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1. INTRODUCTION
The knee is the most commonly involved joint tissue in hemo-
philia patients.1–4 Recurrent hemoarthrosis may result in 
chronic synovitis and advanced hemophilic arthropathy at the 
end stage of the disease. The symptoms include severe pain, 
limited range of motion (ROM), and impaired knee function. 

Total knee replacement (TKR) is an effective surgery in asso-
ciation with sustainable pain relief and function recovery for 
the general population. However, for patients with hemophilic 
arthropathy, severe deformity, soft tissue contracture, and dis-
used juxta-articular osteoporosis compromise the advantages 
of TKR. Hence, an improved surgical technique is required 
for this purpose. Few of the earliest reports of TKR in patients 
with hemophilia were published in the mid-1970s.5,6 With the 
improvement in the surgical techniques and medical man-
agement, the outcomes of TKR performed on hemophiliac 
patients are presently satisfactory.7–9 However, high incidences 
of complications including bleeding, deep infection, pros-
thetic failure, and limited ROM have been reported in several 
studies.8,10

Bilateral involvement of hemarthrosis over knee joints is 
frequent in patients with severe hemophilia, and TKR is the 
standard management. In this setting, it is not clear whether 
simultaneously bilateral TKR or staged TKR should be per-
formed in those hemophiliac patients. Therefore, we conduct the 
nationwide study to investigate the safety and cost-effectiveness 
of TKR in Taiwanese hemophiliac patient population.
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Abstract 
Background: Total knee replacement (TKR) surgery is a treatment option for advanced hemophilic arthropathy. Due to its rarity 
and complexity, previous reports could only demonstrate the results of single-site studies including few cases. This population-
based study aimed to investigate the major epidemiological characteristics, mean consumption of coagulation factors, length of 
hospital stays, complications, and failure rate of primary TKR for severe hemophilia patients in Taiwan.
Methods: A cohort of 996 hemophilia patients registered between 1995 and 2011 was included, and 103 primary TKRs were 
performed on 75 patients. Unilateral TKR was performed on 47 patients and bilateral TKRs on the remaining 28 patients, including 
12 simultaneous and 16 staged surgeries. The mean age at surgery was 32.3 years (range, 17.3–55.7), and the mean follow-up 
duration was 77.9 months (range, 2.3–176.8).
Results: Failure was noted in 8 patients (8.5%) at mean 32.8 months (range, 2.3–95) after surgery. Four patients revealed aseptic 
loosening, whereas infection in 4. The 10-year prosthesis survivorship was 88.6%. For patients receiving unilateral TKR, the mean 
length of hospital stay was 15 days (range, 7–32). The mean cost of factor supplement was United States Dollar (USD) 43 543 with a 
mean 4-unit packed red blood cells transfusion (range, 0–38). The total admission cost was USD 48 326 (range, USD 4165–262 619).
Conclusion: The prevalence of TKA for hemophilia patients was 7.5% in Taiwan. The mean hospital stay was 14 days, and the 
10-year prosthesis survivorship was 88.6%. The mean daily factor usage was decreased from 235.7 units preoperatively to 202.1 
units postoperatively. In comparison with the staged-bilateral TKRs, the simultaneous procedures significantly reduced the mean 
total cost from USD 101 923 to USD 61 587 (p = 0.023). Therefore, in terms of cost-effectiveness, bilateral simultaneous TKR is 
more preferable than staged procedures.
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2. METHODS

2.1. Study population and cohort
Since 1995, the National Health Insurance (NHI) program initi-
ated by the Taiwanese government has been providing manda-
tory health insurance policies. By the end of year 2011, ≈99.59% 
of Taiwanese citizens were registered under effective medical 
coverage. The present study is a retrospective population-based 
study that explored the authentic data extracted from the NHI 
Research Database (NHIRD) of Taiwan. The NHIRD nearly 
contains all inpatient and outpatient medical bene"t claims for 
about 23 million Taiwanese residents. The claim "les comprise 
of outpatient and inpatient medical records, including diagnosis, 
treatment, and all management incurring expenses. This study 
was exempted from full review by the institutional review board.

