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Abstract
Introduction: The association between haemophilia and the so-called ‘inhibitors’, al-
loantibodies against the infused factor able to neutralize its clotting activity, is a very 
rare condition. Those sporadic patients suffer of an even more severe arthropathy 
and performing primary or revision arthroplasty become truly challenging. Literature 
about this topic is scarce, consisting in small case series, high rates of complications 
and mid-term follow-ups.
Aim: The purpose of this study is the assessment of the long-term outcomes of pri-
mary and revision arthroplasty performed in a population of patients with inhibitors, 
the more consistent to date reported at a single haemophilia centre.
Methods: We reviewed the records of 18 patients with inhibitors (26 procedures) 
between 1999 and 2017, divided in two groups. Group A [primary total Knee-Hip 
arthroplasty (TKA-THA)]: 13 patients underwent 19TKA and 2THA; and B (revision): 
5 subjects underwent 3rTKA and 2rTHA. All patients received the same haematologi-
cal prophylaxis (rFVIIa). Haemophilic Joint Health score and VAS, and X-rays were 
recorded pre- and postoperatively. The survival rate of all primary implants was 
assessed.
Results: The median follow-up was 12.2 years (3-21) for group A, 8.6 years (4-12) 
for B. Few complications have been reported; the overall survival rate was 94.7% at 
15 years. All patients reported satisfaction, pain reduction and improved functional 
ability.
Conclusion: Primary and revision TKA/THA in haemophilic subjects and inhibitors 
may be nowadays considered safe and effective if performed in dedicated multi-
disciplinary centres. The use of continuous infusion of rFVIIa showed an adequate 
haemostatic effect and low rate of complications. As expected, revisions are more 
prone to complications compared to primary arthroplasty.
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1  | INTRODUC TION

Rare diseases are challenging conditions for patients, physicians and 
society: among these pathologies, one of the most frequent is hae-
mophilia. Haemophilia is a X-linked bleeding disorder due to the defi-
ciency of coagulation factor VIII (haemophilia A) and IX (haemophilia 
B), in the past associated to high morbidity and mortality.1 The hall-
mark of the disease is represented by recurrent joint bleeding, with 
the inherent risk of early haemophilic arthropathy, a severe type of 
secondary arthritis,2,3 which causes significant morbidity and im-
pacts on the quality of life. After the introduction of the modern 
haematological care, based on prophylaxis approach, that is the pe-
riodic administrations of plasma-derived or recombinant coagulation 
factors to prevent rather than to treat bleeding, this complication 
has significantly decreased.4 However, the negative effects of joint 
bleeding occurring before this modern approach are still present in 
a significant proportion of adult patients. Haemophilic arthropathy 
begins with the first joint bleedings, either spontaneous or traumatic, 
usually during the first years of life. It consists in progressive and ir-
reversible alterations produced by the direct and indirect toxicity of 
the free blood in the joint space, triggering synovium hypertrophy 
and inducing cartilage damages: knee, ankle and elbows are the most 
frequent involved joints, due to their high representation of synovial 
tissue.3 The results of frequent bleedings are pain, swelling, flexion 
contractures, chondral erosions, malalignment and finally severe de-
formity with functional disability and worsening of quality of life.3,5 
Until few decades ago, the orthopaedic treatment of haemophilic 
arthropathy usually consisted in a limited number of procedures: 
open synovectomy, joint arthroplasty, fusion and even amputation 
in severely complicated cases.2,6 Much more is nowadays feasible 
under the supervision of multidisciplinary teams dedicated to hae-
mophilia. The modern haematological management, the early de-
tection of joint alterations by periodic visits and ultrasound (US) 
evaluation, the subjects’ education for a safe lifestyle since child-
hood and the outcomes of conservative orthopaedic approaches 
have improved both the results of such disease and the quality of life 
of these generally young patients.7–11 Unfortunately, some patients 
develop the so-called ‘inhibitors’, which are alloantibodies against 
coagulative factors used for treatment (generally after the first 
10-20 infusions), and able to neutralize their clotting activity. Thus, 
in persons with haemophilia (PWH) and inhibitors generally replace-
ment therapy does not work, and by-passing agents must be used 
instead, with lesser efficacy in controlling bleeding episodes. As a 
consequence, these patients have a more severe arthropathy with 
an earlier onset compared to subjects of the same age12,13 and worse 
quality of life. Orthopaedic approaches to PWH and inhibitors have 
been more carefully performed than those without inhibitors.14–16 
The most common surgery is joint replacement, in particular Total 
Knee Arthroplasty (TKA) due to the usually more severe arthropa-
thy of the knee with respect to other target joints. Less common is 
the end-stage haemophilic arthropathy affecting the hip joint, and 
often PWH and inhibitors undergoing a THA have already received 
a previous TKA. As a matter of fact, the number of patients and 

procedures reported in the few papers dealing with this surgery is 
very limited compared to subjects without inhibitors.17–30 Despite 
good functional outcomes, such procedure has been usually associ-
ated to high rates of complications, mostly related to septic loosen-
ing and recurrent postoperative bleedings. Furthermore, long-term 
follow-up results have rarely been reported.6,21,22

The aim of the present study is the assessment of the long-term 
outcomes of joint arthroplasties performed in a population of PWH 
with inhibitors, the more consistent to date reported at a single hae-
mophilia centre.

