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Abstract
Background: Although arthroplasty provides satisfactory pain relief, functional improvement, and reduced flexion
contracture in patients with hemophilia arthropathy, bleeding remains the primary problem associated with hemophilic arthropathy joint replacement. We aimed to explore the differences in perioperative blood loss (PBL) associated
with joint replacement surgery in patients with and without hemophilia.
Methods: This study retrospectively analyzed 61 cases of PBL in patients undergoing joint replacement surgery,
including 37 patients with hemophilia and 24 patients without hemophilia. All patients demonstrated severe joint
flexion contractures that seriously affected their daily lives and required surgical intervention. PBL was compared
between the two groups.
Results: In univariate analysis, the overall (p < 0.001) and hidden (p < 0.001) blood losses were significantly higher for
patients with hemophilia than those for patients without hemophilia. However, after adjustment for multiple factors,
there was no significant difference in overall blood loss between the two groups (p = 0.731). In addition, sex, age
group, and surgical site did not affect blood loss in patients with hemophilia.
Conclusion: Overt bleeding did not increase significantly in patients with hemophilia, compared with that in
patients without hemophilia. In terms of blood loss, joint replacement surgery for patients with hemophilia is relatively safe. The results of this study must be verified by a prospective follow-up study with larger sample size.
Trial registration Retrospectively registered.
Keywords: Hemophilic arthritis, Total joint replacement, Hemophilia, Blood loss
Background
Hemophilia A and B are rare, congenital, X-linked coagulation disorders caused by factor VIII (FVIII) and factor IX (FIX) deficiencies, respectively [1]. Globally, the
number of patients with hemophilia is estimated to be
1,125,000, including 418,000 with severe hemophilia
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[2]. Hemophilic arthropathy, a serious complication of
hemophilia, is characterized by recurring, spontaneous,
intra-articular bleeding that causes joint pain and damage to the joint structure [3]. A pathological feature of
hemophilic arthritis is repeated intra-articular hemorrhage that causes synovial hyperplasia and inflammation.
The proliferative inflammation of the synovial membrane
tends to cause blood loss, further aggravating intra-articular hemorrhage and ultimately leading to destruction
of the articular cartilage [1]. Evidence suggests that even
a single hemorrhage can trigger the inflammatory process, leading to thickening of the synovial membrane and
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irreversible angiogenesis that results in recurrent bleeding [4].
Treatment of mild to moderate hemophilic arthritis
may include support/splinting, joint movement, progressive strengthening, stretching, and pain management
styles, as well as patient education on pain management, activities to avoid, and other joint disease management recommendations [5]. For patients suffering from
intractable pain and/or lifestyle-limiting range of motion
defects, invasive interventions can be provided, including corticosteroid injections, viscosupplementation,
synovectomy [6, 7], joint debridement, arthrodesis, and
sliding membranectomy accompanied by resection of the
radial head [6].
A previous study attempted to search for biomarkers
that could be used to monitor bleeding and assess the
progression of hemophilic arthropathy in clinical practice and evaluate the effectiveness of treatments. Nevertheless, the clinical use of biomarkers was still limited
in clinical practice because of a lack of standardization
[8, 9]. Thus, total joint replacement may be offered to
patients with excessive pain or loss of range of motion
and function and who are unresponsive to conservative
treatment.
Although previous studies reported that arthroplasty
provides satisfactory pain relief, functional improvement, and reduced flexion contracture in patients with
hemophilia arthropathy [10, 11], bleeding remains the
primary problem associated with hemophilic arthropathy
joint replacement. Studies regarding PBL associated with
joint replacements in patients with and without hemophilia are lacking. Therefore, this study investigated the
differences in PBL associated with joint replacement in
patients with and without hemophilia.

Methods
Participants

We retrospectively analyzed 61 patients with hemophilia
A, including 46 men and 15 women. Among the patients,
34 had hip joint disease, and 17 had knee joint disease.
Preoperative imaging showed that the damaged joints
were all severely deformed; bone degeneration was evident. According to Arnold and Hilgartner’s staging [3],
all cases of hemophilia arthritis were Stage V (end-stage).
Preoperatively, the patients with hemophilia underwent routine coagulation factor pharmacokinetic assessments and received human recombinant coagulation
factor VIII. The blood concentration of the coagulation
factor was measured immediately and 30 min, 9 h, 24 h,
and 48 h after its infusion. These data were used to determine the half-life of the coagulation factor in the body
while also testing for the presence of coagulation factor
inhibitors. Regular infusion of coagulation factor VIII
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during the postoperative period ensured that the coagulation factor concentration remained at 100% that on the
day of surgery and 3 days after surgery. No patients used
heparin prophylactically, and tranexamic acid was only
for topical use on wounds. The coagulation function of
patients without hemophilia was normal.
Information collection and definitions

