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Intravenous Tranexamic Acid for Reducing
Perioperative Blood Loss During Revision Surgery
for Vancouver Type B Periprosthetic Femoral
Fractures After Total Hip Arthroplasty: A

Retrospective Study
Qiu-ru Wang, MM‡, Releken Yeersheng, MM†,‡, Dong-hai Li, MD, Zhou-yuan Yang, MD, Peng-de Kang, MD, PHD

Department of Orthopaedics Surgery, West China Hospital, Sichuan University, Chengdu, China

Objective: To explore the efficacy and safety of intravenous tranexamic acid for reducing perioperative blood loss and
allogeneic blood transfusions in revision surgery for Vancouver type B periprosthetic femoral fractures after total hip
arthroplasty (THA).

Methods: We retrospectively reviewed 129 patients who underwent revision surgeries because of Vancouver type B
periprosthetic femoral fractures from January 2008 to September 2018. Patients were divided into two groups
according to whether they received intravenous tranexamic acid (n = 72) or not (n = 57). The two groups were com-
pared in terms of estimated intraoperative blood loss, visible blood loss, hidden blood loss, the volume of allogeneic
blood transfusion and the incidence of symptomatic venous thromboembolism (VTE). Patients were also compared
depending on the Vancouver classification (Vancouver type B1, B2, and B3).

Results: Regardless of the subtype of Vancouver classification, patients who received tranexamic acid showed signifi-
cantly lower estimated intraoperative blood loss, visible blood loss, hidden blood loss, and allogeneic blood transfu-
sion volume. Use of tranexamic acid was not associated with significant changes in the incidence of postoperative
symptomatic VTE. Similar results were obtained with subgroups of patients who had the Vancouver type B1, B2, or B3
periprosthetic femoral fractures.

Conclusions: The administration of intravenous tranexamic acid can safely and effectively reduce perioperative blood
loss and allogeneic blood transfusions in revision surgery for Vancouver type B periprosthetic femoral fractures, with-
out increasing the risk of symptomatic VTE.
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Introduction

Total hip arthroplasty (THA) is a widely used method to
treat non-infective end-stage diseases of the hip joint

which can effectively relieve pain and improve patient

quality of life1. It is estimated that the number of primary
THAs and total hip revisions will increase by 174% and 137%
respectively from 2005 to 2030 in the United States2. Per-
iprosthetic femoral fractures (PFF) are serious complications
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occurred during or after THA3. The incidence of PFF after
primary THA was 0.1%–2%, and that after revision proce-
dures was 4%–6%4–6. With the increasing number of primary
and revision THA performed each year, there will be a rise in
the elderly population who underwent THA and an expan-
sion of indications for THA in younger patients. Therefore,
the number of PFF is expected to rise in the future2,7.

The Vancouver classification categorizes PFF based
on fracture location, implant stability, and residual bone
stock. And it recommends surgical treatment for all types
of PFF (Table 1)8,9. The most common type is the Vancou-
ver type B PFF, defined as fracture at or around tip of
prosthesis8. And the Vancouver type B PFF is further sub-
divided into: type B1, with a well-fixed prosthesis; type B2,
with a loose prosthesis but with adequate bone stock; and
type B3, with a loose prosthesis and poor proximal bone
stock simultaneously10,11.

Perioperative blood loss is a critical problem for
patients who underwent revision surgery for the Vancouver
type B PFF. First, there was inevitable blood loss since the
fracture occurred. Then blood loss occurred again during
revision surgery. The revision surgery is a reoperation on the
same site and it usually needs an enlarged incision. Simulta-
neously removal of the original prosthesis and cleaning of
the medullary cavity to facilitate the placement of a new
prosthesis is needed for Vancouver type B2 and B3 PFF.
These invasive procedures may cause significant bleeding
either from the bone edges or from exposure of the perforat-
ing arteries. Simultaneously, blood enters the interstitial
space and joint cavity before, during, and after surgery,
which causes inescapable hidden blood loss12,13. In addition,