2  | MATERIAL S AND METHODS

2.1 | Patient selection

We retrospectively reviewed the medical records of all PWH fol-
lowed at the authors' institution from 1999 to 2017. The institutional 
Review Board approved the study, and all patients were informed 
of characteristics of the study and follow-up at the time of surgery, 
giving their consent. The study population included adult PWH and 
inhibitors (inhibitors titre > 5.0 Bethesda units/mL) who underwent 
joint replacement or revision arthroplasty with a follow-up of at 
least 3 years. The overall population of patients with inhibitors was 
represented by 22 PWH (30 procedures). Two cases (one primary 
hip replacement and one revision knee arthroplasty) were excluded 
because of a short follow-up (less than 3 years of follow-up); two 
further cases were excluded because surgery was performed by 
using an experimental haematological prophylaxis with activated re-
combinant factor VII (rFVIIa) and emicizumab (a recently introduced 
humanized bispecific monoclonal antibody). Thus, the final popula-
tion consisted of 18 PWH for a total of 26 procedures. Depending 
on the type of orthopaedic approach, the study population was then 
divided in two groups (group A and group B) in order to obtain a ho-
mogeneous evaluation, and to avoid bias in the assessment of clinical 
outcomes.

Group A consisted of 13 adult patients undergoing primary joint 
replacement: they underwent 19 Total Knee Arthroplasties (TKA) 
and 2 Total Hip Arthroplasties (THA) (Table 1). Group B was com-
posed of 5 patients treated by revision arthroplasty. In 3 cases, a re-
vision of a knee arthroplasty (rTKA) was performed, while in 2 cases 
a revision of a hip arthroplasty (rTHA) was made. The reasons for re-
vising were deep infection in three cases (2 rTKA, 1rTHA) and asep-
tic loosening in the remaining two cases (1 rTKA, 1 rTHA) (Table 2).

2.2 | Surgical procedures

Group A: all TKA were Genesis II® Posterior Stabilized implants 
with oxidized zirconium femoral components and in selected 
cases with cementless stems (Smith & Nephew), while all THA 
were Regenerex®/Taperloc® with ceramic femoral heads (Zimmer 
Biomet). Seven patients had bilateral staged procedures, while 
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one had a staged TKA and THA. Three patients undergoing TKA 
had a previous open synovectomy during childhood. In these sub-
jects, surgery was performed using the previous scar, in all cases 
a medial parapatellar approach; the remainders were operated by 
a longitudinal incision with deep medial parapatellar approach. 
The patients undergoing THA were operated by a modified lateral 
direct approach (with a minimal split of gluteus medius muscle, 

without any osteotomy). In no case, a tibial tuberosity osteotomy 
was needed. Tourniquets were used for TKA. In no case, drains 
were used.

Group B: Legion Revision® Posterior Stabilized implants with 
oxidized zirconium femoral components, cementless stems and ce-
mented wedges (Smith & Nephew) were used in all rTKA cases ex-
cept one. This latter patient underwent a revision surgery procedure 

TA B L E  1   Group A: PWH with inhibitors undergoing primary joint replacement (21 procedures)

Patient Age Haemophilia
Inhibitors 
titrea 

Type of 
surgery

Pre-op.
Global ROM

Pettersson 
score

Other target 
joints Complications

1 35 A severe High TKA / 12 Knee, elbows, 
ankles

None

2 25 A severe High TKA (bilateral) 80° left-85°right 11-11 Left elbow, 
ankles

None

3 29 A severe High TKA (bilateral) 85° left-85°right 12 Elbows, 
ankles

None

4 48 A severe Low TKA (bilateral) 75° left-85°right 11-10 Ankles None

5 47 A severe High TKA + THA 75° -/ 10-11 Knee, hip, 
ankles

None

6 56 A severe High TKA (bilateral) 80° left-80°right 11-11 Elbows, 
ankles

Non-fatal VTE (one 
TKA)

7 32 A severe Low THA / 10 Knees, ankles None

8 30 A severe High TKA (bilateral) 70° left-75°right 12 Elbows, hips, 
ankles

None

9 46 A severe High TKA 75° 11 Left ankle Postop mayor 
bleeding + implant 
failure

10 31 A severe Low TKA (bilateral) 80° left-70°right 10-11 Ankles None

11 29 A severe High TKA 70° 11 Knee, elbows, 
ankles

None

12 40 A severe High TKA 80° 10 Elbows, 
ankles

None

13 31 A severe Low TKA (bilateral) 85° left-75°right 11-10 Right hip, 
right ankle

None

Abbreviations: THA, total hip arthroplasty; TKA, total knee arthroplasty.
aLow Inhibitor titre: < or equal to 5 BU/mL; High Inhibitor titre: >5 BU/mL. 

