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Abstract

Introduction: In patients with haemophilia, repeated bleeding in large joints leads

to chronic haemophilic arthropathy, a rare disease that can be managed surgically

with ankle arthrodesis or with total ankle replacement (TAR). TAR has been reported

to provide good surgical results in the medium/long-term and allow preservation of

joint mobility but the medical therapeutic management of the patients has not been

described.

Aim: To describe themedical therapeutic management of TAR.

Methods: All patients with haemophilia A/B, with haemophilic ankle arthropathy, and

who underwent TAR between April 2006 and October 2019 were retrospectively

included. Factor consumption, perioperative and early complications, volume of blood

lost, and orthopaedic data were collected.

Results:A total of 25patients underwent 29TAR (mean agewas44.7 years [range: 26–

65]). In the 17 patients with HA without history of anti-FVIII inhibitor, the mean ± SD

consumption the day of surgerywas 116± 16UI/kgwhen clotting factorswere admin-

istered by continuous infusion, 106 ± 13 UI/kg when SHL factors were administered

by bolus infusion, and 75 ± 22 UI/kg when EHL factors were administered by bolus

infusion. During hospitalisation, the mean factor cost was €38,073 (83.7% of the total

cost of surgery). Mean blood loss was significantly lower in patients treated with

tranexamic acid (164 mL, range: 40–300) than in those not (300 mL, range: 70–800;

p = .01). Six patients had haematoma. The 10-year survival free of any prosthesis

removal/arthrodesis was estimated to be 92.2% (95%CI [83; 100]).

Conclusion: The medical therapeutic management of TAR is complex, carried out by a

multidisciplinary team but effective in avoiding the occurrence of complications.
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medium, provided the original work is properly cited and is not used for commercial purposes.
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1 INTRODUCTION

Haemophilia is a haemorrhagic X-linked inherited disease that is due to

a lack of FactorVIII for haemophiliaA (HA) or Factor IX for haemophilia

B (HB). The seriousness of the disease depends on the severity of the

deficiency. In patients with mild or moderate disease, bleeding occurs

with trauma; in those with severe disease, bleeding occurs sponta-

neously. Haemarthrosis is frequent in patients with haemophilia, and

this mainly affects large joints such as the ankles, knees or elbows.1,2

Repeated bleeding leads to chronic haemophilic arthropathy, charac-

terised by bone remodelling associated with pain.3 Haemophilic ankle

arthropathy is a rare disease. It can be managed surgically with ankle

arthrodesis or with total ankle replacement (TAR).4,5 Previously, ankle

arthrodesis was the gold standard, but this type of procedure does not

maintain the mobility of the joint.6 TAR has been reported to provide

good surgical results in the medium to long-term and allow preser-

vation of joint mobility7,8 and could increase quality of life,9 but the

place of TAR remains debated10; furthermore, the medical therapeu-

tic management of the patients (coagulation factors, use of tranexamic

acid, other associated treatments) and results related to this manage-

ment (factor consumption, associated costs) has not been described

conversely to other joint replacement procedures.11–13 The objective

of the present studywas therefore to describe themedical therapeutic

management of TAR.

2 MATERIALS AND METHODS

2.1 Study design

In the present single-centre retrospective study, all patients with HA

or HB, with haemophilic ankle arthropathy, and who underwent TAR

between April 2006 and October 2019 were included. Patients aged

under 18 years, protected by law (under guardianship or curator-

ship), or opposed to the use of their data were excluded. The patients

were fully informed and provided written consent before the start of

data collection. The study was approved by the local ethics committee

(Comité Scientifique et Éthique des Hospices Civils de Lyon, n◦20_248).

2.2 Surgical management

Patients with haemophilia are followed by the haemophilia care cen-

tre of our institution. In cases of haemophilic arthropathy of the

ankle, patients are referred to the senior foot and ankle surgeon.