2.2. Data mining
We identi"ed all patients diagnosed with hemophilia  
(International Classi"cation of Diseases, Ninth Revision, Clinical 
Modi"cation codes 286) for the "rst time between January 1, 
1995, and December 31, 2011. Simultaneous TKR was de"ned as 
bilateral TKR performed at the same surgical day, while staged-
bilateral TKR was de"ned as two TKR procedures performed at 
different hospitalization. Implant failure was de"ned as revision 

or removal of prosthesis. The diagnosis was con"rmed by the 
Registry for Catastrophic Illness Patient Database (RCIPD)—a 
subset of the NHIRD. Laboratory con"rmation of the clotting 
factor was required for patients to be registered in the RCIPD.

By using the data extracted from NHIRD, we obtained a 
cohort of 996 hemophilia patients between 1995 and 2011. The 
study inclusion criteria were registration in the claim-speci"c 
reimbursement codes of primary TKR (64164B), revision TKR 
(64198B), and prosthesis removal (64202B). The end point of 
implant survival was determined by revision or removal of pros-
thesis due to infection or aseptic loosening. Prosthesis survivor-
ship was calculated, with failure de"ned as revision or removal 
of the prosthesis. Surgical failure characterized as revision or 
removal of the prosthesis was used to calculate the prosthesis 
survivorship. The follow-up time began at the "rst admission 
date and ended at the implant failure date, patient’s death, or 
the end of 2011, whichever came "rst. Our follow-up study 
continued until the end of 2011. For each enrolled subject, the 
data, including demographic variables, year of receiving surgery, 

Fig. 1 The distribution of total knee replacement (TKR) numbers for Taiwan hemophilia patients between 1997 and 2011.

Table 1
The prevalence of TKR procedures in hemophiliacs in Taiwan 
(1997–2011)

 
Total  

(n = 996)
Hemophilia  
A (n = 830)

Hemophilia  
B (n = 166)

Total number of patients  
  who received TKR

75 (7.5%) 63 12

Total number of TKRs 103 86 17
 Unilateral TKR 47 40 7
 Bilateral TKR 28 23 5
  Simultaneous 12 10 2
  Staged 16 13 3
 Failure 8 (7.8%) 8 (9.3%) 0 (0%)
  Aseptic loosening 4 (3.8%) 4 (4.7%) 0 (0%)
  Deep infection 4 (3.8%) 4 (4.7%) 0 (0%)

TKR = total knee replacement.

Fig. 2 The Kaplan-Meier survivorship curve depicting the 10-y survival rate 
of 88.6%.
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surgical type, costs of the prescribed coagulation factors, coagu-
lation factor usage of 12 months before surgery and at 1 to 6 
and 7 to 18 months after surgery, transfusion amounts, length 
of hospital stay, and total costs of hospitalization were extracted 
and categorized.

2.3. Statistical analysis
The data from NHIRD was managed using the Microsoft SQL 
Server 2008 R2. SPSS statistical software, version 20.0, for 
Windows (SPSS Inc., Chicago, IL, USA) was used to perform 
all the analyses. The prosthesis-failure-free survival was plotted 
by the Kaplan-Meier method. Comparisons among unilateral 
TKR, staged-bilateral TKR, and simultaneous-bilateral TKR 
were conducted by the ANOVA test, chi-square test, or Student’s 
t test. The mean daily factor usage before and after TKR was 
examined using the paired Student’s t test. Two-tailed p < 0.05 
was considered to be signi"cant.