TA B L E  2   Group B: PWH with inhibitors undergoing revision arthroplasty (5 procedures)

Patient Age Haemophilia
Inhibitors 
titrea 

Type of 
surgery

Pre-op.
Global ROM Cause of revision Complications

1 49 A severe High rTHA / Septic loosening Postop major 
bleeding

2 51 A severe Low rTKA 50° Aseptic loosening Postop major 
bleeding

3 50 A severe High rTKA 45° Septic loosening (pt #9 
of Tab 1)

None

4 49 A severe High rTHA / Aseptic loosening Postop major 
bleeding

5 37 A severe High rTKA 45° Septic loosening None

Abbreviations: rTHA, revision hip arthroplasty; rTKA, revision knee arthroplasty.
aLow Inhibitor titre: < or equal to 5 BU/mL; High Inhibitor titre:> 5 BU/mL. 
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with a rotating hinge implant with cementless stems and a cemented 
trabecular metal femoral cone (Zimmer Biomet), after being oper-
ated for primary arthroplasty at the authors' Institution (Figure 1), 
while all the other procedures were carried out in subjects treated 
elsewhere for the first operation. The previous surgical scars were 
used for all the patients, and no other surgical step to expose the 
joint was carried out. Drains were used only in the single case of 
rTHA and removed 24 hours after surgery. The rTHA were per-
formed using a Link system (Waldemar Link GmbH): Partial Pelvic 
Replacement (PPR) ring with a cemented Bi-mobile dual mobility cup 
within it at the acetabular side, and the MP Reconstruction System 
at the femoral side. In both cases, the previous surgical scar was 
used with a postero-later surgical approach.

2.3 | Haematological prophylaxis

From the haematological point of view, all patients were treated by 
a continuous intravenous of rFVIIa (Novoseven®, Novo Nordisk). A 
preoperative bolus of rFVIIa (90-150 µg/kg b.w.) was administered 
thirty minutes before general anaesthesia, and every 2 hours until 
wound suturing, followed by continuous infusion using 50 µg/kg 
days 1-3, 30 µg/kg days 4-9 and 15 µg/kg days 10-14 after surgery.

2.4 | Clinical and radiological evaluation

All patients were followed at our haemophilia centre, involving a 
dedicated multidisciplinary team including haematologists, ortho-
paedic surgeons, anaesthesiologists, physiatrists, physical therapists 
and nurses.

Patients were clinically evaluated for range of motion (ROM) 
and by Visual Analogic Scale (VAS 0-100 mm), Haemophilia Joint 
Health Score (HJHS),31 X-rays for Petterson's score and Magnetic 
Resonance Imaging (MRI) in case of primary arthroplasty.32 Subjects 

undergoing revision arthroplasty were also evaluated by standard ra-
diology, Computerized Tomography (CT) and blood examinations to 
ascertain any septic condition (C reactive protein—CRP, Erythrocyte 
Sedimentation rate—ESR). Finally, in selected surgical cases with a 
clinical suspicion of infection regardless borderline CRP/ESR levels, 
a joint aspiration for both bacterial culture and assessment of syno-
vial with blood cell count, synovial neutrophil percentage and leuco-
cyte esterase were performed.

Clinical and radiographic parameters were evaluated preopera-
tively and after surgery at specific intervals. Intraoperative param-
eters were recorded (blood and bone loss, use of grafts or devices, 
type of implant and fixation, time of surgery, time of pneumatic tour-
niquet). Similarly, all complications, both intraoperatively and in the 
postoperative period, were evaluated. Postoperative major bleed-
ing was defined as an unexpected or prolonged bleeding causing 
haemodynamic instability (reduction of haemoglobin level of 20 g/
L−1-1.24 mmol/L−1): in case of further reduction of the haemoglobin 
level, packed red cell transfusions were provided. Areas of osteol-
ysis or radiolucency and the presence of periarticular ossifications 
were also evaluated at every X-ray after surgery. After the admission 
for a period of 7-10 days in the orthopaedic ward, all patients were 
moved to the in-patient rehabilitative section at the same hospital, 
for at least two other weeks, in order to complete the rehabilitation 
following an internal dedicated protocol.

2.5 | Statistical analysis

Statistical analysis was performed using SPSS® statistics software 
(IBM®). The non-parametric Kaplan-Meier estimator was used to as-
sess the survival rate of all primary implants, considering aseptic or 
septic loosening requiring revision as endpoint. A subjective analysis 
to assess the outcome of subjective evaluation was performed using 
Fisher's exact test to allow the comparison cohorts with small sam-
ple sizes and so to avoid inadequate approximation, taking P-values 

F I G U R E  1   Left TKA in a 46-y-old PWH and high-titre inhibitors operated by a PS primary implant with oxidized zirconium femoral 
component and a cementless tibial stem (A). After recurrent bleedings (despite his haematological prophylaxis), an aseptic failure of the 
femoral component and at the tip of tibial stem (white arrows) were recorded (B). A revision was then performed with a rotating hinge 
implant, using a cemented trabecular metal femoral cone and cementless stems with good clinical outcomes (C, D)

(A) (B)

(C)

(D)
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of <.05 as statistically significant with a 95% confidence interval. 
A multivariate logistic regression model was constructed using pri-
mary arthroplasties and revision arthroplasties to assess the risk fac-
tors for both mayor bleedings and global ROM < 70° (the latest only 
for primary and revision knee arthroplasties).

3  | RESULTS

No patient was lost at follow-up. The median follow-up was of 
12.2 years (range: 3-21) and 8.6 years (range: 4-12) for groups A and 
B, respectively. Group A: The median age at the time of surgery was 
32 years (range: 25-56); the median Petterson's score was 11 (range: 
10-12) (Table 1). Group B: The median age at the time of surgery was 
49 years (range: 37-51 years); the median interval from the index op-
eration and revision was 5.2 years (range: 4-11 years) (Table 2). The 
overall median hospital stay (orthopaedics ward plus in-patient reha-
bilitation) was 28 days (range: 23-41) for group A and 36 days (range: 
26-49) for group B. All patients reported satisfaction, pain reduction 
and improved functional ability, in terms of VAS and HJHS for both 
hips and knees and in terms of ROM for knees (P < .005; Table 3).