fracture and subsequent revision surgery can cause severe
inflammation. A large amount of oxygen free radicals
increases the permeability of erythrocyte membrane,
resulting in cell swelling and rupture; this is also one of the
causes of hidden blood loss14 and leads to more perioperative
allogeneic blood transfusions and an increased incidence of
associated complications15. Theoretically, perioperative blood
loss in revision surgery for Vancouver type B PFF is higher
than that in primary THA and revision surgery for other
types of PFF or other reasons. Therefore, perioperative blood
management during revision surgery for the Vancouver type
B PFF poses severe challenges for orthopaedic surgeons.

Tranexamic acid is a synthetic derivative of the amino
acid lysine. It is widely used to reduce perioperative blood
loss during primary THA as an antifibrinolytic agent and
has achieved satisfactory results16–19. In addition, some stud-
ies have reported the effect of tranexamic acid in reducing
blood loss and allogeneic blood transfusions during revision
hip arthroplasty20–22. But few studies have reported the effi-
cacy of tranexamic acid in reducing blood loss and blood
transfusions during revision surgery which is specific for
PFF. Due to the stimulation of multiple traumas, including
fracture and subsequent revision surgery, the fibrinolytic
activity of the body is increased so the perioperative blood
loss is high. Therefore, the hemostatic effect of tranexamic
acid as an antifibrinolytic agent remains to be explored. The
objectives of this study were: (i) to explore the efficacy of
intravenous tranexamic acid for reducing perioperative blood
loss and allogeneic blood transfusions; and (ii) to explore the
safety of intravenous tranexamic acid administered in revi-
sion surgery for Vancouver type B PFF after THA.

Methods

This study protocol was approved by the Clinical Trials
and Biomedical Ethics Committee of our institution.

Inclusion Criteria and Exclusion Criteria
Inclusion criteria included the following: (i) the patients
underwent revision hip arthroplasty because of the Vancou-
ver type B PFF in the Department of Orthopaedics at our
institution between January 2008 and September 2018;
(ii) the patients were treated with tranexamic acid in a way
which became standard from December 2012 at our institu-
tion; tranexamic acid was routinely administered as an intra-
venous preoperative dose (15 mg/kg) in all PFF cases, and it
was administered again intravenously at the point when the
surgery exceeded 2 h; (iii) the patients were not treated with
tranexamic acid; and (iv) the related outcomes of patients
were complete in the medical records.

Exclusion criteria included: (i) patients who had con-
traindications to tranexamic acid, including those with renal
failure (serum creatinine >200 mmol/L, creatinine clearance
<50 mL/min or dialysis), lifelong anticoagulant use, severe
coronary artery disease, or a history of disseminated intra-
vascular coagulation, tranexamic acid sensitivity, active throm-
bolytic events, or thrombolytic events (myocardial infarction,

TABLE 1 Vancouver classification of postoperative per-
iprosthetic femur fractures

Type Location Treatment

Type A
AG Greater trochanter Conservative (consider

ORIF if large
segment of medial

cortex involved)
AL Lesser trochanter Conservative with

abduction precautions
(consider ORIF if

displaced >2.5 cm)
Type B
B1 At or around tip of prosthesis;

prosthesis well fixed
ORIF with or without cortical

strut allograft
B2 At or around tip of prosthesis;

prosthesis loose
Revision THA with long

stem prosthesis
B3 At or around tip of prosthesis;

prosthesis loose, poor
Revision THA and

augmentation of bone
stock with allograft
versus oncologic
prothesis

proximal bone stock

Type C Distal to prosthesis tip ORIF

ORIF, open reduction with internal fixation; THA, total hip arthroplasty
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cerebrovascular accident, deep vein thrombosis, and pulmo-
nary embolus) within 1 year of the revision surgery.

