgery in patients 
with hemophilia carries a high risk of bleeding 
and represents one of the most challenging 
areas in hemophilia care. Most surgical and 
invasive procedures can be carried out safely 
in patients with hemophilia with factor 
replacement therapy. A favorable outcome 
depends on coordination between multidisci-
plinary team members. It is also crucial to 
ensure that orthopedic procedures in hemo-
philia patients are performed in specialized 
centers by an experienced team.     
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3.1            Introduction 

 The most typical manifestation of hemophilia is 
articular bleeding (hemarthrosis). Hemarthrosis 
is the major cause of disability and reduced qual-
ity of life in patients with factor VIII (hemophilia 
A) or factor IX (hemophilia B) defi ciency [ 1 ]. 
When hemarthroses become frequent and/or 
intense, the synovium may not be able to reab-
sorb the blood. To compensate for such reabsorp-
tive defi ciency, the synovium will hypertrophy, 
resulting in what is called chronic hemophilic 
synovitis [ 2 – 7 ]. Thus, it is very important not 
only to avoid acute hemarthrosis but also to man-
age it as effi ciently as possible, with the aim of 
avoiding the development of synovitis. 

 Hematological prophylactic treatment from 
the age of two to the end of skeletal maturity is 
the best way to avoid articular bleeds or at least to 
diminish their intensity. Prophylaxis with recom-
binant factor VIII or IX can prevent joint damage 
and decrease the frequency of joint and other 

hemorrhages in young boys with severe hemo-
philia [ 8 ,  9 ]. However, one should remember that 
problems may be caused by the permanent intra-
venous infusion needed in such circumstances. 
Two bypassing agents, a plasma-derived acti-
vated prothrombin complex concentrate [aPCC 
(FEIBA; Baxter AG, Vienna, Austria)] and 
NovoSeven [recombinant factor VIIa (rFVIIa); 
NovoNordisk, Denmark] are available for pro-
phylaxis in patients with hemophilia who have 
developed inhibitors. Results from recent retro-
spective studies demonstrate the effi cacy and 
safety of both aPCC and rFVIIa in decreasing the 
frequency of bleeding episodes in patients with 
hemophilia and inhibitors [ 10 ]. 

 The early management of intra-articular 
bleeding has the potential to prevent chronic joint 
disease [ 11 ]. Most hemophilia centers in devel-
oped countries have on-demand treatment, which 
consists of the administration of the defi cient 
coagulation factor when hemarthrosis occurs. It 
is important to differentiate acute bleeding and 
subacute bleeding. Subacute hemarthrosis is gen-
erally associated with previous synovitis or 
arthropathy, while acute hemarthrosis commonly 
occurs in a previously healthy joint.  

3.2    Acute Hemarthroses 

 Acute bleeding can be felt by the patient as a 
burning sensation in the joint. Hemarthrosis 
develops within a few hours; the joint becomes 
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infl amed, tense, and warm, and the skin becomes 
bright red. The affected joint is held in an antal-
gic fl exion position, with painful and limited 
mobility. Table  3.1  shows the different existing 
modalities for the treatment of acute hemophilic 
hemarthroses.

3.2.1      Hematological Treatment 

 On-demand therapy with a plasma-derived or 
recombinant FVIII or FIX concentrate is the fi rst- 
line treatment for acute bleeding episodes in 
patients with hemophilia [ 1 ,  9 ]. Dosing ranges 
from approximately 20 to 40 IU/kg administered 
until bleeding stops. That means the infusion of 
FVIII 40 IU/kg at the time of joint hemorrhage 
and 20 IU/kg at 24 and 72 h after the fi rst dose. 
Patients must be then encouraged to continue 
infusions of 20 IU/kg every other day, until joint 
pain and impairment of mobility had completely 
resolved. 

 Ultrasonography (USG) is very important in 
acute hemarthroses as it can be used to objec-
tively identify the presence of blood in the joints, 
measure its size, assess its evolution, and confi rm 
its complete disappearance [ 12 ]. 

 In patients with inhibitors, rapid control of 
bleeding episodes using bypassing agents has the 
potential to minimize joint damage and to 
improve quality of life [ 13 ]. Smejkal et al. evalu-
ated the effi cacy and consumption of FEIBA in 
treatment of hemorrhages in hemophiliacs with 
factor VIII inhibitor [ 14 ]. The median cumulative 
dose of FEIBA per bleeding episode was 205 U 
kg (−1). Bleeding was stopped in 97 % of events, 
but re-bleeding occurred in 5 % of events within 
48 h after cessation of bleeding. 

 A study indicated that frequently bleeding 
inhibitor patients are prescribed and use higher 
rFVIIa dosing for all bleed types than recom-
mended in the package insert (90 mcg kg(−1)) 
[ 15 ]. The rFVIIa dosing was highly variable, par-
ticularly in the fi rst days of treatment. 

 A global, prospective, randomized, double- 
blinded, active-controlled, dose-escalation trial 
evaluated and compared one to three doses of 
vatreptacog alfa at 5, 10, 20, 40, and 80 lg kg(−1) 
with one to three doses of rFVIIa at 90 lg kg(−1) in 
the treatment of acute joint bleeds in hemophilia 
patients with inhibitors [ 16 ]. A high effi cacy rate 
of vatreptacog alfa in controlling acute joint bleeds 
was observed; 98 % of bleeds were controlled 
within 9 h of the initial dose in a combined evalu-
ation of 20–80 lg kg(−1) vatreptacog alfa. 

 After administration of the appropriate doses of 
factor concentrates, pain will rapidly diminish, 
although infl ammation and limitation of articular 
mobility commonly disappear more slowly. The 
degree of infl ammation and limitation of motion are 
always related to the amount of blood in the joint.  

3.2.2    Rest and Splinting 

 Rest for lower limb bleeding episodes should 
include bed rest (1 day) followed by avoidance of 
weight bearing and the use of crutches when 
ambulating and elevation when sitting (3–4 days). 

 For the knee a compressive bandage is ade-
quate, although in very painful cases the bandage 
should be supplemented with a long-leg posterior 
plaster splint. For the ankle, a short-leg posterior 
plaster splint is recommended. For the upper limb, 
usually a sling (for the shoulder) or a long- arm 
posterior plaster splint (for the elbow) will pro-
vide suffi cient rest, support, and protection. 
Lifting and carrying heavy items should be 
avoided until the bleeding has resolved (4–5 days).  

3.2.3    Ice 

 Ice therapy could help to relieve pain and reduce 
the extent of bleeding, although its current role in 
hemophilia remains controversial. Experimental 

   Table 3.1    Different modalities used in the treatment of 
acute hemophilic hemarthroses   

 Hematological treatment 
 Rest and splinting 
 Ice 
 Analgesia 
 Arthrocentesis (joint aspiration) 
 Arterial embolization 
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cooling of blood and/or tissue can signifi cantly 
impair coagulation and prolong bleeding. In per-
sons with hemophilia with acute hemarthrosis, 
ice application could impair coagulation and 
hemostasis [ 17 ].  

3.2.4    Analgesia 

 For pain, paracetamol should be administered. 
Usually the hematological treatment provides 
adequate relief. Aspirin-containing products 
must be avoided. Unfortunately, there are no 
detailed algorithms or guidelines for pain man-
agement in hemophilia patients [ 18 ].  

3.2.5     Joint Aspiration 
(Arthrocentesis) 

 Joint aspiration is not commonly performed, but 
in cases of severe bleeding, it may relieve the 
patient’s pain and speed up rehabilitation 
(Fig.  3.1 ). There is a great deal of controversy on 
the role of arthrocentesis in hemophilia.

   Arthrocentesis should be performed in major 
hemarthrosis (very tense and painful joints) [ 19 ]. 
Joint aspiration should always be done under 

 factor coverage and in aseptic conditions, in order 
to avoid recurrence or septic arthritis. When hem-
arthrosis does not respond to hematological treat-
ment, septic arthritis must be suspected, especially 
if the patient is immunodepressed; joint aspiration 
and culture will allow us to reach a diagnosis [ 20 ]. 

 If hemarthrosis does not respond to hemato-
logical treatment, one must suspect hemophilic 
synovitis, which can be detected by clinical 
examination. USG and magnetic resonance 
imaging (MRI) will help confi rm the occurrence 
of synovitis. In such cases only aggressive treat-
ment of synovitis will allow us to control articu-
lar bleeding, which is secondary to synovial 
hypertrophy. Synovitis can be controlled with 
early prophylactic treatment or by synovectomy 
(radiosynovectomy or arthroscopic synovec-
tomy). Diagnostic imaging is paramount to assess 
the response to any type treatment. 

 Heim et al. [ 21 ] reported an interesting case of 
a person with hemophilia who had a fi xed fl exed 
hip and intractable pain. This clinical picture was 
suggestive of hemorrhage in that area. USG con-
fi rmed the diagnosis of acute hip hemarthrosis. 
Narcotic drugs failed to alleviate the severe pain. 
Joint aspiration produced dramatic pain relief 
and early joint rehabilitation. However, Heim 
et al. did not suggest that every coxhemarthrosis 

  Fig. 3.1    Arthrocentesis (joint 
aspiration) in acute hemar-
throsis of the knee in a 
hemophiliac. This must be 
done to relieve the pain and 
avoid the risk of future joint 
damage, although always 
with suitable hemostatic 
cover       
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should be aspirated. It should be remembered 
that raised intra-articular pressure may contribute 
to femoral head necrosis in adults or to Perthes’ 
disease in children. 

 It is important to emphasize that while arthro-
centesis of the elbow, knee, and ankle are quite 
simple procedures that can be done at the outpa-
tient clinic, both shoulder and hip joint aspira-
tions require sedation and radiographic control 
by an image intensifi er, that is to say, they are 
surgical procedures done in an operating room, 
with an anesthetic and by an orthopedic surgeon.  

3.2.6    Arterial Embolization 

 Klamroth et al. [ 22 ] reported seven patients who 
experienced recurrent massive bleeds that 
required arterial embolization. Under low-dose 
prophylactic treatment (15 IU fVIII or fIX per kg 
bodyweight for three times per week), no recur-
rent severe bleed unresponsive to coagulation 
factor replacement occurred after a mean obser-
vation time of 16 months after embolization. The 
consumption of factor concentrate decreased to 
one-third of the amount consumed before 
embolization. 

 In 21 cases of massive joint bleeding in 18 
patients with hemophilia, selective catheteriza-
tion was performed, and the bleeding was com-
pletely controlled by a single procedure in 14 
cases [ 23 ]. Recurrence of the bleeding occurred 
in 7 cases and required a second embolization 
procedure; in one patient even a third  embolization 
was required to stop the bleeding completely. 

 Selective angiographic embolization of the 
knee and elbow arteries was successful in 29–30 
procedures [ 24 ]. Three patients remained free of 
bleeding events for more than 6 months. 
Additionally, after the procedure there was a sig-
nifi cant reduction in factor FVIII usage that sus-
tained up to 12 months after the procedures. No 
serious adverse events were observed. Therefore, 
angiographic embolization might be considered 
as a promising therapeutic and coagulation factor 
saving option in joint bleeds not responding to 
replacement of coagulation factor to normal lev-
els [ 25 ]. 

 Diagnosis and treatment of intra-articular 
hemorrhages must be delivered as early as possi-
ble. Additionally, treatment should ideally be 
administered intensively (enhanced on-demand 
treatment) until the resolution of symptoms. Joint 
aspiration plays an important role in acute and 
profuse hemarthroses. USG is an appropriate 
diagnostic technique to assess the evolution of 
acute hemarthrosis in hemophilia [ 26 ].   

3.3    Recurrent Hemarthroses 

 Recurrent hemarthroses commonly occur after 
two or three articular bleeding episodes and per-
sist despite adequate hematological treatment. 
Pain can be tolerable and is commonly associated 
with hypertrophic synovium on palpation and a 
slight lack of joint mobility. 

 When subacute hemarthroses recur for months 
and years, they will result in a state of hemophilic 
arthropathy. This usually occurs in young adults, 
who complain of persistent pain in the affected 
joint, not only with movement but also at rest. 
They may also have intermittent episodes of 
acute pain and infl ammation related to synovitis 
or articular bleeding. 

 It is advisable to treat recurrent hemarthroses 
with hematological substitutive therapy, with two 
to three weeks of immobilization by means of a 
semifl exible splint. Some studies recommend 
6–8 weeks of prophylaxis with physiotherapy. It 
is recommended to administer enough of defi -
cient factor, three times a week, to obtain 
20–30 % of the normal level. After each transfu-
sion the patient should complete an exercise pro-
gram focusing on active joint mobility, under the 
surveillance of an expert physiotherapist. If such 
mobility exercises are painful, only isometric 
exercises should be done. 

    When a fl exion contracture does appear, it 
should be treated early and aggressively by con-
servative means to avoid it from becoming irre-
versible. Conservative measures include inverted 
dynamic splints, hinged extension–desubluxation 
casts, dynamic splints, and traction followed by a 
polypropylene orthosis. Inverted dynamic splints 
were specially designed for the knee joint and 
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require admitting the patient to hospital. The 
lower limb is put in a balanced traction on a semi-
circular Thomas splint which has a knee fl exion 
Pearson’s device. Then soft traction is put on the 
calf with the heel free; a posterior force is applied 
on the thigh by means of a cushioned spring 
located on the distal part of the thigh, which is 
connected by means of a string to a 3 kg weight. 
Such a posterior force counteracts the anterior 
force produced by the springs located on the pos-
terior part of the calf. Both the longitudinal trac-
tion and the thigh weight are progressively 
increased. When the knee becomes fully 
extended, or if the technique does not work after 
one week of treatment, the patient is mobilized 
with a Böhler cast which is open in its anterior 
part. 

 The hinged extension–desubluxation cast can 
be made of plaster of Paris or of a thermoplastic 
material; it should be open in its anterior part. 
The hinge is adjusted once or twice a day to cor-
rect the deformity. When the contracture is less 
than 20°, the cast can be removed and replaced 
with a plaster splint. Hematological substitutive 
therapy is necessary during the procedure. The 
dynamic splint is adjustable and allows a low 
intensity but long duration force through the knee 
joint. A gain of 5–10° of knee extension can be 
expected in 6–9 months with this procedure. 
However, many patients may have hemarthrosis 
during the follow-up. Traction followed by ortho-
sis is another alternative. 

 Flexion contracture has a different treatment 
and prognosis, depending on its chronicity and 
other associated deformities. A fl exion contrac-
ture of few days’ duration can be corrected by 
means of a traction followed by rehabilitation 
and orthosis. A fl exion contracture with a dura-
tion ranging from weeks to months may require 
surgery: hamstrings release and/or supracondylar 
extension osteotomy. A fl exion contracture asso-
ciated with osseous or fi brous ankylosis may also 
require a patellofemoral osteotomy. 

 Radiosynovectomy (RS) is easy to perform 
and not a very expensive procedure (e.g., $4,500 
US per injection). Moreover, it is very effi cient in 
diminishing the frequency and intensity of recur-
rent hemarthroses related to chronic hypertrophic 

hemophilic synovitis. It should be performed as 
soon as possible in order to try to halt the long- 
term damage that intra-articular blood will pro-
duce in the involved joint. Personal experience 
and the general recommendation among orthope-
dic surgeons and hematologists is that when three 
early consecutive RSs (repeated every 6 months) 
fail to halt synovitis, and a surgical synovectomy 
(open or by arthroscopy) should be immediately 
considered. 

 The main radioactive materials used by the 
author have been 90-yttrium (90-Y) for the knees 
and 186-rhenium (186-Rh) for the elbows and 
ankles. RS is the “gold standard” of today for the 
treatment of chronic hemophilic synovitis once 
hematological treatment fails. Considering the 
current situation of radioactive materials in the 
world and their high cost and risk of being out of 
date, the practical point of view is that it is neces-
sary to organize groups of patients (e.g., six to 
eight) to be injected. This means that sometimes 
the fi rst patients of each group could wait up to 
3–6 months until the group is complete. In such 
cases, patients should be in prophylactic hemato-
logical management while waiting. Good coordi-
nation among the members of the hemophilia 
center, those of the department of radioactive iso-
topes, and the enterprises that produce the radio-
active material is paramount. 

 RS has a mid- and long-term effi cacy of 70 % 
[ 27 – 33 ]. From the clinical point of view, such an 
effi cacy is demonstrated by the decrease (or even 
disappearance) in the number of hemarthroses. In 
general terms, it can be said that RS has a fi bros-
ing effect on the synovium, transforming a bleed-
ing and richly vascularized synovium into a 
sclerotic and poorly vascularized tissue. It should 
be emphasized that in 30 % of cases, the fi rst RS 
is not effi cient enough and hence should be 
repeated. 

 Up to three RSs are recommended, with a 
6-month interval between them [ 28 ]. When 
repetitive RSs fail, a surgical synovectomy would 
be indicated. There is a controversy concerning 
the use of surgical open synovectomy versus 
arthroscopic synovectomy. The author prefers an 
arthroscopic synovectomy ($60,000 US per pro-
cedure), provided that an adequate substitutive 
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hematological treatment is made and an appro-
priate postoperative rehabilitation is established. 

 The review of the literature and the author’s 
38-year experience have demonstrated that the 
safety of an RS is maximum [ 27 – 33 ]. The most 
serious potential problem in RS is skin burns 
because of extravasation of the radioactive mate-
rial out of the joint at the time of injection. 
Another potential complication is an intense 
infl ammatory reaction that may occur after the 
procedure. In such cases, rest and nonsteroidal 
anti-infl ammatory drugs commonly solve the 
problem. In one case, a bilateral ankle 90-Y RS 
eventually caused a bilateral fi xed equinus defor-
mity that required a bilateral Achilles tendon 
lengthening to solve the problem. The potential 
malignant effects of RS have not been published 
after more than 40 years of using such materials 
all over the world. 

 Although highly cost-effective in compari-
son with surgical or arthroscopic synovectomy, 
the risk of cancer associated with RS is not 
well known. Infante-Rivard et al. evaluated the 
incidence of cancer in a group of patients 
treated with RS, and no increase in the risk of 
cancer was observed [ 34 ]. There was no dose–
response relationship with the amount of radio-
isotope administered or number of RS 
treatments. The study provided some indica-
tion for the safety of the procedure, but homog-
enous diagnostic groups of younger patients 
(such as hemophilic patients) receiving RS will 
need more evaluation. The alternative to RS is 
arthroscopic synovectomy which can effec-
tively control the hypertrophic synovium and 
resultant bleeding and can be used safely even 
in very young patients [ 34 ]. Our current indi-
cation of RS is in children older than 12 years 
of age.  

   Conclusions 

 Optimal treatment of acute hemarthroses 
involves a combination of factor replacement, 
joint aspiration, rest (with or without splint-
ing), ice, appropriate analgesia, and super-
vised rehabilitation once the acute phase has 
been controlled and the risk of bleeding 

reduced. The objectives of treatment are to 
avoid muscular atrophy, maintain an adequate 
degree of articular mobility, control the recur-
rence of hemarthroses, and recover joint func-
tion if possible. The main indication for a 
radiosynovectomy (RS) is the existence of 
chronic hemophilic synovitis, which causes 
recurrent hemarthroses unresponsive to hema-
tological treatment. The rate of effi cacy of RS 
ranges between 75 and 80 %. RS can be 
repeated if the fi rst one fails; it may be per-
formed up to three times at 6-month intervals. 
After 40 years of using RS all over the world, 
no damage related to the radioactive isotopes 
has been found. RS with 90-Y or 186-Rh is 
the optimal procedure to follow, provided it is 
available. RS is a relatively simple, virtually 
painless, and inexpensive technique for the 
treatment of chronic hemophilic synovitis, 
even in patients with inhibitors. Thus, RS is 
the best choice for patients with persistent 
synovitis.     
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4.1            Introduction 

 Joint disease affects 90 % of people with severe 
hemophilia and contributes the greatest mor-
bidity and cost in the hemophilia population. 
Recurrent joint bleeds result in progressive 
arthropathy. The ankles, knees, and elbows are 
the joints most frequently involved [ 1 ]. It is 
important to diagnose and monitor joint 
changes in order to make therapeutic decisions. 
The radiographic fi ndings of hemophilic 
arthropathy (HA) depend on the stage of dis-
ease, the age of the patient at onset, and the 
joint involved. These fi ndings include joint 
effusion, soft tissue swelling, epiphyseal over-
growth, subchondral cysts, osseous erosion, 
and secondary degenerative changes [ 2 ]. The 
imaging techniques, conventional radiography 
(x-ray), ultrasonography (US), and magnetic 
resonance imaging (MRI), may become useful 
for the evaluating HA [ 3 ].  

4.2    Radiography 

 X-ray has been successfully used for decades to 
objectively evaluate and stage HA [ 4 ]. Findings 
of HA demonstrated on x-ray include osteoporo-
sis, osteonecrosis, epiphyseal overgrowth, wid-
ening of the epichondral notch of the knee, bone 
cysts, joint space irregularity and narrowing, 
angulations of the knee and ankle, and bony 
fusion [ 1 ]. Plain fi lms underestimate the degree 
of joint pathology. However, although radiogra-
phy visualizes primarily bone lesions, it is insen-
sitive to the early changes of HA and to the less 
advanced joint damage seen in patients receiving 
prophylactic treatment [ 5 ]. The earliest changes 
in HA are to the synovium, and these soft tissue 
changes are poorly demonstrated on x-ray [ 4 ]. 
Osseous changes due to hemorrhage only appear 
late in the disease. Cartilage destruction cannot 
be visualized directly, but only inferred from 
changes, such as loss of joint space and an irreg-
ular subchondral surface. Assessment of joint 
space loss is diffi cult in children, particularly if 
comparison fi lms are not available [ 6 ]. There are 
two main classifi cation systems in use for grad-
ing HA on x-ray. These are the Arnold-Hilgartner 
scale, described in 1977 [ 7 ] and the Pettersson 
score described in 1980 [ 4 ]. The Arnold- 
Hilgartner system is a progressive scale for the 
assessment of HA, the worst imaging fi nding 
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refl ecting the stage of the arthropathy [ 7 ]. The 
Pettersson score is an additive scale [ 4 ]. Each 
abnormality is graded from 0 to 1 or 2, and 
abnormalities due to different stages of the dis-
ease will all be included. The highest score for 
an individual joint is 13, which indicates a totally 
destroyed joint [ 4 ] (Fig.  4.1 ). There are differ-
ences between the two scoring systems. The pro-
gressive one is simple and easy to use by 
everyone. The additive one is more meticulous, 
but discriminates better between different stages 
of HA.

   One study assessing both intra- and interob-
server variability of the two scoring systems 
demonstrated generally good correlation if 
there is minimal or maximal joint disease, but 
poor levels of agreement if there is mild or 
moderate HA [ 8 ]. The World Federation of 
Hemophilia recommends the Pettersson score 
for universal use [ 9 ]. 

 Once radiographic changes are present, the 
clinical course of the arthropathy is usually 
progressive and irreversible. Improved therapy 
has led to the need for more sensitive tools for 
the assessment of the degree of joint damage, 
which can evaluate the subtle joint changes not 
seen on plain fi lm. However, once the disease is 
advanced, it can usually be monitored with 
x-ray alone [ 5 ]. Soft tissue swelling can be sug-
gested, but is often not clearly delineated 
(Fig.  4.2 ).

4.3       Ultrasonography 

 US is an imaging technique with a progressive 
and extensive use in the musculoskeletal system 
and can be a useful complementary technique in 
the evaluation of HA, which is readily available 
and does not require the child to be sedated. US 

a b

  Fig. 4.1    Anteroposterior ( a ) and lateral ( b ) lateral radiograph has to be turned 90º to the right, on the same way as a 
watch ( arrows )       
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has some other potential advantages, including 
lack of ionizing radiation, cost- and time- 
effectiveness, accessibility, and real-time and 
dynamic examinations. In this way, US can be 
used as a fi rst diagnostic imaging procedure 
instead of MRI. The major disadvantage of US is 

its operator dependence, requiring a long learn-
ing curve and a limited value of images for ortho-
pedic surgeons and physicians that prefer a more 
anatomical imaging modality, such as MRI [ 10 ]. 

 Linear high-resolution (7–17 MHz) probes are 
typically used for assessing HA [ 11 ], enabling 
the visualization of superfi cial musculoskeletal 
structures such as synovium, tendons, muscula-
ture, and the cartilage/osteochondral interface at 
the edge of the joints on grayscale sonograms. 
US can also be used to follow the progression or 
regression of soft tissue hematomas and pseudo-
tumors [ 2 ]. 

 US can be used to assess joint effusions in 
acute episodes. US as a diagnostic technique in 
the initial stages of hemophilia permits the dif-
ferentiation between effusion and synovial thick-
ening (Fig.  4.3 ). A selective compression with 
the US probe may help to distinguish both enti-
ties; the fl uid will be displaced out, while the 
synovium remains incompressible [ 10 ,  12 ]. A 
hemarthrosis may demonstrate a different echo-
genicity, depending on the stage of degradation 
of the blood products [ 11 ]. The normal synovium 
is a thin membrane. When it becomes infl amed, 
diffuse or nodular thickening of the membrane is 
seen, which may show increased vascular fl ow on 
Doppler US. Differentiation between hemarthro-
sis and synovial hypertrophy helps to determine 
when factor replacement is necessary for patients 

  Fig. 4.2    X-ray anteroposterior (AP) view of the ankle dem-
onstrating soft tissue swelling ( arrow ), osteoporosis, epiphy-
seal overgrowth, subchondral bone cyst ( round arrow ) with 
signifi cantly narrowed joint space ( arrowhead )       

  Fig. 4.3    Elbow. US longitudinal view of the radial head 
with joint effusions ( arrow ) and severe synovial thicken-
ing ( arrowhead ) demonstrated as a hypoechoic tissue       
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treated on demand [ 5 ]. The selective implemen-
tation of prophylaxis would require the availabil-
ity of a more sensitive tool to monitor for the 
development of synovitis than is currently possi-
ble with clinical surveillance or x-ray. MRI is 
such a tool and is utilized for the evaluation of 
HA [ 13 ]. However, MRI is expensive and requires 
sedation in younger children, precluding its util-
ity for monitoring synovitis [ 14 ].

   US with power Doppler has been used to detect 
and quantify vascularity in other arthritides [ 15 ] 
and has the capability of evaluating synovial vas-
cularity in hemophilic joints. A recent study [ 16 ] 
showed a strong correlation between Doppler and 
dynamic contrast-enhanced MRI measurements 
in hemophilic knees, elbows, and ankles. 

 In fact, contrast-enhanced US may be compa-
rable to MRI in estimating synovial vascularity 
for the diagnosis of active synovitis as seen with 
rheumatoid arthritis [ 17 ]. US also reveals early 
cartilaginous involvement and partial visualiza-
tion of the joints [ 17 ] (Fig.  4.4 ).

   Previous studies evaluated the US fi ndings of 
HA [ 11 ,  18 ] and described a systematic protocol 
for data acquisition of US fi ndings in hemophilic 
joints [ 12 ,  19 ]. Nevertheless, the value of this 
technique for the assessment of HA in compari-
son with MRI and physical examination has not 
been fully evaluated so far. As a result, this tech-
nique has been underemployed in clinical 

 practice. Another challenge of US relates to the 
interpretation of images and comparison with 
other diagnostic tests.  

4.4     Magnetic Resonance 
Imaging 

 MRI was introduced as a medical imaging modal-
ity in the 1980s, and it uses radio waves and mag-
netic fi elds [ 3 ]. 

 MRI has been shown to more accurately assess 
a HA than radiography. MRI has obvious advan-
tages, including the increased level of detail of 
soft tissue and cartilage changes and lack of ion-
izing radiation, but it is more costly, less accessi-
ble, and more time consuming and requires 
sedation in younger children [ 6 ,  14 ]. 

 MRI provides information on all aspects of 
HA, demonstrating early arthropathic changes 
such as hemarthrosis, effusion, synovial hyper-
trophy, hemosiderin deposition, and small focal 
cartilage defects without joint space narrowing, 
which cannot be delineated by x-ray imaging. 
Moreover, MRI can provide information about 
more advanced changes, such as erosions, sub-
chondral cysts, and cartilage destruction with 
joint space narrowing [ 5 ,  17 ] (Fig.  4.5 ).

   There has been shown to be a high correlation 
between the presence of osseous changes on 
x-ray and the presence of synovial or cartilagi-
nous changes on MRI, especially in the advanced 
stages of the disease. The sensitivity of MRI to 
detect the changes of early HA is high [ 20 ], but is 
lower for the elbow than for the knee or ankle [ 5 ]. 

 Exact recommendations of the sequences to 
be performed in HA have not been established 
[ 6 ]. A T1-weighted sequence is always useful to 
demonstrate anatomy and osteochondral lesions. 
A short T1 inversion recovery (STIR) sequence is 
very sensitive for demonstrating bone edema 
(Fig.  4.6 ), and gradient-echo (GRE) sequences 
improve the visualization of the cartilage, 
synovium, and hemosiderin [ 17 ,  21 ]. T2* GRE 
sequence results in enhanced visibility of blood 
products in the acute stage (deoxyhemoglobin) 
and the chronic stage (hemosiderin) and can 
identify even the smallest amount of hemosiderin 

  Fig. 4.4    Ankle. US longitudinal view over the anterior 
tibiotalar joint shows narrowing of the joint space, tibial 
bony spur ( round arrow ), mild synovial hyperplasia 
( arrowhead ), and irregularity of the hyaline cartilage and 
subchondral plate of the talar dome ( arrow )       
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deposition in a joint [ 21 ] (Fig.  4.7 ). However, 
when there is a signifi cant amount of hemosid-
erin in the joint, the degree of susceptibility arti-
fact may be too great to enable interpretation.