3.1 | Complications and relative treatments

Five complications were reported. Two in group A: a case of non-
fatal pulmonary embolism the day after a TKA (managed by intensive 
therapy unit monitoring and short-term low molecular weight hepa-
rin treatment), and a postoperative major bleeding after a TKA (man-
aged by increasing the dose of rFVIIa administration, not requiring 
blood transfusion). Three postoperative bleedings occurred in group 
B (2 rTHA and 1 rTKA): two managed by increasing rFVIIa dosing and 
one requiring blood transfusions. No intraoperative haemorrhages 
were recorded; no septic complications were reported in both 
groups. No adverse events or intolerance was recorded for the hae-
matological prophylaxis. No case of progressive area of osteolysis 
was found at the radiologic follow-up; however, radiolucency lines 
<2 mm were found after 3 years in 4 TKA (mostly in the medial tibial 
plateau and anterior femoral cortex) without apparent increase over 
the years. No significant radiolucent lines were found in the revision 

arthroplasties. No periarticular ossifications were recorded. A single 
TKA failed for aseptic loosening 4 years after surgery and a rTKA 
was performed, with global satisfaction of the patient (shifting from 
group A to group B).

3.2 | All-cause survivorship

The Kaplan-Meier curve showed a satisfactory survival rate of 
prosthesis in group A with an overall survival of 94.7% and a SD of 
0.051 (Figure 2). No failures or indications for a new revision were 
recorded in group B.

Multivariate logistic modelling showed that revision arthroplasty 
was a statistically significant contributor to both postoperative ROM 
and postoperative bleeding (Table 4). Indeed, revision arthroplasty in 
PWH and inhibitors was a negative risk factor for both parameters 
(odds ratio: 0.946 for ROM; 0.977 for bleeding).

4  | DISCUSSION

In the present study, the long-term clinical results and implants' sur-
vivals of primary and revision hip and knee arthroplasties in PWH 
and inhibitors over a period of almost 20 years are reported. At the 
best of our knowledge, this is the most consistent study performed 
in such complex and rare disease, with a low percentage of complica-
tions and the longest follow-up. A great variety of conservative and 
surgical orthopaedic procedures in haemophilic patients with mild 
to moderate arthropathy have shown noteworthy results during last 
decades, when performed in dedicated facilities.15,16,18,20–26,28–30 
Differently, surgery in PWH and inhibitors has been more rarely per-
formed and associated to high risk of complications, mainly bleedings 
and infections, even in specialized centres.6,15,19,22 A specific surgical 
procedure proposed decades ago in underage and young PWH and 
inhibitors was the open synovectomy.33 Such operation consisted in 
the full removal of synovial tissue (usually from knees, elbows and 
ankles34) by an arthrotomy, usually followed by the application of a 
cast for at least three or four weeks. From a side, bleedings stopped 
immediately after surgery, with a good pain relief; on the other side, 
the early violation of a joint in very young subjects, the secondary 

TA B L E  3   Clinical outcomes

VASa  HJHSa  ROMb 

Group A Group B Group A Group B Group A Group B

Pre-op 68 mm (54-86 mm) 72 mm (67-84 mm) 14 (12-18) 16 
(14-20)

74° (65-105°) 46.7° 
(45-50°)

Postop 18 mm (12-26 mm) 26 mm (24-30 mm) 6 (4-8) 6 (5-10) 102° (90-115°) 68° (65-70°)

P value <.005 <.005 <.005 <.005 <.005 <.005

Abbreviations: HJHS, Haemophilic Joint Health Score; VAS, Visual Analogic Scale in mm (0-100 mm).
aFor both knee and hip primary/revision arthroplasties. 
bOnly for knee primary/revision arthroplasties. 
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stiffness due to the use of the cast and the new formation of synovial 
tissue in a couple of months, have historically been implicated in the 
recurrence of the conditions and an even worse progression of the ar-
thropathy in PWH and inhibitors.35 Recently, Mingo-Robinet et al,34 
reported the long-term outcomes of ankle's open synovectomy 
in young haemophilic patients, confirming first the improvement 
in clinical scores and second the better control of future recurrent 
bleedings. They indeed noticed that, even if recurrence of bleedings 
is frequent, it is less severe, less painful and requiring less factors re-
placement. But, at the same time, those authors confirmed that open 
synovectomy does not stop the progression of the arthropathy but 
just slightly retards it. These facts, in combination with the usually 
worse target joint conditions compared to subjects without inhibitors 
and the high costs of replacement therapy with by-passing agents, 
prompted orthopaedic surgeons for many years to discourage such 
patients from orthopaedic treatments. Thus, the quality of life of 
subjects with inhibitors has been reported to be rather poor.12–14,36 
Key improvements in the multidisciplinary management of PWH 
and inhibitors now allow to perform several procedures with good 
efficacy and safety. Also, in children with symptomatic synovitis or 
early arthropathy, intra-articular injections (viscosupplementation, 
synoviorthesis) have been effectively associated with good outcomes 
in terms of pain relief, functional recovery and reduction of bleed-
ings.7–11 Very young or adult patients with mild to moderate painful 