Group Allocations
Patients were grouped according to whether they received
intravenous tranexamic acid or not. They were further grouped
according to the subtype of Vancouver type B PFF: (i) Vancou-
ver type B1 PFF (defined as group B1); (ii) Vancouver type B2
PFF (defined as group B2); and (iii) Vancouver type B3 PFF
(defined as group B3).

Perioperative Management
All operations were performed by experienced orthopaedic
surgeons of our institution. After the revision procedures
was completed, a drainage tube was placed before closing the
incision. Estimated intraoperative blood loss was calculated
as the volume of liquid in the negative pressure aspirator -
volume of flushing saline + net weight gain of the gauze.

Perioperative physical and drug prophylaxis were used
to prevent venous thromboembolism (VTE). Patients were
regularly trained in the ankle pump exercise and quadriceps
femoris isometric contraction exercise. Low-molecular weight
heparin (0.2 mL) was administered at 12 h after surgery and
then 0.4 mL every 24 h afterwards until discharge to prevent
VTE. Then rivaroxaban (10 mg) was administered once a
day for 2 weeks post-discharge from hospital to continue to
prevent VTE.

The indications for postoperative allogeneic blood
transfusion were hemoglobin < 70 g/L or 70 g/L < hemoglo-
bin < 100 g/L in the presence of dizziness, palpitations, chest
tightness, weakness, and other anemia symptoms.

Outcome Collection

General Demographic Data
General demographic data were recorded, including age, gen-
der, height, weight, and surgical time. Body mass index
(BMI) was calculated in kg/m2 based on height and weight.

Estimated Intraoperative Blood Loss
Estimated intraoperative blood loss was calculated as the vol-
ume of liquid in the negative pressure aspirator - volume of
flushing saline + net weight gain of the gauze.

Visible Blood Loss
Visible blood loss is the sum of estimated intraoperative
blood loss and postoperative drainage volume.

Hidden Blood Loss
Hidden blood loss was calculated as follows. First, the patient’s
blood volume (PBV) was calculated according to the formula:

PBV mlð Þ= k1× height mð Þ 3 + k2×weight kgð Þ+ k3½ �× 1000,

where k1 = 0.3669, k2 = 0.03219, and k3 =0.6041 for male
patients, while k1 = 0.3561, k2 = 0.03308 and k3 = 0.1833

for female patients. Next, the following equation was used to
calculate hidden blood loss based on HCT:

Hidden blood loss = PBV× 2×

preoperativeHCT−HCTof postoperative 72hð Þ=
preoperativeHCT+HCTof postoperative 72 hð Þ
+ autologous blood transfusionvolume

+ allogeneic blood transfusion volume−visible blood loss:

Preoperative hematocrit (HCT) was defined as the
HCT within 1 day before surgery.

Allogeneic Blood Transfusion Rate and Volume
Allogeneic blood transfusion rate was defined as the percent-
age of patients who received allogeneic blood transfusion
during or after surgery, while the allogeneic blood transfu-
sion volume of patients was recorded according to electronic
medical records.

Incidence of Postoperative Symptomatic VTE
The safety outcomes were collected in the form of postop-
erative symptomatic VTE including symptomatic deep vein
thrombosis (DVT) and symptomatic pulmonary embolism
(PE). When patients suffered from suspected DVT symp-
toms, such as lower extremity pain, swelling, circumference
change, and positive Homans sign during hospitalization,
the double lower extremity deep vein ultrasonography
(USG) was performed. If the results were positive, it was
defined as symptomatic DVT. And when patients suffered
from chest tightness, chest pain, hemoptysis, and decreased
oxygen saturation during hospitalization, the blood coagu-
lation indicator and blood gas analysis tests were per-
formed, and CT pulmonary angiography (CTPA) was also
performed. If the results were positive, it was defined as
symptomatic PE.