    Detailed images of cartilage can be obtained 
with either a proton density fat-saturated 
sequence or a fat-suppressed, three-dimensional, 
spoiled gradient-echo sequence [ 21 ]. 

 Synovial hypertrophy is usually an intermedi-
ate signal on T1- and T2-weighted images, 
enabling differentiation from fl uid within the 
joint. However, active synovitis may show signal 
characteristics similar to that of fl uid [ 5 ]. 
Enhancement of the synovium with intravenous 
contrast media may theoretically help distin-
guish active synovitis from fi brotic synovium 
[ 6 ]. However, the presence of fi brosis and hemo-
siderin within the proliferative synovium in HA 
limits the degree of visible enhancement. 
Therefore, intravenous contrast medium is not 
routinely recommended in the evaluation of HA; 
it also increases the invasiveness and the cost of 
the examination [ 6 ,  20 – 23 ]. 

 MR is a powerful tool in the diagnosis, stag-
ing, and treatment of patients with HA. To 
 measure arthropathic changes in clinical practice 
and in clinical research trials, tentative hemo-
philic arthropathy scales based on MRI fi ndings 

  Fig. 4.5    The T1-weighted MRI coronal view of an elbow 
shows erosions, subchondral cysts ( arrowhead ), and carti-
lage destruction with joint space narrowing ( arrow )       

a b

  Fig. 4.6    Sagittal T1 ( a ) and STIR ( b ) images of the ankle, demonstrating bone edema of the talar dome ( arrow ) and 
synovial hypertrophy with iron deposit in the tibiotalar joint ( arrowhead )       
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have been developed in the last decade [ 13 ,  20 , 
 24 ,  25 ]. 

 The fi rst MRI staging system reported was the 
Denver scale from Nuss et al. in 2000 [ 13 ]. This 
is a progressive scoring system, modeled on the 
Arnold and Hilgartner scale, with the worst fi nd-
ing determining the score in a particular joint. 
However, as it measures only the depth of the car-
tilage, it is less discriminating between different 
degrees of cartilaginous change [ 5 ]. 

 The European score is a more detailed addi-
tive score that was modeled on the Pettersson 
score [ 24 ]. This additive system is more complex 
than the Denver scale. However, it does allow the 
separate evaluation of osteochondral and soft tis-
sue changes. It assesses both the depth and width 
of cartilage changes. Its greatest value is in the 
evaluation of moderate to severe joint changes, 
but it is also reported to be better than the Denver 
scale at discriminating between early and 
advanced arthropathy [ 25 ]. 

 Several other MRI grading systems have 
also been suggested [ 20 ,  21 ,  23 ]. The develop-
ment of many different MRI scoring systems 
threatens to hamper the comparison of results 
from different centers. In an attempt to stan-
dardize the MRI interpretation of HA, the 
International Prophylaxis Study Group devel-
oped the Compatible MRI Scale [ 25 ]. This 
scale combines a 10-step progressive compo-
nent based on the Denver Scale and a 20-step 
additive component based on the European 
score, with identical defi nitions of mutual steps. 
The Compatible MRI scale is highly reproduc-
ible, is excellent in deciding the presence or 
absence of HA, but performs relatively poorly 
at discriminating mild disease from moderate 
and severe disease [ 5 ,  26 ].  

4.5    Other Imaging Techniques 

4.5.1    Computed Tomography (CT) 

 Both MRI and contrast-enhanced CT are useful 
in determining the thickness of the wall and the 
extent of hemophilic pseudotumors, more consis-
tently than US [ 2 ]. They usually destroy adjacent 
bone [ 13 ].  

4.5.2    Nuclear Medicine 

 Radiosynovectomy is effective in improving the 
function in hemophiliacs [ 27 ]. In spite of the 
potential value of scintigraphy for evaluating post-
therapy joint changes, the limited spatial resolu-
tion of this imaging modality for the assessment of 
osteochondral abnormalities and its radiation-
bearing potential has limited its use for follow-up 
of arthropathic changes, instead of US and MRI.  

4.5.3     Positron Emission 
Tomography (PET) 

 PET is a technique that uses molecules labeled 
with isotopes that emit positrons from their 

  Fig. 4.7    The GRE T2* coronal MRI view of a knee shows 
subchondral cysts ( arrow ) and mild hemosiderin deposits 
( arrowhead ) intensely black, conversely to the adjacent 
soft tissues       
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nucleus. The most commonly used tracer is 
2-deoxy-2-(18 F) fl uoro- d -deoxyglucose (FDG) 
[ 28 ]. After intravenous injection, FDG is taken 
up by the cells according to their level of glucose 
metabolism. Preliminary results demonstrated 
that the increased glucose metabolism of many 
infl ammatory cell types and the FDG uptake by 
infl ammatory tissues are the basis for the poten-
tial use of FDG-PET in the detection and moni-
toring of chronic HA in hemophilia [ 17 ].   

   Conclusions 

 Diagnostic imaging is used to objectively 
evaluate and stage hemophilic arthropathy. 
X-ray is useful to monitor advanced stages of 
the disease once considerable cartilage and/or 
bone damage has occurred in the joint. 
Ultrasonography can be used as a complemen-
tary technique to assess and follow up the soft 
tissue changes of the arthropathy. MRI, with 
its excellent soft tissue contrast, can accu-
rately evaluate the early changes and the less 
advanced joint damage seen in patients receiv-
ing prophylactic therapy. MRI is the imaging 
method of choice for detecting the abnormali-
ties of hemophilic arthropathy, staging their 
severity, and following the effects of 
treatment.     
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5.1            Introduction 

 Hemophilia is an X-linked recessive bleeding disor-
der caused by a defi ciency of coagulation factor 
VIII (hemophilia A) or IX (hemophilia B). It can be 
severe (<1 % factor activity level), moderate 
(1–5 %), or mild (>5 %). The prevalence of hemo-
philic arthropathy correlates with the level of circu-
lating clotting factor. Patients with severe hemophilia 
may have frequent spontaneous bleeding episodes. 

 There is little information available on the 
effect of hemophilia on the shoulder joint. Since 
the shoulder is not a weight-bearing joint nor is it 
a hinge joint, like the elbow, it is not as affected 
as the lower limb. The shoulder is the fourth most 
frequently affected joint after the knee, the ankle, 
and the elbow. Approximately 4 % of joint bleed-
ing in patients with hemophilia has been reported 
to occur in the shoulder and occurs at a more 
advanced age than in other joints [ 1 ]. 

 In the study by Chen et al., it was found that 
50 % of the patients with hemophilia that were 
studied had hemarthrosis in the shoulder, and out 

of that 50 %, up to 39 % presented symptoms [ 1 ]. 
This correlates with MacDonald et al. in which 
there was a prevalence of 37 % of patients with 
symptoms [ 2 ].  

5.2    Clinical Findings 

 In the shoulder, onset of hemarthrosis and chronic 
synovitis often occurs in adulthood as opposed to 
other joints that experience onset of hemarthrosis 
in childhood. 

 A single intra-articular hemorrhage may give 
rise to low-grade synovitis, which predisposes 
the target joint to recurrent hemarthrosis. A cycle 
of chronic synovitis, infl ammatory arthritis, and 
progressive arthropathy is thus initiated. 

 Muscle atrophy and loss of motion occur early 
and in most patients. Acute hemarthrosis may pres-
ent with inability to use the affected limb, prodro-
mal stiffness, and warm sensation followed by acute 
pain and swelling. Progression to the subacute stage 
brings synovial hypertrophy and increased motion 
impairment. Repeated bleeds and degradation for 
more than 6 months constitute chronic hemarthrosis 
with severe limb impairment. 

 In older studies the prevalence of rotator cuff 
tears in hemophilia patients reached up to 20 % 
[ 2 ]. In more current research, up to 7.1 % of 
patients presented with full-thickness rotator cuff 
tears, 16.5 % of patients with partial thickness 
rotator cuff tears, and 60 % with bicipital tenosy-
novitis. Though these lesions increase with age in 
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patients without hemophilia, and in patients with 
hemophilia and bleeds, there is a higher inci-
dence and the lesions are linked to greater joint 
damage as seen in x-ray [ 1 ]. 

 In severe cases, impaired elbow motion makes 
loss of shoulder motion even more consequential. 
Progression to end-stage arthropathy takes many 
years, but is the usual course [ 3 ,  4 ].  

5.3    Radiological Findings 

 The two radiographic grading systems for hemo-
philic arthropathy in general use are the Pettersson 
and the Arnold-Hilgartner classifi cations. 

 The Pettersson classifi cation ranges from 0 to 
13 and is based on radiographic evidence of 
osteoporosis, osteophytes, narrowing of the joint 
space, subchondral irregularity, subchondral cyst 
formation, erosion of the joint margins, and bone 
remodeling. A normal joint has a grade of 0. The 
Pettersson scoring system has been adopted by 
the world Federation of Hemophilia as the pre-
ferred radiographic classifi cation system for 
hemophilic arthropathy. 

 The Arnold-Hilgartner system is based on fi ve 
radiographic stages. The modifi ed classifi cation 
has four grades instead of fi ve. This eliminates 
the original stage II (epiphyseal enlargement and 
juxta-articular osteoporosis) which is rarely a 
discrete stage and has no specifi c implications in 
treatment [ 4 ]. 

 In a study by Cahlon et al., 822 patients were 
examined, of which 93 presented symptoms. 
Seventy-nine of the 83 showed abnormalities 
according to the Pettersson scoring system. In 
mild cases, the earliest symptoms are the forma-
tion of cysts in the greater tuberosity and light 
subchondral irregularities. As degeneration pro-
gresses, we can see glenoid osteophytes, sub-
chondral and humeral head cysts, partial joint 
space narrowing, and marginal erosion (Fig.  5.1 ). 
In severe cases, there are severe marginal 
 erosions, obliteration of the joint space, elevation 
of the humeral head, and humeral head and 
 glenoid osteophytes (Fig.  5.2 ). In the fi nal stages, 

  Fig. 5.1    Shoulder AP radiograph of a patient with pain 
and bleed episodes who has developed moderate degen-
erative changes with cysts in the humeral head and 
glenoid       

  Fig. 5.2    Shoulder AP radiograph of a hemophilic patient 
with pain. There is signifi cant elevation of the humeral 
head secondary to a massive chronic cuff tear and numer-
ous cysts in the humeral head       
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a complete deformity of the glenohumeral joint 
can be observed [ 3 ].

    In the same study, radiographic changes that 
correlated with the patient’s clinic were observed. 
Only 32 % of patients with mild changes pre-
sented symptoms, while in those with moderate 
or severe changes, the percentage increased to 59 
and 65 %, respectively. 

 The use of MRI in hemophilic arthropathy of 
the shoulder is very useful in the examination of 
soft tissues. With its use, the synovium bursa, 
tendon sheath, cartilage, and rotator cuff can be 
evaluated. Ultrasonography has proved a viable 
alternative on occasions in which an MRI cannot 
be conducted or is unavailable. Both methods 
have comparable precision in the identifi cation of 
partial and total tears of the rotator cuff [ 5 ]. 
Ultrasonography is also a useful tool in identify-
ing hemarthrosis and choosing the most appro-
priate treatment [ 1 ]. 

 Patients with shoulder involvement most of 
the times require a TC before surgery to identify 
bone defi ciencies, especially if a joint replace-
ment is being considered. TC allows evaluation 
of the glenoid bone stock which would help in 
deciding if a total shoulder arthroplasty or a 
hemiarthroplasty is preferred [ 4 ].  

5.4    Management 

 The key to the successful prevention of hemo-
philic arthropathy is management of initial hem-
arthrosis before the development of chronic 
synovitis and articular surface erosions. 

 As a result, prophylaxis studies have been 
developed. There is a distinction between primary 
and secondary prophylaxis. Primary prophylaxis 
would be used after the initial diagnosis or after 
the fi rst bleeding episode, maintaining levels of 
clotting factor between 1 and 5 % via repeated 
injections [ 6 ]. However, this would be very expen-
sive. The alternative treatment is secondary pro-
phylaxis consisting of clotting factor injections 
after every bleeding episode until the complete 
recovery of acute hemarthrosis occurs [ 7 ]. 

5.4.1    Acute Hemarthrosis 

 In cases of acute hemarthrosis, the priority is to 
distinguish between patients with established 
arthropathy and those without. To that end, it is 
useful to use ultrasonography to discern the 
degree of hemorrhage and joint degeneration. 

 In patients with established arthropathy, the 
only reason to conduct an arthrocentesis would 
be to relieve pain and possibly improve 
mobility. 

 In cases in which there is no damage to the 
joint, arthrocentesis is recommended after factor 
replacement to avoid the buildup of proteolytic 
enzymes, immobilizing the joint for 2 weeks, fol-
lowed by 2–4 weeks of physical therapy. 

 Steroid injection, combined with immobiliza-
tion, is effective in some patients with chronic 
hemarthrosis [ 4 ].  

5.4.2    Synovectomy 

 Synovectomy is recommended in cases of chronic 
synovitis in which no joint degeneration has 
occurred. While synovectomy prevents bleeds, 
thereby delaying joint degeneration, the proce-
dure does not reverse changes that have already 
taken place in the joint. 

 There are documented gains from synovec-
tomy. First, analgesia gained for excision the 
infl amed tissue. Secondly, the number of bleed-
ing episodes can be reduced, and with this, the 
possible delay of the hemophilic arthropathy [ 8 ]. 

 There are three methods for performing a syn-
ovectomy: medical (synoviorthesis), arthroscopic, 
and open. 

   Medical Synovectomy (Synoviorthesis) 
 This method acts as a chemical synovectomy and 
prevents synovial proliferation by introducing a 
fi brosing agent inside the joint that strangles the 
vessels. 

 Although many materials are available, radio-
colloids have been the most widely used. 
Radiocolloids applied in synoviorthesis include 
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gold (Au 198 – no longer used due to gamma 
radiation), rhenium (Re 89), and yttrium (90 Y). 
The advantage of using these materials is that 
they require only one dose. The disadvantage is 
the high cost. 

 Rifampicin and oxytetracycline chlorhydrate 
are being examined as inexpensive alternative 
products. They both have similar fi brosing action 
and are used in a similar fashion in pleurodesis 
[ 9 ]. 

 In the study by Fernández-Palazzi et al., 
82 patients who had received repeated oxytetra-
cycline chlorhydrate injections in the knees, 
elbows, and ankles were examined retrospec-
tively. Signifi cant improvements were observed 
in both range of mobility and pain [ 9 ]. 

 Rezazadeh et al. studied the use of rifampicin 
injected into the knees, elbows, and ankles of 21 
patients, and in the shoulder of one patient. 
A mean reduction of 6.3 bleeding episodes per 
month was obtained [ 10 ]. 

 In conclusion, this method may reduce hemar-
throsis, related pain, and also improve the range of 
motion in patients with hemophilic arthropathy. 
Chemical synoviorthesis appears to be effi cient. 
The use of rifampicin and oxytetracycline chlorhy-
drate offers an inexpensive and simple alternative 
that may prove especially practical in developing 
countries where radioactive agents are not easily 
available. The disadvantage is that it may be neces-
sary to repeat injections several times.  

   Arthroscopic Synovectomy 
 The primary indication for arthroscopic synovec-
tomy is recurrent joint hemarthrosis with failure 
of appropriate medical management. Secondary 
indications include joint pain and loss of motion. 
The primary contraindication is advanced degen-
erative joint disease. 

 The benefi ts of this procedure as opposed to 
synoviorthesis include the ability to perform ade-
quate synovial debridement, but also concomi-
tant lysis of adhesion and capsular release to 
regain range of motion. 

 The disadvantages are higher risk of bleeding 
complications, requirement of anesthesia, and 
increased morbidity [ 11 ]. 

 There have been no studies comparing the 
results of synoviorthesis to arthroscopic synovec-
tomy and no studies which illustrate results of 
shoulder arthroscopic synovectomy in patients 
with hemophilia.  

   Open Synovectomy 
 It is less common in recent years to perform open 
synovectomy. It is known that it requires a large 
amount of antihemophilic factor (AHF), longer 
time in surgery, extended hospital time, and 
lengthy, diffi cult rehabilitation. After this proce-
dure it is common to see some loss of previous 
range of motion.   

5.4.3    Shoulder Replacement 

 There is limited information in the literature 
regarding shoulder arthroplasty for hemophili-
acs. Concerns extrapolated from lower extremity 
arthroplasty in this population are signifi cant. 
These include blood loss, wound healing, postop-
erative infection, HIV and hepatitis status of the 
patient, as well as concerns with long-term out-
comes. In contrast with the shoulder experience, 
reconstructive surgery of the knee in hemophili-
acs is well reported and has been largely success-
ful [ 12 ]. 

 In a study by Dalzell et al., two patients with 
hemophilia who underwent hemiarthroplasty were 
studied. The results in each case revealed a 
decrease in pain and an increase in ROM and func-
tion postoperatively. These fi ndings suggest that 
hemiarthroplasty with postoperative physiother-
apy may be a feasible option to manage severe, 
chronic, and progressing shoulder pain as a result 
of hemophilic arthropathy of the shoulder [ 13 ]. 

 In a more recent study from 2011, seven shoul-
ders were examined in six patients [ 12 ]. The aver-
age age of the patients was 47.6 years of age, and 
follow-up averaged 13.8 years. Total  shoulder 
arthroplasty was performed on four shoulders, and 
in three cases hemiarthroplasty was chosen due to 
defi cient bone stock in the glenoid site. In those 
three cases, a bone graft was done of the desiccated 
humeral head. Due to the prevalence of cysts, a TC 
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is necessary for these patients in order to evaluate 
the bone stock at the glenoid site before surgery. 

 In fi ve patients (six shoulders), there was a 
decrease in pain. The average for preoperative 
pain was 4.8, while postoperative pain was 
reduced to an average of 1.9. The average range 
of fl exion increased from 106° to 131°, and exter-
nal rotation increased from 20.7° to 40°. There 
was a decrease in average internal rotation, which 
went from L2 preoperative to L4 postoperative. 

 Based on the modifi ed Neer score, there were 
two excellent, four satisfactory, and one unsatis-
factory result. None of the shoulders required 
revision or reoperation. 

 Their results were better in total shoulder 
arthroplasty than in hemiarthroplasty, but the 
number of patients was too small to demonstrate 
a statistical difference. They concluded that total 
shoulder arthroplasty in hemophiliac patients 
may produce good results, but it is necessary to 
conduct in-depth preoperative analysis and con-
fer with a hematologist to decrease the incidence 

of complications and obtain a favorable outcome 
[ 11 ,  12 ] (Fig.  5.3 )

5.4.4       Arthrodesis 

 In recent years, arthrodesis has been almost aban-
doned in favor of shoulder prosthesis, though it 
offers the advantages of greater longevity, more 
strength in the extremity, and lower rates of infec-
tion. Arthrodesis must be performed on the joint 
with 20–30° of abduction, 30° of fl exion, and 
30–40° of internal rotation. 

 In classic studies the incidence of pseudar-
throsis was elevated due to the use of the arthrod-
esis technique in only one plane. Currently, the 
complication rate of arthrodesis has decreased as 
it is performed in three planes by joining the gle-
nohumeral, coracohumeral, and acromiohumeral 
joints [ 8 ]. There is, however, no experience of 
arthrodesis in the hemophilic shoulder and the 
majority of patients prefer an arthroplasty.   

a b

  Fig. 5.3    Total shoulder arthroplasty in a patient with 
haemophilic arthropathy. ( a ) AP radiograph two years 
after surgery. ( b ) 5 years after surgery there is obvious 

loosening of the glenoid component with superior tilting 
(Courtesy of Dr. John W. Sperling)       
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   Conclusions 

 The shoulder is the fourth most common joint 
affected by recurrent hemarthroses in hemo-
philia. During the initial phases of the dis-
ease, synovectomy can reduce the joint 
damage and improve patient’s symptoms. 
When the joint is severely damaged, shoulder 
replacement may be the only option for treat-
ment. Replacement of the joint yields to satis-
factory pain relief, especially when a glenoid 
component can be implanted. In cases with 
glenoid bone stock defi cit, it may be impos-
sible to replace it and hemiarthroplasty may 
be the only option.     
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6.1            Introduction 

 The elbow joint is the most affected joint in 
hemophilic arthropathy after the knees. The num-
ber of bleeding episodes is correlated with the 
degree of articular degeneration, so the actual 
standard of care is to reduce the number of bleed-
ing episodes through prophylactic factor replace-
ment therapy. When the prophylactic therapy is 
unsuccessful and bleeding episodes continue, 
synovitis may cause pain and loss of motion and 
radiosynovectomy can be effective in managing 
patients’ symptoms. Surgical synovectomy, with 
or without radial head resection, is limited to 
patients with persistent synovitis after appropri-
ate conservative management. Elbow arthro-
plasty can produce benefi ts in patients with 
advanced degenerative disease with an improve-
ment of elbow pain and function at the cost of an 
increased rate of complications.  

6.2    Epidemiology 

 The elbow joint is the most common site of arthrop-
athy after the knee joint. The exact causes of this 
are unknown, but the high degree of  congruity of 
the joint and the degree of fl exion- extension may 
produce synovial impingement at the end of motion 
that can produce subsequent episodes of infl amma-
tion and bleeding in a predisposed infl amed 
synovium after a fi rst bleeding episode. Patients 
may become symptomatic at early ages (under 10) 
with symptoms advancing towards arthropathy in 
the twenties. Successful replacement factor strate-
gies may delay these changes.  

6.3    Clinical Findings 

 The clinical fi ndings of patients with hemophilia 
are dependent on the degree of synovitis and 
articular damage and differ in the cases with 
acute bleeds and chronic symptoms from persis-
tent synovitis and cartilage degeneration. 

 Patient with acute bleeds typically shows an 
increased joint volume with decreased and pain-
ful range of motion with an exacerbation at the 
end points of motion. The fi rst episodes may start 
as young as 2 years of age. The skin may be 
shinny and show ecchymosis and other joints 
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may be affected too. In fi rst time episodes, the 
medical history should be directed towards the 
family history but usually patients have already 
been diagnosed by the time of their fi rst intra- 
articular bleed. This fi rst episode may produce a 
synovial hypertrophy if the amount of bleeding 
exceeds the capacity of the synovium to remove 
the amount of blood. This hypertrophic synovium 
is very vascular, so little trauma may produce 
new episodes of hemorrhage and perpetuate and 
enhance the hypertrophy of the synovium so 
some patients may show repetitive cases of bleed-
ing with acute synovitis. 

 Patients with chronic symptoms usually show 
impingement signs at the end of the arc of motion 
probably due to impingement of the anterior 
synovium in fl exion and the posterior synovium 
in extension. It is yet unclear whether the carti-
lage degeneration is due to chemical mediators 
from an infl amed synovial tissue or arises from 
direct chemical damage from the contact with 
blood, but cartilage damage may be observed in 
cases with more recurrent bleeding episodes. 

 Patients show limitation of forearm rotation, 
pronation being affected the fi rst, which can 
decrease signifi cantly their overall function. 
Degenerative changes of the elbow joint start at 
the radiocapitellar side with marked hypertrophy 
of the radial head. 

 As the ulnohumeral joint degenerates, the 
fl exion-extension arc is restricted and activities 
against resistance in this plane of motion may 
become painful. Some patients may show signs 
of ulnar neuritis due to secondary compression 
due to chronic synovitis. Patients with more 
advanced symptoms usually show a valgus 
alignment of the elbow with subluxation of the 
radial head and marked widening of the troch-
lear notch with marked pain and stiffness of the 
elbow joint.  

6.4    Radiological Findings 

 The radiological fi ndings can be divided into fi ve 
stages for the Arnold-Hilgartner classifi cation 
with progressive joint involvement, although a 

modifi ed classifi cation leaving out stage II is fre-
quently used [ 1 ]. This classifi cation may guide 
treatment and stages III and lower can salvage the 
joint. Petersson et al. developed another classifi -
cation ranging from 0 to 13 points (best to worse) 
where they evaluated the degree of osteoporosis, 
enlargement of the epiphysis, irregularity of the 
subchondral surface, narrowing of the joint 
space, formation of subchondral cysts, erosions 
at the margins of the joint, incongruence between 
the surfaces of the joints, and deformity of the 
joint considering the most affected joint of the 
elbow, usually the ulnohumeral joint [ 2 ] 
(Figs.  6.1 ,  6.2 , and  6.3 ). It is somehow cumber-
some for daily practice, but using three items 
(narrowing of joint space, irregular subchondral 
surface, and erosion of joint margins) can be 
fairly reliable. However, plain radiographs are 
unable to show all the lesions produced by the 
disease and more advanced imaging techniques 
are recommended [ 3 ].

     Magnetic resonance imaging (MRI) and ultra-
sound may show marked signs of synovial hyper-
trophy in radiologic stages I and II. High-quality 
MRI may show the different degrees of cartilage 
erosion in stages II and III and can be decisive to 
make a correct indication for surgery. Specifi cally, 
MRI is the most useful technique to detect persis-
tent synovitis and joint effusion and is particu-
larly useful to detect early degrees of arthropathy 
[ 4 ]. MRI has increased costs and a combined 
method of radiographic and ultrasound follow-up 
may be a feasible alternative.  

6.5    Management 

6.5.1    Conservative Management 

 Conservative management predates any form of 
surgical management of elbow hemophilia. 
Primary pharmacologic prophylaxis is the treat-
ment of choice as it may reduce the chance of 
having the fi rst hemorrhagic episode that can 
start the cascade of synovial hypertrophy with 
increasing risk of subsequent bleeding epi-
sodes. Delaying prophylactic treatment has 
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shown in a defi nite deterioration in radiological 
scores for every year after the fi rst joint bleeds 
[ 5 ]. The forms of prophylaxis may vary from 
weekly injections to full form treatment that 
may require a central venous access, and the 
choice has to be made depending on patient and 
attending to  center factors, including cost 
issues. 

 When a bleeding episode ensues, all efforts 
are directed towards aggressive medical treat-
ment of major hemorrhages and chronic hemo-
philic synovitis to prevent hemophilic arthropathy. 
Other conservative measures such as radiosyno-
vectomy with different chemical agents have 
been very effective in the treatment of persistent 
synovitis. Physiotherapy is important in manag-
ing these patients to prevent fl exion deformities 
and maximizing range of motion. 

 The range of surgical options in the hemophil-
iac elbow depends on the degree of symptoms 

and pathology. Persistent synovitis after adequate 
medical treatment is subject to synovectomy 
which can be performed open or arthroscopically. 
Many patients with chronic synovitis may have 
radiocapitellar degeneration and an associated 
radial head removal can be performed. Only 
patients with persistent pain and loss of function 
and severe destruction of the joint are candidates 
for total elbow replacement.  

6.5.2    Synovectomy 

 It is yet unclear if there is a direct relationship 
between synovitis and cartilage degeneration or if 
the cartilage is in fact directly affected by the con-
tact with blood, but synovectomy may be indi-
cated with persistent symptoms of synovitis with 
no response to conservative measures. It seems 
that synovectomy is an appropriate treatment to 

a b

  Fig. 6.1    Anteroposterior ( a ) and lateral ( b ) radiograph of 
the elbow showing slightly decrease of the joint line 
width, subchondral cysts, and mild widening of the troch-

lear notch (corresponding to a grade III in the Arnold- 
Hilgartner classifi cation)       
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delay joint degeneration, more so if performed 
early [ 6 ]. 

 While the incidence of bleeding is signifi cantly 
decreased after surgical synovectomy, it is not nec-
essarily associated with a cessation of the progres-
sion of joint pathology. Reduced incidence of 
bleeds following postsurgical synovectomy may 
serve to delay reconstructive operations until a later 
period in life. Eventually, the disease proceeds to 
end-stage arthropathy and joint function corre-
spondingly decreases with age. Patients should be 
managed conservatively with therapeutic doses of 

factor concentrate replacement for a reasonable 
period of time in an effort to avoid surgical treat-
ment [ 7 ]. 

   Indication for Synovectomy 
 The senior author (ECR-M) favors using radio-
synovectomy in children older than 12 years of 
age, arthroscopic synovectomy in patients under 
that age, limiting open surgery for adults requir-
ing radial head removal due to severe limitation 
and synovectomy in the same surgical session 
[ 8 ]. However, recent advancements in surgical 

a b

  Fig. 6.2    Anteroposterior ( a ) and lateral ( b ) radiograph of 
the patient in Fig.  6.1  5 years later. The articular surface is 
narrowed and the widening of the trochlear notch is 

increased. The radiocapitellar joint is the fi rst part of the 
joint to show signs of the disease       
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technique and instrumentation have fostered the 
use of arthroscopic surgery as a valuable tool in 
the treatment of these patients [ 9 ].  

   Open Surgical Synovectomy 
 Patients are positioned supine with the arm rest-
ing on an arm rest. The limb is exsanguinated and 
a Kocher approach to the elbow is used. The 
interval between the anconeus and the extensor 
carpi ulnaris is identifi ed by palpation or identifi -
cation of a fat strip in the distal part of the inter-
val. The dissection is carried out to the capsule 
and it is incised just anterior to the lateral collat-
eral ligament. Working with the forearm in pro-
nation increases the safe distance to the posterior 
interosseous nerve. If a radial head resection is to 
be performed, Hohmann retractors are placed 
around the radial neck and a subcapital osteot-
omy using an oscillating saw is performed. The 
axis of the neck cut should be perpendicular to 
the axial alignment of the radius and the height 
should be just distal to the lesser sigmoid notch. 
Synovectomy is easily performed with dedicated 
rongeurs through the space provided by the radial 
head resection including the anterior and poste-
rior aspects of the joint. If access to the posterior 
part of the joint is limited, extension of the elbow 

and slight elevation of the triceps may improve 
the exposure. 