arthropathy associated with recurrence of bleedings related to inhibi-
tors have found relief with some minimally invasive procedures as ar-
throscopic synovectomy and debridement, in order to delay a more 
invasive procedure.15,19,21,22 Nevertheless, primary arthroplasty (hip, 
knee, ankle) with modern implants may now allow pain resolution, 
restoration of static and dynamic function, and a longer survivorship 
of the device with respect to the early generation of implants also 
in PWH and inhibitors.18,23,27,29,37,38 Moreover, complications of TKA 
and THA may be managed by revision or joint fusion, definitely better 
alternatives than amputation. Such procedures, even if usually tech-
nically demanding and sometimes very close to limb salvage surgery, 
have more than acceptable outcomes.6,27,39

Modern orthopaedic surgery's procedures have been associ-
ated to good clinical outcomes: this is undoubtedly related to the 
introduction of rFVIIa and aPCC that have significantly improved 
the management of patients with inhibitors, by an efficient control 
of coagulation during and after major surgery.13,14,19,20,22,24,30,40,41 
Particularly, around 400 procedures have been reported as suc-
cessful using rFVIIa,24 and recently more than 200 using aPCC with 
a reported efficacy rates of about 87% to 100% and 57% to 79% 
respectively.30,42 Therefore, despite their costs, major orthopaedic 
procedures have more probability to be successfully managed in 
terms of satisfactory haemostasis during the intra- and postopera-
tive period.17,19,20,24,30,36,40,43

Rodriguez-Merchan et al44 firstly reported data from nine cen-
tres collecting results of 51 patients with inhibitors undergoing 108 
orthopaedic procedures: however, only 6 were TKA and 2THA. A 
protocol with rFVIIa was used during surgery (boluses with a mean 
dose 150 μg/kg; range 90-200 μg/kg), at the same dosage every 
2 hours for 24 hours postoperatively and then by continuous in-
fusion (45 μg/kg/h) for 4-7days. While THA showed good results 
with no complication or bleeding, two to six TKA showed poor 
outcomes, mainly related to postoperative bleeding requiring open 
surgical drainage. Despite those two patients, it was the first study 
to confirm that major elective orthopaedic surgery could be satis-
factorily performed in PWH with inhibitors. A similar experience 
was described by Takedani et al,29 who added an antifibrinolytic 
agent (tranexamic acid) during the peri-operative period for all pa-
tients. Good outcomes in 2 TKA and 2 THA were reported, and the 
mean measured blood loss was 120 and 610 mL for TKA, and 1056 
and 519 mL for THA. A complication was also reported: a massive 

F I G U R E  2   Kaplan-Meier curve showing a 94.7% survival rate of 
primary joint replacements at the latest follow-up (SD 0.051)

TA B L E  4   Multivariate logistic modelling of risk factors for both postoperative Global ROM < 70° and Mayor bleeding

Independent variables

Dependent variables

Postop Global ROM < 70° Postop mayor bleeding

P 
value Odds ratio Standard error P value Odds ratio Standard error

Primary arthroplasty .683 0.127 0.438 .094 0.215 0.523

Revision arthroplasty .012 0.946 0.024 .027 0.977 0.037

Note: When analysing ROM, only TKAs or rTKAs were taken into account.
Abbreviations: rTKA, revision knee arthroplasty; TKA, total knee arthroplasty.
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bleeding in a patient undergoing a THA, managed by administration 
of boluses of rFVIIa at 2-hour intervals.

A partially different protocol was adopted by Solimeno et al,18 
using continuous infusion of rFVIIa, followed 5 days after by bo-
luses in case of anamnestic response to FVIII in a series of 116 
PWH. They identified 7 patients with inhibitors followed with a 
mean follow-up of 5.1 years. Despite the overall satisfactory out-
come in patients with inhibitors, bleeding episodes occurred more 
frequently (28% vs 2%) compared with non-inhibitors patients. 
They found a higher risk of septic complications in subjects with 
inhibitors undergoing TKA compared to haemophilic patients 
without inhibitors (33% vs 5%).

Atilla et al45 reported their series of 14 PWH undergoing 21 
TKA, of whom 4 had inhibitors. One of these developed an in-
fection after a traumatic bleeding, 2 had massive haemorrhages 
after surgery. The haematological protocol consisted in a standard 
factor concentrate infusion with rFVIIa administered only in case 
of high-titre inhibitors.

Postoperative bleedings were the most common complication 
also in our experience, particularly in the group of revision arthro-
plasty. However, no sequelae were recorded for such haemorrhagic 
events which were usually managed by additional rFVIIa boluses. 
On the other hand, it is clear that such surgery has a high risk of 
complications, with a short- to mid-survival rate of implants18: in our 
experience only 1 TKA patient underwent a revision after the index 
operation, due to bleeding issues leading to early aseptic loosening.