Statistical Analysis
Statistics were calculated using SPSS 25 (IBM, Chicago, IL,
USA). All data are presented as means and standard devia-
tions, unless otherwise indicated. As for patient demographic
characteristics, continuous data (i.e. age and BMI) were ana-
lyzed using Student’s t test for two independent samples,
while categorical data (i.e. gender) were analyzed using the
Pearson’s chi-squared test or Fisher’s exact probabilities test.
Clinical outcomes related to blood loss and transfusion were
not normally distributed and so were analyzed using the
Mann–Whitney U test for continuous data (estimated
intraoperative blood loss and allogeneic blood transfusion
volume). Kruskal-Wallis test for independent samples was
used for the comparison of multiple samples. Similarly,
Pearson’s chi-squared test or Fisher’s exact probabilities test
was used for the comparison of categorical data
(e.g. symptomatic VTE occurrence). Differences associated
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with a P-value of <0.05 were considered statistically
significant.

Results

General Results
Our final analysis involved 57 patients treated before
December 2012 who did not use tranexamic acid, as well as
72 patients treated after December 2012 who received intra-
venous tranexamic acid as per routine practice at our hospi-
tal (Table 2). Of the total of 129 patients, 33 patients (25.6%)
underwent revision surgery for Vancouver type B1 PFF,
including 17 who used tranexamic acid and 16 patients who
did not. Another 53 patients (41.1%) underwent revision sur-
gery for Vancouver type B2 PFF, including 32 who used
tranexamic acid and 21 who did not. The remaining
43 patients (33.3%) underwent revision surgery for Vancou-
ver type B3 PFF, including 23 who used tranexamic acid and
20 who did not.

Demographic Data
Among all patients regardless of the Vancouver classification,
patients who used tranexamic acid or not did not differ sig-
nificantly in age, gender, BMI, and surgical time (Table 3).
In the three subgroups, patients who used tranexamic acid
or not also did not differ significantly in general demo-
graphic data respectively (Tables 4–6).

Estimated Intraoperative Blood Loss
Among all patients regardless of the Vancouver classification,
patients who used tranexamic acid showed significantly
lower estimated intraoperative blood loss (P <0.001) and the
estimated intraoperative blood loss was 46.6% of that in the
other group (Table 3). Similarly, patients in the three sub-
groups showed significantly lower estimated intraoperative
blood loss if they used tranexamic acid, the P-values were
<0.001, <0.001 and 0.001 in group B1, B2 and B3, respec-
tively (Tables 4–6). And the estimated intraoperative blood
loss was 34.4%, 42.3%, and 61.3% of that in the other group
respectively.

Visible Blood Loss
Among all patients regardless of the Vancouver classification,
patients who used tranexamic acid showed significantly
lower visible blood loss (P <0.001) and the visible blood loss
was 40.0% of that of patients who did not use tranexamic
acid (Table 3). Similarly, patients in three subgroups showed
significantly lower visible blood loss if they used tranexamic
acid, the P-values were <0.001, <0.001, and <0.001 in group
B1, B2, and B3, respectively (Tables 4–6). And the visible
blood loss was 35.3%, 33.9%, and 50.4% of that of patients
who did not use tranexamic acid, respectively.

Hidden Blood Loss
Among all patients regardless of the Vancouver classification,
patients who used tranexamic acid showed significantly
lower hidden blood loss (P <0.001) and the hidden blood
loss was 47.4% of that of patients who did not use the drug
(Table 3). Similarly, patients in three subgroups showed sig-
nificantly lower hidden blood loss if they used tranexamic
acid, the P-values were 0.008, 0.037 and 0.018 in group B1,
B2, and B3, respectively (Tables 4–6). And the hidden blood
loss was 43.6%, 49.9%, and 48.6% of that of patients who did
not use the drug, respectively.