Clinical information (presenting signs and symptoms) and demographic information for the patients
were obtained from the hospital’s computerized medical record information system. The main symptoms,
recorded by the doctor-in-charge, were based on each
patient’s performance and self-reporting.
The demographic information included each patient’s
sex and age. The participants were grouped into three age
categories: < 40 years, 40–64 years, and >  64 years. Each
patient’s body mass index (BMI) was calculated as the
individual’s weight (kg) divided by the square of the individual’s height (m2) [12].
PBL evaluation

The preoperative blood volume was calculated using
the Nadler equation [13]. Data were collected regarding
intraoperative blood loss, blood transfusions, and 24-h
postoperative wound drainage. The PBL was calculated
according to the Gross equation [14], and the theoretical total blood loss (TBL) was calculated according to the
serum hematocrit (HCT).
The following equation was used: theoretical
TBL = preoperative blood volume (BV) × (preoperative HCT – postoperative HCT)/mean HCT, where
BV (L) = K1 × height (m3) + K2 × weight (kg) + K3. For
males, variables are defined as follows: K1 = 0.3669,
K2 = 0.03219, and K3 = 0.6041. For females, variables
are defined as follows: K1 = 0.3561, K2 = 0.03308, and
K3 = 0.1833.
TBL was calculated as the theoretical TBL plus total
blood transfusion volume. Dominant blood loss (DBL)
was calculated as the intraoperative blood loss plus PBL,
and hidden blood loss (HBL) was calculated as TBL
minus DBL.
Statistical analyses

Continuous variables (age, BMI, hematocrit [HCT],
blood loss) are presented as means and standard deviations (SDs). Comparisons of the continuous variables
were made using Student’s t-tests. Categorical variables
(age, group, and surgical site) were presented as numbers and frequencies; between-group comparisons were
performed using χ2 tests. All analyses were conducted
using SPSS for Windows (version 22.0; SPSS; Chicago, IL,
USA); p < 0.05 was considered statistically significant.
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Results
This study included 46 men (75.4%) and 15 women
(24.6%). The mean age of the patients was 51.9 years, and
the 40–65 age group accounted for the largest proportion
(54.1%). Total hip replacements accounted for 54.1% of
the surgeries. The mean preoperative and intraoperative
HCTs were 40% and 30%, respectively (Table 1).
The mean preoperative HCT of the patients with
hemophilia (0.42%) was significantly higher than that of
the patients without hemophilia (0.37%, p = 0.002). Overall blood loss (p < 0.001) and HBL (p < 0.001) of patients
with hemophilia were significantly higher than those
of patients without hemophilia. However, a significant
between-group difference in the apparent intraoperative
blood loss was not observed (p = 0.731). In this study,
the rate of red blood cell transfusion in patients without
hemophilia was higher than that in patients with hemophilia (41.7% vs. 21.6%, respectively), but there was no
significant difference (p = 0.094) (Table 2).
Table 3 shows that there were no significant differences
in TBL, HBL, or DBL based on sex, age group, or surgical
site (all, p > 0.05).
Discussion
There was no significant difference in the amounts of
apparent bleeding between patients with and without
hemophilia, but the HBL and overall blood loss volumes
Table 1 Characteristics of participants in this study
Category

Men

Women

Total

Total:

46

15

61

Age, means (SD), years

46.8 (13.5)

67.7 (19.1)

51.9 (17.4)
15 (24.6)

Age group, n (%)
< 40 years

14 (30.4)

1 (6.7)

40 ~ 64 years

27 (58.7)

6 (40.0)

33 (54.1)

> 64 years

5 (10.9)

8 (53.3)

13 (21.3)

Yes

36 (78.3)

1 (6.7)

37 (60.7)

No

10 (21.7)

14 (93.3)

24 (39.3)

THR

18 (39.1)

15 (100)

33 (54.1)

BHR

1 (2.2)

0

1 (1.6)

TKR

27 (58.7)

0

27 (44.3)

BMI, means (SD), Kg/m2

23.7 (3.6)

21.4 (2.9)

23.1(3.6)

Preoperative

0.4 (0.1)

0.3 (0.1)

0.4 (0.1)

Intraoperative

0.3 (0.1)

0.3 (0.1)

0.3 (0.1)

Apparent blood loss

0.4 (0.4)

0.6 (0.5)

0.5 (0.4)

Hidden blood loss

1.4 (0.9)

0.8 (0.7)

1.3 (0.9)

Blood transfusion

0.1 (0.2)

0.4 (0.3)

0.2 (0.3)

Hemophilia, n (%)

Surgical site, n (%)