 If the radial head is not resected, access may 
be limited by the presence of the radial head. 
Extending the approach proximally may facili-
tate synovectomy of the hypertrophied synovial 
tissue. In these cases, it is probable that an 
arthroscopic technique increases our ability to 
remove all the diseased tissue. 

 Osteophytes limiting fl exion and extension 
should be removed and waxed to prevent postop-
erative bleeding. Standard closure is performed 
with interrupted closure of the forearm fascia 
with a deep suction drain. A compressive dress-
ing is applied with a posterior plaster splint in 90° 
elbow fl exion and supination is applied.  

   Arthroscopic Synovectomy 
 We place patients in the lateral decubitus with the 
affected arm on a dedicated arm holder and under 
tourniquet control. We insuffl ate the joint with 
saline through the soft spot to facilitate introduc-
tion of the arthroscope. Our fi rst portal is a proxi-
mal anteromedial portal. Patients should be 
assessed preoperatively as to the existence of 
ulnar nerve subluxation. If this is the case, we 
perform an anterior transposition of the nerve 

a b

  Fig. 6.3    Anteroposterior ( a ) and lateral ( b ) elbow radiographs with marked hypertrophy of the radial head that limited 
forearm pronation. Additionally, some signs of advanced hemophilic arthropathy can be seen       
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through an open approach and then proceed to 
the arthroscopic synovectomy. 

 Our second portal is an anterolateral portal 
performed with an outside-in technique and it 
should give access to remove all the disease 
synovium in the anterior compartment by 
exchanging viewing and working portals. 
Synovectomy is achieved with the use of a motor-
ized shaver. Posterior synovectomy is used 
through a mid-triceps portal, an accessory lateral 
portal, and a soft spot portal. If there is bony 
impingement, bone resection with a burr can be 
achieved. The portals are closed with horizontal 
mattress sutures over a drain placed in the poste-
rior compartment. Postoperative indications are 
similar to the open technique.  

   Results of Synovectomy 
 Le Balc’h et al. reported their results in 23 elbows 
in 18 patients in young patients (mean, 14 years 
of age) with a severe defi ciency (>1 %) with a 
minimum follow-up of 18 months. The indica-
tion for surgery was recurrent episodes of bleed-
ing despite substitutive treatment for each 
episode, mainly with lateral elbow pain. The age 
was related to the degree of pain. An increase in 
motion was observed in 23 elbows (pronosupina-
tion in 9 elbows and fl exion-extension in 14 
elbows). Four patients reported recurrent bleed-
ing episodes and pain persisted in three. They 
reported the use of radial head removal in the old-
est patients (the oldest being 25 years old) if 
radiocapitellar wear was present and considered 
the presence of inhibitor a contraindication to the 
procedure [ 10 ]. 

 Pietrogrande et al. described their short-term 
experience using open synovectomy in three 
cases due to failure to control the incidence of 
hemarthrosis with persistent synovitis. 
Synovectomy reduced but not abolished the inci-
dence of hemarthrosis, but episodes were usually 
less severe and incapacitating. Joint mobility was 
reduced after surgery despite prolonged physio-
therapy although patients were usually satisfi ed 
due to an increase in the activity they could lead 
because of a decreased number of bleeds [ 11 ]. 

 Kay et al. reported on the use of elbow syno-
vectomy in 12 elbows with a minimum 1-year 

follow-up for the indication of recurrent bleeding 
episodes not responding to adequate factor 
replacement therapy. The number of bleeding 
episodes went from 24 episodes per year to three 
episodes per year with complications occurring 
in 25 % of the cases. Six patients gained a mean 
of 11° of fl exion-extension arc while fi ve patients 
lost an average of 28° [ 6 ]. 

 Verma et al. reported the results of arthroscopic 
synovectomy of the elbow in a group of patients 
with persistent synovitis after medical treatment. 
The authors state that arthroscopy has the benefi t 
of performing an effective synovectomy while at 
the same time being able to debride intra- articular 
adhesions, capsular release, and osteophyte 
resection. A signifi cant improvement in pain and 
range of motion and function and a decrease in 
the number of bleeds were observed at last fol-
low- up [ 9 ].   

6.5.3    Total Elbow Arthroplasty 

 Most modern authors have used total elbow 
arthroplasty (TEA) for the management of 
advanced hemophilic arthropathy although there 
is limited experience with the use of interposition 
arthroplasty as a salvage surgery without the use 
of implants. Smith et al. used a sheet of silicone 
rubber as an interposition membrane after a lim-
ited excision arthroplasty in six patients. They 
reported no complications and reported an 
increase in function and pain relief. Additionally 
they showed a reduced rate of hemorrhage epi-
sodes after the index procedure [ 12 ]. 

 Butler-Manuel et al. used silastic interposition 
arthroplasty in severe hemophilic arthropathy in 
thirteen cases with a 5-year follow-up. Patients 
improved in pain and function. They reported 
three complications, one for infection and two 
due to failure of the silastic implant at a minimum 
of 5-year follow-up. However, these patients 
underwent successful revision surgery [ 13 ]. 

   Total Elbow Arthroplasty 
 Total elbow arthroplasty is used for grade III–IV 
hemophiliac arthropathy which includes changes 
in the axial alignment of the limb, so linked 
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elbow arthroplasty is the implant of choice. 
Patient satisfaction is generally high specifi cally 
for pain relief, but patients should be advised that 
implant survival is less than for other indications 
and complications are increased when compared 
to other indications, specifi cally infection and 
loosening [ 14 ]. Almost all authors have used a 
hinged (TEA) in the more  modern studies. 
Anecdotally, Street and Stevens reported their 
use of a metallic hemiarthroplasty of the trochlea 
and capitellum in two cases of ankylosed elbows 
after hemophiliac disease with unpredictable 
results [ 15 ].  

   Surgical Technique 
 All of these patients have to undergo adequate 
factor replacement surgery perioperatively to 
control perioperative episodes of hemorrhage. 
These procedures are performed under tourniquet 
control and appropriate hemostasis throughout 
the procedure. The patients are usually placed 
supine and a posterior skin incision with ulnar 
nerve dissection and anterior transposition is 
used. The triceps can be managed as desired but 
adequate space to perform the anterior and poste-
rior capsulotomies and synovectomies and bony 
cuts to implant the arthroplasty are developed. 
Our preference is to use antibiotic-loaded cement 
to fi x the arthroplasty. A semi-constrained linked 
implant is our choice as good functional out-
comes can be expected [ 16 ]. Good attention to 
implant alignment is critical as it will probably 
reduce the stress on the arthroplasty interface and 
help improve the longevity. After standard clo-
sure, the elbow is placed in a well-padded cast in 
extension and elevation to limit bleeding.  

   Results of Elbow Arthroplasty 
 Chapman-Sheath et al. reported their results 
using a (TEA) in seven cases for fi ve consecutive 
patients with severe hemophilia A after a mean 
follow-up of 42 months. All patients obtained 
excellent pain relief and more modest gains in 
function. The authors report one infection in an 
inmunocompromised patient with HIV and HCV 
antibodies on antiretroviral drugs. They revised 
the implant using one-stage procedure 30 months 
after the index surgery and showed no evidence 

of loosening or infection 35 months after the 
revision surgery [ 17 ]. 

 Marshall Brooks et al. reported their experi-
ence using seven (TEAs) in six patients for severe 
factor VII and IX defi ciency (four and two 
patients, respectively). Mean age at the time of 
surgery was 34 years of age with a mean follow-
up of 118 months. At a mean of 19.2 months, 
range of motion was improved in fi ve of seven 
cases with modest gains both in fl exion (from 
111° preoperative to 120° postoperative) and 
extension (44° preoperative to 37° postopera-
tive). At 118 months, all implants were function-
ing with reduced pain and preserved function 
with ability to perform normal daily activities. 
One patient required a revision surgery at 
30 months’ postoperatively for ulnar component 
loosening, and the same patients underwent an 
excision arthroplasty for a  S. epidermidis  infec-
tion 15 years’ postoperatively [ 18 ]. 

 Sorbie et al. analyzed the long-term results of the 
Sorbie-Questor implant, an unlinked surface arthro-
plasty, implanted between 1995 and 2005 for hemo-
philia, rheumatoid arthritis, and other indications, 
including posttraumatic conditions. The patients 
with hemophilic arthropathy showed the greatest 
survival rate of all the groups with an 87.5 % sur-
vival rate at long-term follow-up. These patients 
showed an increase in fl exion- extension arc of the 
elbow and decreased pain. The authors concluded 
the long-term effectiveness of the procedure [ 19 ]. 

 Wang et al. reported their experience using 
bilateral total elbow arthroplasty (TEA) in three 
patients with a mean follow-up of 3 years. The 
MEPS (Mayo Elbow Performance Score) showed 
good or excellent results in fi ve of the six arthro-
plasties. The authors showed an increase in 
patient complications and modest functional 
gains with good pain relief [ 14 ]. 

 Kamineni et al. reported on the use of a linked 
elbow implant in fi ve cases with grade III and IV 
hemophilic arthropathies, all being HIV positive 
[ 16 ]. The patients improved their MEPS from 24 
points preoperatively to 90 points postoperatively. 
At fi nal follow-up, all arthroplasties were in place 
except one that had to be removed 2 months’ post-
operatively after infection. Of note, three out of fi ve 
patients had a complication, two of them requiring 
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a reintervention. One patient with an inhibitor had 
an acute hemorrhage and developed wound necro-
sis and a deep infection by Bacillus species. The 
implant had to be removed, and wound coverage 
with a fl exor carpi ulnaris fl ap and split thickness 
skin graft eventually healed the wound. There was 
another infection 4 years’ postoperatively due to an 
hematogenous  Staphylococcus aureus  that was 
treated with debridement, removal of the linking 
mechanism, an antibiotic spacer, and intravenous 
antibiotics for 2 months with reimplantation of the 
prostheses after the infl ammatory markers returned 
to normal and survival of the implant thereafter. 
Another patient had persistent pain but more local-
ized and did not require reintervention. Two patients 
showed radiolucent lines, and one of them could be 
classifi ed as an aseptic loosening with progressive 
radiolucent lines but did not require a 
reintervention.   

   Conclusions 

 Appropriate management of elbow problems 
in hemophilic patients includes coordinated 
care with an emphasis in adequate preventive 
measures. If conservative management of 
bleeding episodes fails, synovectomy, with or 
without radial head removal, decreases the 
number of bleeding episodes and improves 
function, specifi cally forearm rotation. Total 
elbow arthroplasty is reserved for the more 
advanced arthropathy cases that are willing to 
comply with postoperative restrictions, but it 
improves pain management and function at 
the cost of an increased rate of complications.      
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7.1            Introduction 

 Although the knee is the most frequent joint to be 
affected in hemophilic arthropathy, the epiphyses 
of the femoral heads undergo typical changes that 
severely disable these patients. A recent study 
from the Universal Data Collection database 
reported that the prevalence of clinical abnormal-
ities in the hip is related to the severity of the 
hemophilia, the type of the inhibitor concomitant 
ankle arthropathy, age, and obesity [ 1 ]. 

 Different authors published the fi rst case 
reports in the 1930s describing radiographic 
changes in some hips. Winston described the 
pathology in the hemophilic hip in a series of 
seven patients [ 2 ]. He emphasized three impor-
tant fi ndings: the importance of the appearance 
of hip pathology before or after puberty, the 
proper description of the mechanism of the 
pathology, and the possible relationship to other 
joint disorders. Before then Löhr had reported 
the fl attening and irregularities observed in the 
hip epiphyses of children due to hemorrhages 
and weight bearing [ 3 ]. Probably, the intraepiph-
yseal hemorrhage is the most important con-
tributor to damage and collapse, although the 
different patterns observed also suggest that the 

degree of damage is the result of a combination 
of the severity and the sites of the hemorrhages 
[ 2 ]. In the young adult, femoral head collapse is 
not frequent and cyst formation and arthritic 
changes are similar to degenerative primary 
osteoarthritis. These patients also frequently 
present a certain degree of bone density loss. 

 The mechanism behind avascular necrosis in 
hemophilia remains unclear [ 4 ]. It has been sug-
gested that the occlusion of the epiphyseal ves-
sels could be the cause of necrosis due to 
hemarthrosis [ 4 ,  5 ]. Paton and Evans observed 
an absence of pain in a series of three patients 
with necrosis and they thought this could be 
explained by the absence of signifi cant hemor-
rhage [ 6 ]. They suggested that mild trauma and 
the defect in blood coagulation resulted in 
bleeding into the joint after the damage to the 
critical irrigation of the femoral head. Pettersson 
et al., after reviewing the clinical and radiologi-
cal fi ndings in patients before or after the era of 
factor therapy introduction, observed that there 
were typical characteristics of Legg-Calvé-
Perthes disease, suggesting that hip joint bleed-
ing and the subsequent distension increased 
intracapsular disease [ 7 ]. Different deformities 
occur in the proximal femur including a small 
femoral canal, malalignment, and torsional dis-
orders. To date, poor bone quality is associated 
with acetabular protrusio and the frequent con-
tractures, producing fi brosis which limits the 
normal function of the hip.  
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7.2     Management of Hip 
Hemophilic Arthropathy 

 Recent years have shown that the continuous pro-
phylaxis in developed countries can decrease the 
number of episodes of bleeding and their compli-
cations; however, the musculoskeletal disorders, 
particularly arthropathy, continue to present prob-
lems, even in young patients. 

 Although different surgical treatments have 
been reported, like synovectomy, particularly 
for other joints, for the hip, total hip arthro-
plasty (THA) provides the best clinical out-
come for most patients and improves their 
quality of life [ 8 ]. 

 Anesthesia is another issue for these patients. 
Although a spinal regional block can be per-
formed after the proper preoperative hematologi-
cal control, most surgeries are being done under 
general anesthesia. Factor substitution is critical 
before and after surgery. Bellingham et al., in one 
of the fi rst cases, reported the safety of a cemented 
hemiarthroplasty using a prophylactic therapy 
with cryoprecipitate in a 21-year-old male patient 
who had sustained a femoral neck fracture [ 9 ]. 
With the proper medical management, signifi cant 
bleeding in the perioperative period is not fre-
quent and is usually similar to patients undergo-
ing THA due to other causes. Hematological 
monitoring is done until wound healing, usually 
2 weeks. 

 As in other degenerative hip pathologies, fem-
oral osteotomies attempt to relieve pain and 
improve functional ability for these patients; 
however, results are not conclusive in hemophilic 
arthropathy [ 10 ]. The good results reported for 
THA in hemophilic patients need to be evaluated, 
particularly in some aspects [ 11 ]. 

 Augereau et al. reported a very low rate of 
complications in 13 cemented arthroplasties 
[ 12 ]; however, later studies have reported 
 inferior results in these patients than in non-
hemophilic THAs mostly due to the young age 
and other hemophilic-related factors, such as 
human immunodefi ciency virus (HIV) infection 

[ 13 – 15 ]. Most authors agree that a higher infec-
tion rate and aseptic loosening rate can be 
expected than in patients diagnosed with 
 primary osteoarthritis who undergo THA. The 
use of factor as prophylaxis could reduce the 
incidence of asymptomatic bleeding around 
the implants and the appearance of loosening in 
the cement-bone interface [ 15 ]. THA has also 
been demonstrated to be a useful procedure for 
spontaneous ankylosed hips in patients diag-
nosed with hemophilia [ 16 ]. Sikkema et al. 
reported in a matched case-control study showed 
similar results for patients with and without 
bleeding disorders, so with proper medical and 
surgical management, success can be expected 
for THA in hemophilic patients [ 17 ]. 

 Although cemented fi xation has been recom-
mended due to poor bone quality, cementless 
fi xation is being used. Habermann et al. reported 
no failures when using hybrid or cementless 
THA, so, although they initially used cemented 
THAs in hemophilic hip arthropathy, they rec-
ommended cementless implants that provide 
good long-term results for these young patients 
since no aseptic or septic loosening has been 
observed [ 18 ]. Later, Yoo et al. also reported the 
good results of cementless THA in a series of 27 
hips with a minimum follow-up of 5 years; there 
were only two failures due to wear and cup 
 loosening [ 19 ] (Fig.  7.1 ). Due to these reasons, 
alternative bearing surfaces are being used in 
order to decrease long-term wear-related 
 problems as is done in other conditions [ 20 ]. 
Our current recommendations for THA in these 
young hemophilic patients are cementless fi xa-
tion and an alumina-on- alumina bearing surface 
[ 21 ] (Fig.  7.2 ).

    Revision hip surgery remains a challenge 
for the orthopedic surgeon, particularly when a 
major bone defect is present [ 22 ]. Thus, young 
age of hemophilic patients is another concern 
regarding the best reconstruction for their hips. 
The incidence of this surgery is increasing 
since better medical management has been 
developed and physical activity remains a 
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higher level than some decades ago. 
Management of bone loss is the most critical 
issue in these young adult patients, and impac-
tion grafting, for both acetabular and femoral 
sides, is one of the best options for these 
patients [ 23 ,  24 ] (Fig.  7.3 )

7.3        Muscular Disorders 
of the Hip in the Hemophilic 
Patient 

 Other characteristics of the pathology that affect 
the musculoskeletal system in hemophiliac 

a

c

b

  Fig. 7.1    ( a ) Preoperative radiograph of a 49-year-old 
patient with hip hemophiliac arthropathy. An osteopenic 
acetabulum and a funnel-shaped femoral canal can be 
observed. ( b ) Radiograph of the same patient at the fi rst 
postoperative week with a cementless press-fi t cup and a 

cementless stem. The bearing surface is an alumina-on- 
alumina couple. ( c ) Radiograph of the same patient done 
during the second postoperative year. Note the radiologi-
cal signs of osteointegration of both acetabular and femo-
ral cementless components       
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patients are muscular disorders. Goodfellow 
et al. described a series of 24 patients diag-
nosed with classical hemophilia with the typi-
cal symptoms of iliacus hematoma [ 25 ]. Pain in 
the groin in the absence of a signifi cant trauma 
was the most important fi nding, and it could be 
acute or insidious. Flexion contracture in exter-
nal rotation with preservation of movements of 
the hip joint but extension was also other fre-
quent sign. Another fi nding observed was fem-
oral nerve palsy due to compression and a mass 
in the iliac fossa. 

 The appearance of muscle hematomas can 
be spontaneous, and hematological treatment is 
required before further complications develop 
[ 26 ]. Since this process may take several weeks, 
a hemophilic pseudotumor can develop due to 
the appearance of new bleedings. This fi nding 
can be the source of new disorders in the mus-
culoskeletal system, and because it may destroy 
bone and soft tissue, resection can become very 
diffi cult, particularly for a pelvic pseudotumor 

[ 27 ]; however, with proper management includ-
ing a multidisciplinary approach, a satisfactory 
outcome can be obtained. A typical site for 
hematomas in patients with hemophilia is 
within the iliopsoas muscle [ 28 ]. The anatomy 
and size of this muscle motivate the large vol-
ume of the mass, and, to date, muscular and 
femoral nerve involvement has been frequently 
reported, as well as re- bleeding. Groin pain and 
contractures are frequently seen, and manage-
ment of a hematoma can be conservative: rest, 
physical therapy, and long-term hemostatic 
therapy. However, the  clinician must be alert to 
the possibility of muscular affectations in order 
to prevent complications. Ultrasound-guided 
percutaneous drainage is a current option before 
surgery for some hematomas, although recur-
rence is still relatively frequent [ 29 ]. At the 
long term, the appearance of heterotopic ossifi -
cation can develop into a myositis ossifi cans 
that will affect the joint function and may 
necessitate surgery.  

a b

  Fig. 7.2    ( a ) Anteroposterior pelvic radiograph of a 
56- year-old male patient showing hemophilic arthropathy 
of both hips. Note deformity in both femoral heads, 
osteopenic acetabulum, and dysplastic cylindrical femur. 
( b ) Anteroposterior pelvic radiograph during the third 

and second postoperative year after bilateral alumina-on- 
alumina cementless total hip arthroplasty of the same 
patient. These cementless cups needed screw for a proper 
primary fi xation       
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   Conclusions 

 Although hip affectation is relatively rare in 
hemophilia, when it occurs it generally requires 
a THA to safeguard their mobility and quality 
of life. Current implants and alternate bearing 
surface may improve clinical and radiological 
outcome of these patients. While hip pain and 

functional impairment are usually due to 
arthropathy, hemophilic patients can also pres-
ent muscular disorders with similar symptoms 
and can produce serious complications. These 
patients require close monitoring by a multi-
disciplinary team to successfully manage the 
musculoskeletal affectation of the hip.     

a

c

b

  Fig. 7.3    ( a ) Radiograph showing aseptic loosening of a 
cemented low-friction arthroplasty of a 62-year-old 
hemophilic patient at the tenth postoperative year. There 
was an intraoperative segmental and cavitary bone defect 
in both acetabular and femoral sides. ( b ) Sixth postopera-
tive week radiograph of the same patient after reconstruc-
tion hip surgery with impaction bone grafting and 

cemented implants. A medial mesh was needed in the 
acetabulum prior to grafting and an extended femoral 
osteotomy in the femur to remove the implant and the 
cement. ( c ) Second postoperative year radiograph of 
the same patient. Bone remodeling and stable fi xation can 
be observed on both acetabular and femoral sides       
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8.1            Introduction 

 Orthopedic knee problems are very frequent in 
hemophilia. Taking into consideration the signifi -
cant hematological progress in handling hemo-
philia (primary prophylaxis) in recent decades, 
for a long time now, we have thought and hoped 
that orthopedic surgeons would no longer be nec-
essary in the treatment of the frequent knee prob-
lems that patients with hemophilia suffer. 
Unfortunately, to this time, that wish has not come 
true. In the 40 years that we have been working on 
the musculoskeletal problems of the knee in 
hemophilia, we have never stopped operating to 
resolver multiple problems, from the simple 
draining of a hemarthrosis (joint aspiration or 
arthrocentesis) to performing a total knee replace-
ment (TKR), whether primary or for revision. 

 In this chapter, we will analyze orthopedic 
knee problems in hemophilia and the surgical 
techniques that can be used to relieve these prob-
lems. What we present as follows are concepts 
based on 40 years of experience, which have 
provided relief to the knees of hemophiliac 
patients.  

8.2    General Concepts 

 In some countries (20–30 % of the world popula-
tion), the orthopedic problems of hemophilia 
have reduced since the prophylaxis of the disease 
was introduced in them [ 1 ]. In this way, in these 
countries, they have managed to turn serious 
hemophilia into a milder type of hemophilia, 
maintaining the factor level above 1 % perma-
nently [ 2 ]. This achievement has not been easy, 
due to the enormous economic problem it repre-
sents, as well as the diffi culty in achieving intra-
venous lines in patients with hemophilia (catheter 
infection, repeated vein punctures from early 
childhood, etc.). Patients in primary prophylaxis 
can even enjoy sporting activities similar to those 
performed by the general population [ 3 ]. 

 Other developed countries do not use the 
abovementioned prophylaxis in its primary form 
(i.e., starting at 2 years of age before the appear-
ance of the fi rst hemarthrosis) but rather its sec-
ondary form (i.e., starting it as decided by each 
hematologist at a slightly later age, when some 
hemarthrosis have already occurred). 

 The huge economic cost of primary prophylaxis 
means that 70–80 % of the world’s hemophiliac 
population does not have access to that treatment; 
what is more, some regions of the world do not 
even have access to the on-demand treatment, that 
is, the defi cit factor replacement therapy when a 
hemorrhagic episode occurs (hemarthrosis). 

 We live in a world in which we know quite a lot 
about the ideal treatment of the disease, but in which 
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we cannot always carry it out. In Spain, the health 
authorities do not restrict the treatment of people 
with hemophilia, and nowadays, hemophiliac chil-
dren display a much better musculoskeletal situa-
tion than 40 years ago; however, the children of that 
time are now adults, who, despite being lucky 
enough to have survived the HIV epidemic, suffer 
serious articular knee complications, which often 
require an orthopedic surgeon. The most problem-
atic patients are those who develop inhibitors, 
although we can now perform orthopedic knee pro-
cedures on them with a high success rate [ 4 ]. 

 In hemophilia, it is essential to carry out an 
individual treatment plan for each patient. In the 
case of a surgical procedure, the hematological 
standard must be extremely careful, whereby it is 
the hematologist’s mission to assess the benefi t 
of treatment in bolus or in continuous infusion. In 
other words, the multidisciplinary team basically 
formed by a hematologist, orthopedic surgeon, 
rehabilitation physician, pediatrician, psycholo-
gist, physiotherapist, and a nurse is essential for 
the correct treatment of musculoskeletal knee 
problems in the hemophiliac patient. 

 These problems represent 80–90 % of the 
problems that people with hemophilia suffer 
throughout their lives. This means that the ortho-
pedic surgeon’s role is still essential in the con-
text of a multidisciplinary team [ 5 ]. 

 Sometimes it may be recommendable to per-
form double or triple surgery in one surgical act, 
in order to resolve the patient’s functional prob-
lem globally (due to the fact that the pathology 
is usually polyarticular). Undoubtedly this 
increases the risk of anesthesia, although, on the 
other hand, it can produce savings in the clotting 
factor and avoid repeated surgeries [ 6 ]. All sur-
gery must be carried out with intravenous anti-
biotic prophylaxis for 24–48 h and under the 
supervision and treatment of a hematologist 
who controls the hemostasis correctly.  

8.3     Articular Puncture (Drainage 
of Hemarthrosis) 

 An articular knee puncture is a simple but very 
effective procedure, which can be performed as 
an outpatient or in the patient’s bed. For that 

 reason, we believe it is reasonable to include 
articular puncture in this article as an orthopedic 
procedure. Articular punctures allow tension 
hemarthrosis to be drained [ 4 ,  7 – 9 ]. 
Ultrasonography is very useful in diagnosing 
hemarthrosis and also in confi rming its total dis-
appearance after the suitable treatment, that is, 
after on-demand hematological treatment at the 
appropriate intensity and duration, associated 
with the drainage of the hemarthrosis [ 10 ].  

8.4    Synovectomy 

 After recurrent hemarthrosis, the hemophiliac 
patient’s knee reaches a state of chronic synovi-
tis (synovial hypertrophy), which in turn perpet-
uates the tendency towards new bleeding 
(Fig.  8.1 ). The clinical diagnosis must be con-
fi rmed via imaging tests [ 10 ]. Under these cir-
cumstances, this hypertrophic synovial must be 
resected using nonsurgical (radiosynovectomy 
and chemical synovectomy) or surgical proce-
dures (arthroscopic or open synovectomy). The 
aim of both methods is to reduce the frequency 
and intensity of the hemarthrosis. Nowadays, 
surgical knee synovectomy is usually performed 
via arthroscopy [ 11 ].

  Fig. 8.1    Clinical image of intense chronic synovitis in a 
young hemophiliac patient. The problem was treated by 
radiosynovectomy with Yttrium-90       
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   In general, it is recommendable to perform a 
nonsurgical synovectomy before indicating any 
type of surgical synovectomy, given that the non-
surgical method is much simpler and easier (with 
similar effi cacy). We use radiosynovectomy with 
Yttrium-90 in children over 12 years of age, and 
we prefer arthroscopic synovectomy in children 
under that age. The dose we use for knee radio-
synovectomy is 185 MBq. Yttrium-90 is a pure 
beta-emitter, with therapeutic penetration power 
of 2.8 mm and an average life of 2.8 days. We 
have never used chemical synovectomy because 
it requires multiple painful weekly injections of 
rifampicin or oxytetracycline. 

 On the knee, arthroscopic synovectomy requires 
good perioperative hemostasis, as synovial tissue 
bleeds a lot. The appropriate clotting control via the 
infusion (continuous or bolus) of the defi cit factor 
is essential to prevent postoperative bleeding [ 5 ]. 
Arthroscopic synovectomy usually requires at least 
two entry points in order to resect as much synovial 
as possible [ 11 ]. After synovectomy (of any kind), 
it is recommended to use a compression bandage 
for 3–4 days and ensure the joint has limited mobil-
ity (that permitted by the bandage). 

 In summary, radiosynovectomy and ar throscop  
ic synovectomy are effective methods to control 
recurrent hemarthrosis of hemophiliac knee. We 
always empirically use radiosynovectomy with 
Yttrium-90 fi rst (1–3 intra-articular injections, with 
6-month intervals between them), with 70 % satis-
factory results. If after the three abovementioned 
radiosynovectomies, the hemarthroses continue, 
we would prescribe an arthroscopic synovectomy.  

8.5     Handling Knee Flexion 
Contractures 

 In patients with knee fl exion contractures, as long 
as the joint is conserved (i.e., there is no marked 
arthropathy), it is recommendable to fi rstly carry 
out conservative treatment based on progressive 
extension serial casting or a progressive exten-
sion orthosis. When this conservative method 
fails, it is recommendable to perform tendon 
lengthening that allows appropriate articular 
extension and, hence, better function of the 
affected joint. On the knee, this is achieved by 

lengthening the tendons of the popliteal fossa 
(hamstrings release) associated with the posterior 
capsulotomy [ 5 ]. Such procedures must be per-
formed when the contractures are moderated and 
the conservative treatment has failed. 