Allogeneic Blood Transfusion Rate and Volume
Among all patients regardless of the Vancouver classification,
patients who used tranexamic acid showed significantly

TABLE 2 The subtypes of patients with Vancouver type B PFF

Subtype
Patients
used TXA

Patients who
did not use TXA Total

B1 (n) 17 16 33 (25.6%)
B2 (n) 32 21 53 (41.1%)
B3 (n) 23 20 43 (33.3%)
Total 72 (55.8%) 57 (44.2%) 129

PFF, periprosthetic femur fractures; TXA, tranexamic acid

TABLE 3 Comparison of variables for all patients (Means � SD)

Group I (TXA) Group II (No-TXA) P-value

Cases (n) 72 57 -
Age (years) 71.4 � 11.2 68.0 � 13.9 0.123*
Gender (male/
female)

31/41 32/25 0.140†

BMI (kg/m2) 22.5 � 3.6 23.1 � 2.5 0.225*
Surgical time (min) 128.4 � 42.0 131.8 � 49.2 0.669*
Estimated
intraoperative
blood loss (mL)

441.0 � 275.2 945.6 � 458.3 <0.001‡

Visible blood loss
(mL)

718.5 � 455.0 1794.7 � 753.7 <0.001‡

Hidden blood loss
(mL)

765.3 � 647.6 1614.7 � 1370.0 <0.001‡

Allogeneic blood
transfusion rate

55.6% 82.5% 0.001†

Allogeneic blood
transfusion
volume (mL)

433.3 � 538.8 1553.5 � 1407.4 <0.001‡

Symptomatic VTE
(cases/
incidence)

3 (4.2%) 4 (7.0%) 0.750†

*Student’s t test.; † Pearson’s chi-squared test.; ‡Mann–Whitney U test.;
BMI, body mass index; TXA, tranexamic acid; VTE, venous
thromboembolism.
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lower allogeneic blood transfusion rate (P = 0.001) and allo-
geneic blood transfusion volume (P < 0.001) (Table 3). The
allogeneic blood transfusion rate of patients who used

tranexamic acid was reduced by 26.9% and the allogeneic
blood transfusion volume was 27.9% of that of patients who
did not use tranexamic acid.

Outcome for Group B1
In group B1, patients who used tranexamic acid showed signif-
icantly lower allogeneic blood transfusion volume (P = 0.011)
and the allogeneic blood transfusion volume was 21.6% of that
of patients who did not use tranexamic acid (Table 4). The
allogeneic blood transfusion rate of patients who used tran-
examic acid was reduced by 27.9% in this group, but the differ-
ence did not reach statistical significance (P = 0.157).

Outcome for Group B2
In group B2, patients who used tranexamic acid showed sig-
nificantly lower allogeneic blood transfusion volume
(P = 0.005) and the allogeneic blood transfusion volume was
32.0% of that of patients who did not use tranexamic acid
(Table 5). The allogeneic blood transfusion rate of patients
who used tranexamic acid was reduced by 19.9% in this
group, but the difference did not reach statistical significance
(P = 0.139).

Outcome for Group B3
In group B3, patients who used tranexamic acid showed sig-
nificantly lower allogeneic blood transfusion rate (P = 0.023)
and allogeneic blood transfusion volume (P < 0.001)
(Table 6). The allogeneic blood transfusion rate of patients
who used tranexamic acid was reduced by 34.1% and the

TABLE 6 Comparison of patients with Vancouver type B3 PFF
(Means � SD)

Group I (TXA) Group II (No-TXA) P-value

Cases (n) 23 20 -
Age (years) 67.6 � 10.2 65.2 � 12.5 0.482*
Gender (male/
female)

10/13 13/7 0.158†

BMI (kg/m2) 23.0 � 3.8 23.3 � 2.5 0.763*
Surgical time (min) 160.7 � 22.7 171.0 � 28.0 0.189*
Estimated
intraoperative
blood loss (mL)

606.5 � 319.9 990.0 � 347.8 0.001‡

Visible blood loss
(mL)

1014.9 � 539.6 2013.0 � 713.8 <0.001‡

Hidden blood loss
(mL)

946.2 � 737.6 1945.9 � 1723.2 0.018‡

Allogeneic blood
transfusion rate

60.9% 95.0% 0.023†

Allogeneic blood
transfusion
volume (mL)

563.0 � 660.1 1960.0 � 1609.9 <0.001‡

Symptomatic VTE
(cases/incidence)

2 (8.7%) 1 (5.0%) 0.900†

*Student’s t test; †Pearson’s chi-squared test; ‡Mann–Whitney U test.;
BMI, body mass index; PFF, periprosthetic femur fractures; TXA, tran-
examic acid; VTE, venous thromboembolism.