Only patients with severe pain resistant to analgesic drugs undergo

TAR. Pre-operative assessment includes a physical examination (pain

location, ankle range of motion), the calculation of the American

OrthopaedicFootAnkle Society (AOFAS) ankle score (outof a total 100

points, with nine functional and clinical criteria),14 as well as weight-

bearing ankle x-rays and a computed tomography (CT) scan. Patients

receive intraoperative methylprednisolone (500 mg)15 and antibiotic

prophylaxis (cefazolin 2 g or clindamycin 600 mg). The surgery is con-

ducted in the supine position, with a tourniquet and a classic anterior

approach. From 2006 to 2008, the AES prosthesis (Transystème SA,

Nimes, France) was used, from 2009 to 2014 the Hintegra prosthe-

sis (Newdeal SA, Lyon, France) was used, and since 2014 the Salto

Talaris prosthesis (Tornier Wright, France) was used. At the end of

the surgery, the surgical approach is closed with absorbable suture

and drainage left in place for 2 days. At discharge from the surgi-

cal ward, patients are admitted to a rehabilitation centre to allow

immediate rehabilitation to recover their range of motion and clinical

monitoring, which plays an important role in the success of surgery.16

All are admitted to the same centre to facilitate the management of

clotting factor concentrates. During rehabilitation patients are immo-

bilised with non-weight-bearing posterior short-leg splint for 3 weeks,

then a weight-bearing removable plastic boot for 3 weeks to stimu-

late skin healing and allowprosthetic integration. Patients are followed

at 3 months, 6 months, 1 year, 2 years, and then every 5 years

using the AOFAS ankle score, weight-bearing ankle x-rays, and a CT

scan.

2.3 Clotting factor management

In our haemophilia centre, a pharmacokinetic (PK) evaluation is per-

formed before surgery to assess the patient’s in vivo recovery. This

also allows the verification of the absence of anti-FVIII/FIX antibodies.

TAR is a surgery with a major risk of bleeding and therefore the blood

factor concentration should be 80 IU/dL the first week and between

50 and 80 IU/dL the second and third postoperative week.17 A factor

substitution protocol is provided by the haemophilia care centre and

is adapted during hospital stay according to the clinical results and the

patient’s factor VIII or IX levels. The substitution protocol is continued

for 3 weeks before administration of the usual prophylactic treatment.

During rehabilitation, it is only adapted according to the clinical results.

Until 2015 patients received clotting factors by continuous infusion

(minipump) during hospital stay. From 2016, following the French

commercialisation of two extended half-life factors (EHL; Elocta

Swedish Orphan Biovitrum, Stockholm, Sweden, and Alprolix, Swedish

Orphan Biovitrum), factors were administered by bolus infusion (BI).

Patients were not to receive anticoagulant therapy, such as heparin

or antiplatelet drugs, including during rehabilitation. After 2016 all

patients received 1 g intravenous tranexamic acid intraoperatively as
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many studies have shown the benefit of antifibrinolytics in reducing

blood loss (BL) and transfusions after joint replacement.18 Patients

wore support stockings after surgery for 3 weeks.

2.4 Data extraction

The data collected from patient medical records (up to 2010 from

paper files, and 2011 electronic patient records) were: demographic

data (including age, body mass index [BMI], and type of haemophilia),

medical history, length of hospital stay, factor consumption, periop-

erative and early complications (complications occurring within three

months after surgery; occurrence of haemorrhagic complications [such

as haematomas or haemarthrosis], infections, thromboembolic com-

plications, fractures, development of anti-FVIII or anti-FIX inhibitors,

delayed wound healing, and algodystrophy), volume of BL (reported

during hospital stay by anaesthetists and nurses), blood haemoglobin

level the day before the surgery and the third postoperative day, and

orthopaedic data (revision surgery or not, AOFAS score, dorsiflexion,

plantar flexion).

2.5 Factor consumption and cost of TAR

One patient with severe HA treated with standard half-life (SHL) fac-

tors was excluded from the analysis of factor consumption because he

was enrolled in a clinical trial and factor consumption was not known.

Factor consumption was performed separately for the patient with

mild HB because consumption is lower in such patients, and in the

patient who had a previous history of anti-FVIII inhibitors because he

received Feiba (Baxalta Innovations GmBH, Vienna, Austria). The total

factor consumption corresponds to the 3 weeks of curative treatment.

A cost analysis was conducted for the period including hospitalisa-

tion and rehabilitation, and considered costs of factors, prosthesis, and

hospitalisation. For the rehabilitation period, we analysed the cost of

factors administered in addition to the usual prophylactic treatment,

that is to say, factors administered in the first 3 postoperative weeks.

This was done using the official price of a unit of clotting factor in 2020

in France published by the health system, which was €0.648 for all fac-
tor VIII products. Then, the cost associated with only the factors for

patients with HA and using either the published price (€0.648) or the
price negotiated by our hospital (€0.648 for EHL factors, and €0.325
for SHL factors) was evaluated.

2.6 Statistical analysis

Differences in quantitative variables between two independent groups

were analysed using the Wilcoxon–Mann–Whitney test; differences

between two paired groups were analysed using a signed Wilcoxon

rank test. A p-value of ≤.05 was considered significant. The probability

of survival was free of any prosthesis removal and free of any reopera-

tion along with 95% confidence interval [95% CI] was estimated using

the Kaplan–Meier method. R (version 4.1.2, 2021, R Core Team) was

used for all statistical analysis.