Another crucial aspect related to the prevention of bleed-
ing in major orthopaedic surgery is the rehabilitative period.25,46 
The efficacy of rFVIIa and aPCC allows early mobilization of pa-
tients, usually from the first postoperative day (in case of primary 
joint replacement) and in two or three days after surgery (in case 
of revisions) without an increased risk of bleeding. These aspects 
are essential also to shorten hospital stay and to reduce the over-
all costs. Recently, Danielson et al47 clearly described the impact in 
terms of costs of joint replacements in PWH and inhibitors. Their 
cost analysis reveals that surgery in such patients is not only highly 
technical demanding but also expensive, varying between 350 900 
and 500 400 €, mostly related to factor replacement (87%-94%). In 
the group of PWH without or low-titre inhibitors, costs were lower 
(47 200 to 103,200 €), with factor replacement therapy covering the 
59%-81% of total cost. The series of PWH and inhibitors was rep-
resented by 6 patients (15 joint replacements: 8 TKA, 3 rTKA, one 
THA, 2 ankle replacements and 1 glenohumeral replacement). With 
a mean follow-up of 7.3 years, the authors recorded substantially 
good results: however, 1 patient needed revision after an infection, 
and another reported a severe contracture flexion. Furthermore, 
two major bleedings were reported, occurring also months after sur-
gery. Factor replacement consisted in the use of cryoprecipitates or 
factor VIII in case of low-tire inhibitors, and either aPCC or rFVIIa in 
high-titre inhibitors. The common basis of all experiences related to 
the rehabilitative principles in haemophilia after a major orthopaedic 
surgery is the need of the factor infusion before the session and a 
closely tailored approach: this task may be obtained only after a daily 

orthopaedic evaluation to assess the general and local status of the 
patient, specifically focused not only for the operated side, but also 
for the other target joints.

This study has several limitations. It is a retrospective analysis, 
without control group, and with a small cohort of patients, specifi-
cally for the group of revision arthroplasty. On the other hand, the 
strength of the present analysis comes from the consistency of the 
study population and the noteworthy clinical outcomes with respect 
to the other series, with the longest follow-up reported in literature 
regarding knee and hip arthroplasty in PWH and inhibitors.

5  | CONCLUSION

Primary and revision arthroplasties in patients with haemophilia and 
inhibitors may be nowadays considered safe and effective if per-
formed in dedicated multidisciplinary haemophilia centres. In our 
series, the use of continuous infusion of rFVIIa showed an adequate 
haemostatic effect, ensuring good long-term results and low rates of 
complications with respect to the other published and limited series. 
The recent introduction of specific biological drugs with dramatically 
positive short-term effects may represent a further attempt to im-
prove the management of subjects with inhibitors undergoing major 
orthopaedic surgery.

DISCLOSURE S
The authors declare that they have no conflicts of interest.

AUTHORS'  CONTRIBUTIONS
Christian Carulli and Matteo Innocenti are the two Authors who 
made both the conception and the design of the work as well as 
they drafted the first version of the work. Each author has made 
substantial contributions to the design of the work as well as to the 
acquisition, analysis and interpretation of data. All authors have 
also substantively revised the work and has approved the submit-
ted version (and any substantially modified version that involves 
the author's contribution to the study) and have agreed both to 
be personally accountable for the author's own contributions and 
to ensure that questions related to the accuracy or integrity of any 
part of the work, even ones in which the author was not personally 
involved, are appropriately investigated, resolved and the resolution 
documented in the literature.

E THIC S APPROVAL AND CONSENT TO PARTICIPATE
All patients accepted the proposed treatment and follow-up after 
an adequate information and written consent. The study and 
follow-up, respecting the criteria of the Declaration of Helsinki, 
have been approved by Institutional Review Board of Azienda 
Ospedaliera Universitaria Careggi (AOUC) Department of Surgery 
and Translational Medicine. The Institutional Review Board accepted 
the proposal of the study, and all selected patients were properly 
informed before surgery about the treatment and follow-up visits 
after discharge.



8  |     CARULLI et AL.

ORCID
Christian Carulli  https://orcid.org/0000-0002-0845-7940 
Matteo Innocenti  https://orcid.org/0000-0001-9604-2042 
Massimo Morfini  https://orcid.org/0000-0001-6565-4943 
Giancarlo Castaman  https://orcid.org/0000-0003-4973-1317 

R E FE R E N C E S
 1. Orphanet, El Moustaine Driss. Rath Ana, Rare Disease Registries 

in Europe. Orphanet Report Series, Rare Diseases collection 
Orphanet; 2019. http://www.orpha.net/orpha com/cahie rs/docs/
GB/Regis tries.pdf

 2. Rodriguez-Merchan E.C., Goddard N.J.. General principles in ortho-
paedic surgery of haemophilia, Chapter 2. In: Nicholas Goddard 
E.C., Rodriguez-Merchan M.D., Lee C.A., eds. Musculoskeletal 
Aspects of Haemophilia. Oxford, UK: Blackwell Science Ltd; 
2000:1-8.

 3. Mulder K., Llinas A.. The target joint. Haemophilia. 
2004;10(s4):152-156.

 4. Manco-Johnson M.. Comparing prophylaxis with episodic treatment 
in haemophilia A: implications for clinical practice. Haemophilia. 
2007;13(s2):10–15.

 5. Melchiorre D., Linari S., Matassi FCG. Pathogenesis of the haemo-
philic arthropathy, Chapter 1. In: Carulli C., ed. The Management of 
Haemophilic Arthropathy. Somerton, UK: Bentham Ltd; 2017:1-13.

 6. Innocenti M., Carulli CCR. Revision Surgery in the Lower Limb 
of Haemophilic Patients, Chapter 15. In: Carulli C., ed. The 
Management of Haemophilic Arthropathy. Somerton, UK: Bentham 
Ltd; 2017:196-212.