 For the treatment of knee fl exion contractures, 
and with the aim of achieving progressive exten-
sion, external fi xators can also be used (such as 
the Ilizarov circular fi xator). Fitting a fi xator 
requires a surgical procedure with very complex 
postoperative recovery. In the case of a fi xator for 
progressive extension, its extending device must 
be handled with care, to achieve a maximum 
extension of approximately 30° in 1 month (a 
daily grade). Subsequently, the fi xator must be 
removed and an orthosis fi tted that ensures the 
extension gained is maintained and even 
improved. What this procedure achieves is a slow 
but progressive extension of the periarticular soft 
tissues (including tendons, vessels, and nerves). 
Abrupt lengthening could cause a paresis of the 
peroneal nerve.  

8.6     Articular Arthroscopic 
Debridement 

 The arthroscopic debridement of the knee is usu-
ally performed on adult patients with severe 
arthropathy of the knee who are considered too 
young for TKR (these prostheses have an average 
life of 10–15 years). In short, it is a procedure 
that can relieve articular pain and bleeding for 
some years, and which delays the need for a 
TKR. An articular debridement consists of the 
resection of the existing osteophytes, in the extir-
pation of the synovial and in the curettage of the 
articular cartilage of the femoral condyles, tibial 
plateaus, and patella. Some authors do not believe 
in this procedure’s effectiveness, and they con-
sider that in cases of severe knee arthropathy, it is 
better to go directly to TKR, even in young 
patients. If the debridement fails, TKR can 
always be performed [ 5 ,  11 ]. Postoperative reha-
bilitation is essential as we must prevent loss of 
mobility, through appropriate control of the 
hemostasis and physiotherapy with a suitable 
protocol (in order to prevent postoperative 
bleeding).  
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8.7    Alignment Osteotomy 

 On certain occasions, during childhood or early 
adulthood, some hemophilic knees present alter-
ations of their normal axes. It is common for the 
knees to present varus, valgus, or fl exum atti-
tudes, depending on each case. When the mis-
aligned joint is symptomatic, the patient may 
benefi t from realignment osteotomy. The most 
common are the valgus proximal tibial osteot-
omy, the varus femoral supracondylar osteotomy, 
and the knee extension osteotomy [ 5 ]. After the 
osteotomy, the bone will have to be fi xed with 
some kind of osteosynthesis device. It is interest-
ing to point out that we have sometimes taken 
the opportunity to correct a contracture in pre-
fl exion of the knee while treating a supracondy-
lar femoral fracture. Once again, postoperative 
rehabilitation is essential to maintain mobility 
in the aligned joint. When the axial deviation 
occurs in a patient with intense and incapaci-
tating arthropathy in whom it is indicated to 
perform a TKR, during the same prosthetic 
procedure the prior deformity will also be 
corrected.  

8.8     Total Knee 
Replacement (TKR)  

 In the adult hemophiliac patient, TKR is the most 
common prosthetic procedure, and it is indicated 
when the pain and the functional incapacity are 
intense [ 5 ,  12 – 18 ]. It is sometimes advisable to 
operate on both knees at the same time, in order 
to achieve the correct function of the lower limbs. 
Other times it is preferable to fi rst operate on the 
most painful joint and then the other (after 
6 months). 

 Most TKR are variants of what was originally 
called total condylar prosthesis. The procedure is 
usually performed with ischemia of the member 
via a straight longitudinal incision and an internal 
para-patellar line. It is advisable to perform it 
with ischemia and bone cement with antibiotics. 

On completion of the implant, it is recommended 
to release the ischemia cuff to perform the best 
hemostasis possible. Suction drainage is nor-
mally fi tted as well as a compressive knee ban-
dage for 24–48 h. It is recommended to use 
intravenous antibiotic prophylaxis during 
24–48 h (cefazolin 1 g every 8 h). 

 After 24–48 h, the drainage and intravenous 
antibiotic prophylaxis are removed, so that by 
the third day, the patient starts the postoperative 
rehabilitation. The patient is usually hospital-
ized for 7–10 days. The aim is for the patient to 
leave the hospital on foot with the help of walk-
ing sticks, with a knee fl exion of 90° and total 
extension of the joint. The stitches or staples 
are usually removed after 2–3 weeks. The 
results of TKR in hemophilia have been quite 
satisfactory thus far (Fig.  8.2 ). Therefore, TKR 
is considered a good procedure in cases of 
severe knee arthropathy [ 5 ,  14 – 20 ]. The results 
are nearly comparable with those of osteoar-
thritis patients, and it can even be performed on 
patients with inhibitor [ 4 ]. However, the risk of 
infection is higher in hemophiliac patients than 
in the population with degenerative arthritis 
(osteoarthritis): average 7 % versus average 
1 % (Fig.  8.3 ).

    Taking into account that a large proportion of 
our adult patients are HIV positive, they can be 
immunologically compromised with a view to 
surgery. Furthermore, most of them are also hepa-
titis C virus (HCV) positive. That is, there may be 
a certain risk of postoperative infection if an 
immunosuppressed hemophiliac patient is oper-
ated on. In actual fact, there is great controversy 
regarding this issue, as while some authors indi-
cate quite a high risk of postoperative infection in 
patients with less than 200 CD4, others have not 
found such a high level of infection [ 21 ,  22 ]. What 
is clear is that immunosuppression in some way 
increases the risk of postoperative infection and 
that the patient must be informed of this risk; the 
risk is even higher in prosthetic surgery, as inert 
material is implanted (the prosthesis). Current 
immunodefi ciency treatments mean that patients 
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reach the surgery in good immunological condi-
tion. As always in medicine, the proper risk/ben-
efi t analysis is essential in each particular case. 

 The type of prosthesis to implant will depend 
on the level of preoperative stability, whereby it 
may even be necessary to implant rotating-hinge 
prosthesis in cases of extreme instability 
(Fig.  8.4 ). That is, the degree of constriction of 
the TKR will increase in line with the degree of 
preoperative instability of the knee [ 23 ].

   Another possible complication is the form-
ing of a postoperative arterial pseudoaneu-
rysm, which usually causes intense bleeding 
(hemarthrosis) [ 17 ]. The problem is normally 
resolved via the early arterial embolization of 
the blood vessel (Fig.  8.5 ). As we mentioned 
earlier, the average life of a TKR is usually 
10–15 years, which is why many hemophiliac 
patients require a prosthetic knee revision, for 
which the results are also satisfactory, although 
to a lesser extent than the primary prosthesis 
(Fig.  8.6 ).

a b

  Fig. 8.2    Severe arthropathy of the knee ( a ) resolved satisfactorily with an unconstrained primary total knee replacement 
(TKR) ( b )       

  Fig. 8.3    Clinical image of severe postoperative infection 
in hemophiliac patient after total knee replacement (TKR)       
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a b

  Fig. 8.4    Advanced arthropathy of the knee with intense varus deformity and preoperative instability ( a ) which was 
treated satisfactorily using a constrained rotating-hinge total knee prosthesis (TKR) ( b )       
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  Fig. 8.5    Pseudoaneurysm ( arrow ) detected 6 days after 
the implant of a semi-constricted total knee replacement 
(CCK, constrained condylar knee) in patient with marked 
preoperative valgus deformity who presented intense 
hemarthrosis on the operated knee. It was resolved satis-
factorily via early arterial embolization       

  Fig. 8.6    Painful and incapacitating advanced arthropathy 
of the knee in adult hemophiliac patient who required a total 
knee replacement (TKR). The result was satisfactory. 
Eleven years later, the prosthesis had to be revised due to 
aseptic loosening. ( a ) Radiological image before the pros-

thesis. ( b ) Intraoperative image of the satisfactorily 
implanted prosthesis. ( c ) X-ray before the revision proce-
dure, showing clear signs of loosening. ( d ) Radiological 
image after the prosthetic revision       

a b

 

 

8 Knee Surgery in Hemophilia



64

       Conclusions 

 Until we manage to avoid orthopedic compli-
cations of the knee in the hemophiliac patient 
via primary hematological prophylaxis, ortho-
pedic surgeons will have to continue perform-
ing articular punctures (arthrocentesis) to 
drain the hemarthrosis, radiosynovectomies, 
arthroscopic synovectomies, hamstrings 
release, arthroscopic debridement, alignment 
osteotomies, and TKR (primary or for revi-
sion, with different degrees of constriction) on 
the knees of people with hemophilia. With 
this, we will achieve an improvement in the 
quality of life of hemophiliac patients who 
suffer orthopedic knee problems.     
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9.1            Introduction 

 In the fi nal stages of hemophilic arthropathy of 
the ankle, when the joint is severely destroyed 
and the intense joint pain and/or major functional 
disability do not respond to nonsurgical treat-
ment (hematological prophylaxis, analgesics, 
anti-infl ammatories, orthotics), we must consider 
the need to carry out surgical treatment to allevi-
ate the patient’s problems [ 1 – 4 ]. 

 Among the surgical techniques for the treatment 
of ankle joint destruction in idiopathic degenerative 
disease, before reaching the elimination of the joint 
via arthrodesis or total ankle replacement (TAR), 
we can try to relieve the symptoms by using the 
following surgical techniques [ 5 ]: arthroscopic 
ankle debridement (Fig.  9.1 ), joint distraction 
(arthrodiastasis) using external fi xation, or supra-
malleolar osteotomy for alignment (in cases with 
particularly bad alignment).

   However, in some patients, none of these 
 techniques suffi ciently alleviates the problem, 

leading us to consider the elimination of the joint 
via arthrodesis (joint fusion) or TAR. Today there 
is much controversy, both in the general popula-
tion and in hemophilia patients, about which 
technique is most advisable. The purpose of this 
article is to review the literature on arthrodesis 
and TAR in non-hemophilia population, as well 
as in hemophilia patients, to try to clarify the con-
troversy over arthrodesis or TAR.  

9.2    Search Strategy 

 In a literature search for articles published in 
English in PubMed (MEDLINE) that included 
from January 2000 to December 2013, we found 
43 articles related to ankle arthrodesis and TAR 
in non-hemophilia patients and in hemophilia 
patients. Another three articles on survival of 
knee prosthesis (TKR) and hip replacements 
(THR) were included for comparison with the 
ankle prosthesis (TAR). The keywords used were 
hemophilia, ankle, arthrodesis, and TAR. In total 
46 articles were analyzed.  

9.3     Results of TAR 
and Arthrodesis 

 In 2005, Stengel et al. [ 6 ] published a systematic 
review and meta-analysis (included in the 
Cochrane Library) on the effectiveness of TAR 
on the general population. In 1,086 patients, 35.2 
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complications were found (1.6 % deep infec-
tions, 14.7 % impingement, 12.5 % secondary 
surgery, 6.3 % secondary arthrodesis). The pros-
thetic survival at 5 years was 90.6 %. 

 In 2011, in another systematic review, included 
in the Cochrane Library, Zhao et al. [ 7 ] analyzed 
2,088 TARs with an average follow-up of 
52 months. The failure rate was 11.2 %, whereby 
almost half of them occurred in the fi rst year 
(5.2 % due to aseptic loosening, 1.7 % due to 
misalignments and 1 % of infections). The pros-
thetic survival at 5 years was 85.9 % and at 
10 years was 71.1 %. 

 Also in 2011, Mann et al. [ 8 ] analyzed 84 TARs 
(in 80 patients), achieving a level of satisfaction 
with the result of 92 %. At an average of 9.1 years, 
91 % of the TARs were still in place. They had a 
25 % complication rate (including 14 secondary 

surgeries). The prosthetic survival at 5 years was 
96 % and at 10 years was 90 %. Hendrickx et al. [ 9 ] 
analyzed 66 ankle arthrodesis (in 60 patients) with 
an average follow-up of 9 years, achieving a fusion 
rate of 91 %. There were seven (10 %) complica-
tions (six re- arthrodesis, one infection). 91 % of 
patients were satisfi ed with the result. Progressive 
osteoarthritis was detected in the adjacent joints, 
although its importance is still unknown. 

 In 2012, in another article, included in the 
Cochrane Library, Roukis et al. [ 10 ] analyzed 
2,312 TARs with an average follow-up of 
22.8 months. 9.7 % of them (224) had to be 
revised, leading to new prostheses in 182 cases 
(81.3 %), 34 in arthrodesis (15.2 %), and 8 in 
amputation below the knee (3.6 %). 

 In 2013, Noelle et al. [ 11 ] analyzed 100 TARs 
performed on 97 patients with an average 

a

c d

b

  Fig. 9.1    Arthroscopic debridement of the ankle in a 
patient with advanced hemophilic arthropathy: preopera-
tive lateral radiograph ( a ). Traction device used for the 

procedure ( b ). Anteromedial and anterolateral portals 
used to perform debridement ( c ,  d )       
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 follow- up of 36 months. They had 27 complica-
tions and needed 21 revisions. Gordon et al. al 
[ 12 ] studied 82 ankles (73 patients) on which 
open ankle arthrodesis was performed using the 
anterior approach. 100 % of cases fused, with an 
average fusion time of 13.3 months. 80 % of 
patients were very satisfi ed or satisfi ed. The com-
plication rate was 14.6 % (malalignment, healing 
problems, complex regional pain syndrome, 
delayed fusion). 

 A controversial topic regarding ankle arthrod-
esis is whether it should be tibiotalar (TT) or tib-
iotalocalcaneal (TTC). Ajis et al. [ 13 ] analyzed 
100 TT arthrodesis, and they compared them with 
173 TTC arthrodesis, with an average follow- up 
of 63 months (minimum 24 months). There were 
no differences in the results as regards three of the 
parameters studied: preoperative pain relief, 
return to previous work (74 %), and whether 
patients would be operated again (83 %), the 
results were similar. However, there was a differ-
ence in the desired level of activity, which was 
58.5 % in TT arthrodesis and 66.5 % in TTC 
arthrodesis. 

 One of the most striking complications of 
TAR is periprosthetic fractures. In 2013, 
Manegold et al. [ 14 ] reported a rate of 4.2 % 
(2.2 % intraoperative, 2 % postoperative). 

 A controversial issue is the revision of the 
TAR when it fails. Hinterman et al. [ 15 ] in 
2013, presented 117 TAR revisions (in 116 
patients), noting that the survival of the pros-
thetic revision was 83 % after 5 years, with 
similar results to those of primary TAR. There 
were 19 complications (16 %) highlighting 1 
malleolar fracture, 1 dislocation of the pros-
thetic polyethylene, and 15 secondary revision 
surgeries. 

 It should be noted that although ankle 
arthrodesis is usually performed as an open 
procedure [ 1 – 5 ], it can also be carried out by 
arthroscopy. In fact, Lee et al. [ 16 ] in 2011 and 
Townshend et al. [ 17 ] in 2013 stated that 
arthroscopic ankle arthrodesis has better fusion 
rates, fewer complications, less postoperative 
pain, and a shorter hospital stay than open 
arthrodesis.  

9.4     Comparative Studies: 
TAR vs Arthrodesis 

 In 2009, Saltzman et al. [ 18 ] noted that TAR 
provides better function than arthrodesis; how-
ever, from the pain perspective, the relief is 
comparable. Their study (included in the 
Cochrane Library) compared 158 TARs and 66 
ankle arthrodesis, with an average follow-up of 
24 months. 

 Noelle et al. [ 11 ] obtained a similar complica-
tion rate between TAR and arthrodesis. In an 
ongoing study, Flavin et al. [ 19 ] noted a clear 
improvement after either procedure (TAR or 
arthrodesis) with similar postoperative results. 

 In a comparative study published in 2012 by 
Schuh et al. [ 20 ], in which TARs (20 cases) and 
arthrodesis (21 cases) were compared with an 
average follow-up of 34.5 months, the authors 
found no differences in sports, recreational activ-
ities, and function. 

 According to Terrell et al. [ 21 ], the number of 
TARs increased by 57 % from 2004 to 2009, 
although the number of ankle arthrodesis did not 
change in that time period. However, as the 
 previously studied literature highlights, pros-
thetic survival of the TAR (Table  9.1 ) is far from 
that of hip replacements (THR, total hip replace-
ment) and knee (TKR, total knee replacement) 
[ 22 – 26 ]. TAR survival at 14 years is 62 %, while 
that of THR is 93 % and 88 % at 15 and 20 years, 
respectively [ 27 ]. TKR survival is somewhat less 
than that of THR, 84 % and 71 % at 10 and 20, 

   Table 9.1    Survival rates for total ankle replacement 
(TAR) in the general population according to literature 
(2005–2013)   

 Author  Survival 
at 5 years 
(%) 

 Survival at 
10 years (%) 

 Survival 
at 14 years 
(%) 

 Stengel [ 6 ]  90.6  –  – 
 Zhao [ 7 ]  85.9  71.1  – 
 Mann [ 8 ]  96  90  – 
 Henricson [ 22 ]  81  69  – 
 Pinar [ 23 ]  86  –  – 
 Barg [ 24 ]  94  84  – 
 Brunner [ 25 ]  –  70.7  45.6 
 Angthong [ 26 ]  –  –  77 
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respectively [ 28 ,  29 ]. Obviously there are no 
TAR survival studies with over 14 years of 
 follow-up. Our opinion coincides with that of 
Henricson et al. [ 22 ], who stated that TAR 
 survival will not come close to that of THR and 
TKR in the near future in the population with 
advanced ankle arthrosis. We must not forget that 
TAR currently presents a high complication rate, 
failures, and revision (Table  9.2 ). In comparative 
studies, Saltzman et al. [ 18 ] indicate better 
 function after TAR but equivalent pain relief. 
Schuh et al. [ 20 ] found no difference between 
TAR and arthrodesis as regards sports, recre-
ational activities, and function. Flavin et al. [ 19 ] 
did not fi nd any differences in postoperative 
progress either. Thus, even the literature with a 
high level of  scientifi c evidence does not clarify 

the controversy over TAR or ankle arthrodesis, 
but it does state that TAR has not reached the 
 levels of survival of THR and TKR.

9.5         Total Ankle Replacement 
(TAR) or Arthrodesis 
of the Ankle in Hemophilia 

 According to Ling et al. [ 30 ], the incidence of 
arthropathy is very high in hemophilia patients, 
whereby 47 % of them were in pain and 52 % had 
positive radiological signs. In hemophilia, patients 
with ankle arthropathy present a modifi cation in 
progress that improves recovery via the pendular 
mechanism, in order to save energy. This modifi -
cation is proportionately greater in cases of greater 
arthropathy [ 31 ]. 

 Before considering surgery, in severe hemo-
philic arthropathy of the ankle nonsurgical 
 treatment including hematological prophylaxis, 
analgesics, anti-infl ammatory, rehabilitation, and 
functional orthoses should be attempted [ 1 – 5 , 
 32 – 34 ]. A surgical alternative used on only three 
hemophilia patients is arthrodiastasis (joint dis-
traction) via circular external fi xator by Ilizarov 
[ 34 ]. An alternative is supramalleolar osteotomy 
for realignment mentioned by Pearce et al. [ 35 ] 
who performed seven such interventions on six 
hemophilia patients. 

 As regards the controversy over TAR or ankle 
arthrodesis in hemophilia (Figs.  9.2 ,  9.3 , and  9.4 ), 
back in 1976, Zimbler [ 36 ] mentioned the 

   Table 9.2    Rates of complications, failures, and revision 
for total ankle replacement (TAR) in the general popula-
tion according to literature (2005–2013)   

 Author  Complications 
(%) 

 Failures 
(%) 

 Revision 
(%) 

 Stengel [ 6 ]  35.2  –  – 
 Mann [ 8 ]  25  –  – 
 Zhao [ 7 ]  –  11.2  – 
 Angthong 
[ 26 ] 

 –  4.9  – 

 Henricson 
[ 22 ] 

 –  –  22 

 Roukis [ 10 ]  –  –  9.7 
 Noelle [ 11 ]  27  –  21 
 Barg [ 24 ]  –  –  8.4 
 Brunner [ 25 ]  –  –  38 

a b

  Fig. 9.2    Right ankle arthrodesis with a retrograde lock-
ing nail in a patient with severe hemophilic arthropathy of 
the tibiotalar and subtalar joints: preoperative view of the 

ankles ( a ). Anteroposterior radiograph of the ankles 
before surgery ( b )       
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 possibility of using TAR in these patients. In 1978 
Houghton et al. [ 37 ] published seven ankle 
arthrodeses in hemophilia with satisfactory results. 
In 1991 Gambler et al. [ 38 ] noted that in elderly 
hemophilia patients, arthrodesis eliminates pain 
and bleeding, improving the deformity.

     As regards ankle arthrodesis, in 2010, Tsailas 
and Wiedel [ 39 ] published 20 arthrodeses (in 13 
patients with an average age of 38.7 years), 11 of 
them ankle (tibiotalar), 1 subtalar, and 8 com-
bined. Average follow-up was 9.4 years. In 2011, 

Tsukamoto et al. [ 40 ] presented three arthroscopic 
ankle arthrodeses in two patients with hemo-
philia. In 2013, Bluth et al. [ 41 ] presented 54 
ankle arthrodeses with an average of 6.6 years (in 
45 patients). There was tibiotalar nonunion in 
10.4 % of patients and subtalar nonunion in 8.3 % 
of them, but no further surgery was required. 
Their conclusion is that arthrodesis is a suitable 
surgical treatment. The ankle arthrodesis tech-
nique described in 2009 by Mann et al. [ 42 ] is of 
interest. 

a

c

e

b

d

  Fig. 9.3    Right ankle arthrodesis with a retrograde locking nail in a patient with severe hemophilic arthropathy of the 
tibiotalar and subtalar joints: intraoperative images of the procedure ( a–e )       
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 Bai et al. reported a series of ten patients (ten 
ankle joints) who underwent arthroscopically 
assisted ankle arthrodesis for the treatment of 
end-stage hemophilic arthropathy [ 43 ]. The 
fusion rate was 100 %. The average time to 
fusion was 10.5 weeks. Superfi cial wound infec-
tion occurred in one patient. There were eight 
good to excellent results and two fair results. All 
patients were satisfi ed with the outcome of the 
operation. Arthroscopic ankle arthrodesis was 
an effective alternative to open technique with 
established advantages in hemophilic arthropa-
thy [ 43 ]. 

 As regards TAR in hemophilia, in 2006, van 
der Heide et al. [ 44 ] published fi ve cases (in 
three patients) with an average of 4.3 years. 
In 2010, Barg et al. [ 45 ] published ten TARs in 

eight patients, with an average age of 43.2 years 
with an average follow-up of 5.6 years (mini-
mum 2.7 years). They had only one complica-
tion (painful fi brosis that required open 
arthrolysis). 

 The literature on TAR versus ankle arthrode-
sis in hemophilia is very limited and has a limited 
degree of evidence. Therefore, the literature does 
not tell us which of the two techniques is most 
suitable in advanced hemophilic ankle arthropa-
thy. Before TAR or arthrodesis, we should think 
about arthroscopic debridement [ 1 – 4 ], arthrodia-
stasis [ 46 ], or supramalleolar osteotomy for 
realignment [ 35 ].  

9.6    Author’s Experience 

 In a period of 40 years, the authors performed 
454 orthopedic surgical procedures on 398 hemo-
philia patients. Of these, only six were ankle pro-
cedures: four arthroscopic debridement and two 
ankle arthrodesis (one tibiotalar, one tibiotalocal-
caneal). To date, we have not performed any 
TARs given its short survival in the long term and 
high rate of complications. In our experience, 
ankle arthropathy can be suffi ciently relieved in a 
large percentage of cases with nonsurgical treat-
ment, and the need for surgical intervention on 
this joint is very rare. For us, removing the ankle 
joint (via arthrodesis or TAR) is always the last 
option: we always try arthroscopic debridement 
before considering arthrodesis or TAR. On the 
other hand, given the controversy in the literature 
on ankle arthrodesis or TAR and the lack of lit-
erature on the subject in hemophilia, we currently 
tend to prefer arthrodesis to TAR in people with 
hemophilia. If the subtalar joint is affected, we 
prefer open tibiotalocalcaneal arthrodesis with 
locking nail. If not, we would opt for open tibio-
talar arthrodesis with crossed cannulated screws 
or staples.  

   Conclusions 

 The current literature concerning the contro-
versy on ankle arthrodesis or total ankle 
replacement (TAR) in non-hemophilia patients 

a

b c

  Fig. 9.4    Right ankle arthrodesis with a retrograde lock-
ing nail in a patient with severe hemophilic arthropathy of 
the tibiotalar and subtalar joints: lateral postoperative 
view of the ankle ( a ). Anteroposterior radiograph after 
arthrodesis ( b ). Lateral view after ankle fusion ( c )       
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is not defi nitive (it does not clarify the contro-
versy). As regards hemophilia patients, the 
uncertainty is even greater, as there is very 
little literature available. Based on all of this 
and on our 40 years of experience treating 
people with hemophilia, our advice is to 
exhaust all types of nonsurgical treatment. 
When surgical treatment is considered abso-
lutely necessary, my recommendation is to 
conserve the joint at all costs using arthroscopic 
debridement, arthrodiastasis, or supramalleo-
lar osteotomy for realignment, according to 
each surgeon’s preferences. If these tech-
niques fail, when in doubt on whether to per-
form arthrodesis or TAR, in hemophilia, we 
would always opt for arthrodesis, as the cur-
rent results for TAR quite frankly have much 
room for improvement. It is likely that in the 
mid-long term, new TAR designs will allow 
these results to improve.     