3 RESULTS

3.1 Characteristics of patients and surgeries

In total, 25 patients underwent 29 TAR, of which four bilaterally (all

operated on by a senior surgeon, J.L.B.). All were male, the mean ± SD

age was 44.7 ± 12.1 years (range: 26−65) and the mean ± SD BMI

was 25.7 ± 3.9 kg/m2 (range: 20−36). Diabetic patients were well

controlled (HbA1c ≤ 6.5%) and atherosclerosis in one patient had no

haemodynamic repercussions confirmed using ultrasound. There were

18 (72.0%) patients who had HA, one of whom had a previous history

of anti-FVIII inhibitors (seven Bethesda Units, BU); this patient was

treated with activated prothrombin complex concentrate (Feiba) and

underwent one TAR. There were seven (28.0%) patients who had HB,

one of whom had a mild HB and who underwent one TAR (Table 2).

Of the surgeries performed, 17 (58.6%) were performed on the right

ankle. There were 22 TAR (75.9%) in which SHL factors were used, six

(20.7%) in which EHL factors were used, and one (3.4%) in which Feiba

factorswere used; therewere seven surgeries performed before 2008,

and 22 from the start of 2008 (Table 1). Among surgeries in which SHL

factors were used, themean± SD length of hospital stay for those per-

formed from the start of 2008 (7.6 ± 1.5 days) was significantly lower

than for those performed before 2008 (14.6 ± 1.5 days; p = .0002);

among surgeries performed from the start of 2008, therewas no signif-

icant difference in themean± SD length of hospital stay between those

inwhichSHL factorswereused (7.6±1.5days) than those inwhichEHL

factorswere used (6.5± 0.8 days; p= .07). Themean follow-upwas 5.8

years (range: 1−13.9); no patient was lost to follow-up.

3.2 Clotting factor consumption and associated
costs

The mean continuous infusion rate used during surgery was

3.95 IU/kg/h (range: 3.5−4.5) for patients with HA, and 5 IU/kg/h

(range: 4−6) for those with HB. In the 17 patients with HA without a

history of anti-FVIII inhibitor (who underwent 20 TAR), themean± SD

consumption on the day of surgery was 116 ± 16 UI/kg when clotting

factors were administered by continuous infusion, 106 ± 13 UI/kg

when SHL factors were administered by BI, and 75 ± 22 UI/kg when

EHL factors were administered by BI. The mean ± SD consumption

in the first week was 504 ± 146 UI/kg when clotting factors were

administered by continuous infusion, 416±13UI/kgwhen SHL factors

were administered by BI, and 278 ± 41 UI/kg when EHL factors were

administered by BI. In the six patients with moderate or severe HB

(who underwent seven TAR), the mean ± SD consumption the day

of surgery was 193 ± 30 UI/kg when clotting factors were admin-

istered by continuous infusion, 162 ± 44 UI/kg when SHL factors

were administered by BI, and 152 ± 31 UI/kg when EHL factors
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TABLE 1 Surgical data.

TAR

n= 29

Arthroplasty with additional surgery, n (%) 18 (62.1)

Tibiotalar arthrolysis 2 (6.9)

Subtalar arthrodesis 9 (31.0)

In two steps 1 (3.4)

In one step 8 (27.6)

Talonavicular arthrodesis 1 (3.4)

Achilles tendon lengthening 9 (31.0)

Medial malleolar osteotomy 2 (6.9)

Ankle ligament plasty 5 (17.2)

Prosthesis, n (%)

AES, Transysteme SA 7 (24.1)

Hintegra, Newdeal SA 6 (20.7)

SaltoTalaris (and/or XT), TornierWright 16 (55.2)

Mean surgery time (min) 133.1(80-250)

Tourniquet time (min) 96.9(66-144)

Abbreviation: TAR, Total ankle replacement.

were administered by BI. The mean ± SD consumption in the first

week was 696 ± 103 UI/kg when clotting factors were administered

by continuous infusion, 580 ± 337 UI/kg when SHL factors were

administered by BI, and 391 ± 0 UI/kg when EHL factors were admin-

istered by BI (Table 3). One patient with HA had a history of anti-FVIII

inhibitors; consumption of Feiba in this patient was 190 IU/kg the

day of surgery and 893 IU/kg the first week. Consumption of Mono-

nine (CSL Behring, King of Prussia, PA, United States) on the day of

surgery in a patient with mild HB was 132 and 342 UI/kg the first

week.