HCT, %
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Table 2 The difference in bleeding volume and RBC transfusion
between hemophilia patients and non-hemophilia patients
Category

Hemophilia
Yes

p
No

HCT,%
Preoperative

0.42 (0.05)

0.37 (0.07)

0.002

Intraoperative

0.29 (0.07)

0.29 (0.06)

0.779
< 0.001

Total blood loss

1.95 (1.07)

1.01 (0.51)

Apparent blood loss

0.45 (0.43)

0.49 (0.38)

0.731

Hidden blood loss

1.62 (0.96)

0.72 (0.52)

< 0.001

Blood transfusion

0.13 (0.26)

0.21 (0.28)

0.228

RBC transfusions, n (%)

8 (21.6)

10 (41.7)

0.094

were significantly higher in patients with hemophilia
than those in patients without hemophilia.
Joint replacement in patients with hemophilia includes
obstacles, particularly intraoperative and postoperative
bleeding caused by abnormal coagulation function. Previous studies have shown that effective clotting factor
replacement can reduce the risk of perioperative bleeding
for patients undergoing total knee arthroplasty. Macgillivray et al. [15] showed that the postoperative drainage
volume for patients not treated with antifibrinolytic drugs
during the first stage of bilateral total knee arthroplasties
was 918 mL. Additionally, Heeg et al. [16] reported that 9
patients (12 knees) with hemophilia had an average blood
loss of 1100 mL (300–1200 mL) after complete hemostasis during surgery. In this study, the TBL volume for
patients with hemophilia was 1.95 L, which was significantly higher than that for patients without hemophilia
(1.01 L). However, there was no significant difference in
apparent blood loss between the groups of patients. In
another study, total knee replacement was an effective
surgical procedure in patients with hemophilia, although
the long-term and early surgical outcomes (including
postoperative fibrosis, previous synovectomy, and presence of inhibitors) were slightly suboptimal in patients
with hemophilia, compared with those in patients without hemophilia [17]. The results of the present study indicate that joint replacement in patients with hemophilia
is safe, provided there is a strict control of coagulation
indicators, and close monitoring of postoperative HCT is
also necessary for patients with hemophilia.
However, the factors affecting blood loss remain controversial [18]. In patients with hemophilic knee arthritis, the blood loss during total knee arthroplasty varies
from 300 to 3000 mL [19]. Studies have shown that the
amount of blood lost during total knee arthroplasty in
these patients is related to HCT and average red blood
cell density [18, 20]. This relationship exists because HCT
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Table 3 Influencing factors of blood loss among hemophilia patients
Category

Blood loss (L)
Total

Gender:

Apparent

0.798

Men

1.94 (1.08)

Women

2.22 (0)

Age group:
< 40 years

P

P
0.555

0.46 (0.43)

0.210
2.82 (0)

0.599
0.51 (0.59)

0.253
1.88 (0.95)

40 ~ 64 years

1.79 (1.07)

0.43 (0.33)

1.49 (0.96)

> 64 years

–

–

–

Surgical site:

0.722

0.567

0.285

THR

2.05 (1.13)

0.39 (0.35)

1.90 (1.06)

TKR

1.91 (1.07)

0.48 (0.46)

1.51 (0.92)

can affect platelet adhesion to the damaged endothelium,
possibly affecting intraoperative blood loss. In patients
with an HCT of < 38.5%, the average intraoperative blood
loss was observed to be 1000 mL; in patients with an
HCT of > 38.5% (a parameter that depends on red blood
cell density), the intraoperative blood loss was higher in
patients with increased red blood cell density.
With careful perioperative preparation and the help of
FVIII and other blood products, hemophilia is no longer
an absolute contraindication to surgery. Symptomatic
and supportive treatment, anti-infective treatment, and
joint replacement in patients with hemophilia are feasible
and worthwhile. This paper provides a certain reference
for clinical practice, but because the number of included
cases is small, more clinical data are still needed to verify
the results.
This study has some limitations. First, the patients in
this study were all treated at a single center, and the represented population was limited. Second, this was a retrospective study that involved a small number of cases.
Thus, a prospective, controlled study involving a larger
number of patients is necessary to confirm the present
results. Finally, this study did not collect information
regarding patient medication use and medical history.
A prospective follow-up study will need to collect additional relevant information and involve a multivariate
analysis.

Conclusion
The amount of bleeding in patients with hemophilia did
not increase significantly during joint replacement surgery, compared with that in patients without hemophilia.
This study shows that joint replacement surgery is generally safe for patients with hemophilia, provided appropriate monitoring and follow-up are included in their care.

P

1.59 (0.95)

0.20 (0)
0.206

2.27 (1.03)

Hidden
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