3. RESULTS
During the period between 1995 and 2011, 996 hemophilia 
patients were registered in the NHIRD of Taiwan. Among these 
patients, 103 primary TKR surgeries were performed on 75 
patients (7.5%) with severe hemophilic arthropathy (Fig.  1). 
Sixty-three patients were diagnosed with hemophilia A and the 
remaining 12 with hemophilia B. Hemophilia patients with fac-
tor VIII inhibitor or HIV were not enrolled in the study. Unilateral 
TKR surgery was performed on 47 patients, whereas 28 patients 
received bilateral TKR, including 12 simultaneous TKR and 16 
staged TKR in two consecutive admissions (Table 1).

The mean age of the patients was 32.3 years (range, 17.3–
55.7 years) at the time of index surgery, and the mean follow-
up duration was 77.9 months (range, 2.3–176.8 months).  
The mean hospital stay was 14 days (range, 6–36 days). Among 
the 103 TKR implants, 8 (8.5%) were revised, removed, or 
converted to a knee arthrodesis at a mean duration of 32.8 
months (range, 2.3–95 months) after surgeries. Four cases were 
derived from aseptic loosening, and 4 were caused by infections.  
The 10-year prosthesis survivorship was 88.6% (Fig. 2).

We further analyzed the amount of coagulation factors 
used before and after TKR. Table  3 demonstrates that the 

mean daily consumption of coagulation factor was 235.7 
units (range, 0–2884.3) before the surgery in all hemophilic 
patients, which increased signi"cantly during the "rst 6 
months after TKR (364.9 units; p = 0.002) but later decreased 
to 202.1 units after 18 months of surgery (p = 0.633). No 
signi"cant difference in the daily factor consumption was 
noted in hemophilic patients before and 18 months after 
the TKR. Regarding the difference between the two types of 
hemophilia, less amount of coagulation factor was postopera-
tively prescribed for patients with hemophilia B than that in 
hemophilia A in 18 months after TKR (205.9 vs. 178.4 U/day, 
respectively; Table 3).

To evaluate the cost-effectiveness of TKR surgeries performed 
on hemophilic patients, the direct costs of factor supplement, 
total admission costs, length of hospital stay, and packed red 
blood cells (PRBC) transfusion for the surgeries of simultane-
ous-bilateral TKR were compared with that of unilateral TKR 
and staged-bilateral TKR surgeries (Table 2; Fig. 3). For patients 
receiving unilateral TKR surgery, the mean length of hospital 
stay was 15 days (range, 7–32 days) and the mean cost of factor 
supplement was United States Dollar (USD) 43 543. An average 
of four packed red blood cells units was transfused (range, 0–38 
U), and the mean total admission cost was USD 48 326 (range, 
USD 4165–262 619).

Table 2
Comparisons between unilateral, staged-bilateral, and simultaneous-bilateral TKR

 
Unilateral  
(n = 46 a)

Staged  
(n = 16)   

Simultaneous  
(n = 11a) p  1 p  2

  1st 2nd Total    
Hemophilia A 39 (84.8)   13 (81.3) 9 (81.8) 0.919  
Age
 Median 32.1 (17.3–55.7) 32.9 (23.7–49.8) 37.3 (26.5–54.9)  30.0 (24.5–49.7)   
 ≤30 18 (39.1) 8 (50) 6 (37.5)  6 (54.5) 0.711  
 >30 28 (60.9) 8 (50) 10 (62.5)  5 (45.5)   
Era      0.202  
 Before 2004 23 (50.0) 11 (68.8) 6 (37.5)  6 (54.5)   
 After 2004 23 (50.0) 5 (31.2) 10 (62.5)  5 (45.5)   
Hospitalization days 15 (7–32) 12.5 (6–30) 11 (7–36) 23.5 (14–53) 15 (9–20) 0.703 0.001
Factor usage (USD) 43 543  

(93–258 785)
41 805  

(7245–86 816)
47 912  

(17 131–255 125)
93 878  

(34 250–328 633)
54 737  

(18 008–126 482)
0.091 0.044

Transfusion amount 4 (0–38) 2 (0–12) 2 (0–14) 3 (0–26) 8 (2–16) 0.287 0.183
Admission cost (USD) 48326  