 7. Rodriguez-Merchan E.C., Wiedel J.D.. General principles and indi-
cations of synoviorthesis (medical synovectomy) in haemophilia. 
Haemophilia. 2001;7(s2):6-10.

 8. Caviglia H.A., Fernandez-Palazzi F., Galatro G., et al. Chemical 
synoviorthesis with rifampicin in haemophilia. Haemophilia. 
2001;7(s2):26-30.

 9. Pasta G., Mancuso M.E., Perfetto O.S., et al. Radiosynoviorthesis 
in children with haemophilia. Hämostaseologie. 2009;29(S 
01):S62-S64.

 10. Carulli C., Civinini R., Martini C., et al. Viscosupplementation in 
haemophilic arthropathy: a long-term follow-up study. Haemophilia. 
2012;18(3):e210-e214.

 11. Carulli C., Matassi F., Civinini R., et al. Intra-articular injections of 
hyaluronic acid induce positive clinical effects in knees of patients 
affected by haemophilic arthropathy. Knee. 2013;20(1):36-39.

 12. Scalone L., Mantovani L.G., Mannucci P.M., et al. Quality of life is 
associated to the orthopaedic status in haemophilic patients with 
inhibitors. Haemophilia. 2006;12(2):154-162.

 13. Morfini M., Haya S., Tagariello G., et al. European Study on 
Orthopaedic Status of haemophilia patients with inhibitors. 
Haemophilia. 2007;13(5):606-612.

 14. Gringeri A., Mantovani L.G., Scalone L., et al. Cost of care and qual-
ity of life for patients with hemophilia complicated by inhibitors: 
The COCIS study group. Blood. 2003;102(7):2358-2363.

 15. Teitel J.M., Carcao M., Lillicrap D., et al. Orthopaedic surgery in hae-
mophilia patients with inhibitors: a practical guide to haemostatic, 
surgical and rehabilitative care. Haemophilia. 2009;15(1):227-239.

 16. Tagariello G., Bisson R., Radossi P., et al. Concurrent total hip and 
knee replacements in a patient with haemophilia with inhibitors 
using recombinant factor VIIa by continuous infusion. Haemophilia. 
2003;9(6):738-740.

 17. Tjonnfjord G.E.. Activated prothrombin complex concentrate 
(FEIBAR) treatment during surgery in patients with inhibitors 
to FVIII/IX: the updated Norwegian experience. Haemophilia. 
2004;10(s2):41-45.

 18. Solimeno L.P., Mancuso M.E., Pasta G., et al. Factors influencing 
the long-term outcome of primary total knee replacement in hae-
mophiliacs: a review of 116 procedures at a single institution. Br J 
Haematol. 2009;145(2):227-234.

 19. Négrier C., Lienhart A., Numerof R., et al. SURgical interventions 
with FEIBA (SURF): International Registry of Surgery in haemophilia 
patients with inhibitory antibodies. Haemophilia. 2013;19(3):e143
-e150.

 20. van Veen J.J., Maclean R.M., Hampton K.K., et al. Major surgery 
in severe haemophilia A with inhibitors using a recombinant factor 
VIIa and activated prothrombin complex concentrate hybrid regi-
men. Haemophilia. 2014;20(4):587-592.

 21. Rodriguez-Merchan E.C., de la Corte H.. Orthopaedic surgery in 
haemophilic patients with inhibitors: a review of the literature. 
In: In: Nicholas Goddard E.C., Rodriguez-Merchan M.D., Lee C.A., 
eds. Musculoskeletal Aspects of Haemophilia. Oxford, UK: Blackwell 
Science Ltd; 2008:136-142.

 22. Tagariello G., Basso M., Ricciardi ARP. Haematological care in 
patients with Haemophilia and inhibitors candidate to ortho-
paedic surgery, Chapter 19. In: Carulli C., ed. The Management of 
Haemophilic Arthropathy. Bentham Ltd; 2017:265-275.

 23. Innocenti M., Civinini R., Carulli C., et al. A modular total knee ar-
throplasty in haemophilic arthropathy. Knee. 2007;14(4):264-268.

 24. Valentino L.A., Cooper D.L., Goldstein B.. Surgical experience with 
rFVIIa (NovoSeven) in congenital haemophilia A and B patients with 
inhibitors to factors VIII or IX. Haemophilia. 2011;17(4):579-589.

 25. Konkle B.A., Nelson C., Forsyth A., et al. Approaches to successful 
total knee arthroplasty in haemophilia A patients with inhibitors. 
Haemophilia. 2002;8(5):706-710.

 26. Mehta S., Nelson C.L., Konkle B.A., et al. Total knee arthroplasty 
using recombinant factor VII in hemophilia-A patients with inhibitors: 
a report of three cases. J Bone Jt Surg Ser A. 2004;86(11):2519-2521.

 27. Rodriguez-Merchan E.C., Quintana M., Jimenez-Yuste V., et al. 
Orthopaedic surgery for inhibitor patients: a series of 27 proce-
dures (25 patients). Haemophilia. 2007;13(5):613-619.

 28. Mortazavi SMJ, Najafi A., Toogeh G.. Total joint replacement in hae-
mophilia A patients with high titre of inhibitor using a new brand re-
combinant factor VIIa (Aryoseven®). Haemophilia. 2016;22:e451-3.