During the first week of hospital stay, two patients (one with HA

and continuous infusion, the other with HB and continuous infusion)

required an increase in the daily dose of factor following a haemor-

rhagic complication. Eight patients had an increase in the daily factor

dose because FVIII / FIX plasma activity was lower than 80 IU/dL, and

16 a decrease because it was higher than 80 IU/dL.

The mean total cost of surgery for HA and HB was €45,509; during
hospitalisation, the mean factor cost was €38,073 (83.7% of the total

cost of surgery), that of the prosthesis was €1,944 (4.3%), and that of

hospitalisation was €5,492 (12.1%). The mean total cost of surgery for

HA patients was €40,591, and factors accounted for 81.3% of this cost;

the mean total cost of surgery for HB patients was €57,172, and fac-

tors accounted for 87.6% of this cost; the total cost for the HA patient

with inhibitors was €134,931, and factors accounted for 90.3% of this.

When published prices were used, in patients with HA the mean ± SD

daily cost of factors was €4,006± 928 for those who received SHL fac-

tors by BI, and €2,153± 344 for those who received EHL factors by BI;

when negotiated prices were used, it was €2,009 ± 465 for those who

received SHL by BI, and 2,153 ± 344 for those who received EHL fac-

tors by BI (Table 4). Themean± SD cost of factors during rehabilitation

was €27,606± 15,452 (43.3% of the total mean cost of factors).

3.3 Short-term complications

ThemeanBLwas 239mL (range: 40−800) among all procedures.Mean

BL were significantly lower in patients treated with tranexamic acid

(164 mL, range: 40−300) than in those not (300 mL, range: 70−800;

p= .01). Themean±SDdecrease inhaemoglobin levelwas significantly

lower for patients treatedwith tranexamic acid (6.3± 9 g/L) than those

not (12.4± 9 g/L; p= .001). There were 11 (37.9%) patients who expe-

rienced a short-term complication; six patients had haematoma that

appeared between 1 day and 5 days after surgery; four had received

one or more prophylactic doses of enoxaparin or ketoprofen within

five postoperative days. No haemarthrosis episode, venous thrombo-

sis, occurrence of anti-FVIII or anti-FIX inhibitor or algodystrophy was

observed in these patients. Twopatients suffered froma fracture of the

medial malleolus; one patient did so after surgery and subsequently

underwent osteosynthesis 4 days after surgery, and the other was

detected during surgery (Table 5).

3.4 Orthopaedic results and medium to long-term
complications

The 10-year survival free of any prosthesis removal or arthrodesis

was estimated to be 92.2% (95% CI [83;100]; Figure 1) and free of

any reoperation to be 79.9% (95% CI [64;100]; Figure 2). One patient

required surgical removal and five required revision of TAR (Table 5).
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F IGURE 1 Kaplan-Meier analysis. Survivorship free of prosthesis removal or arthrodesis.

F IGURE 2 Kaplan-Meier analysis. Survivorship free of any reoperation.

The mean AOFAS score was 39.0 (range: 17−69) before surgery and

was significantly improved 1 year after surgery (82.8; range: 68−98;

p < 10−5) and at the last follow-up (83.0; range: 71−98; p < 10−4).

Dorsiflexion was significantly improved; increasing from a mean ± SD

−2.3 ± 8.9◦ preoperatively to 9.6 ± 4.7◦ at the last follow-up (p < .01).

No significant difference was found between the mean ± SD pre-

(29.4± 8.4◦) and post-operative plantar flexion (28.4± 7.5◦ at the last

follow-up).
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4 DISCUSSION

In the present study, the overwhelmingmajority of patients underwent

TAR without any bleeding event and without medium to long-term

complication. The management of TAR in patients with haemophilia

evolved since 2006; there was a change in the prosthesis used, in the

administration of clotting factors (continuous infusion then BI), in the

type of factor used (SHL then EHL factors), in the use of tranexamic

acid intraoperatively, but also a reduction in the length of hospital stay.

The latter was significantly lower from 2008, which coincides with the

introduction of activity-based payment in France that has favoured

earlier hospital discharge,19 but also by the improvement in coordi-

nation between the hospital and the rehabilitation centre. Although

there is no published data for the consumption of clotting factors in

patients with haemophilia undergoing TAR, the consumption reported

herein seems to be close to that found for other orthopaedic prosthe-

ses, and in particular consumption of SHL factors administered by CI.