(4165–262619)
46427  

(11515–96956)
52574  

(21636–262011)
101 932  

(43 067–345 933)
61 587  

(26 159–134 497)
0.096 0.023

Failure 7 (15.2)   1 (6.3) 0 (0) 0.188 1.000

P1: simultaneous vs. unilateral vs. staged 1st vs. staged 2nd. P2: Simultaneous vs. staged 1st + 2nd.
TKR = total knee replacement; USD = United States Dollar.
aOne patient with inhibitor was excluded from this analysis in both the single and bilateral TKR groups.

Table 3
Comparison of mean daily factor usage before and after surgery

 

Preoperative a Postoperative

pMean Interval, mo Mean

All (n = 75) 235.7 (0–2884.3) 1 280.8 (0–3973.6) 0.067
 6 364.9 (0–4584.9) 0.002
 18 202.1 (0–1671.9) 0.633

Haemophilia  
A (n = 63)

235.6 (0–2884.3) 1 277.9 (0–3973.6) 0.162
 6 363.2 (0–4584.9) 0.007
 18 205.9 (0–1671.9) 0.806

Haemophilia  
B (n = 12)

413.5 (17.3–615.4) 1 323.5 (0–2313.0) 0.155
 6 410.9 (22.5–1278.3) 0.064
 18 178.4 (0–710.1) 0.323

aMean daily factor usage of 12 mo before surgery.
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Regarding the bilateral TKRs, the mean length of hospi-
tal stay was 15 days (range, 9–20 days) in patients receiv-
ing simultaneous-bilateral TKR, and the cumulative hospital 
stay was 23.5 days (range, 14–53 days) for subjects receiving 
staged-bilateral TKR surgery (p = 0.001). In addition, the mean 
expenses of factor supplement cost were USD 54 737 (range, 
USD 18 008–126 482) and USD 93 878 (range, USD 34 250–
328 633) for simultaneous and staged TKRs, respectively  
(p = 0.044). In comparison with staged-bilateral TKRs, simul-
taneous procedures exhibited signi"cantly reduced mean total 
admission cost by a difference of USD 40 336 (USD 101 923 vs. 
61 587; p = 0.023; Fig. 3).

4. DISCUSSION
The incidence of TKR performed on patients with hemophilic 
arthropathy is much lower than that for treating other types 
of knee arthritis due to its low prevalence in the general popu-
lation. General orthopedic surgeons need to gather their prior 
treatment experiences from the results of large population-
based studies. To the best of our knowledge, previous reports 
related to TKR surgery for end-stage hemophilia arthropathy 
are limited to single-institute experiences.7,10–18 This study eluci-
dated the current status of TKR surgeries performed on patients 

with hemophilia by using the Taiwanese nationwide popula-
tion data. Seventy-"ve subjects out of 996 hemophilia patients 
(7.5%) received the TKR surgery within the 14 studied years in 
Taiwan. For patients with advanced hemophiliac arthropathy 
requiring TKR treatment, we concluded that the current surgery 
rate was lower than expected. It is well known that TKR surger-
ies operated on hemophilic patients demand more complicated 
techniques in association with higher rates of complications as 
compared with that for the general population. The underlying 
risks arising from factors such as bleeding, deep infection, and 
early prosthetic failures give rise to more dif"cult issues for both 
orthopedic surgeons and patients.

In this study, we reported a revision- or removal-free, 10-year 
prosthesis survival rate of 88.6% in Taiwan. This result is compa-
rable to the results of previous studies8,10 on hemophilia patients 
receiving TKR surgeries, but it showed lower than the rates of 
90% to 97% obtained from 10 to 15 years of follow-up among 
the general population receiving TKR. To achieve better progno-
sis, including lower incidences of complications, better physical 
function, and improved pain relief, enhanced surgical techniques 
and multidisciplinary management are recommended.