   References 

          1.    Rodriguez-Merchan EC (2006) The haemophilic 
ankle. Haemophilia 12:337–344  

   2.    Rodriguez-Merchan EC (2008) Ankle surgery in hae-
mophilia with special emphasis on arthroscopic 
debridement. Haemophilia 14:913–919  

   3.    Pasta G, Forsyth A, Rodriguez-Merchan EC, 
Mortazavi SM, Silva M, Mulder K et al (2008) 
Orthopaedic management of haemophilia arthropathy 
of the ankle. Haemophilia 14(Suppl 3):170–176  

     4.    Rodriguez-Merchan EC (2012) Orthopaedic prob-
lems about the ankle in hemophilia. J Foot Ankle Surg 
51:772–776  

      5.    DiDomenico LA, Gatalyak N (2012) End-stage ankle 
arthritis: arthrodiastasis, supramalleolar osteotomy, or 
arthrodesis? Clin Podiatr Med Surg 29:391–412  

      6.    Stengel D, Bauwens K, Ekkernkamp A, Cramer J 
(2005) Effi cacy of total ankle replacement with 
meniscal-bearing devices: a systematic review and 
meta-analysis. Arch Orthop Trauma Surg 125:
109–119  

      7.    Zhao H, Yang Y, Yu G, Zhou J (2011) A systematic 
review of outcome and failure rate of uncemented 
Scandinavian total ankle replacement. Int Orthop 
35:1751–1758  

      8.    Mann JA, Mann RA, Horton E (2011) STAR™ ankle: 
long-term results. Foot Ankle Int 32:S473–S484  

    9.    Hendrickx RP, Stufkens SA, de Bruijn EE, Sierevelt 
IN, van Dijk CN, Kerkhoffs GM (2011) Medium- to 
long-term outcome of ankle arthrodesis. Foot Ankle 
Int 32:940–947  

     10.    Roukis TS (2012) Incidence of revision after primary 
implantation of the Agility™ total ankle replacement 
system: a systematic review. J Foot Ankle Surg 
51:198–204  

      11.    Noelle S, Egidy CC, Cross MB, Gebauer M, Klauser 
W (2013) Complication rates after total ankle arthro-
plasty in one hundred consecutive prostheses. Int 
Orthop 37:1789–1794  

    12.    Gordon D, Zicker R, Cullen N, Singh D (2013) Open 
ankle arthrodeses via an anterior approach. Foot 
Ankle Int 34:386–391  

    13.    Ajis A, Tan KJ, Myerson MS (2013) Ankle arthrode-
sis vs TTC arthrodesis: patient outcomes, satisfaction, 
and return to activity. Foot Ankle Int 34:657–665  

    14.    Manegold S, Haas NP, Tsitsilonis S, Springer A, 
Märdian S, Schaser KD (2013) Periprosthetic frac-
tures in total ankle replacement: classifi cation system 
and treatment algorithm. J Bone Joint Surg Am 
95:815–820  

    15.    Hintermann B, Zwicky L, Knupp M, Henninger HB, 
Barg A (2013) HINTEGRA revision arthroplasty for 
failed total ankle prostheses. J Bone Joint Surg Am 
95:1166–1174  

    16.    Lee MS (2011) Arthroscopic ankle arthrodesis. Clin 
Podiatr Med Surg 28:511–521  

    17.    Townshend D, Di Silvestro M, Krause F, Penner M, 
Younger A, Glazebrook M, Wing K (2013) Arthroscopic 
versus open ankle arthrodesis: a multicenter compara-
tive case series. J Bone Joint Surg Am 95:98–102  

     18.    Saltzman CL, Mann RA, Ahrens JE, Amendola A, 
Anderson RB, Berlet GC et al (2009) Prospective 
controlled trial of STAR total ankle replacement ver-
sus ankle fusion: initial results. Foot Ankle Int 
30:579–596  

     19.    Flavin R, Coleman SC, Tenenbaum S, Brodsky JW 
(2013) Comparison of gait after total ankle arthroplasty 
and ankle arthrodesis. Foot Ankle Int 34:1340–1348  

     20.    Schuh R, Hofstaetter J, Krismer M, Bevoni R, 
Windhager R, Trnka HJ (2012) Total ankle 
 arthroplasty versus ankle arthrodesis. Comparison of 
sports, recreational activities and functional outcome. 
Int Orthop 36:1207–1214  

    21.    Terrell RD, Montgomery SR, Pannell WC, Sandlin 
MI, Inoue H, Wang JC, Soohoo NF (2013) Comparison 
of practice patterns in total ankle replacement and 
ankle fusion in the United States. Foot Ankle Int 
34:1486–1492  

       22.    Henricson A, Nilsson JÅ, Carlsson A (2011) 10-year 
survival of total ankle arthroplasties: a report on 780 
cases from the Swedish Ankle Register. Acta Orthop 
82:655–659  

    23.    Pinar N, Vernet E, Bizot P, Brilhault J (2012) Total 
ankle arthroplasty – total ankle arthroplasty in 
Western France: infl uence of volume on complica-
tions and clinical outcome. Orthop Traumatol Surg 
Res 98(4 Suppl):S26–S30  

     24.    Barg A, Zwicky L, Knupp M, Henninger HB, 
Hintermann B (2013) HINTEGRA total ankle 
replacement: survivorship analysis in 684 patients. 
J Bone Joint Surg Am 95:1175–1183  

9 Advanced Hemophilic Arthropathy of the Ankle: Total Ankle Replacement or Ankle Fusion?



74

     25.    Brunner S, Barg A, Knupp M, Zwicky L, Kapron AL, 
Valderrabano V, Hintermann B (2013) The 
Scandinavian total ankle replacement: long-term, 
eleven to fi fteen-year, survivorship analysis of the 
prosthesis in seventy-two consecutive patients. J Bone 
Joint Surg Am 95:711–718  

      26.    Angthong C, Chumchuen S, Khadsongkram A (2013) 
A systematic review of intermediate-term outcomes 
and failure rates for total ankle replacements: an 
Asian perspective. Foot Ankle Surg 19:148–154  

    27.    Ranstam J, Kärrholm J, Pulkkinen P, Mäkelä K, 
Espehaug B, Pedersen AB et al (2011) Statistical 
 analysis of arthroplasty data. II. Guidelines. Acta 
Orthop 82:258–267  

    28.    Gøthesen O, Espehaug B, Havelin L, Petursson G, 
Lygre S, Ellison P et al (2013) Survival rates and 
causes of revision in cemented primary total knee 
replacement: a report from the Norwegian Arthroplasty 
Register 1994–2009. Bone Joint J 95:636–642  

    29.    Bae DK, Song SJ, Heo DB, Lee SH, Song WJ (2012) 
Long-term survival rate of implants and modes of fail-
ure after revision total knee arthroplasty by a single 
surgeon. J Arthroplasty 27:1297–1304  

    30.    Ling M, Heysen JP, Duncan EM, Rodgers SE, 
Lloyd JV (2011) High incidence of ankle arthropathy 
in mild and moderate haemophilia A. Thromb 
Haemost 105:261–268  

    31.    Lobet S, Hermans C, Bastien GJ, Massaad F, 
Detrembleur C (2012) Impact of ankle osteoarthritis 
on the energetics and mechanics of gait: the case of 
hemophilic arthropathy. Clin Biomech (Bristol, Avon) 
27:625–631  

    32.    Slattery M, Tinley P (2001) The effi cacy of functional 
foot orthoses in the control of pain in ankle joint 
 disintegration in hemophilia. J Am Podiatr Med 
Assoc 91:240–244  

   33.    Lobet S, Detrembleur C, Lantin AC, Haenecour L, 
Hermans C (2012) Functional impact of custom-made 
foot orthoses in patients with haemophilic ankle 
arthropathy. Haemophilia 18:e227–e235  

     34.    De la Corte-Rodriguez H, Rodriguez-Merchan EC 
(2013) The role of physical medicine and rehabilita-
tion in haemophiliac patients. Blood Coagul 
Fibrinolysis 24:1–9  

     35.    Pearce MS, Smith MA, Savidge GF (1994) 
Supramalleolar tibial osteotomy for haemophilic 
arthropathy of the ankle. J Bone Joint Surg (Br) 
76:947–950  

    36.    Zimbler S, McVerry B, Levine P (1976) Hemophilic 
arthropathy of the foot and ankle. Orthop Clin N Am 
7:985–997  

    37.    Houghton GR, Dickson RA (1978) Lower limb 
arthrodeses in haemophilia. J Bone Joint Surg (Br) 
60-B:387–389  

    38.    Gamble JG, Bellah J, Rinsky LA, Glader B (1991) 
Arthropathy of the ankle in hemophilia. J Bone Joint 
Surg Am 73:1008–1015  

    39.    Tsailas PG, Wiedel JD (2010) Arthrodesis of the 
ankle and subtalar joints in patients with haemophilic 
arthropathy. Haemophilia 16:822–831  

    40.    Tsukamoto S, Tanaka Y, Matsuda T, Shinohara Y, 
Taniguchi A, Kumai T et al (2011) Arthroscopic ankle 
arthrodesis for hemophilic arthropathy: two cases 
report. Foot (Edinb) 21:103–105  

    41.    Bluth BE, Fong YJ, Houman JJ, Silva M, Luck JV Jr 
(2013) Ankle fusion in patients with haemophilia. 
Haemophilia 19:432–437  

    42.    Mann HA, Biring GS, Choudhury MZ, Lee CA, 
Goddard NJ (2009) Ankle arthropathy in the haemo-
philic patient: a description of a novel ankle arthrod-
esis technique. Haemophilia 15:458–463  

     43.    Bai Z, Zhang E, He Y, Yan X, Sun H, Zhang M (2013) 
Arthroscopic ankle arthrodesis in hemophilic arthrop-
athy. Foot Ankle Int 34:1147–1151  

    44.    van der Heide HJ, Nováková I, de Waal Malefi jt MC 
(2006) The feasibility of total ankle prosthesis for 
severe arthropathy in haemophilia and prothrombin 
defi ciency. Haemophilia 12:679–682  

    45.    Barg A, Elsner A, Hefti D, Hintermann B (2010) 
Haemophilic arthropathy of the ankle treated by total 
ankle replacement: a case series. Haemophilia 
16:647–655  

    46.    Van Meegeren ME, Van Veghel K, De Kleijn P, Van 
Roermund PM, Biesma DH, Lafeber FP, Roosendaal 
G (2012) Joint distraction results in clinical and 
structural improvement of haemophilic ankle 
arthropathy: a series of three cases. Haemophilia 
18:810–817      

E.C. Rodríguez-Merchán et al.



75E.C. Rodríguez-Merchán (ed.), Joint Surgery in the Adult Patient with Hemophilia,
DOI 10.1007/978-3-319-10780-6_10, © Springer International Publishing Switzerland 2015

10.1            Introduction 

 Pseudotumors and bone cysts are a serious, but 
very rare, complication in hemophilia. The hemo-
philic pseudotumor is an encapsulated hematoma. 
They may arise from bleeding into muscle, under 
periosteum, or into the bone. Once established, the 
pseudotumor has a tendency to progress and pro-
duce clinical symptoms by mass effect in relation 
to its anatomical location, leading to bone and soft-
tissue lesions, or neurovascular complications. 

 In 1965, Fernández de Valderrama and 
Matthews [ 1 ] described a hemophilic pseudotu-
mor as a progressive cystic swelling involving 
muscle, produced by recurrent hemorrhage and 
accompanied by radiographic evidence of bone 
involvement. In a review of his experience at 
Oxford, in 1966 Gunning [ 2 ] estimated its inci-
dence to be about 1 % of all severe hemophiliacs. 

 The majority all reported hemophilic pseudo-
tumors involve the musculoskeletal system. A 
few intra-abdominal pseudotumors have been 
reported, but these were in fact tumors of the pel-
vis that had extended into the abdomen [ 3 ,  4 ]. 
Seldom retroperitoneal pseudotumors have been 
reported in the literature [ 5 ]. 

 The presence of a slowly enlarging mass in the 
limb or pelvis of a patient with hemophilia should 
rise suspicion of a possible pseudotumor, despite 
there have been rare reports of malignant tumors 
mimicking pseudotumors [ 6 ,  7 ]. 

 Most pseudotumors are seen in adults and 
occur near the large bones of the proximal skele-
ton. However, a number develop distal to the 
wrist and ankle in younger patients before skele-
tal maturity. If untreated, proximal pseudotumors 
will destroy soft tissues, erode bone, and produce 
vascular or neurological lesions. Pathologic frac-
tures can be associated.  

10.2    Pathogenesis 

 Pseudotumors result from repetitive bleeding 
resulting in an encapsulated mass of clotted blood 
and necrosed tissue. The pathogenesis of pseudo-
tumors has been much discussed by many 
authors, most of whom agree that their formation 
differs according to the anatomical site [ 8 ,  9 ]. 

 Proximal pseudotumors occur in the proximal 
skeleton, especially around femur and pelvis; 
they appear to start in the soft tissues, erode bone 
secondarily from outside, and develop slowly 
over many years. They occur in adults and do not 
respond to conservative treatment. Repeated and 
unresolved hemorrhages, mostly caused by indi-
rect trauma to the muscles, which all have a large 
area of origin like iliacus, vastus lateralis, and 
soleus, are the likely mechanism for formation 
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and development of these lesions. They present 
as a painless expanding mass which is fi rm, often 
multilocular, and not tender, but is adherent to the 
deep structures. Such pseudotumors frequently 
remain painless and asymptomatic until there is a 
pathological fracture. The radiographic picture is 
typical with a large soft-tissue mass and areas of 
adjacent bony destruction. Calcifi cation within 
the mass is common. 

 Distal pseudotumors predominantly affect 
younger, skeletally immature patients (children 
and adolescents) and are generally the result of 
direct trauma. It is not unusual to see such tumors 
distal to the wrist and ankle, especially in the 
small cancellous bones as the calcaneus, talus, 
and metatarsals of the feet but seldom in the car-
pus or other locations. These distal lesions 
develop rapidly, are painful, and appear to be sec-
ondary to intraosseous hemorrhage.  

10.3    Pathology 

 A pseudotumor consists on blood products in dif-
ferent evolution stages surrounded by a fi brous 
capsule that contains macrophages charged with 
hemosiderin (Fig.  10.1 ). Calcifi cation and later 
ossifi cation may be seen within its wall. On his-
tological examination, hemophilic pseudotumors 
resemble hematomas with a dense fi brous cap-
sule. The cyst wall is formed by collagenous con-
nective tissue, and the cavity contains a variable 
amount of organized fi brous tissue, thick 
“toothpaste- like” debris and liquefi ed clots. 
Other features that have been observed within the 
cyst cavity include bone fragments, foci of 
hemosiderin- loaded histiocytes, vascular neofor-
mation within the cyst wall, osteoid neoforma-
tion, giant multinucleated cells, and foreign 
body-type cells [ 10 ,  11 ].

10.4        Clinical Presentation 
and Diagnosis 

 Patients present with painless palpable masses or 
with painful crises due to episodic acute bleeding 
into the tumor. Most of the morbidity from 

 pseudotumors is due to their compressive effect 
on surrounding structures. Depending on the area 
involved, the symptoms include palpable masses, 
numbness, weakness, and neuralgia. 
Complications occur because    progressive 
enlargement occurs, leading to compression of 
neighboring vital structures, destruction of soft 
tissues, and bone erosion, which may produce 
neurovascular complications. Ultimately there 
may be perforation through the skin or into adja-
cent organs, abscess and fi stula formation, fatal 
hemorrhage, pathologic fractures due to bone 
destruction, and compartment syndromes due to 
vascular compromise and joint contractures [ 5 ]. 

 In X-rays, lesions in proximity to long bones, 
there is a large soft-tissue mass with areas of 
adjacent bone destruction. The bone loss may be 
extensive, involving diaphysis and metaphysis 
and even destroying adjacent bones by crossing 
the joints. Periosteal elevation with new bone for-
mation can be seen at the periphery of these 
lesions. Calcifi cation and ossifi cation within the 
soft-tissue mass are frequently noted [ 2 ,  12 ]. In 

  Fig. 10.1    Hemophilic pseudotumor opened after surgical 
resection       
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pelvic  pseudotumors, the radiographic picture 
differs from those previously described in that 
the soft-tissue mass, and the extent of pelvic bone 
 destruction, most of which occurs in the iliac 
wing, may be diffi cult to appreciate on plain 
X-ray fi lms. Periosteal elevation and calcifi cation 
within these lesions are much less common. An 
intravenous pyelogram should be performed if 
there is any concern about displacement of the 
ureters. 

 CT scans defi ne the attenuation value of the 
tumor and thus help to differentiate it from other 

masses. It clearly delineates the size and extent of 
the tumor and compression of the adjacent skel-
eton, tissues, and organs. CT may prove useful in 
determining the origin of the pseudotumor and 
help follow its course. CT scans have been proven 
to be particularly effi cient in the detection of 
daughter cysts, deep-seated cysts, and tumor 
extension into adjacent tissues, information that 
is useful in planning surgery [ 13 ]. 

 Ultrasonography is ineffective for the detec-
tion of bony changes. It can be used after surgery 
to monitor for recurrence of pseudotumors in soft 

a b

  Fig. 10.2    CT    of a hemophilic pseudotumor and its relationship with the popliteal artery: ( a ) sagittal view; 
( b ) axial view       
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tissues. It has also been suggested as a low-cost 
alternative to monitor the progress of an existing 
lesion before obtaining a CT scan prior to 
repeated surgery [ 13 ]. 

 MRI has been shown to be superior to other 
modalities for the imaging of soft tissues. MRI is 
sensitive for the detection of pseudotumors and 
can provide useful information for decisions 
regarding therapy and may be used to follow the 
response of a tumor to treatment. The appearance 
on MRI seems nonspecifi c with a similar appear-
ance in tumors and abscesses, but invariably there 
are heterogeneous low and high signal intensity 
areas on both pulse sequences, refl ecting the 
presence of blood products in various stages of 
evolution [ 14 ,  15 ]. 

 CT and MRI scans are considerably more use-
ful than plain X-rays and may be suffi cient to 
evaluate displacement of the large vessels 
(Fig.  10.2 ). Imaging characteristics of pseudotu-
mors are rather nonspecifi c, but given a history of 
hemophilia, radiologists must be aware of these 
to avoid misinterpretation.

10.5       Treatment 

 The management of the patient with a hemophilic 
pseudotumor is complex and carries a high rate 
of potential complications. It is important that 
they are diagnosed early, and prevention of mus-
cular hematomas is key to reducing their inci-
dence. Muscle hematomas should be avoided by 
primary prophylaxis, and if a muscle hematoma 
does develop, it must be treated hematologically 
on a long-term basis until total shrinkage and dis-
appearance of the hematoma have occurred [ 16 ]. 

 Hemophilic pseudotumor are uncommon; 
therefore, there is no consensus about specifi c 
management. There are different treatment 
options (surgical removal and exeresis, and fi ll-
ing of the dead cavity, percutaneous manage-
ment, embolization, radiation), and it would be 
necessary to individualize therapy. With the 
increasing availability of factor replacement, sur-
gical removal is feasible. 

 Preoperative biopsy or aspiration of the fl uid 
within the cysts for either diagnostic or therapeu-

tic purposes is contraindicated. The cystic con-
tents are too thick to permit successful aspiration, 
and there is a high risk of relapse, infection, or 
the development of a persistent fi stula [ 10 ]. 

 Conservative treatment includes long-term 
factor replacement and immobilization of the 
affected area. Distal pseudotumors in children 
respond well to conservative approach. However, 
it fails to prevent progression of the lesion espe-
cially in proximal lesions, and recurrence and 
progression is the rule [ 6 ]. 

10.5.1    Surgical Removal 

 Surgical removal is the treatment of choice 
when it can be carried out in major hemophilia 
centers and careful preoperative planning can 
be done, because these procedures are fraught 
with  diffi culty and carry a high complication 
rate. Surgery is the most effective treatment 
and should be performed upon diagnosis when 
the pseudotumor is still small and relatively 
easily resected. Lesions in proximity to the 
long bones and lesions of the pelvis should be 
managed in different ways, and in fact, the sur-
gical approach to these lesions must be 
individualized. 

 When the lesion is in the proximity of long bones, 
the aim should be complete resection of the lesion, 
stabilization and bone grafting if required, hemosta-
sis, and closure of the dead space. Implantation of a 
tumoral prosthesis for  reconstruction    of massive 
juxta-articular bone lesions can be necessary; 
although the authors have no experience with this 
type of reconstruction in hemophilic pseudotumors, 
it is routinely used for reconstruction after resection 
of bone sarcomas, and primary arthroplasty in 
hemophilic patients is also a common procedure in 
our hospital. The incision has to be planned to allow 
access to the neurovascular structures, removal of 
the lesion, and fi xation of bone if necessary. 
Neurovascular structures should be identifi ed and 
retracted prior to remove the blood cyst (Fig.  10.3 ). 
It usually is within a muscle mass and during dissec-
tion tries to stay on the fi brous capsule and then as 
much muscle as possible should be preserved. The 
portion of muscle wall that is directly adjacent to the 
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bone can be removed easily with cautery dissection 
and curettes. Bleeding from the bone or other sur-
faces can be controlled during surgery by the use of 
fi brin glue. Bone fi xation is an important part of the 
procedure when necessary; intramedullary nailing 
has been most often used to stabilize diaphyseal or 
proximal femur fractures, but when the lesions are 
around the knee, fi xation with periarticular plates 
can be more useful. Reconstruction of the bone 
defect after removing the pseudotumor can be done 
with bone graft, bone substitutes, or bone cement 
(Fig.  10.4 ), especially in metaphyseal or epiphyseal 
defects that involve mechanical risk. At this point, 
meticulous hemostasis should be obtained. Coverage 
of the remaining bone should then be addressed, 
using a muscle fl ap if necessary. A suction drain is 
always used and a bulky pressure dressing applied. 
The use of plaster and the weight- bearing status 

  Fig. 10.3    Intraoperative view of the pseudotumor seen in 
Fig.  10.2        

  Fig. 10.4    Postoperative radiograph. The 
pseudotumor was removed and the bone 
defect fi lled with bone cement       
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must be calculated for the individual patient, depend-
ing upon the lesion itself and the extent of arthropa-
thy in other joints. Nonunion of pathological 
fractures has not been a problem, because large 
denuded bone surfaces result in abundant new bone 
formation.

    Pseudotumors of the pelvis develop follow-
ing hemorrhage into either the iliacus or ilio-
psoas muscles. It is wiser to perform this 
procedure in connection with general surgeon. 
The surgical approach to the pelvic blood cyst 
is different from that for the extremities. Before 
starting the procedure, a ureteral catheter is 
placed so that the ureter can be more easily 
identifi ed during surgery. The patient is placed 
on his or her back with the affected side of the 
pelvis on two sandbags with the lower limb 
draped free. A fl ank incision, starting at the 
proximal aspect of the mass and approximately 
3 cm above the iliac crest is made, extending 
distally to the inguinal ligament and then con-
tinuing distally in order to expose the femoral 
vessels and nerve which should be identifi ed. 
The fl ank muscles are then divided and the cysts 
can be identifi ed. If possible, the dissection is 
kept within the retroperitoneum. If complete 
excision of the cyst is impossible, the cyst can 
be opened and evacuated removing sections of 
the cyst. Manipulation of vessels, the ureter and 
the femoral nerve must be very careful to avoid 
iatrogenic injuries of such structures. Fibrin 
glue should be used as an adjuvant to control 
bleeding. One can leave a small cuff of capsule 
attached to these important structures and do 
not damage them. Massive pseudotumors in the 
pelvis can affect the hip joint; these challenging 
cases can be impossible to successfully treat or 
reconstruct. Many methods have been employed 
to eliminate the dead space, including the use of 
omentum, muscles, dexon mash, and bone 
grafting. Pelvic pseudotumors distort natural 
anatomy causing major displacements of bow-
els, ureters, nerves, and blood vessels thus 
increasing the likelihood of injury during sur-
gery. It is our belief that pseudotumors should 

be excised in order to prevent them from reach-
ing inoperable dimensions. The management of 
patients with massive pseudotumors, where the 
aim of treatment is improvement of the quality 
of life and not total eradication of the tumour, 
requires that the patient and their family under-
stand the treatment goals. It is  essential that 
psychological counselling be  available before, 
during, and after the surgical procedure. One of 
the major problems with surgery in patients 
with massive pseudotumors is that one knows 
the starting point but one is never sure of where 
and when the procedure will end. The decision 
to operate should not be taken lightly, for the 
complications include fi stula formation, 
regrowth of the pseudotumor, sepsis, bleeding, 
and death [ 17 ,  18 ]. 

 There is a signifi cant amount of hemorrhage 
during and following these procedures. Replacement 
therapy and transfusion requirements should be 
carefully considered by the hemophilia team before 
undertaking surgery.  

10.5.2    Radiation 

 Although surgical excision of hemophilic pseudo-
tumors is currently considered as the preferred 
management modality, there are instances in the 
literature that because of certain impediments sur-
gery could not be easily performed and radiother-
apy may be benefi cial. The exact mechanism of 
action of radiotherapy is unknown; however, it 
presumably acts by causing injury to blood vessels 
and fi brosis. Despite the limited data some conclu-
sions can be pointed out. There was a failure rate 
of around 25 %, most of which are related to 
adjunctive treatment modalities implemented, 
location of pseudotumor, and the size of pseudotu-
mor [ 19 ]. Most of treatment failures occurred in 
patients with proximally occurring masses within 
pelvis and femur. Distal pseudotumors and the 
ones which were located in upper limbs or skull 
generally were more amenable to radiotherapy. 
This treatment modality may be benefi cial for 
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unresectable lesions. Irradiation prior to surgery is 
not, in Heim’s opinion [ 17 ], recommended, as the 
ensuing fi brosis will make  surgery more diffi cult. 
Once the pseudotumor has been excised, focal 
irradiation to any remaining capsule may be 
benefi cial.  

10.5.3    Embolization 

 Pseudotumors are avascular internally but have 
a very rich blood supply in the capsule. This is 
most probably the reason for repeated hemor-
rhages inside the capsule, which result in the 
expansion of the mass. The rich vascular sup-
ply of the capsule is the cause of excessive 
bleeding during and after the surgery. 
Regarding the role of arterial embolization in 
hemophilic pseudotumor management, it 
should be considered in lesions of large size, 
especially in pseudotumors of pelvic region, as 
it may effectively reduce its size and decrease 
the risk of bleeding complications during sur-
gery. Nevertheless, in view of its temporary 
effect, embolization had better be performed as 
a preparatory procedure, at best about 2 weeks 
prior to surgery. This time lapse will allow for 
mass shrinkage but is insuffi cient for vessel 
restoration [ 19 ].  

10.5.4    Percutaneous Management 

 Curettage and fi lling with fi brin seal and cancel-
lous bone graft via the percutaneous insertion of a 
trocar into the cyst has been recommended by 
Caviglia et al. [ 20 ]. There may be some value in 
this treatment modality in small lesions. In 
advanced or potentially inoperable pseudotu-
mors, there is a role for percutaneous aspiration, 
but evacuation of the contents of the pseudotumor 
may be diffi cult and there is a risk of infection 
and permanent fi stula. In soft-tissue pseudotu-
mors, evacuation and fi lling of the cavity are car-
ried out assisted by ultrasound, while in 

pseudotumors affecting bone, this is performed 
with an image intensifi er or CT scan and video 
assistance. If the cavity content is liquid, it is easy 
to aspirate, but solid contents cannot be evacuated 
by aspiration and will need to be washed out and 
removed with curettes. Cavities of <3 cm may be 
fi lled with fi brin seal; larger cavities should be 
fi lled with a lyophilized bone graft or a bone sub-
stitute. When the pseudotumor is in the bone, the 
location, size, and degree of its cortical compro-
mise will be evaluated to confi rm the true loss of 
the bone stock. When the pseudotumor is diaphy-
seal or diaphy-metaphyseal, it generally consists 
of a single cavity. In contrast, with a pseudotumor 
that is epiphyseal or epiphy- metaphyseal (in can-
cellous bone), the cavities are multiple. Lack of 
aspiration of one cavity may lead to only partial 
cure of the lesion. It is very important to clarify 
the bone damage to prepare bone reconstruction 
or mechanical support if needed.   

   Conclusions 

 A pseudotumor is basically an encapsulated 
hematoma; it has become rarer over the years 
with better treatment modalities for bleeding 
disorders like factor replacement. Its preven-
tion is paramount; this goal can be achieved by 
primary prophylaxis to avoid muscle hemato-
mas and by adequate and long-term hemato-
logical treatment of muscle hematomas in case 
they appear. There are a number of therapeutic 
alternatives for this dangerous condition: sur-
gical removal, percutaneous management, 
exeresis and fi lling of the dead cavity, irradia-
tion, and embolization. The management of 
the patient with a hemophilic pseudotumor is 
complex and with a high rate of potential com-
plications. Surgical excision is the treatment 
of choice but should only be carried out in 
major hemophilia centers by a multidisci-
plinary surgical team. The main postoperative 
complications are death, infection, fi stuliza-
tion, and pathological fractures (requiring 
even amputation of the affected limb).     
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11.1            Introduction 

 In the white population of the USA, the incidence 
of venous thromboembolism (VTE) is between 
71 and 117 cases per hundred thousand inhabit-
ants [ 1 ]. It is estimated that each year about 1 mil-
lion people suffer VTE. The annual cost of VTE 
is approximately 1.5 billion dollars (US dollars). 

 At present, most authors use some form of 
thromboprophylaxis when performing orthope-
dic surgery; the goal is to reduce the risk of VTE 
[ 1 – 7 ]. There are basically two types of preven-
tive measures for VTE: pharmacological and 
mechanical. 

 The most common pharmacological thrombo-
prophylaxis is performed with low-molecular- 
weight heparin (LMWH) subcutaneously; however, 
oral anticoagulants (fondaparinux, dabigatran, apix-
aban, rivaroxaban) are now increasingly being used. 
On the other hand, mechanical thromboprophylaxis 
includes progressive compression stockings, inter-
mittent pneumatic compression devices, and foot 
pumps. In orthopedic surgery on non-hemophilia 

patients, the authors believe that the combination of 
pharmacological and mechanical measures is the 
best option [ 1 – 7 ]. 

 However, in hemophilia patients undergoing 
orthopedic surgery, there is still much contro-
versy over whether or not to perform some kind 
of thromboprophylaxis. The aim of this chapter is 
to clarify whether in hemophilia patients under-
going orthopedic surgery, thromboprophylaxis 
should be performed or not. In pursuing this 
objective, we have reviewed the literature with 
the most evidence on non-hemophilia patients 
and the existing publications on the same subject 
in hemophilia patients. Finally, we will analyze 
our 38 years of experience in the role of thrombo-
prophylaxis in orthopedic surgery for hemophilia 
patients.  

11.2    Search Strategy 

 We searched the literature from January 2000 to 
December 2013 for articles published in English 
in PubMed (MEDLINE), which were related to 
thromboprophylaxis in hemophilia patients 
undergoing orthopedic surgery. Keywords used 
were hemophilia, thromboprophylaxis, and 
orthopedic surgery. We found seven articles 
with a high degree of scientifi c evidence regard-
ing thromboprophylaxis in orthopedic surgery 
in the general population. We also found eight 
articles related to the same subject in hemo-
philia patients.  
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11.3    General Concepts 

 The evidence-based medicine studies have 
shown that subcutaneous injections of LMWH 
are currently the best thromboprophylaxis in 
patients undergoing orthopedic surgery [ 1 ]. 
LMWH is effective, safe, and relatively 
inexpensive. 

 It makes no difference whether you start the 
thromboprophylaxis with LMWH 12 h before 
orthopedic surgery or 12–24 h after surgery, as it 
has not been demonstrated that either of the 
options is better than the other. Thromboprophylaxis 
with LMWH should last 30–42 days (4–6 weeks), 
and it effectively reduces the frequency of postop-
erative symptomatic VTE, especially in patients 
undergoing total knee replacements (TKR) 
(Fig.  11.1 ) and total hip replacements (THR) 
(Fig.  11.2 ). Mechanical thromboprophylaxis mea-
sures (graduated compression stockings, intermit-
tent pneumatic compression devices, and foot 
pumps) also reduce the risk of VTE, and they are 
useful adjuvant methods combined with pharma-
cological thromboprophylaxis [ 1 ].

    For patients undergoing orthopedic surgery, 
the American College of Chest Physicians 
(ACCP) [ 2 ] has indicated that it is best not to use 
thromboprophylaxis for at least 10–14 days. This 
thromboprophylaxis can be performed with 
LMWH, with oral anticoagulants such as 
fondaparinux, dabigatran, apixaban, and rivarox-
aban (THR or TKR but not in hip fractures) with 
low doses of unfractionated heparin, with 
adjusted doses of vitamin K antagonists, with 
aspirin, or with intermittent pneumatic compres-
sion device. 

 The ACCP’s preference is a combination 
of pharmacological thromboprophylaxis with 
LMWH for up to 35 days and an intermittent 
pneumatic compression device during hospital-
ization. In patients at high risk of bleeding, the 
ACCP recommends an intermittent pneumatic 
compression device or the absence of thrombo-
prophylaxis. In patients undergoing arthroscopic 
surgery with no history of VTE, the ACCP 
advises against thromboprophylaxis. The 
 aforementioned recommendations have been 
endorsed in other studies with a high level of evi-
dence [ 3 – 7 ].  