For instance, in patients undergoing total knee replacement, Cheva-

lier et al. reported 79 IU/kg/day in those with HA during the first week

and 99 IU/kg/day in those with HB,11 and Schulmann et al. reported

311 IU/kg in HA and 484 IU/kg in HB during the first week20; the lat-

ter are lower but this is likely to be explained by the combination of

multiple orthopaedic procedures in a single session. It is of note that

the use of EHL factors did not lead to a significant reduction in the

lengthof hospital stay, althoughby reducing thedaily numberof admin-

istrations this is likely to facilitate hospital discharge to a rehabilitation

centre; however, they lead to a lower factor consumption compared to

SHL factors and this was close to that reported by Hampton et al.21 in

patientswithHAundergoing surgerywith amajor riskof bleeding (35.5

IU/kg/day). However, this lower consumption found with EHL factors

does not seem to lead to a reduction in cost; in French hospitals, the

price of SHL factors is negotiated whereas this is not the case for EHL

factors. Concerning costs, the mean cost for patients with haemophilia

Bwas greater than for in patients with haemophilia A. This is explained

by the higher factor consumption in patients with haemophilia B as the

cost related to hospitalisation and prosthesis was not different.

Contrary to the results of factor consumption which seem close

to those found in other studies, the results reported herein seem to

indicate more frequent early complications than in previous studies

of TAR; for instance 6.3% in the study reported by Asencio et al.7 to

21.4% in the study reported by Preis et al.22 The higher rate found

in the present study could be explained by four of the six patients

who presented with a haematoma having received at least one dose

of anti-inflammatory or heparin (data not shown) due to a prescrip-

tion error, but also that even minimally delayed wound healing was

reported herein. Our good long-term results in terms of mobility and

function (AOFAS score) are comparable to other TAR series in patients

with haemophilia.7,8,22,23 The results also suggest equivalent late com-

plications; revisions to surgery are reported to range from 6.3% in in

the study reported by Asencio et al.7 to 18.2% in the study reported

by Strauss et al.24 However, four of the five patients who required re-

operation (only one prosthesis removal and arthrodesis due to aseptic

loosening and cysts) with herein had received the AES prosthesis that
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TABLE 5 Short and long-term complications.

Case Patient Prosthesis Short-term complications Long-term complications

1 1 AES No Re-operation at 60months for Achilles tendon lengthening

2 2 AES No Re-operation at 133months for geode cementation and

extensive arthrolysis

4 4 AES Haematoma

Delayedwound healing

Re-operation at 27months for osteophytes of themedial

malleolus

5 5 AES Delayedwound healing No

7 7 AES Important haematoma Removal surgery at 59months due to aseptic loosening on

large geodes. Tibial-talar arthrodesis was performed

9 9 HINTEGRA Haematoma No

10 10 HINTEGRA Haematoma No

13 13 TALARIS Delayedwound healing No

15 15 TALARIS Important haematomaDelayedwound healing No

16 16 TALARIS Delayedwound healing No

23 22 TALARIS XT Fracture of themalleolus, underwent

osteosynthesis four days after surgery

No

27 23 TALARIS XT Haematoma progressing to surgical site

infection 22 days after surgery

Re-operation was necessary 13months later because of

infection

28 21 TALARIS XT Fracture of themalleolus No

has since been withdrawn from the market in 2009 because it caused

too many surgical revisions.25 Interestingly, the results of the present

study seem to indicate a better estimated implant survival than in pre-

vious studies of TAR; for instance 85% at 10 years reported by Eckers

et al.8 However, BL appears to be lower in the present study for TAR

than that reported for total hip replacement or total knee replacement

(this has not been reported for TAR); for instance Zhai et al. reported

mean BL of 1350 mL following total hip replacement and 625 mL fol-

lowing total knee replacement.26 In our hospital, BL seems equivalent

to healthy patients. However, the data concerning BL lacks precision

because this is a retrospective study and themeasurement of these BL

was operator-dependent, which is a limitation. Furthermore, although

factor consumption datawas available for all-but-one patient (whowas

included in a clinical trial and whose data could not be retrieved), it is

of note that the single-centre design limited the number of patients

included. Moreover, the long study period with changes to the pro-

tocol led to comparisons being made in small subgroups with very

small numbers. Despite this limitations, this study provides new data in

patients with haemophilia who underwent TAR with a medium to long

follow-up. Thesedatawereobtained in a single-centre,whichoffers the

advantage of having homogeneous and reproducible data from a sin-

gle multidisciplinary team including haemophilia comprehensive care

centre, orthopaedic surgeons and pharmacists because they all use a

homogeneousmanagement protocol.

5 CONCLUSION

The medical therapeutic management of TAR is complex, carried out

by a multidisciplinary team but effective in avoiding the occurrence

of complications. Another multicentre clinical study could confirm the

impact of this multidisciplinary team on survival, clinical and functional

outcomes.
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