TABLE 4 Comparison of patients with Vancouver type B1 PFF
(Means � SD)

Group I (TXA) Group II (No-TXA) P-value

Cases (n) 17 16 -
Age (years) 72.8 � 14.1 68.9 � 14.2 0.444*
Gender (male/
female)

6/11 8/8 0.491†

BMI (kg/m2) 23.1 � 3.3 24.4 � 2.2 0.195*
Surgical time (min) 64.4 � 16.9 65.6 � 46.9 0.838*
Estimated
intraoperative
blood loss (mL)

320.0 � 177.3 931.3 � 549.8 <0.001‡

Visible blood loss
(mL)

572.9 � 311.9 1622.5 � 894.9 <0.001‡

Hidden blood loss
(mL)

646.1 � 625.7 1482.2 � 1157.6 0.008‡

Allogeneic blood
transfusion rate

47.1% 75.0% 0.157†

Allogeneic blood
transfusion
volume (mL)

302.9 � 394.7 1403.1 � 1384.0 0.011‡

Symptomatic VTE
(cases/incidence)

0 (0%) 1 (6.3%) 0.485†

*Student’s t test.; † Fisher’s exact probabilities test.; ‡Mann–Whitney U
test.; BMI, body mass index; PFF, periprosthetic femur fractures; TXA,
tranexamic acid; VTE, venous thromboembolism.

TABLE 5 Comparison of patients with Vancouver type B2 PFF
(Means � SD)

Group I (TXA) Group II (No-TXA) P-value

Cases (n) 32 21 -
Age (years) 73.5 � 9.8 70.0 � 15.2 0.312*
Gender (male/
female)

15/17 11/10 0.695†

BMI (kg/m2) 21.7 � 3.6 22.0 � 2.3 0.777*
Surgical time (min) 139.2 � 19.6 145.0 � 24.1 0.343*
Estimated
intraoperative
blood loss (mL)

386.3 � 230.6 914.3 � 493.2 <0.001‡

Visible blood loss
(mL)

582.8 � 348.5 1718.1 � 654.4 <0.001‡

Hidden blood loss
(mL)

698.7 � 579.4 1400.3 � 1121.4 0.037‡

Allogeneic blood
transfusion rate

56.3% 76.2% 0.139†

Allogeneic blood
transfusion
volume (mL)

409.4 � 502.8 1281.0 � 1177.4 0.005‡

Symptomatic VTE
(cases/incidence)

1 (3.1%) 2 (9.5%) 0.705†

*Student’s t test; † Pearson’s chi-squared test; ‡Mann–Whitney U test.;
BMI, body mass index; PFF, periprosthetic femur fractures; TXA, tran-
examic acid; VTE, venous thromboembolism.
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allogeneic blood transfusion volume was 28.7% of that of
patients who did not use tranexamic acid.

Incidence of Postoperative Symptomatic VTE
Among all patients regardless of the Vancouver classification,
patients who used tranexamic acid or not did not differ sig-
nificantly in the incidence of symptomatic VTE (P = 0.750)
during hospitalization (Table 3). On the other hand, patients
in all three subgroups who used tranexamic acid also showed
no significant differences from those who did not use the
drug in the incidence of symptomatic VTE during hospitali-
zation, the P-values were 0.485, 0.705, and 0.900 in group
B1, B2, and B3, respectively (Tables 4–6).