11.4     Thromboprophylaxis 
in Hemophilia Patients 
Undergoing Orthopedic 
Surgery 

 In 2000, Pruthi et al. [ 8 ] presented a patient with 
moderate hemophilia B (treated with factor IX 
concentrate) who suffered VTE in the operated 
leg after a THR for a hip fracture. It was later 
detected that the patient was a heterozygous car-
rier of the factor V Leiden mutation. His conclu-
sion was that it could be useful to perform 
preoperative screening on those hemophilia 
patients who had previous history of VTE. That 
same year, Manucci [ 9 ] recommended that all 
thrombophilic patients should carry out short- 
term thromboprophylaxis with LMWH whenever 
they were exposed to signifi cant risks (surgery, 
prolonged immobilization). 

 In 2004, Dargaud et al. [ 10 ] noted that, 
given the absence at that time of recommenda-
tions on thromboprophylaxis in people with 
hemophilia, this prophylaxis should not be 
routinely performed. However, they also noted 
that hemophilia does not fully protect against 
VTE. Therefore, they recommended perform-
ing thromboprophylaxis in specifi c cases in 
which there are clear risk factors. 

 In 2006, Butcher and Pasi presented a 
patient with hemophilia A, undergoing major 
pelvic surgery [ 11 ], who had several risk fac-
tors and ultimately died of a pulmonary embo-
lism. Their conclusion was similar to that of 
Dargaud et al. [ 10 ]. 

 In 2012, Uprichard et al. [ 12 ] analyzed a series 
of 13 TKRs in 11 patients with hemophilia B, 
who received mechanical thromboprophylaxis 
and 1 also received pharmacological thrombo-
prophylaxis. No patients suffered VTE. 

 In 2012, Krekeler et al. [ 13 ] analyzed 85 
patients (105 interventions, 90 with major ortho-
pedic surgery, and 15 with minor surgery) without 
fi nding any cases of postoperative VTE despite 
not performing any kind of thromboprophylaxis. 
In 2012, Ozelo [ 14 ] reached the same conclusions 
as Butcher and Pasi [ 11 ] and Dargaud et al. [ 12 ]. 
In 2013, Berntorp [ 15 ] noted that in elderly 
hemophilia patients and in patients with von 
Willebrand disease, it will be necessary to assess 
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  Fig. 11.1    Total knee replacement (TKR) in a patient with 
hemophilia. Pharmacological thromboprophylaxis was 
not used: anteroposterior preoperative radiograph ( a ). 

Intraoperative view ( b ). Anteroposterior postoperative 
radiograph ( c ). Lateral postoperative view ( d ). Clinical view 
after surgery ( e )       
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the risk-benefi t balance of thromboprophylaxis 
when they undergo major orthopedic surgery. 

 According to Ozelo for the majority of the 
patients, the use of gradated compression stock-
ings and early mobilization can be suffi cient to 
prevent venous thromboembolism [ 14 ]. The use 
of anticoagulant prophylaxis should be consid-
ered just for patients with relevant additional risk 
factor for thrombosis. However, for hemophilia 
patients with inhibitor, pharmacologic thrombo-
prophylaxis is not recommended. For patients 
with von Willebrand disease receiving factor 
concentrates replacement therapy undergoing 
surgical procedures, the FVIII plasma levels 
should be monitored and thromboprophylaxis 
should be considered if any other thrombosis risk 

factor is present. It is important for the future to 
establish risk assessment tools that can help to 
determine the most effective and safe practice to 
prevent venous thrombosis in patients with 
hemophilia and other bleeding disorders who 
undergo surgical procedures.  

11.5    Authors’ Experience 

 In a period of 40 years, the corresponding author 
has performed 465 orthopedic surgical procedures 
on 403 patients with hemophilia (100 TKR, 23 
THR, and a further 274 major surgeries), plus 68 
minor orthopedic  surgical procedures (arthrosco-
pies and other). Thromboprophylaxis measures 

a
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b

  Fig. 11.2    Total hip replacement (THR) in a hemophilia patient performed without using pharmacological thrombopro-
phylaxis. Anteroposterior preoperative radiograph ( a ). Lateral preoperative view ( b ). Postoperative radiograph ( c )       
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were never used (neither pharmacological nor 
mechanical) except rapid postoperative mobiliza-
tion of patients. This comprised getting the patients 
out of bed the day after surgery and performing 
active and passive mobilization of the limbs. We 
must point out that in hemophilia, we have always 
used general anesthesia, which is a known risk fac-
tor for VTE. Fortunately, we have never clinically 
detected deep vein thrombosis in any of our patients.  

   Conclusions 

 Based on the review of the literature from the 
year 2000 to June 2013 and our own experi-
ence of 40 years performing orthopedic surgi-
cal procedures on hemophilia patients, we can 
state that thromboembolic complications in 
hemophilia after this surgery are extremely 
rare. Therefore, we cannot recommend wide-
spread thromboprophylaxis on hemophilia 
patients undergoing orthopedic surgery. In 
fact we have never performed it (although we 
have always practiced rapid postoperative 
mobilization of patients after orthopedic sur-
gery). This contrasts sharply with non-hemo-
philia patients, for whom all authors agree that 
mixed pharmacological and mechanical 
thromboprophylaxis is highly recommended. 
If we detect a clear risk factor for thromboem-
bolism in a hemophilia patient, personally, we 
would recommend performing the same type 
of thromboprophylaxis as on non-hemophilia 
patients. Such risk factors are orthopedic sur-
gery, general anesthesia, increased age, obe-
sity, previous thromboembolism, varicose 
veins, factor V (Leiden) mutation, malignancy 
(cancer), and the oral contraceptive pill.     
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12.1            Introduction 

 Hemophiliac arthropathy is a frequent cause of 
pain and disability. The increased life expectancy 
in the hemophilia population has made surgery a 
good therapeutic option for relieving pain and 
reducing the dependence of a large number of 
patients suffering from osteoarticular pathology 
that is secondary to the repeated hemarthroses 
caused by clotting factor defi ciency. The develop-
ment of new hematological treatments together 
with progress in surgical and anesthetic techniques 
has greatly contributed to this situation. Another 
factor that has contributed to improving these 
patients’ quality of life has been the advances 
made in rehabilitation treatments throughout the 

pre- and postsurgical process, which make it pos-
sible to maximize functional outcomes [ 1 ]. 

 A discussion of rehabilitation in joint surgery 
on patients with hemophilia may be as extensive as 
a discussion of the surgical options and techniques. 
This wide range of surgical options makes it very 
diffi cult to discuss the rehabilitation aspect exhaus-
tively. In this chapter we will therefore review the 
general bases of rehabilitative medicine, focusing 
on common factors in joint surgeries on patients 
with hemophilia in terms of therapeutic goals, 
treatment techniques, levels of disability, and spe-
cial characteristics. The ultimate goal of rehabili-
tation will always be to return the patient to the 
highest possible level of functional independence.  

12.2    General Concepts 

 In many patients with hemophilia, joint disease 
appears at a much younger age than what is com-
mon in the general population [ 2 ]. The most sig-
nifi cant chronic musculoskeletal symptoms in 
patients with hemophilia continue to be synovitis 
and arthropathy, which often affect the elbow, the 
knee, and ankle joints [ 3 ]. 

 The main reasons for operating on patients with 
hemophilia are disabling joint pain, changes to joint 
function and loss of independence when carrying 
out everyday activities, which cannot be alleviated 
by other therapeutic methods. In this case, the 
orthopedic surgeon will decide which surgical tech-
nique is most appropriate for each patient. 
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 There are several operations that may relieve 
the symptoms of hemophiliac arthropathy, 
including joint debridement (by arthroscopy or 
open surgery), osteotomy, arthroplasty, and 
arthrodesis [ 3 ]. It must be borne in mind that 
orthopedic surgery in patients with hemophilia 
requires much more preparation and greater pre-
cautions than surgery on patients who do not 
have hemophilia [ 4 ]. Luckily, the availability of 
clotting factor concentrates makes it possible to 
perform major surgery, including several proce-
dures in the same operation [ 2 ,  3 ,  5 ,  6 ]. 

 Currently it is also possible to carry out the 
abovementioned surgical techniques on patients 
with circulating inhibitors, although in their 
cases, special hematological, surgical, and reha-
bilitation considerations will have to be taken 
into account [ 7 ,  8 ]. 

 For rehabilitation to be successful within a 
postsurgery context, coordination between health 
professionals is essential. It is of paramount 
importance that the details of the surgery are 
taken into account when planning the best reha-
bilitation program. These details are basically: 
the approach route, the type of injury found, the 
exact procedure performed, and any incidents 
arising during the operation. 

 Rehabilitation must create a protected envi-
ronment that facilitates tissue repair while steady 
progress is made towards recovering more func-
tion, in terms of pain control, improvements to 
muscle strength and joint mobility, and reeducat-
ing the gait and in other daily activities. There is 
a comprehensive arsenal of treatment techniques 
that can be used to achieve these goals, which can 
be classifi ed on the basis of their underlying 
physical principles. It is advisable to use replace-
ment clotting factor while therapy sessions are 
ongoing, in order to minimize the risk of hemor-
rhages [ 2 ].  

12.3    Patient Assessment 

 It is essential that hemophiliac patients with 
osteoarticular pathology, especially those for 
whom surgery is an option, be evaluated from the 
point of view of rehabilitation. The assessment 
must be repeated from a broad clinical and func-
tional perspective on a regular basis during the 

pre- and postsurgical process. The patient’s degree 
of disability in the different areas of his or her life 
must be considered, taking into account each 
patient’s individual characteristics and social 
environment. For patients with serious medical 
illnesses or a general loss of function, the suitabil-
ity of surgery must be very carefully assessed. 

 The preoperative assessment should include a 
full clinical history, detailed physical examina-
tion, and additional tests (X-rays, ultrasonogra-
phy, magnetic resonance imaging-MRI, 
computed tomography-CT) that will help us 
determine the patient’s status in terms of func-
tion. It must be borne in mind that the state of 
patients with hemophilia who undergo joint sur-
gery has usually deteriorated and often involves 
polyarticular problems, muscle hypotrophy, joint 
deformities, compensatory kyphoscoliosis, and/
or length discrepancy in limbs, and these factors 
must also be carefully evaluated [ 2 ,  9 ] (Fig.  12.1 ). 
During the evaluation, the parameters described 
in the Table  12.1  should be collected.

    It is advisable to use rating scales to unify cri-
teria, measure the effectiveness of the operation 
carried out, and monitor the patient’s clinical 
progress throughout the various stages of treat-
ment. For adults, Gilbert is the most widely used 
scale [ 1 – 3 ]. On the other hand, in order to be able 
to objectively quantify these patients’ functional 
level, it is essential to use assessment tools that 
take into account the patient’s psychological 
recovery and their social integration, such as the 
functional rating scales. Although no specifi c 
scales are available for hemophilia patients, the 
generic ones most commonly used in daily clini-
cal practice are: FIM ( Functional Independence 
Measure ), Barthel index, and HAQ ( Health 
Assessment Questionnaire ) [ 1 – 3 ].  

12.4    Objectives of Rehabilitation 

 Once the patient’s clinical and functional status 
has been evaluated through clinical and func-
tional assessments and image tests, the course of 
action can be determined. There is no doubt of 
the effectiveness of rehabilitation for hemophil-
iac patients undergoing joint surgery, and there is 
virtually unanimous agreement on the benefi t of 
applying it throughout the process. 
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 The ultimate objectives are to: prevent com-
plications, improve the functionality of the limb 
operated on, and prepare the patient for carrying 

out their everyday activities independently. This 
applies, in the case of surgery on joints in the 
upper limbs, to improving the manual dexterity 
and skill necessary for everyday activities, and, in 
the case of lower limb surgeries, to gait reeduca-
tion and training in walking up and down stairs. 
These overall objectives can be broken down into 
more specifi c objectives, which are shown in the 
Table  12.2 .

   It is essential to establish realistic therapeutic 
goals and determine the program and treatment 
techniques that will be used to achieve these 
goals. The therapeutic program should be indi-
vidualized, adapted to the situation of each 
patient [ 10 ]. 

 Ideally, the rehabilitation treatment should be 
started early, even if the segment involved needs 
to be immobilized, as this does not have to mean 
that the patient is completely immobilized. 

  Fig. 12.1    Sixteen-year-old 
hemophilia patient with 
musculoskeletal impairment 
in several areas. Note the 
kyphoscoliosis, pelvic 
obliquity, arthropathy in both 
elbows and the left knee with 
reduced extension in these 
joints, and muscle hypotro-
phy. He also has arthropathy 
of the left ankle with fl at foot 
and valgus deformity and 
acute hemarthrosis in the right 
knee with genu valgus 
deformity       

   Table 12.1    Overall assessment of the patient with 
hemophilia   

 Hemodynamic status of the patient 
 Static postural 
 Pain focused on bony structures or soft parts 
 Joint mobility ranges 
 Trophism and muscle strength 
 Deformities or pathologies associated in the kinetic 
chain 
 Osteoarticular problems in other limbs or vertebral 
column 
 Neurovascular status of member 
 Bimanual skill and walking if possible 
 Cardiorespiratory impairment, concomitant pathology, 
age, previous immobility, cognitive status, sequelae of 
previous injuries, medications, etc. 
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 The success in treating these patients will 
also depend on the work done by a multidisci-
plinary team of professionals collaborating on a 
common goal (orthopedic surgeon, hematolo-
gist, rehabilitation physician, nurses, physio-
therapists, occupational therapists, orthopedic 
technicians). 

12.4.1    Preoperative Rehabilitation 

 The fi rst preoperative visit should take place 
4–6 weeks prior to the operation. In it, the doctor 
responsible for the rehabilitation treatment must 
evaluate the patient and inform him or her on the 
postoperative process and the need to be receiv-
ing hematological treatment while the physical 
treatment is ongoing [ 11 ]. Clear information 
allows reducing patient’s anxiety, analgesic use 
and the hospital stay after surgery. It is also 
important to determine how motivated the patient 
is to participate in a postoperative rehabilitation 
program; those patients who are not motivated 
enough may not be accepted [ 2 ,  12 ]. 

 A physical and functional assessment of the 
patient will identify any mobility problems and 
specifi c needs to assist in moving about after the 
operation. As a result, it will be possible to order 
any equipment that may be required during the 
postoperative period to assist with adaptation, in 
order to ensure that it is delivered to the patient 
on time. This type of equipment may include 
wheelchair, crutches, orthotics, footwear, techni-
cal aids, or adaptations for home [ 2 ]. 

 Preoperative physiotherapy programs are 
not indicated in all cases, because for some 

 conditions they have not been shown to improve 
the results over the long term [ 2 ,  12 ]. It must be 
borne in mind that if a patient with hemophilia is 
to undergo surgery on a joint, it is because other 
more conservative therapeutic interventions, 
including rehabilitation, have previously been 
tried and failed to solve the problem. 

 Patients should always be instructed to do the 
rehabilitation exercises learned in prior therapeu-
tic programs daily at home [ 2 ]. 

 If it is decided that new preoperative rehabili-
tation treatment should be prescribed, the objec-
tive will be the same. These programs may 
include respiratory therapy techniques, postural 
standards, spinal hygiene, global kinesitherapy of 
all four limbs, balance techniques, learning trans-
fers, and use of external aids. Table  12.3  refl ects 
the contribution of medical rehabilitation during 
the preoperative period.

12.4.2       Postoperative Rehabilitation 

 Postoperative rehabilitation programs are funda-
mental to optimizing the results of surgery and are 

   Table 12.2    Objectives of rehabilitation in hemophiliacs 
undergoing joint surgery   

 Relieve pain 
 Regain range of joint motion 
 Improve muscle strength and trophism 
 Regaining proprioception and muscle balance 
 Prevent muscle atrophy, deformities, demineralization, 
and other sequelae 
 Improve functional capabilities 
 Maintain an appropriate pattern of movement when 
walking 
 Improve quality of life 

   Table 12.3    Contribution of rehabilitation physician in 
the presurgical phase of the hemophiliac patient   

 Explain the postoperative process 
 Inform as to realistic expectations about the results to 
be expected in the long term 
 Determine the patients’ degree of motivation to 
participate in a rehabilitation program 
 Perform a physical and functional assessment of the 
patient before the operation 
 Identify possible mobility diffi culties that could affect 
postoperative gait 
 Prescribe the equipment that may be required for 
adaptation after the operation (crutches, orthosis, 
footwear, technical aids,..) 
 Consider the patient’s social environment, family 
support and the need for adaptations to the home 
 Advise that the exercises learned in previous 
therapeutic programs must be followed daily at home 
 Prescribe additional sessions of physiotherapy/
occupational therapy to work on specifi c techniques, 
make transfers and use external aids under the 
supervision of a therapist 
 Bring the patient to the best possible condition in 
general and functional terms in preparation for the 
operation 
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nowadays considered essential to ensure proper 
improvement after surgery. That is to say, there 
are no doubts as to the benefi ts of such programs. 
It is important to note that surgery can improve 
hemarthrosis and pain, but not all the associated 
problems that have evolved over the years. In this 
respect, arthroscopy makes it possible to perform 
a synovectomy and perform chondral debride-
ment but will not solve the  muscle atrophy or the 
reduced joint mobility, the instability, or loss of 
proprioception. The osteotomies and the arthro-
plasties usually improve mobility, joint stability, 
and deformity correction [ 5 ]. 

 The patient should be reassessed as soon as 
possible after surgery, in order to ascertain their 
clinical and physical status and to be able to 
establish goals for rehabilitation. The orthopedic 
surgeon can describe the assessment made during 
surgery, any problems encountered, and the plan 
to have the patient kept immobile or non-weight- 
bearing, if necessary, and so must be contacted 
to obtain all this information. Additionally, the 
hematologists must be in touch, since good post-
operative hemostatic coverage is vital during 
rehabilitation. All members of the team should 
have experience in handling people with hemo-
philia [ 13 ]. 

 If there were no complications with the opera-
tion, the therapeutic rehabilitation program 
should begin early, during the period of hospital-
ization, and then continue as an outpatient 
program. 

 During the fi rst 24–48 h after surgery it is par-
amount to control hemostasis and pain; also to 
follow some postural recommendations that will 
allow the patient to maintain the operated limb in 
good alignment and in good articular, muscular, 
vascular and neurological state. 

 Immediately after this period, a more demand-
ing therapeutic program can begin, in which an 
experienced therapist will apply the physiother-
apy techniques appropriate to each case. One or 
two treatment sessions per day are usually rec-
ommended for a period of about 6 weeks, depend-
ing on the clinical evolution [ 2 ,  14 ]. Rehabilitation 
of a patient with hemophilia has some specifi c 
characteristics that must be borne in mind and are 
described in Table  12.4 . To reduce the risk of 
infection through the surgical wound, the highest 

possible hygiene standards must be maintained. 
Pain medication will be used throughout the 
whole time the patient is undergoing rehabilita-
tion treatment. Hemostatic coverage is essential; 
if clotting factor infusion is not continuous, phys-
iotherapy and occupational therapy should be 
scheduled on the basis of the timetable for clot-
ting factor infusion [ 2 ]. According to the latest 
published guides: during the fi rst three days after 
the operation, patients must maintain clotting 
factor concentrations of 60–80 IU/dl (in hemo-
philia A) and 40–60 IU/dl (in hemophilia B); for 
the fourth to sixth days, these levels should be 
40–60 IU/dl (in hemophilia A) and 30–50 IU/dl 
(in hemophilia B); during the second week, the 
recommended level is 30–50 IU/dl (in hemo-
philia A) and 20–40 IU/dl (in hemophilia B) [ 13 ], 
in order to maintain concentrations of at least 
40 %, and patients may begin to receive one infu-
sion per day. During the third and fourth weeks 
after the operation, patients receive 20–40 IU/kg/
day, depending on the clinical condition of the 
joint that has been operated [ 2 ]. Therefore, if 
there is any increase in infl ammation or pain 
 during the rehabilitation period, it is recom-
mended that an immediate treatment of a full 
dose of clotting factor concentrate is adminis-
tered for several days, until symptoms disappear. 
Before removing the sutures, factor concentrate 
should be administered if it has not yet been 
administered on a regular basis [ 2 ]. The general 

   Table 12.4    Specifi c aspects of the postoperative reha-
bilitation program in patients with hemophilia   

 Maximize hygiene standards and the treatment during 
assessment 
 Maintain proper hemostatic coverage during the 
rehabilitation period, to reduce the risk of bleeding 
 Control pain with the use of multimodal analgesia and 
avoiding NSAIDs 
 Schedule physiotherapy and occupational therapy 
sessions to coincide with clotting factor infusion 
 Close monitoring of possible complications, which 
usually require hematological and rehabilitation 
therapy to be adjusted immediately 
 In those joints for which there is a signifi cant risk of 
developing a fl exion contracture, a hinged orthosis is 
very useful 
 To achieve maximum functional recovery, any 
preexisting musculoskeletal problems must be 
considered and treated 
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guidelines for a rehabilitation program after joint 
surgery without complications in patients with 
hemophilia are shown in the Table  12.5 .

12.5         Most Commonly Used 
Rehabilitation Techniques 

 The most commonly used rehabilitation tech-
niques are described below. 

12.5.1    Prevention of Venous 
Thrombosis 

 In addition to strict hematological control, early 
mobilization, intermittent pneumatic compres-
sion therapy, and the use of compressive elastic 
stockings have been shown to be effective in pre-
venting deep vein thrombosis. Other physical 
measures such as voluntary muscle contraction 
and massage therapy to improve circulation may 
also be used.  

12.5.2    Pain Relief 

 Pain relief, which facilitates early mobilization 
and the recuperative process, is usually achieved 
with oral medication, and the use of nonsteroi-
dal anti-infl ammatory drugs (NSAIDs) is 
avoided. The person with hemophilia should be 
taught how to control pain during the postop-
erative phase [ 2 ]. Currently the use of multi-
modal analgesia has shown to be very effective 
for controlling postoperative pain. Other anal-
gesic control techniques are periarticular injec-
tions, continuous epidural anesthesia, and 
peripheral nerve blocking [ 15 ]. Intravenous 
patient-controlled analgesia is also a very effec-
tive method [ 2 ]. After the acute phase, physical 
pain control techniques, such as TENS (trans-
cutaneous electrical nerve stimulation), may be 
used.  

12.5.3    Cryotherapy 

 Cryotherapy on the area operated on is recom-
mended for 20–30 min, three to four times a day 
after the physiotherapy session or the continuous 
passive mobilization. During the fi rst 48 h after 
surgery, it can be applied for more time, in order 
to reduce bleeding and pain. Cryotherapy is cur-
rently under debate in patients with hemophilia 
due to its potential risk of prolonged bleeding 
[ 16 ].  

12.5.4    Early Mobilization 

 For joint mobility to be recovered, the various 
techniques currently used must be applied. 
Manual joint mobilization by an experienced 
physiotherapist will be essential. In the case of 
the knee, these movements should be done by 
manual control of the patella. 

 The use of continuous passive motion (CPM) 
is especially appropriate for patients undergoing 
arthroplasty of the knee. It is recommended from 
the fi rst day, for a minimum of 3 h, three times a 
day, with a frequency of one cycle per minute and 
fl exion limited to 40° for the fi rst 3 days, to pre-

   Table 12.5    The general guidelines for a rehabilitation 
program after joint surgery without complications in 
patients with hemophilia   

 1–3°day  Postural control. Full joint extension. 
Passive or assisted mobilization of 
0–40°. Start isometric muscular work a . 
Sedestation. CPM can be used for 
arthroplasties 

 4–7°day  Increase the movement of the joint 
(progressing at a rate of 5–10°per day). 
Isotonic muscle work a . Bed-chair 
transfers. Progressive increase in bipedal 
standing and walking with partial 
weight-bearing b  

 2–4°weeks  Release of soft tissues. Progress in 
ROM, muscle strength a , and joint 
balance. Reeducation of the gait pattern 
and recovery of functional skills 

 >4°week  Walking around obstacles, ramp, stairs. 
Reeducation in everyday activities 
(personal hygiene, clothing.) 

  Progression in the treatment will depend on postoperative 
time and each patient’s own progress 
  CMP  continuous passive motion,  ROM  range of motion 
  a In the case of myotendinous operations, active muscle 
work must be avoided for at least 3 weeks 
  b In the case of osteotomy or arthrodesis, the discharge 
time stated by the orthopedic surgeon must be observed  
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vent ischemia of the wound. The range of motion 
is gradually increased, attempting to reach fl ex-
ion of 90° on the 7th day [ 17 ]. A systematic 
Cochrane review concludes that this treatment 
helps reduce the patient’s fear of physical treat-
ment and decreases the need for manual treat-
ment. It does not, however, have clinically 
important effects on active knee fl exion ROM, 
pain, function, or quality of life to justify its rou-
tine use [ 18 ]. 

 In case of arthroscopy, recovery of mobility 
should not be a problem unless there are addi-
tional complications. On the other hand, in 
patients on whom arthrodesis has been per-
formed, joint mobilization is contraindicated.  

12.5.5    Orthoses 

 In those joints for which there is a signifi cant risk 
of developing a fl exion contracture, a hinged 
orthosis that allows the joint to be gradually 
extended in a controlled manner is very useful 
[ 2 ]. This device should be used during those peri-
ods of the day when the patient is at rest (includ-
ing the night) (Fig.  12.2 ). Custom-made plantar 
orthoses or rocker soles are also useful. They are 
frequently prescribed to facilitate the mechanics 
of support and setting off in patients who have 
undergone ankle arthrodesis.

12.5.6       Soft Tissue Release 

 The risk of developing adhesions and retractions 
of soft tissues must be reduced as much as pos-
sible, because they can result in signifi cant limi-
tations to the joint. Manual techniques to release 
soft tissues are fundamental to preventing these 
adhesions and retractions developing. In the 
knee, for example, gentle patellar mobilization, 
both vertically and laterally, will decrease the 
risk of fi brosis in the “patellar retinacula”. Once 
the wound is closed, techniques to release the 
scar and the extensor apparatus will be 
indicated.  

12.5.7    Muscular Work 

 Improving muscular trophism is essential at all 
stages of the rehabilitation program and can be 
worked on using different methods. 

 Kinesitherapy techniques can improve various 
parameters for skeletal muscle, such as strength, 
power, and resistance. There are different types of 
contractions and ways of working, which will be 
combined, based on the specifi c objectives pur-
sued [ 19 ]. Contractions can be isometric, isotonic, 
or isokinetic. Isometric contractions are appropri-
ate immediately after surgery, because they 
decrease the risk refl ex inhibition of the muscles 
without risk to joint structures. Isokinetic exer-
cises have shown signifi cant effi cacy in terms of 
muscle strength, when compared with other meth-
ods [ 20 ]. If there is pain, limitation of range of 
motion, and signifi cant swelling, isokinetic work 
and evaluations are contraindicated. When mus-
cle and/or tendons have been operated on during 
the surgery, muscular work is not appropriate in 
the initial stages. There is not suffi cient data to 
recommend routine use of neuromuscular electro-
stimulation, although it should be prescribed in 
cases of marked muscular hypotrophy, refl ex inhi-
bition of the muscle, or when active extension is 
limited [ 21 ]. It is intended to complement the ben-
efi ts of voluntary muscular activity. It must be 
performed with active co-contraction (simultane-
ous voluntary muscle contraction) of the muscle 
group stimulated.  

  Fig. 12.2    Elbow hinge orthosis that allows progressive 
extension of the joint in a controlled manner after joint 
surgery. It is very useful in joints with signifi cant risk of 
developing stiffness in bending. Should be used during 
those periods of the day when the patient is at rest       
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12.5.8    Proprioceptive Training 

 Proprioception is a kinesthetic skill that involves 
a complex neuromuscular and articular process 
in which sensory afferent nerves and motor effer-
ent nerves are interrelated [ 22 ]. It is essential that 
this skill is recovered in order to be able to offer 
adequate static and dynamic stability to a joint 
complex, optimizing the energy consumed [ 23 ]. 
Rhythmic stabilization exercises, postural con-
trol exercises, and postural balance exercises, in 
different support planes, are very useful in this 
regard (Fig.  12.3 ).

12.5.9       Weight-Bearing 

 In terms of weight-bearing, transfers and gait reed-
ucation will start in accordance with the timings 
agreed with the orthopedic surgeon, and this gen-
erally depends on the type of operation performed. 
For example, in the case of arthroscopic synovec-
tomies or arthroplasties, partial weight- bearing 
can be authorized after 48 h, while a corrective 
osteotomy or ankle arthrodesis may require that 
the limb is kept non-weight-bearing for 6 weeks. 
In patients who have undergone elbow surgery, the 
use of an arm to sit up, make transfers, or use 
crutches may be limited for up to about 6 weeks; 

this must be taken into account in patients with 
musculoskeletal disorders in the lower limbs [ 5 ].  

12.5.10    Gait Reeducation 

 From the start of weight -bearing being applied, 
the move to a bipodal weight distribution and gait 
reeducation must begin, with a progressive reduc-
tion in the use of support devices (walker, 
crutches). There will also be training in getting 
past obstacles, ramps, and stairs.  

12.5.11    Occupational Therapy 

 Occupational therapy is especially designed for 
patients who have undergone upper limb surgery 
and those with diffi culty in carrying out self-care 
tasks (personal hygiene, getting dressed, feeding, 
et cetera) since it reeducates in arm movements 
and basic everyday activities.  

12.5.12    Other Techniques 

 During the rehabilitation period other techniques 
may be included, such as early hydrokinesither-
apy and pedalling a stationary bicycle to improve 
coordination and muscle response. Therapeutic 
ultrasound can be used in pulsed mode with non-
thermal effect in the initial postoperative stages 
and/or in continuous mode with thermal effect 
during scarring. Medium-level laser therapy 
(below 100 MW) could be used on the patient 
postsurgery, fundamentally for analgesic and 
anti-infl mmatory purposes; additionally, it will 
also improve tissue repair mechanisms [ 24 ].   