 29. Takedani H., Kawahara H., Kajiwara M.. Major orthopaedic sur-
geries for haemophilia with inhibitors using rFVIIa. Haemophilia. 
2010;16(2):290-295.

 30. Rangarajan S., Austin S., Goddard N.J., et al. Consensus recommen-
dations for the use of FEIBA® in haemophilia A patients with inhibi-
tors undergoing elective orthopaedic and non-orthopaedic surgery. 
Haemophilia. 2013;19:294-303.

 31. Hilliard P., Funk S., Zourikins N., et al. Hemophilia joint health score 
reliability study. Haemophilia. 2006;12(5):518-525.

 32. Pettersson H., Ahlberg A., Nilsson I.M.. A radiologic classification of 
hemophilic arthropathy. Clin Orthop Relat Res. 1980;(149):153-159.

 33. Storti E., Traldi A., Tosatti E., et al. Synovectomy for haemophilic 
haemarthrosis. Lancet. 1968;2:572.

 34. Mingo-Robinet J., Odent T., Elie C., et al. Open synovectomy of the 
ankle joint in young haemophiliacs: mid-term to long- term results of 
a single-centre series of 32 procedures. Haemophilia. 2015;21(4):e3
06-e311.

 35. Carulli C., Matassi F., Innocenti M.. Total knee arthroplasty, Chapter 
11. In: Carulli C., ed. The Management of Haemophilic Arthropathy. 
Somerton, UK: Bentham Ltd; 2017:147-161.

 36. Matino D., Makris M., Dwan K., et al. Recombinant factor VIIa con-
centrate versus plasma-derived concentrates for treating acute 
bleeding episodes in people with haemophilia and inhibitors. 
Cochrane Database Syst Rev. 2015;2015(12):CD004449.

 37. Innocenti M., Matassi F., Carulli C., et al. Oxidized zirconium femoral 
component for TKA: a follow-up note of a previous report at a min-
imum of 10 years. Knee. 2014;21(4):858-861.

https://orcid.org/0000-0002-0845-7940
https://orcid.org/0000-0002-0845-7940
https://orcid.org/0000-0001-9604-2042
https://orcid.org/0000-0001-9604-2042
https://orcid.org/0000-0001-6565-4943
https://orcid.org/0000-0001-6565-4943
https://orcid.org/0000-0003-4973-1317
https://orcid.org/0000-0003-4973-1317
http://www.orpha.net/orphacom/cahiers/docs/GB/Registries.pdf
http://www.orpha.net/orphacom/cahiers/docs/GB/Registries.pdf


     |  9CARULLI et AL.

 38. Carulli C., Felici I., Martini C., et al. Total hip arthroplasty in hae-
mophilic patients with modern cementless implants. J Arthroplasty. 
2015;30(10):1757-1760.

 39. Sartori R., Bisson R., Baars G.W., et al. One-stage replacement of 
infected knee prosthesis in a patient with haemophilia A and high 
titre of inhibitors. Haemophilia. 2008;14(2):375-377.

 40. Giangrande PLF, Wilde J.T., Madan B., et al. Consensus protocol 
for the use of recombinant activated factor VII [eptacog alfa (ac-
tivated); NovoSeven®] in elective orthopaedic surgery in haemo-
philic patients with inhibitors. Haemophilia. 2009;15(2):501-508.

 41. Tjønnfjord G.. Activated prothrombin complex concentrate (FEIBA) 
treatment during surgery in patients with inhibitors to FVIII/IX. 
Haemophilia. 2004;10(Suppl 2):41-45.

 42. Lyseng-Williamson K.A., Plosker G.L.. Recombinant factor VIIa 
(Eptacog Alfa). Pharmacoeconomics. 2007;25(12):1007-1029.

 43. Messori A., Trippoli S., Innocenti M., et al. Risk-sharing approach for 
managing factor VIIa reimbursement in haemophilia patients with 
inhibitors. Haemophilia. 2010;16:548-550.

 44. Rodriguez-Merchan E.C., Wiedel J.D., Wallny T., et al. Elective 
orthopaedic surgery for inhibitor patients. Haemophilia. 
2003;9(5):625-631.

 45. Atilla B., Caglar O., Pekmezci M., et al. Pre-operative flexion con-
tracture determines the functional outcome of haemophilic ar-
thropathy treated with total knee arthroplasty. Haemophilia. 
2012;18(3):358-363.

 46. Viliani T., Zambelan G., Pandolfi C., et al. In-patient rehabilitation 
in haemophilic subjects with total knee arthroplasty. Haemophilia. 
2011;17(5):e999-e1004.

 47. Danielson H., Lassila R., Ylinen P., et al. Total joint replacement in in-
hibitor-positive haemophilia: long-term outcome analysis in fifteen 
patients.World. J Orthop. 2017;8(10):777-784.

How to cite this article: Carulli C, Innocenti M, Linari S, 
Morfini M, Castaman G, Innocenti M. Joint replacement for 
the management of haemophilic arthropathy in patients with 
inhibitors: A long-term experience at a single Haemophilia 
centre. Haemophilia. 2020;00:1–9. https://doi.org/10.1111/
hae.14169

https://doi.org/10.1111/hae.14169
https://doi.org/10.1111/hae.14169