In addition to improved postoperative pain relief and knee 
function, it was reported that TKR surgery exhibits advantage 
to decrease bleeding for hemophiliac patients with end-stage 
arthropathy. Bae et al reported that the median preoperative 

Fig. 3 Comparison of staged-bilateral total knee replacement for hemophilia patients with, the simultaneous group showing that the latter had significantly 
lower drug cost (B), shorter hospitalization stay (C), lower total cost (D), and more blood transfusion unit (A). RBC = red blood cells; USD = United States Dollar.
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consumption of coagulation factor was 4837 units/month, 
which signi"cantly decreased to 1500 units/month at the end 
of the "rst year after TKR surgery.17 In this study, however, no 
signi"cant difference in the amount of factor consumption was 
noted among hemophilia patients between the period before and 
after TKR. However, further analysis on hemophilia subtypes 
revealed that patients with hemophilia B received much lesser 
factor supplement 18 months after TKR than patients with 
hemophilia A (178.4 vs. 413.5 U/day; Table 3).

In the general population, simultaneous-bilateral TKR sur-
geries exhibited advantage in cost reduction accompanied with 
an equivalent rate of complications with that of staged-bilat-
eral TKR surgeries.19–22 However, in patients with severe hemo-
philia, bilateral involvements of knee arthropathy are frequent, 
and TKR is indicated for both bilateral knees. Concerning peri-
operative bleeding, higher rate of complications and limited 
experience in hemophilic patients, most orthopedic surgeons 
prefer staged-bilateral TKR instead of simultaneous-bilateral 
TKR in hemophilic patients with bilateral severe knee arthrop-
athy. It has been reported that, as compared with staged-bilat-
eral TKR, the simultaneous-bilateral TKR showed advantages 
in less consumption of factors as a consequence of signi"cantly 
reduced cost of hospitalization in hemophilia patients with 
bilateral severe knee arthropathy.22,23 In our nationwide study, 
28 patients underwent bilateral TKRs, including 12 simultane-
ous-bilateral TKRs and 16 staged-bilateral TKRs. In agreement 
with results reported by Thes et al, patients receiving simulta-
neous-bilateral TKR surgeries showed signi"cant reduction in 
their cumulative hospital stay, factor consumption, and total 
cost, whereas the prosthesis failure rate and PRBC transfu-
sion amount were comparable with those of staged-bilateral 
TKR surgeries (Table  2). The expensive cost of coagulation 
factor consumption in hemophilia patients has been always a 
major concern in the management of hemophilia patients with 
arthroplasty. Analysis on cost-effectiveness revealed that the 
expense of factors supplement accounted for >88.9% of the 
costs accrued in our study. Further study indicates that, in com-
parison with staged-bilateral TKRs, simultaneously bilateral 
TKRs saved exceeded up to 40 345 USD in the mean admission 
cost (USD 101 932 vs. 61 587) in hemophilic patients receiving 
bilateral TKR.

In conclusion, based on our nationwide study, we found 
the prevalence of TKA for hemophilia patients in Taiwan was 
around 7.5% with mean age at surgery of 32.3 years. The mean 
hospital stay was 15 days, the cost of factor supplement was 
mean USD 43 543, and admission cost was 48 326 USD. The 
mean daily factor usage was decreased from 235.7 units pre-
operatively to 202.1 units postoperatively. The failure rate was 
8.5% at mean 32.8 months (range, 2.3–95), and the 10-year 
prosthesis survivorship was 88.6%. In addition, in comparison 
with the staged-bilateral TKRs, the simultaneous procedures 
signi"cantly reduced the mean total cost from USD 101 923 to 
61 587 (p = 0.023). Therefore, simultaneously bilateral TKR is 
a safe and cost-effective procedure in hemophilic patients with 
bilateral severe knee arthropathy. However, this procedure 
should be performed by the experienced orthopedic surgeon 
with a special team, which is also experienced in the compre-
hensive care of hemophilic patients.
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