12.6    Special Considerations 

 Postoperative rehabilitation on patients with 
hemophilia is effective, safe, and viable. It has 
been published that, in case of knee arthroplasty, 
the level of long-term satisfaction was rated as 
good in 72 % of cases and excellent in the remain-
ing 28 % [ 25 ]. 

  Fig. 12.3    Proprioceptive exercise with a ball by hemo-
philiac patient after arthroplasty of the right knee. Aims to 
provide adequate static and dynamic stability to a joint 
complex, optimizing the energy consumed       
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 The functional outcomes of joint surgery in 
patients with hemophilia are not commonly as 
good as in the non-hemophilic population due to 
preexisting problems in other structures of the 
musculoskeletal system. 

 Although the general recommendations for 
rehabilitation after joint surgery in people with 
hemophiliac arthropathy have been mentioned 
previously, it must be borne in mind that there 
may be patients with special clinical circum-
stances that require treatment modifi cations, as 
discussed below. 

 One must consider the possibility of postop-
erative complications appearing in the short term, 
such as the intra-articular bleeding or postopera-
tive hematoma that is typical of cases in which 
hemostatic coverage is inadequate, which may 
require drainage. 

 The most common complication that can lead 
to catastrophic failure is infection. This can 
occur in the short or long term after the interven-
tion. The risk of an infection during the immedi-
ate postoperative period for a person with 
hemophilia should not be higher than that for the 
general population, if proper asepsis and hemo-
static coverage have been maintained. However, 
it is well documented that people with hemo-
philia are at increased risk of secondary infec-
tion occurring later [ 2 ]. The reason for this 
increased risk is not clear. Sometimes, what 
causes a delayed infection is bacteremia from a 
distant or local infection [ 2 ]. 

 Another relatively common problem is the 
inability to recover mobility, on many occasions 
resulting from stiffness that predated the opera-
tion (it is usual in cases of advanced hemophilic 
arthropathy). Fixed deformities in fl exion or 
extension are associated with higher levels of 
pain, abnormal gait, diffi culty in managing stairs, 
and worse outcomes in terms of the functional 
scales [ 26 ]. With the rehabilitation program, 
muscular improvement occurs during the fi rst 
6–12 months after the surgery, although a resid-
ual muscular defi ciency usually persists for many 
years [ 27 ]. People with hemophilia with an 
arthropathy that has been operated on almost 
never reach the muscular strength of non- 
hemophiliac subjects of the same age group. 

 Other rare complications may also occur, such 
as skin lesions (delayed scarring, suture dehis-
cence, prolonged secretion, or cutaneous necro-
sis), nerve paralysis, complex regional pain 
syndrome, recurrent synovitis, heterotopic calci-
fi cations, or vascular complications. 

 In comparison with arthrotomy, arthroscopy 
simplifi es the postoperative period and reduces 
the risk of the aforementioned complications. 
However it is imperative that, in all cases, the 
patient is closely monitored during the postoper-
ative rehabilitation process. 

 In cases where multiple procedures have been 
carried out during surgery, it should be borne in 
mind that the expected rate of complications is 
higher, and therefore, the very best conditions for 
rehabilitation are required (factor, asepsis). 
Currently no guides have been developed for this 
type of procedure in patients with hemophilia [ 28 ].  

12.7     Criteria for Discharge 
from Rehabilitation 

 The rehabilitation therapy should be continued 
until the physical and functional objectives pro-
posed have been achieved. 

 While the patient is in hospital, fast-track dis-
charge is a priority, i.e., discharge to the home as 
soon as possible, once hemostatic control has 
been established and the rehabilitation program 
has begun, following the basic guidelines for 
physiotherapy. It has been proposed that hospital 
discharge should be based on the following reha-
bilitative criteria: ability to move from supine to 
sitting and sitting to standing (and vice versa) and 
ability to walk at least 30 m with or without 
crutches, up and down a stretch of stairs [ 29 ]. 
These objectives are achieved in a few days. 

 The patient will then continue to follow the 
rehabilitation program on an outpatient basis. 
The patient is considered to have fulfi lled the 
defi nitive therapeutic goals when the criteria out-
lined in the Table  12.6  have been met. These 
objectives may take between 6 and 12 weeks to 
achieve, depending on the patient’s characteris-
tics and progress. If the patient’s progress is very 
satisfactory and progress beyond the established 
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criteria is foreseen, the treatment may be pro-
longed in order to maximize the results of the 
surgery. When discharged from rehabilitation, 
patients must be well aware of the recommenda-
tions and guidelines and exercises that they must 
follow in their usual environment [ 9 ]. Patients 
must be motivated to continue with a low-impact 
aerobic physical activity after surgery, which will 
help them to maintain the recovery achieved and 
improve cardiovascular fi tness, bone quality, and 
muscular strength. Swimming, static cycling, or 
daily walking in the fl at is recommended [ 30 ]. In 
some cases, if a reversal of the improvement 
achieved is observed, another cycle of physio-
therapy may be necessary [ 9 ].

   Close postoperative monitoring must be car-
ried out for at least the fi rst 6 months. The most 
signifi cant recovery is observed after 3 months. 
However, for up to a year after the operation, 
clinical and functional improvements may be 
observed.  

12.8    Quality of Life 

 Quality of life is a multidimensional construct 
that includes the individual’s physical, emo-
tional, mental, and social well-being. Quality of 
life may be measured using generic or specifi c 
questionnaires. The fi rst published data using 
generic questionnaires date from 1990. Various 
measuring instruments are currently available 
for children and adults, which take age and men-

tal development into account. Operations that 
have good functional results not only improve 
physical but also emotional and social well-
being [ 31 ].  

   Conclusions 

 In surgery to correct hemophiliac arthropathy, 
rehabilitation is fundamental to achieving the 
best functional outcome possible. It is essential 
to ensure good coordination between the ortho-
pedic surgeon, hematologist, and the rehabilita-
tion team for a suitable treatment program to be 
developed. The patient´s  collaboration and moti-
vation are other key factors in the prognosis. 

 Since there are multiple surgical options 
for the different joints, rehabilitation must 
always be customized to the individual. We 
must bear in mind that patients with hemo-
philia who undergo surgery usually present 
other polyarticular musculoskeletal problems 
in other parts of the body, which must also be 
addressed by rehabilitation treatment. 

 Successful outcomes in patients with hemo-
philia operated on for articular pathology 
depends on factors such as the selection of the 
patient, their expectations of improvement, the 
choice of surgical technique, hemostatic cover-
age during and after the procedure, the timing 
of the intervention, the rehabilitation treat-
ment, and prevention of complications. 

 Preoperative goals of rehabilitation are to 
inform the patient about the entire process; to 
prescribe orthoses, support devices and adjust-
ments that could be needed in the postoperative 
period; and to inform the patient with the aim of 
going to the surgical procedure in the best pos-
sible physical situation. The general objectives 
of rehabilitation after surgery are to: control 
pain, release soft tissues, recover joint move-
ment, improve muscle trophism, train proprio-
ception, and reeducate the gait and everyday 
activities-in sum, to regain functionality. 

 In order to increase the chances of a suc-
cessful outcome and reduce the risks, these 
procedures should be performed in hospitals 
that have an experienced team in the manage-
ment of patients with hemophilia.     

   Table 12.6    Criteria for discharge from rehabilitation 
after joint surgery in patients with hemophilia   

 Ranges of motion (ROM) in elbow (extension −30°, 
fl exion 130°, supination 50°, and pronation 50°), in 
knee (full extension, fl exion 90°), in ankle (dorsifl exion 
15° plantar fl exion 30°, plantigrade if arthrodesis) 
 Suffi cient muscle strength to allow the aforementioned 
ROM against gravity 
 Make transfers 
 Walking with or without the help of crutches 
 The ability to go up and down stairs 
 Independence for activities of daily living 
 Knowledge of guidelines and exercise program 
 Adaptation to support devices if necessary (orthoses, 
footwear) 
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13.1            Introduction 

 In 2006 Tsoukas et al. published a study where 
they showed that etoricoxib, a selective cyclo-
oxigenase- 2 (COX-2) inhibitor with anti- 
infl ammatory activity, was more effective than 
placebo in the treatment of hemophilic arthrop-
athy and that it was a safe and well-tolerated 
drug [ 1 ]. 

 The purpose of the present chapter is to com-
pare the analgesic effi cacy of a COX-2 inhibitor 
(oral celecoxib) associated with oral paracetamol 
to that of oral paracetamol alone in adult hemo-
philic patients with hemophilia A and intense 
joint pain secondary to advanced hemophilic 
arthropathy (AHA).  

13.2    Review of the Literature 

 Hemophilic arthropathy often produces a severely 
painful disability in the majority of hemophilic 
patients [ 2 ]. Management of chronic hemophilic 
arthropathy is diffi cult. Analgesics may be used 
for pain relief, but their long-term use may result 
in dependence. NSAIDs have been used fre-
quently in patients with coagulation disorders, 
albeit carefully as they inhibit platelet function 
[ 3 ,  4 ]. Nonetheless, the results of NSAIDs use 
have not been published. 

 Selective cyclooxigenase-2 inhibitors (COX- 2), 
which inhibit the COX-2 enzyme in preference to 
COX-1, do not interfere with platelet thrombox-
ane synthesis and therefore do not impair platelet 
function [ 5 ]. Moreover, COX-2 inhibitors entail a 
lower risk of gastrointestinal complications than 
traditional NSAIDs [ 6 ,  7 ]. 

 Selective COX-2 inhibitors have been shown to 
be effective for pain relief and infl ammation in 
cases of osteoarthritis, without affecting platelet 
function [ 5 ,  8 ]. COX-2 inhibitors are generally 
well tolerated, although Tosukas et al. reported a 
higher proportion of patients exhibiting adverse 
effects in the COX-2 inhibitor group than in the 
placebo group [ 1 ]. 

 Intra-articular hemorrhage is a common fi nding 
in patients with hemophilic arthropathy. However, 
agents that decrease platelet aggregation (aspirin 
and NSAIDs) may infl uence the number or 
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 severity of bleeding episodes and, therefore, the 
amount of defi cient clotting factor required. 

 The literature presented herein suggests that 
treatment with COX-2 inhibitors is not associated 
with an increased incidence of hemarthrosis in 
patients with hemophilic arthropathy.  

13.3    Authors’ Experience 

 Sixty patients with hemophilia A and intense 
AHA-induced joint pain (Figs.  13.1 ,  13.2  and 
 13.3 ) were analyzed in order to determine the 
degree of pain relief provided by celecoxib. 
Patients were randomly divided into two groups 
of 30 patients each: a study group (Celebrex, 
Pfi zer Laboratories, La Moraleja, Madrid, Spain) 
and a control group (without Celebrex). Patient 
inclusion criteria are displayed in Table  13.1 .

      Over a period of 2 months, patients in the control 
group (30 patients) were subjected to secondary 

hematologic prophylaxis (intravenous infusion of 
3,000 IU of factor A/three times a week) combined 
with 650 mg/every 6 h of oral paracetamol (Gelocatil 
60 mg, Laboratorios Gelos SL, Esplugues de 
Llobregat, Barcelona, Spain). The drugs were 
administered in 15-day cycles, with a 15-day rest-
ing period between cycles. Seventeen knees, nine 
elbows, and four ankles were treated. Mean patient 
age was 25.4 years (range: 21–50 years). 

 The study group (celecoxib) also included 30 
patients, who were administered the same treatment 
as patients in the control group over 2 months, but 
with the addition of oral celecoxib (200 mg/once a 
day over 15 days followed by a 15-day resting 
period after which the cycle was repeated). Sixteen 
knees, eight elbows, and six ankles were treated. 
Mean patient age was 23.7 years (range: 
20–58 years). Evaluation of pain was carried out by 
means of a visual analog scale (VAS, 0–100 mm, 

  Fig. 13.1    Advanced hemophilic elbow arthropathy in an 
adult hemophilic patient in our study who presented with 
intense joint pain         Fig. 13.2    Knee from an adult hemophilic patient in our 

series showing very advanced hemophilic arthropathy 
(AHA) associated with intense joint pain       
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where 0 indicated no pain and 100 the worst imag-
inable pain) prior to treatment and at 2 months’ 
follow-up (treatment completion). Pain relief was 
considered poor when the treatment resulted in a 
decrease of less than 10 points on VAS, fair when 
the decrease was between 11 and 20 points, good 
when the reduction was between 21 and 40 points, 
and excellent when a decrease of between 41 and 60 
points was obtained. 

 Descriptive and analytical statistics were used 
for data analysis. Results where  p  < 0.05 were 
considered signifi cant. The SPSS 15.0 statistical 
package for Windows was used for the analysis. 

 Results of control group: the pretreatment pain 
score was 73.4 (range: 45–95). The posttreatment 
pain score was 37.3 (range: 25–35). Results in 
this group were excellent in 11 cases, good in six, 
fair in eight, and poor in fi ve. No differences were 
observed between the different joints (elbows, 
knees, ankles) with respect to those results. No 
complications were reported in this group. 

 Results of study group (celecoxib): the pre-
treatment pain score was 74.2 (range: 40–95). 
The posttreatment pain score was 15.9 (range: 
10–20). Results in this group were excellent in 17 
cases, good in nine, fair in two, and poor in two. 
No differences were observed between the differ-
ent joints (elbows, knees, ankles) with respect to 
those results. Of the 30 patients in this group, two 
(6.6 %) reported a mild headache, which was 
associated with the use of celecoxib. 

 Table  13.2  shows the mean pre- and posttreat-
ment pain scores in the two groups analyzed, as 
well as the degree of pain relief obtained (poor, 
fair, good, excellent) in both groups. Statistical 
analysis showed that pain improved signifi cantly 
more in the celecoxib group (study group) than in 
the control group.

  Fig. 13.3    Advanced hemophilic ankle arthropathy in an 
adult hemophilic patient in our study, who complained of 
intense joint pain       

   Table 13.1    Inclusion criteria for the study   

 Patients with severe hemophilia A (<1 % factor VIII) 
 Age >18 years 
 Advanced hemophilic arthropathy (AHA) as detected 
by radiology (over 10 points on Peterson’s scale) 
 Joint pain >40 mm in elbows, knees, or ankles 
 Absence of hemarthrosis and synovitis (as determined 
on ultrasonography) at the time of inclusion into the 
study 

   Table 13.2    Mean pre- and posttreatment pain scores and degrees of pain relief (excellent, good, fair, poor)   

 Criteria  Mean pretreatment pain  Mean posttreatment pain  Results 

 Control group 
(No celecoxib) 

 73.8  37.3  Excellent, 11; good, 6; 
fair, 8; poor, 5 

 Study group 
(Celecoxib) 

 74.1  15.9  Excellent, 17; good, 9; 
fair, 2; poor, 2 
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      Conclusions 

 Advanced hemophilic arthropathy (AHA) is 
often accompanied by intense joint pain in 
most adult hemophilic patients. NSAIDs have 
been used frequently in hemophilic patients, 
albeit cautiously as they inhibit platelet func-
tion. In this chapter we have analyzed cele-
coxib’s analgesic effi cacy in adult patients 
with hemophilia A and painful AHA. Sixty 
adult hemophilic patients were randomized 
into two treatment groups. In the study group 
(30 adult patients), oral celecoxib was admin-
istered in association with oral paracetamol. 
In the control group (30 adult patients), only 
oral paracetamol was used (same dose). The 
secondary hematologic prophylaxis protocol 
used was identical in both groups for the entire 
duration of the follow-up period (2 months). 
At 2 months, remission of pain was assessed 
comparing post- with pretreatment pain scores 
on a visual analog scale (VAS). Joint pain in 
the celecoxib group improved signifi cantly 
more than in the control group. Two patients 
in the celecoxib group reported mild drug-
induced headache. In conclusion, celecoxib 
has been shown to be a highly effective anti-
infl ammatory treatment for joint pain in adult 
patients with hemophilia A and AHA.     
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14.1             Introduction 

 Hemophilia is classifi ed into the diseases that 
cause disruption in normal blood clotting. It is an 
inherited X-linked disease, which produces a 
defi cit in coagulation factors such as factor VIII 
(hemophilia A) or factor IX (hemophilia B). 
Hemophilia A has a higher incidence (1 case per 
5,000 males) than hemophilia B (1 case per 
32,000 men). The current prevalence of hemo-
philia in the world is around 400,000 patients, of 
which 85 % are type A hemophiliacs. 

 The main clinical manifestation of hemophilic 
patients is the tendency to bleed, which usually 
begins in childhood. There are several degrees of 
hemophilia, depending on circulating factor lev-
els, which are correlated with bleeding manifes-
tations (Table  14.1 ).

   Most clinical manifestations are related to 
articular bleeding (70–80 %) or muscle hemato-
mas (10–20 %); fortunately severe bleedings that 

compromise the patient’s life (in the nervous 
 system) are rare (less than 5 %). The most com-
monly affected joints are the ankles, knees, and 
elbows [ 2 ]. 

 One of the most frequent limitations in life’s 
quality of hemophilic patients is problems asso-
ciated with repetitive articular bleeding. Intra- 
articular bleeding disrupts the normal functioning 
of the articular cartilage, resulting in an early 
arthropathy with great limitation for the patient 
due to pain and secondary functional impotence; 
this situation leads these patients to be subsidiary 
of surgeries with high risk of perioperative bleed-
ing, such as total knee replacement, as well as 
others with lower risk of bleeding, such as 
arthroscopic synovectomies. 

 The success of these interventions lies in the 
multidisciplinary approach between the orthope-
dic surgeon, anesthesiologist, and hematologist 
in a reference center with experience in the treat-
ment of hemophilia [ 3 ].  
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   Table 14.1    Grade of hemophilia according to the per-
centage of circulating factor and clinical manifestations of 
the disease [ 1 ]   

 Severe 
grade 

 Less 1 % factor  Spontaneous bleeding 
 <0.01 Ui/ml  Joints and muscles 

 Moderate 
grade 

 1–5 % factor  Occasional 
spontaneous bleeding. 

 0.01–0.05 Ui/ml  Bleeding with surgery 
or trauma 

 Mild grade  5–40 % factor  Bleeding only with 
surgery or trauma  0.05–0.4 UI/ml 
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14.2     Preoperative Approach 

14.2.1     History 

 In the anamnesis we must ask the patient about 
bleeding frequency, trying to fi nd the location 
and especially the triggering effect of it, which 
will guide us (along with lab tests) about the 
degree of factor defi ciency. 

 We will ask about transfusion-related infec-
tions, such as hepatitis C virus or HIV. We must 
also corroborate the presence of other associated 
diseases such as:
•    Hypertension is more prevalent in hemophilic 

patients than in the general population; an 
optimal control previous to the surgical inter-
vention is very important [ 4 ].  

•   Dyslipidemia is less frequent in hemophilic 
patient than in general population [ 5 ].  

•   On the other hand, a decreased risk of death 
from ischemic heart disease in the hemophilic 
population compared to the general popula-
tion has been described, although it is increas-
ing in the last years. There is an association 
between the use of factor and myocardial 
infarction. The presence of myocardial infarc-
tion in a hemophilic patient includes individu-
alized attention due to the fact that antiplatelet 
therapy is not indicated [ 6 ].     

14.2.2     Laboratory Tests 

•     Platelet count, hemoglobin level, complete 
biochemical analysis, and clotting tests with 
factors VIII or IX levels  

•   Presence of inhibitors     

14.2.3     Preoperative Pain Treatment 

 Most surgical interventions in hemophilic 
patients are orthopedic surgeries, due to an 
advanced hemophilic arthropathy. Before com-
ing to surgery, these patients have been treated 
with analgesics, with varying doses of morphine, 
and when pain is not controlled despite them, the 
orthopedic intervention is indicated [ 7 ]. It is 

important to corroborate in the preoperative eval-
uation, the usual dose of morphine consumed by 
the patient in order to administer it postopera-
tively. Table  14.2  summarizes the common anal-
gesics used in hemophiliacs.

   Pain management is done, as the intensity 
increases. In the second step COX-2 are indi-
cated, which must be prescribed with caution in 
patients with hypertension or renal dysfunction. 
Other anti-infl ammatory are not used in hemo-
philic patients due to the bleeding risk [ 10 ].  

14.2.4     Physical Examination 

 Once the anamnesis is concluded and the regular 
medication consumed registered, we will focus 
on the physical examination, with special atten-
tion to the airway exploration, as these patients 
are usually candidates for general anesthesia. The 
management of the airway should be exquisite, 
with a well-organized intubation plan. It includes 
different options and the use different devices, 
due to the fact that in these patients multiple intu-
bation attempts can trigger mucosal bleeding and 
endanger the patient’s life. Airway exploration 
test on their own has limited sensitivity and spec-
ifi city, but when used in combination, their pre-
dictive value increases [ 11 ].  

14.2.5     Final Considerations 
in the Preoperative Evaluation 

 As fi nal considerations in relation to the preopera-
tive evaluation, the following conditions shall apply:
•    Advice the complete surgical team (anesthesi-

ologist, hematologist, and orthopedic surgeon) 
when scheduling the surgery so the whole 
team is aware about the patients pathology.  

   Table 14.2    Common analgesics used in hemophilic 
patients [ 8 ,  9 ]   

 1° step  Acetaminophen 
 2° step  COX-2 inhibitors or acetaminophen-codeine 

or acetaminophen-tramadol 
 3° step  Morphine in variable dosage (morphine, 

oxycodone) 
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•   Confi rm with the hospitals pharmacy enough 
factor availability for a proper perioperative 
management.  

•   Confi rm with the blood bank that blood prod-
ucts needed for surgery are reserved.      

14.3     Perioperative Management 

 There are two important situations, hemostatic 
considerations and different anesthetic options. 

14.3.1     Hemostatic Considerations 

 We must pay attention to the presence of inhibi-
tors and to the level of the defi cient factor. 

    Patients Without Inhibitors 
 The objective is to obtain an adequate level of 
defi cient factor so the surgery can be performed. 
The hematologist is the main responsible of 
obtaining an appropriate level of preoperative 
factor and does also keep it during all the surgery 
and the postoperative period. Table  14.3  shows 
the percentage of factor needed in each phase and 
the duration of the treatment with factor depend-
ing on the type of surgery.

   The reference value of 60–80 % factor just prior 
to anesthetic induction is the value the anesthesiolo-
gist should check in order to carry out the surgery. 

 Intravenous administration of concentrated 
either recombinant or plasma-derived factor is 
the correct way to get a proper percentage of fac-
tor for an adequate surgery hemostasis [ 13 ]. 

 The half-life of factor ranges between 8 and 
12 h. In the case of factor VIII, each unit per kg 
of patient weight given intravenously increases 
the plasma level about 2 IU/dl [ 14 ]. 

 In case of unavailability of concentrated fac-
tor, cryoprecipitate or fresh frozen plasma can be 
administered. The initial dose of fresh frozen 
plasma administered is 15–20 ml/kg [ 15 ].  

    Patients with Inhibitors 
 Inhibitors are IgG antibodies that neutralize coag-
ulation factors. They are more common in hemo-
philia A, with an incidence of 20–30 %, whereas 
in hemophilia B, they range from 5 to 10 %. They 
are more common in severe grades of hemophilia 
than in cases of mild to moderate hemophilia [ 16 ]. 

 It is particularly important in the perioperative 
period, because the exposition to high doses of 
defi cient factor, as it occurs in this period, can 
precipitate the antibody appearance. It must be 
suspected when the response to the factors infu-
sion decreases; accurate diagnosis is determined 
with a laboratory test [ 17 ]. 

 If inhibitors appears, depending on the range of 
them, higher doses of factor (in case of bit inhibitor) 
or recombinant activated factor VII will be neces-
sary, requiring even activated prothrombin complex 
in cases of high amount of inhibitor [ 18 ,  19 ]. 

 Other therapeutic options to improve hemosta-
sis, like desmopressin and antifi brinolytic therapy 
have low utility in major surgery. Desmopressin is 
useful to prevent bleeding in mild or moderate 
hemophilia A [ 20 ]. Antifi brinolytics, in particular 
tranexamic acid, are used to reduce bleeding in 
case of dental procedures [ 21 ].   

14.3.2     Anesthetic Management 

 Hemostatic factor levels should be checked previ-
ously to the anesthetic induction. In relation to the 
patients monitoring, overall 5-lead electrocardio-
gram, peripheral oxygen saturation, and noninvasive 
blood pressure are used. Invasive monitoring is not 
indicated just because it is a hemophilic patient, only 
in those cases in which size of the surgery requires it. 

 A peripheral venous access with high gauge, 
which is different to the one used for the factors 

   Table 14.3    Percentage of factor and maintenance 
depending on the type of surgery [ 12 ]   

 % factor 
target  Maintenance days 

  Major surgery  
 Preoperative  60–80 % 
 Postoperative 1  30–40 %  1–3 days 
 Postoperative 2  20–30 %  4–6 days 
 Postoperative 2  10–20 %  7–14 days 
  Minor surgery  
 Preoperative  40–50 % 
 Postoperative  20–50 %  1–5 days 
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infusion, is recommendable. In the case in which 
the use of a central venous line is indicated, the 
hemostatic level must be around 80 % and be 
preferably punctured under ultrasound guidance 
to minimize mistake punctures and subsequent 
bleeding [ 22 ]. There is no contraindication to the 
use of any hypnotic agent in both the induction 
and maintenance; the choice is anesthesia based 
in analgesia with opioids. 

 Nasal intubation should be avoided whenever 
possible, as also multiple tracheal intubation 
maneuvers, in order to minimize the risk of muco-
sal bleeding. A plan should be done in the preop-
erative evaluation intubation in case of a scheduled 
or anticipated diffi cult airway, using a device that 
ensures intubation without multiple attempts. 

 Anti-infl ammatory drugs should be avoided 
and postoperative analgesia based in opioids 
must be fi rst option, ideally by pump intravenous 
infusion of morphine under PCA (patient- 
controlled analgesia) system, which has been 
shown to improve patient satisfaction and post-
operative pain control compared to conventional 
opioid administration [ 23 ]. 

 Neuraxial anesthesia has numerous benefi ts 
over general anesthesia, such as better pain  control 
with fewer side effects from opioids administra-
tion and improved patient recovery [ 24 ]. There 
are numerous guidelines that govern the use of 
neuraxial anesthesia in patients taking various 
drugs affecting coagulation, marking a time of 
suspension of the drug in order to perform the 
technique with minimal risk of bleeding, since the 
appearance of a neuraxial hematoma has conse-
quences disastrous for the patient [ 25 ]. 

 Some authors reported 107 cases of neuraxial 
anesthesia in hemophilic patients. Most of them 
were diagnostic lumbar punctures, but 35 of 
them corresponded to punctures for lower limb 
surgery, and 18 epidural punctures, including 7 
for labor. In none of these cases complications 
were found. It is important to say that all of them 
were performed with factor levels in hemostatic 
range for surgery. However, a case of neuraxial 
puncture in a not known hemophilic patient was 
described, with the appearance of secondary spi-
nal hematoma and consequent paraplegia [ 26 ]. 

 Regarding the use of peripheral nerve blocks in 
hemophiliacs, Vanarase et al. reported 15 cases of 

nerve blocks for postoperative analgesia in knee 
replacement without any complications [ 27 ] and 
Kang described the use of an axillary catheter for 
elbow surgery with better postoperative analgesia 
and faster rehabilitation without development of 
any complications [ 28 ]. The use of nerve blocks 
reduces postoperative analgesic requirements and 
decreases the potential adverse effects of systemic 
medication [ 29 ]. As in neuraxial analgesia, no rec-
ommendations exist about the level of factor 
required for a safe performance, being compres-
sion to prevent relevant bleeding diffi cult in both 
techniques. Table  14.4  shows the risk of bleeding 
in neuraxial anesthesia and nerve blocks depend-
ing on the type of block [ 30 ].

   Finally, the use of nerve blocks or neuraxial 
blockade has known benefi ts in the postoperative 
period, especially in orthopedic surgery; cases of 
hematomas related to these are rare, but this does 
not mean that they do not occur. There are no 
recommendations regarding the level of security 
to perform them in the hemophilic patient. The 
use of a catheter involves a greater risk, due to 
the risk of bleeding itself and because the level 
of factor changes with the passage of days after 

   Table 14.4    Bleeding risk in neuroaxial puncture and 
nerve blocks due to type of block [ 30 ]   

 Block category  Block type 

 High risk  Epidural catheter 

      

 Epidural single 
shot 
 Paravertebral  Paravertebral block 

 Lumbar block 
 Deep cervical block 

 Deep block  Gluteal sciatic 
approach 
 Obturator block 
 Infraclavicular and 
supraclavicular block 

 Superfi cial 
perivascular block 

 Femoral block, sciatic 
block, interscalene 
block, axillar block 

 Fascial block  TAP (transversus 
abdominis plane) 
block 

 Superfi cial block  Elbow, wrist, ankle, 
interdigital block 

 Local 
 Normal 
risk 
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 surgery, and it can be much lower than the sur-
gery level, increasing the risk of bleeding if the 
catheter is removed at this time.   

