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a b s t r a c t 

Background: Intravenous tranexamic acid (TXA) administration is a proven safe and effective method for 

reducing both blood loss and transfusion in total joint arthroplasty. However, data specific to its efficacy 

in hip hemiarthroplasty (HHA) for femoral neck fracture are scarce. Furthermore, no study has inves- 

tigated the efficacy of an additional dose of TXA administration. Accordingly, this study aimed to assess 

blood loss and the transfusion rate compared among different regimens of TXA administration in patients 

undergoing HHA for femoral neck fracture. 

Methods: Between January 2019 to December 2020, 90 HHA patients were randomized into one of three 

groups (30 patients/group). Control group patients received intravenous normal saline solution (NSS) 20 

mL before skin incision, and NSS 20 mL at 3 hours after surgery. one-dose (1D) group patients received 

750 mg of intravenous TXA before skin incision, and NSS 20 mL at 3 hours after surgery. Two-dose (2D) 

group patients received 750 mg of intravenous TXA before skin incision, and 750 mg of TXA at 3 hours 

after surgery. The primary outcome was blood transfusion rate. Intraoperative blood loss, hemoglobin 

levels at 24- and 48-hours postoperation, and calculated total blood loss were compared among the three 

groups. 

Results: The mean age of the study population was 79.7 years, and 76.7% of participants were women. 

The transfusion rate in the control, 1D and 2D groups was 43.3%, 16.7%, and 3.3%, respectively. Total 

hemoglobin loss; total red blood cell loss; intraoperative blood loss; hemoglobin level at 24- and 48- 

hours postoperation; change in hemoglobin level between 0 and 24 hours, and between 0 and 48 hours; 

blood transfusion rate; and, the number of patients who did not require blood transfusion were all sig- 

nificantly improved in the 2D group compared to baseline. No parameters were significantly improved in 

the 1D group compared to controls. 

Conclusions: The results of this study demonstrate both the efficacy of TXA administration in HHA, and 

the superiority of two-dose TXA administration over one-dose TXA administration in HHA for femoral 

neck fracture. 

© 2021 Elsevier Ltd. All rights reserved. 
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Hip hemiarthroplasty (HHA) is one of the most common proce- 

ures for treating older adult hip fracture patients. Blood loss re- 

ulting from the initial fracture and during HHA can be as high as 

,500 mL [1] . The combination of the fracture and the HHA proce- 
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ure often results in postoperative acute anemia and the potential 

equirement for blood transfusion. Postoperative anemia can lead 

o delayed functional recovery, longer hospital stay, and increased 

ortality [2] . Allogeneic blood transfusion increases the risk of im- 

unological reaction, disease transmission, and surgical site infec- 

ion [3] . Therefore, minimizing perioperative blood loss and trans- 

usion during surgery is an important concern. 

Tranexamic acid (TXA) is an antifibrinolytic agent that compet- 

tively inhibits plasminogen, and it impedes fibrinolysis and clot 

reakdown. Intravenous TXA administration is a proven safe and 
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ffective method for reducing both blood loss and transfusion in 

otal joint arthroplasty [4] . However, studies of this drug for HHA 

n femoral neck fracture patients are limited. Concerning TXA dos- 

ng, previous studies reported that a low-dose regimen ( < 30 mg/kg 

r 1 g) is acceptable for most patients [5–8] . However, no study 

as investigated the efficacy of an additional dose of TXA admin- 

stration. Accordingly, the aim of this study was to evaluate blood 

oss and the transfusion rate compared among different regimens 

f TXA administration in patients undergoing HHA for femoral 

eck fracture. 

atients and methods 

This randomized controlled trial enrolled patients aged ≥60 

ears who were diagnosed with unilateral femoral neck fracture 

nd scheduled to undergo HHA at our institute during January 

019 to December 2020. The exclusion criteria were high-energy 

racture, pathological fracture, bleeding disorders, contraindication 

or the use of TXA, and refusal to participate. The contraindications 

or TXA included end-stage renal disease, previous ischemic stroke, 

schemic heart disease, venous thromboembolism (VTE), and drug 

llergy. Patients who required a long femoral stem during surgery 

r who had acetabular pathology that required total hip arthro- 

lasty (THA) were also excluded. This study was approved by our 

nstitutional Review Board, and was registered in the Thai Clini- 

al Trials Registry (TCTR2020 05060 07). Written informed consent 

o participate was obtained from all study participants. 

The 90 included patients were consecutively enrolled and ran- 

omly assigned to one of three groups using block-of-nine ran- 

omization method. Each patient’s group assignment was con- 

ealed in an opaque envelop and opened by a scrub nurse before 

he operation. The surgeons, patients, and outcome assessors were 

linded to the intervention. The flow of patients is summarized in 

 CONSORT flow diagram ( Fig. 1 ). 