Discussion

Because there are two times of bleeding, before and dur-
ing the surgery, it is very important to control blood

loss during the perioperative period of patients with the Van-
couver type B PFF. The revision surgery is more complex
and traumatic than primary THA. Due to the abundant
blood supply in tissues surrounding the hip joint, the surgery
may get significant bleeding either from the bone edges or
from exposure of the perforating arteries. Simultaneously,
removal of the primary prosthesis and re-expansion of the
femoral bone marrow cavity can aggravate hemorrhage in
the femoral medullary cavity. In addition, these kind of revi-
sion surgeries are also accompanied by large hidden blood
loss, mainly due to hemolysis and to collection of blood in
the joint cavity or exudative interstitial fluid12,13. Large
amounts of blood loss during revision surgery can lead to
anemia, poor prognosis and even hemorrhagic shock, while
blood transfusion increases the risk of infectious diseases,
acute lung injury and fever15,23. Therefore, the management
of perioperative blood loss in revision surgery for Vancouver
type B PFF after THA poses a severe challenge for orthopae-
dic surgeons.

Tranexamic acid has been well supported as an anti-
fibrinolytic agent that safely and effectively reduces perioper-
ative blood loss and rate of blood transfusions in primary
THA20,24 and provide similar benefits in the revision hip
arthroplasty21,22,25–27. However, there are several different
types of revision hip arthroplasty. Some require only revision
of the isolated acetabular component or isolated femoral

component, while some require revision of both compo-
nents. In all types of revision surgery, the amount of blood
loss for aseptic loosening and wearing-out of the polyethyl-
ene liner is relatively small, while larger for deep infection
and PFF22. In conclusion, the perioperative blood loss of
revision surgery differs for different reasons28–30. However,
few studies have reported the efficacy of tranexamic acid in
reducing blood loss and blood transfusions in revision sur-
gery for PFF, which is accompanied by high blood loss.
Therefore, we conducted this retrospective study to explore
the efficacy and safety of intravenous tranexamic acid in
revision surgery for the most common type of PFF: the Van-
couver type B PFF.

To reduce the influence of surgical techniques, a sur-
geon’s experience, and the equipment, we included only
cases from the last 10 years. Therefore, patients who used
tranexamic acid or not did not differ significantly in surgical
time in our study. This indicated that there has been no sig-
nificant change in the surgical procedures of revision hip
arthroplasty in the past 10 years. Although the number of
patients included was small, there was no significant differ-
ence in general demographic data of our patients. This indi-
cated that the patients in our study were comparable.
Considering that patients with PFF may also have a large
amount of hidden blood loss, we calculated hidden blood
loss of patients based on previous studies31–33.

Our results indicated that intravenous tranexamic acid
was effective in reducing estimated intraoperative blood loss,
visible blood loss, hidden blood loss, rate and volume of allo-
geneic blood transfusions in patients who underwent revision
surgery for the Vancouver type B PFF. However, a different
subtypes of Vancouver type B PFF has different surgical
indications and procedures, and different surgical procedures
resulted in different intraoperative blood loss. Our results
also confirmed this. The difference was significant in the case
of estimated intraoperative blood loss of our patients
(Table 7). That is the reason why we conducted further anal-
ysis separately for patients who underwent revision surgery
for different subtypes of PFF. Similar beneficial results were
obtained for all three subtypes of Vancouver type B PFF in
our study. This indicated that tranexamic acid was effective
in all subtypes. On the other hand, it has been reported that
intravenous tranexamic acid can minimize postoperative
inflammation34. The decrease of hidden blood loss may be
related to it and the results of our study were consistent with
it. As it shown in Tables 3–6, the rate of allogeneic blood
transfusions decreased significantly in all patients who used
tranexamic acid. However, the difference did not reach sta-
tistical significance in group B1 and B2. This may be due in
part to the relatively small sample in our study, highlighting
the need to verify and extend our findings in larger samples.