    Conclusions 

 Hemophilic patients undergoing orthopedic 
surgery are susceptible of bleeding complica-
tions during all the perioperative period. The 
majority of patients who undergo surgery are 
known hemophiliacs; this means that the sur-
gery is performed with the proper dose of the 
defi cient factor. The most common anesthetic 
technique used in hemophiliacs is general 
anesthesia; it causes minimal bleeding com-
plications, including at the neuraxial level. In 
recent years, the use of peripheral nerve blocks 
in patients with adequate hemostatic factor 
level has been documented, without occur-
rence of bleeding complications. Currently, 
however, general anesthesia remains the tech-
nique of choice in hemophilia patients under-
going orthopedic procedures.     

   References 

    1.    White GC 2nd, Rosendaal F, Aledort LM, Lusher JM, 
Rothschild C, Ingerslev J (2001) Defi nitions in hemo-
philia. Recommendation of the scientifi c subcommit-
tee on factor VIII and factor IX of the scientifi c and 
standardization committee of the International Society 
on Thrombosis and Haemostasis. Thromb Haemost 
85:560  

    2.    Aronstam A, Rainsford SG, Painter MJ (1979) 
Patterns of bleeding in adolescents with severe hae-
mophilia A. Br Med J 1:469–470  

    3.    Hermans C, Altisent C, Batorova A et al (2009) 
European haemophilia therapy standardisation board. 
Replacement therapy for invasive procedures in patients 
with haemophilia: literature review, European survey 
and recommendations. Haemophilia 15:639–658  

    4.    Lim MY, Pruthi RK (2011) Cardiovascular disease 
risk factors: prevalence and management in adult 
hemophilia patients. Blood Coagul Fibrinolysis 22:
402–406  

    5.    Rosendaal FR, Briet E, Stibbe J, van Herpen G, 
Leuven JA, Hofman A, Vandenbroucke JP (1990) 
Haemophilia protects against ischaemic heart disease: 
a study of risk factors. Br J Haematol 75:525–530  

    6.    Girolami A, Ruzzon E, Fabris F, Varvarikis C, Sartori 
R, Girolami B (2006) Myocardial infarction and other 
arterial occlusions in hemophilia A patients: a cardio-
logical evaluation of all 42 cases reported in the litera-
ture. Acta Haematol 116:120–125  

    7.    Rodriguez-Merchan EC (2010) Musculoskeletal com-
plications of hemophilia. HSSJ 6:37–42  

    8.    Gomis M, Querol F, Gallach JE, Gonzalez LM, Aznar 
JA (2009) Exercise and sport in the treatment of hae-
mophilic patients: a systematic review. Haemophilia 
15:43–54  

    9.    Vallejo L, Pardo A, Gomis M et al (2010) Infl uence of 
aquatic training on the motor performance of patients 
with haemophilic arthropathy. Haemophilia 16:155–161  

    10.    Eyster ME, Asaad SM, Gold BD, Cohn SE, Goedert 
JJ, Second Multicenter Hemophilia Study Group 
(2007) Upper gastrointestinal bleeding in haemophili-
acs: incidence and relation to use of non-steroidal 
anti-infl ammatory drugs. Haemophilia 13:279–286  

    11.    Apfelbaum JL, Hagberg CA, Caplan RA et al (2013) 
Practice guidelines for management of the diffi cult 
airway: an updated report by the American Society of 
Anesthesiologists Task Force on Management of the 
Diffi cult Airway. Anesthesiology 118:251–269  

    12.   Srivastava A, Brewer AK, Mauser-Bunschoten EP 
et al (2013) Treatment Guidelines Working Group on 
Behalf of The World Federation of Hemophilia. 
Guidelines for the management of hemophilia. 
Haemophilia. 19:e1–47  

    13.    Farrugia A (2008) Guide for the assessment of  clotting 
factor concentrates, 2nd edn. World Federation of 
Hemophilia, Montreal  

    14.    Björkman S, Berntorp E (2001) Pharmacokinetics of 
coagulation factors: clinical relevance for patients 
with haemophilia. Clin Pharmacokinet 40:815–832  

    15.    Stanworth SJ (2007) The evidence-based use of FFP 
and cryoprecipitate for abnormalities of coagulation 
tests and clinical coagulopathy. Hematol Am Soc 
Hematol Educ Program 2007:179–186  

    16.    Astermark J, Altisent C, Batorova A, European 
Haemophilia Therapy Standardisation Board et al 
(2010) Non-genetic risk factors and the development 
of inhibitors in haemophilia: a comprehensive review 
and consensus report. Haemophilia 16:747–766  

    17.    Meijer P, Verbruggen B (2009) The between- 
laboratory variation of factor VIII inhibitor testing: 
the experience of the external quality assessment pro-
gram of the ECAT foundation. Semin Thromb Hemost 
35:786–793  

    18.    Astermark J, Donfi eld SM, DiMichele DM et al 
(2007) A randomized comparison of bypassing agents 
in hemophilia complicated by an inhibitor: the FEIBA 
Novoseven Comparative (FENOC) Study. Blood 109:
546–551  

    19.    Berntorp E, Shapiro A, Astermark J et al (2006) 
Inhibitor treatment in haemophilias A and B: sum-
mary statement for the 2006 international consensus 
conference. Haemophilia 12(Suppl 6):1–7  

    20.    Leissinger C, Becton D, Cornell C Jr, Cox Gill J 
(2001) High-dose DDAVP intranasal spray (Stimate) 
for the prevention and treatment of bleeding in 
patients with mild haemophilia A, mild or moderate 
type 1 von Willebrand disease and symptomatic carri-
ers of haemophilia A. Haemophilia 7:258–266  

    21.    Frachon X, Pommereuil M, Berthier AM et al 
(2005) Management options for dental extraction in 

14 Anesthesia in Orthopedic Surgery of the Adult Hemophilia Patient



110

hemophiliacs: a study of 55 extractions (2000–2002). 
Oral Surg Oral Med Oral Pathol Oral Radiol Endod 
99:270–275  

    22.    Ewenstein BM, Valentino LA, Journeycake JM et al 
(2004) Consensus recommendations for use of central 
venous access devices in haemophilia. Haemophilia 
10:629–648  

    23.   Hudcova J, McNicol E, Quah C et al (2006) Patient 
controlled opioid analgesia versus conventional opi-
oid analgesia for postoperative pain. Cochrane 
Database Syst Rev (4):CD003348.  

    24.    Capdevila X, Barthelet Y, Biboulet P, Ryckwaert Y, 
Rubeno- vitch J, d’Athis F (1999) Effects of periop-
erative analgesic technique on the surgical outcome 
and duration of rehabilitation after major knee sur-
gery. Anesthesiology 91:8–15  

    25.    Choi S, Brull R (2009) Neuraxial techniques in 
obstetric and Non-obstetric patients with common 
bleeding diatheses. Anesth Analg 109:648–660  

    26.    Faillace WJ, Warrier I, Canady AI (1989) Paraplegia 
after lumbar puncture. In an infant with previ-
ously undiagnosed hemophilia A. Treatment and 
 peri- operative considerations. Clin Pediatr (Phila) 
28:136–138  

    27.    Vanarase MY, Pandit H, Kimstra YW, Dodd CA, 
Popat MT (2007) Pain relief after knee replacement in 
patients with a bleeding disorder. Haemophilia 13:
395–397  

    28.    Kang SB, Rumball KM, Ettinge RS (2003) Continuous 
axillary brachial plexus analgesia in a patient with 
severe hemophilia. J Clin Anesth 15:38–40  

    29.    Sripada R, Reyes JJ, Sun R (2009) Peripheral nerve 
blocks for intraoperative management in patients with 
hemophilia A. J Clin Anesth 21:120–123  

     30.    Harrop-Griffi ths W, Cook T, Gill H et al (2013) 
Regional anaesthesia and patients with abnormalities 
of coagulation. Anaesthesia 68:966–972      

R. Rosado-Caracena and C. Baeza-Gil



111E.C. Rodríguez-Merchán (ed.), Joint Surgery in the Adult Patient with Hemophilia,
DOI 10.1007/978-3-319-10780-6_15, © Springer International Publishing Switzerland 2015

15.1            Introduction 

 Hemophilia is a genetic disease characterized by a 
defi cit or absence of a clotting factor. This defi cit 
or absence is due to a genetic mutation occurring 
in the X chromosome. The disease may be classi-
fi ed into hemophilia A when there is a defi cit of 
factor VIII (FVIII) and hemophilia B in the case of 
a defi ciency of factor IX (FIX). The clinical mani-
festations of both defi cits are recurrent articular 
bleeds and severe joint damage eventually [ 1 ]. The 
number of bleeding episodes and their severity are 
related to the activity of the defi cient factor in 
plasma [ 2 ]. Hemophilia can be classifi ed into:
   Severe hemophilia, when the coagulation factor 

activity is less than 1 %. It is usually charac-
terized by the appearance of spontaneous 
bleeding episodes (muscles and joints).  

  Moderate hemophilia, when the activity of the 
coagulation factor is between 1 and 5 %. It is 
characterized by the occurrence of spontane-
ous bleeding episodes occasionally and also in 
cases of severe trauma or surgery.  

  Mild hemophilia, when factor activity exceeds 
5 %. It is characterized by the occurrence of 
bleeding in traumatic episodes or during sur-
gical procedures.    
 Bleeding episodes may occur anywhere in the 

body, but most of them take place in muscles and 
joints. Recurrent bleeds in the joints cause severe 
disability in the long term (hemophilic arthropa-
thy). In some patients, limitation of articular 
mobility and joint deformity may require a surgi-
cal procedure, such as total joint arthroplasty. 
The joints most commonly affected in hemo-
philia patients are the knees, ankles, elbows, and 
hips [ 3 ,  4 ]. The management of patients with 
advanced hemophilic arthropathy is often com-
plex, ranging from less invasive surgical tech-
niques (radiosynovectomy) to more complex 
surgical techniques (total joint arthroplasty). 

 Any surgical procedure must be carried out 
under factor coverage (intravenous administra-
tion of the defi cient coagulation factor). 
Hematological substitution treatment (secondary 
prophylaxis) without using surgical procedures 
may avoid new joint bleeds but will not solve the 
mobility problems already established. Secondary 
prophylaxis is very expensive due to the high cost 
of factor concentrates. Orthopedic surgical tech-
niques may help to improve articular mobility, 
relieve patient pain, and halt recurrent bleeds in 
the affected joints. A strict control of hemostasis 
by means of intravenous infusion of the defi cient 
coagulation factor, both in the perioperative and 
postoperative periods, is paramount to perform 
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any orthopedic surgical procedure in a hemo-
philia patient. Such hemostatic control has a high 
economic cost. That is why the pharmacoeco-
nomic analysis of orthopedic surgical procedures 
is very important in hemophilia. In fact, such a 
cost many times is not covered by some national 
health systems.  

15.2     Economic Evaluations 
in Health Care 

 Healthcare systems in different countries need to 
address the growing demands with increasingly 
limited resources. In order to carry out this need, 
economic evaluations of health interventions must 
be performed. Economic evaluation studies are very 
important, but their implementation may be com-
plex because they must quantify all factors involved 
in a particular surgical procedure. It is important to 
get a close view of the economic reality of a health 
intervention and also avoid overspendings. 

 Canada was one of the pioneering countries in 
health economic evaluations. The Canadian 
Coordinating for Health Technology Assessment 
(CCOHTA) defi ned health technology assess-
ment as “the process of assessing medical tech-
nologies (devices, procedures, and drugs) and 
their use.” In order to carry out the analysis of 
evaluation studies, CCOHTA published some 
“Guidelines for economic evaluation of pharma-
ceuticals.” Such guidelines allow us to improve 
the methodology of various models of economic 
evaluation [ 5 ]. 

 There are other national agencies that have 
established criteria for the selection and use of 
drugs funded by their national health systems. In 
Europe, they include the National Institute for 
Health and Clinical Excellence (NICE) in UK, 
the Scottish Medicines Consortium (SMC), the 
 Institut für Qualität und Wirtschaftlichkeit im 
Gesundheitswesen  (IQWIG) in Germany, and the 
 Haute Autorité de Santé  (HAS) in France. 

 In Spain, there is no offi cial agency evaluating 
economic data of health interventions or medica-
tions. However, the Spanish Ministry of Health 
has published two reports that address economic 
evaluations. They are “Methods for the economic 

evaluation of new features” [ 6 ] and “Proposed 
guidelines for economic evaluation of health 
technologies” [ 7 ]. An important amount of 
Spanish economic resources are spent in drugs 
used in different diseases. This fact, together with 
the absence of a Spanish state agency performing 
economic evaluations, has highlighted the para-
mount role of Pharmacy Departments in Spanish 
medical centers. In fact, Pharmacy Departments 
look for pharmacological effi ciency (greater ther-
apeutic benefi t at a lower cost) by means of phar-
macoeconomic studies. Comparative studies of 
different therapeutic options, both in terms of 
costs and benefi ts, are particularly relevant [ 8 ].  

15.3     Types of Economic 
Evaluations 

 The term “economic assessment” usually 
includes the economic comparison of different 
treatment options. However, other types of stud-
ies can help to improve the effi ciency of drug 
therapies. Among these we must emphasize the 
analysis of the pharmaceutical bill and the budget 
impact studies. The latter are of great interest 
when the cost of a particular drug per patient is 
very high, thus producing a great economic 
impact on the pharmaceutical budget. This is 
what happens in hemophilia patients, because the 
cost of factor concentrates is very high, particu-
larly when orthopedic surgery is carried out. 
More than 90 % of the cost of an orthopedic sur-
gical procedure in hemophilia is due to the hema-
tological treatment (consumption of factor 
concentrates). 

 A budget impact analysis is greatly appreci-
ated by managers of health centers. This analysis 
helps us to quantify the deviation of a health 
intervention in relation to the one forecast for 
such a health intervention [ 9 ,  10 ]. In order to 
determine the budgetary impact, we must know 
the total number of patients undergoing a particu-
lar health intervention or the total number of 
health interventions. The estimation will let us 
know whether a health intervention meets 
 expectations or needs a modifi cation in the allo-
cation of resources. 

J.A. Romero-Garrido and E.C. Rodríguez-Merchán



113

 An economic evaluation includes a comparison 
of at least two alternatives and involves the analy-
sis of both the costs and the consequences of the 
alternatives evaluated. The choice of a comparator 
is crucial to determine the incremental cost/effec-
tiveness of a particular intervention. The compara-
tor must be the best therapeutic alternative that 
could be used. If the economic assessment is based 
on clinical trials, the outcome variable must be 
effi cacy; if it is based on data obtained in clinical 
practice, it must be effectiveness. 

 The resources spent should be specifi ed in 
detail; moreover, the analyzed parameters should 
refl ect the opportunity cost. It is defi ned as the 
economic cost of the best alternative possible. 
Sources of costs can be obtained from offi cial 
publications, analytical accounts of health cen-
ters, and market prices. 

 Economic evaluations are classifi ed into two 
categories depending on how they are analyzed 
and on how the results or benefi ts are evaluated. 
In cost/benefi t analysis (CBA), the results are 
quantifi ed in monetary units. In cost/effective-
ness analysis (CEA), the results are measured in 
terms of effi ciency or effectiveness. When CEA 
are adjusted to parameters of quality of life, they 
are called cost/utility analysis (CUA). 

 In CBA, the results of two or more alternatives 
are compared in monetary units, and the net value 
of a given alternative is obtained. This type of 
analysis is not useful in healthcare. The reason is 
that it is diffi cult to assign monetary values to 
health outcomes. 

 CEA evaluates the results in nonmonetary 
units. It can measure intermediate clinical out-
comes, like the number of bleeds. It can also 

measure clinical outcomes, such as the years of 
life gained in case of orthopedic procedures. This 
type of economic evaluation compares two or 
more alternatives; that is why the ratio cost/effec-
tiveness must be calculated incrementally. The 
result would be the ratio between the differences 
in treatment costs and the difference in the out-
comes measured in nonmonetary units. The result 
of a CEA indicates the increased cost of an alter-
native therapy to obtain some units of health 
improvement expressed in clinical units, such as 
number of bleeds avoided or years of life gained. 

 CUA further contemplate quality of life. CUA 
implies that it is not the same to live with full 
health than with some disability. Therefore, CUA 
introduces a subjective parameter (quality of 
life). In these analyses the benefi t obtained is 
measured in QALYs (quality-adjusted life years). 

 Table  15.1  shows the economic evaluation of a 
hemophilia patient using QALYs to calculate the 
cost/effectiveness ratio. The patient was an adult 
hemophiliac with advanced knee problems that 
required a total knee replacement (TKR). In this case 
there were four possible alternatives (Table  15.1 ):
     1.    No treatment, with no cost but 0 QUALYs.   
   2.    Secondary prophylaxis (factor infusion 2–3 

times per week to avoid joint bleeds) with an 
annual cost of € 200,000. In this case we esti-
mate that the patient will gain 10 QUALYs. 
This alternative would cost € 200,000 more 
than alternative one (no treatment). Each 
QUALY would cost € 20,000.   

   3.    On-demand treatment (factor infusion only 
during bleeding episodes), with a cost of 
€ 100,000. In this case we estimate that the 
patient will gain 9 QUALYs.   

    Table 15.1    Costs, outcomes, and cost/effectiveness analysis of different treatment options for an adult hemophilic 
patient with severe knee arthropathy that eventually required a total knee replacement (TKR)   

 Alternatives  Costs (€)  Results (QALY)  Increase of costs  Increase of QALYs 
 Cost/effectiveness 
ratio (€/QALY) 

 No treatment  0  0  200,000  10  20,000 
 Secondary prophylaxis  200,000  10 
 On-demand treatment  100,000  9  100,000  1  100,000 
 Secondary prophylaxis  200,000  10 
 Secondary prophylaxis  200,000  10  100,000  10  10,000 
 Implantation of TKR  300,000  20 

   QUALYs  quality-adjusted life years  
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   4.    The fourth alternative would be to perform a 
TKR with an estimated cost of € 300,000 but 
with 20 QUALYs.    
  In this case the most favorable option from the 

pharmacoeconomic point of view would be the 
implantation of a TKR. 

 Cost/effectiveness studies have an important 
disadvantage: they are not valid to decide whether 
an alternative treatment must be performed 
because it is not the same to assume a cost in the 
context of economic bonanza than in times of 
recession. Economic evaluations are not intended 
to conclude whether a treatment can or should be 
used. They are intended to specify and compare 
costs and consequences, with the aim of facilitat-
ing the decision-making. The goal is to improve 
the effi ciency of a particular therapy. 

 One issue to be considered in economic evalu-
ations is the temporary space. For instance, the 
implantation of a TKR in a hemophilic patient 
has an immediate cost, but also long-term bene-
fi ts. There is no doubt that immediate benefi ts are 
usually preferred. Benefi ts and costs, however, 
cannot be separated from the time period in 
which they occur. The application of the so- 
called discount rate in economic assessments 
incorporates the aforementioned temporary cir-
cumstances, as the costs and benefi ts that arise in 
the future are usually valued less. The discount 
rate applied varies between different countries 
but ranges from 3 to 5 %. This circumstance is 
very important when transferring the results of a 
pharmacoeconomic study in a particular country 
to another country, so the results should be inter-
preted with caution. 

 The robustness of the results in studies of eco-
nomic evaluation is supported by sensitivity anal-
yses. A sensitivity analysis is necessary in CEA 
analyses because the own nature of the studies 
assume values of variables that are not verifi ed in 
any part of the analysis, creating uncertainties in 
its results. To minimize these uncertainties, we 
must compare the results of the variables involved 
with an estimation range, holding constant the 
other variables. If the incorporation of the various 
estimates does not substantially change the 

 fi ndings, it may be considered that the study has 
a high degree of reliability and its conclusions are 
sound.  

15.4     Cost of Orthopedic Surgery 
in Patients with Hemophilia 

 Patients with hemophilia undergoing orthopedic 
surgical procedures should be treated throughout 
the perioperative period with the intravenous 
infusion of factor concentrates to control their 
hemostasis. The high cost of these drugs increases 
the cost of the process signifi cantly. It is esti-
mated that over 90 % of the total cost of the surgi-
cal procedures in hemophilia is due to the drug 
therapy used. In orthopedic surgery of hemo-
philia, the pharmacoeconomic analysis may 
ignore other associated costs. Thus, considering 
only the costs of factor concentrates, one can 
obtain a fairly accurate estimate of the cost of the 
surgical procedure. 

 Over the last 7 years our multidisciplinary 
hemophilia team has performed 60 surgical 
orthopedic procedures with a total cost of more 
than two million euros. Such procedures 
include arthroscopic debridements (knee, 
ankle) and TKRs and THRs. The cost of each 
of these procedures can be highly variable 
(Fig.  15.1 ).

   A number of factors can infl uence on the vari-
ability of costs. The most important are: the 
severity of hemophilia, the patient’s weight, the 
type of surgery, and the origin of factor concen-
trates used. The estimated cost of arthroscopic 
surgery in hemophilia ranges between 20,000 
and 30,000 €, depending on the type of factor 
used in the intervention. 

 Most common surgical procedures in 
 hemophilia patients are TKR and THR. The 
cost of these procedures ranges between 40,000 
and € 50,000. THR is 2–3 % more expensive 
than TKR. Taking into account that the hemo-
static protocols used in our center are very 
similar in THR and TKR, the variability in cost 
may be due to other factors such as patient 
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weight, type of factor used, and days of post-
surgical hematological treatment. It is impor-
tant to emphasize that the aforementioned 
costs are related only to the perioperative 
period, not to the subsequent hematological 
treatment needed for postoperative rehabilita-
tion (1–2 months).  

15.5     Quality and Cost of Drug 
Replacement Therapy 
in Orthopedic Surgery 
in Patients with Hemophilia 

 Quality problems in drug therapy could be classi-
fi ed into three categories depending on the use of 
the resources: underuse, overuse, and wrong use. 

15.5.1    Underuse of Resources 

 Underuse of resources can be defi ned as the fail-
ure to use a therapeutic procedure that had pro-
duced a clear benefi t to the patient and also 
subsequent cost savings. Not performing a TKR 
in a hemophilic patient at the right time could 
imply drug overuse and extra resources because 
recurrent joint bleeds will require the administra-
tion of great amounts of factor concentrates, with 
a signifi cant budgetary impact. However, a TKR 
or THR could halt recurrent bleeds in the target 
joint, saving a lot of consumption of factor con-
centrates. Although initially the surgical proce-
dure implies a major economic cost, it can be 

repaid within a reasonable period of time with the 
improvement in the quality of life of the patient. 
In our center, orthopedic surgical procedures had 
a signifi cant initial cost, but the consumption of 
factor concentrates is signifi cantly reduced after 
surgery [ 11 ]. Moreover, we get a signifi cant 
improvement in the quality of life of our patients.  

15.5.2    Overuse of Resources 

 Overuse of resources must be understood as the 
administration of pharmacological resources in cir-
cumstances where the potential cost exceeds the 
potential benefi ts, thereby increasing the economic 
resources unnecessarily. In hemophilia patients 
undergoing orthopedic surgery, the administration 
of factor concentrates allows us to save costs by 
administering a lower amount of such factor con-
centrates. Proper monitoring of patients through 
protocols, including a drug- economic perioperative 
assessment, is essential to saving costs in the surgi-
cal treatment of hemophilia patients. The economic 
evaluation of this monitoring may allow cost sav-
ings in two ways: (1) Predicting costs and making 
the provision of drugs on a scheduled time. (2) The 
pharmacokinetic analysis will allow us to use 
the adequate amount of factor needed for each 
patient, based on an individualized drug clearance. 
Administration of factor concentrates by continu-
ous infusion, based on individual pharmacokinetic 
parameters, may allow the patient to maintain con-
stant plasma levels of factor. It will prevent peaks 
of clotting factor in plasma (Fig.  15.2 ).

0
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ARTHROSCOPY TKR THR

50,000€  Fig. 15.1    Cost of some 
orthopedic procedures 
performed in our center (in 
euros).  TKR  total knee 
replacement,  THR  total hip 
replacement       
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15.5.3       Wrong Use of Resources 

 The wrong use of a drug may cause complica-
tions and also lead to over-utilization of eco-
nomic resources. An example of wrong use is the 
administration of low doses of clotting factor 
during surgery, causing re-bleeding of the surgi-
cal wound that may increase the risk of infection 
of the implanted prosthesis. In this case the 
potential savings produced by the administration 
of smaller amounts of factor concentrates would 
be cancelled for the subsequent reoperations 
needed to treat an infected prosthesis. Economic 
evaluations of different scenarios by means of 
decision trees will allow us to perform the best 
cost-effective therapeutic measure. In addition to 
important cost savings, we will get an improve-
ment of the quality of life of our patients [ 8 ].   

15.6     Economic Evaluations 
as a Tool in Decision-Making 

 Decisions to be made by the agents involved in a 
process of healthcare are often complex and sub-
jected to doubts, risks, and uncertainties. These 
situations require the establishment of systematic 
procedures to facilitate the most suitable solution 
to each problem. Decision-making in the area of  
healthcare refers to any process by which a health 
professional or manager adopts a specifi c solution 
to a specifi c problem, choosing from among all 
the options the one which is most appropriate. 

 The logical sequence to be adopted in the pro-
cess of decision-making, within a context of lim-
ited information would be the following:

    (a)    Identifi cation and defi nition of the problem   
   (b)    Strategic search for alternative solutions   
   (c)    Evaluation of the benefi ts and risks of each 

potential solution   
   (d)    Selection of the most suitable alternative     

 In hemophilic patients with advanced hemo-
philic arthropathy, we have two basic treatment 
options: maintenance of factor replacement ther-
apy for life or performing some orthopedic proce-
dure that may help to halt recurrent joint bleeds. 
We know that the cost of lifetime maintenance of 
factor replacement therapy may be higher than the 
cost of the surgical procedure. Patients with high 
consumption of clotting factor for recurrent joint 
bleeds due to hemophilic arthropathy could be 
good candidates for an orthopedic surgical proce-
dure. Therefore, we must try to improve the qual-
ity of life of hemophilia patients but also minimize, 
if possible, the cost of their treatment.  

15.7     Pharmacoeconomics 
and Health Management 
in the Pharmacological 
Treatment of Orthopedic 
Surgery in Hemophilia 

 Health is one of the cornerstones of the social 
structure of developed countries. Healthcare is 
one of the fundamental rights of citizens and 
therefore one of the most important commit-
ments that governments must address through 
health managers. Healthcare involves three main 
levels:
    (a)    Macro-management: ministries and depart-

ments of health   

Plasma level

Time

Subtherapeutic area: risk of bleeding

Toxic area: risk of thrombosis 

Therapeutic area

  Fig. 15.2    Plasma level of 
factor concentrates via 
intravenous continuous 
infusion ( red ) and via 
intravenous bolus ( black )       
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   (b)    Middle management: managers of hospitals, 
drug information centers, and agencies for 
health technology assessment   

   (c)    Micromanagement: heads of departments, 
clinical units, committees of pharmacy, and 
therapeutics.     

 Public fi nancing of health is one of the most 
representative achievements of the welfare state. 
Its development has helped to improve health and 
prevent disease. A major part of the cost of 
healthcare of hemophilia patients is related to 
drug therapy (factor concentrates). Replacement 
therapy with factor concentrates and orthopedic 
surgical procedures have allowed us to decrease 
morbidity and mortality and also to improve the 
quality of life of our hemophilia patients. 

 Studies of cost of illness have been designed 
to evaluate the economic impact of healthcare. 
These studies, combined with epidemiological 
studies of morbidity and mortality, are very use-
ful to know the magnitude of the cost of health. 
The economic evaluation of drugs allows us to 
identify, analyze and compare the costs, benefi ts, 
and risks of drug treatments. The cost/effective-
ness ratio will let us face different treatment 
alternatives and also choose the effi cient use of 
resources. 

 Clotting factors used in the treatment of per-
sons with hemophilia cause a high economic 
impact in the public health system. Such impact 
is of great concern, not only for managers but 
also for professionals involved in the treatment of 
hemophilia. The Spanish universal public health 
system, which produces well-being but no eco-
nomic benefi t, is forced to minimize costs in 
order to ensure its survival.  

   Conclusions 

 Healthcare systems need to address growing 
demands with increasingly limited resources. 
In order to carry out this need, economic evalu-
ations of health interventions must be per-
formed. Their implementation, however, can 
be complex because they must quantify all fac-
tors that may be affected by a particular surgi-
cal procedure. There are other simpler studies 
that may provide a closer view of the economic 

reality of a health intervention, helping us to 
detect potential overspendings. An important 
amount of Spanish economic resources are 
spent in drugs used in different diseases. This 
fact, together with the absence of a Spanish 
state agency performing economic evalua-
tions, has highlighted the paramount role of 
Pharmacy Departments in Spanish medical 
centers. In fact, Pharmacy Departments look 
for pharmacological effi ciency (greater thera-
peutic benefi t at a lower cost) by means of 
pharmacoeconomic studies. Comparative 
studies of different therapeutic options, both in 
terms of costs and benefi ts, are particularly rel-
evant. A number of factors can infl uence the 
high cost of orthopedic surgery in hemophilia. 
The most important are: the severity of the dis-
ease, the patient’s weight, the type of surgery, 
and the origin of factor concentrates used. The 
estimated cost of an arthroscopic debridement 
(knee, ankle) ranges between 20,000 and 
30,000 €. Most common surgical procedures in 
hemophilia patients are total knee and hip 
replacement. The cost of these procedures 
ranges between 40,000 and € 50,000. It is 
important to emphasize that the aforemen-
tioned costs are only related to the periopera-
tive period. Clotting factors used in the 
management of persons with hemophilia cause 
a great economic impact in the public health 
system. Our universal public health system 
must minimize costs to ensure its survival.     
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