Previous studies have indicated that intravenous
administration of tranexamic acid can significantly reduce
blood loss and blood transfusion in revision hip
arthroplasty26,27. Park et al. have also confirmed this, but
they excluded patients who had surgery for infection and

TABLE 7 Differences between subtypes of Vancouver type B
PFF (Means � SD)

Subtype Cases (n)
Estimated intraoperative

blood loss (ml) P-value*

B1 33 616.4 � 503.6 0.011
B2 53 595.5 � 439.6 0.011
B3 43 784.9 � 381.8 0.011

*Kruskal-Wallis test.; PFF, periprosthetic femur fractures.
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PFF21. While Kazi et al. classified patients according to the
reason for revision. They found that infected revisions
showed no reduction in transfusion requirements with tran-
examic acid administration while there was a reduced fre-
quency of transfusion in patients when revision was
performed for aseptic loosening25. However, they also did
not include patients who underwent revision surgery for
PFF. In a retrospective study, Peck et al. analyzed the results
based on the complexity of surgical revision22. They defined
a revision procedure for deep infection, PFF, or combined
femoral and acetabular revision as a major revision. Simulta-
neously, they reported that there was a decrease in estimated
intraoperative blood loss, and the need for perioperative
blood transfusion was reduced following tranexamic acid
administration in the major revision. Previous studies have
demonstrated the efficacy of intravenous tranexamic acid in
revision hip arthroplasty, but few studies have specifically
reported the efficacy of intravenous tranexamic acid in revi-
sion surgery for PFF. Therefore, we conducted this retrospec-
tive study. We found that administration of intravenous
tranexamic acid can safely and effectively reduce periopera-
tive blood loss and allogeneic blood transfusions in revision
surgery for all subtypes of Vancouver type B PFF, which is
an effective supplement to previous studies.

One potential disadvantage to using tranexamic acid in
revision surgery for Vancouver type B PFF is that it inhibits
the fibrinolytic system, and it may increase the risk of VTE,
at least in principle35,36. However, previous studies involving
tens of thousands of patients suggest that this is not the
case37,38. Other studies also suggest that it is not the case
when tranexamic acid is used in primary THA and revision
hip arthroplasty22,39,40. The present work also indicated that
intravenous tranexamic acid did not increase the risk of
symptomatic VTE. Our results showed that the incidence of
symptomatic VTE in patients has decreased over time. May-
be this is because patients mobilize earlier as time goes
on. Timing of mobilization is a strong driver of VTE rates.
Therefore, we think tranexamic acid used in revision surgery
for PFF is safe.

Our study examined only intravenous tranexamic acid
used preoperatively and intraoperatively. The optimal dos-
age, time points, and frequency of use of tranexamic acid
remain to be explored. At the same time, it may be

worthwhile investigating the efficacy and safety of oral, topi-
cal, or combined administration of tranexamic acid, which
has been reported in primary hip arthroplasty41–44. Oral and
topical administration may be a safe alternative for patients
with contraindications to intravenous administration. On the
other hand, we examined only intravenous tranexamic acid
used in revision surgery for the Vancouver type B PFF. Fur-
ther studies are needed to verify the efficacy of intravenous
tranexamic acid in other types of PFF.

This study has several limitations. First, the retrospec-
tive design is open to biases that would be reduced with a
prospective design. Second, although our institution has clear
standards for blood transfusion, postoperative blood transfu-
sion was decided by the duty physician. Different physicians
may have different judgment, which may contribute to varia-
tions in the volume and rate of allogeneic blood transfusions.
Simultaneously the improved surgical technique and equip-
ment may still affect the results. Third, our follow-up was
limited to the hospitalization period, limiting our ability to
detect the incidence of symptomatic VTE beyond hospital
discharge. Fourth, our sample size is small, so our power to
detect differences in outcomes was reduced. Further studies
with larger sample sizes should be conducted.

Conclusions
The administration of intravenous tranexamic acid can effec-
tively reduce intraoperative blood loss, visible blood loss,
hidden blood loss, and the volume of allogeneic blood trans-
fusions in revision surgery for all subtypes of Vancouver type
B PFF after THA. It is not associated with increased risk of
postoperative symptomatic VTE.
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