HHA patients were randomized into one of three groups (30 pa- 

ients/group). Control group patients received intravenous normal 

aline solution (NSS) 20 mL before skin incision, and NSS 20 mL at 

 hours after surgery. One-dose (1D) group patients received 750 

g of intravenous TXA [Transamin (250 mg/5 mL); OLIC (Thailand) 

imited, Bangpa-In, Thailand] before skin incision, and NSS 20 mL 

t 3 hours after surgery. Two-dose (2D) group patients received 

50 mg of intravenous TXA before skin incision, and 750 mg of 

XA at 3 hours after surgery. 

Before surgery, all patients underwent preoperative medical op- 

imization by the geriatric physician team. All HHA were per- 

ormed within 48 hours after admission, and all procedures were 

erformed under regional anesthesia. Four experienced arthro- 

lasty surgeons performed all the operations using a posterior ap- 

roach with the same surgical technique among all patients. For 

mplant selection, cementless bipolar HHA was considered the first 

riority. However, cemented bipolar HHA was indicated in the fol- 

owing situations: 1) rotational instability was detected when in- 

erting the optimal size femoral rasp, and 2) the desired antever- 

ion, leg length, and offset could not be achie ved during the trial 

lacement of the cementless component. The final decision was 

ade according to surgeon discretion. No surgical drain was used. 

n the postoperative period, an intermittent pneumatic compres- 

ive device was applied for VTE prophylaxis. All patients were mo- 

ilized under the care of a physiotherapist on the first operative 

ay. 

utcome measurement 

Demographic and anthropometric data, including age, gender, 

eight, height, and body mass index (BMI), were recorded. Opera- 

ive time, type of implant fixation, and length of hospital stay were 
2 
ocumented as perioperative outcomes. Surgical site infection, 

linical VTE, cardiovascular complications, cerebrovascular compli- 

ations, and mortality were also determined at 2, 6, and 12 weeks 

fter surgery. 

Regarding blood loss and transfusion outcomes, the hemoglobin 

Hb) level was determined preoperatively, and at 24- and 48-hours, 

ostoperatively. One unit of packed red cells (PRC) transfusion was 

iven if the Hb level was < 9 g/dL, or if compromised clinical 

riteria, including lightheadedness, orthostatic hypotension, and/or 

achycardia, were detected. The Hb level was reassessed at 6 hours 

fter transfusion, and blood replacement was considered again us- 

ng the same criteria. Intraoperative blood loss, change in Hb level 

t each time point, transfusion rate, and amount of transfusion 

number of units) were also recorded. 

To calculate total blood loss, the Hb balance method was used 

ith the following steps [ 9 , 10 ]: the total blood volume (TBV) was

alculated using the Nadler formula [9] , as follows: TBV (mL) = (k1 

 height (m 

3 ) + k2 x weight (kg) + k3) x 10 0 0, when k1 = 0.3669,

2 = 0.03219, and k3 = 0.6041 for men; and, k1 = 0.3561, 

2 = 0.03308, and k3 = 0.18331 for women. 

Total Hb loss and total red blood cell (RBC) loss were calculated 

sing the following formula: Total Hb loss (g) = TBV x (10x (Hb pre 

Hb post )) x 0.01 + Hb t and Total RBC loss (mL) = 10 0 0 x (total

b loss/Hb pre ) when Hb pre (g/dL) = preoperative Hb level, Hb post 

g/dL) = postoperative Hb level at 48 hours, Hb t (g) = total volume 

f blood transfusion that generally contains 52 g of Hb per unit 

10] . 

ample size calculation and statistical analysis 

The primary outcome was the transfusion rate within 48 hours 

fter operation. Based on data from previous studies [ 5 , 6 , 11 ], the

verage reduction in transfusion rate using TXA was 20%. A sample 

ize of 26 patients per group was calculated to have 80% power to 

etect the significance level of 0.05. Assuming a drop-out rate of 

pproximately 20%, we aimed to recruit a total of 90 patients (30 

atients per group) in this study. 

The data were analyzed using SPSS Statistics v18.0 (SPSS, Inc., 

hicago, Illinois, USA). Shapiro-Wilk test was used to examine for 

ormal distribution of continuous data. For descriptive statistics, 

ormally distributed continuous data are presented as mean ±
tandard deviation, and non-normally distributed data are shown 

s median and range. Categorical data are reported as frequency 

nd percentage. To compare continuous data among the three 

roups, analysis of variance (ANOVA) and Kruskal-Wallis test was 

sed for normally and non-normally distributed data, respectively. 

or post hoc pairwise comparison of significant parameters, Bon- 

erroni and Dunn-Bonferroni test were used for normally and non- 

ormally distributed data, respectively. Chi-square test or Fisher’s 

xact test was used to compare categorical data among groups. 

tatistical significance was set at a p -value less than 0.05. 

esults 

Among the 90 patients that were included, the mean age was 

9.7 years, and 76.7% were women. The demographic, anthropo- 

etric, and perioperative characteristics were similar among the 

hree groups ( Table 1 ). There were also no significant differences in 

BV or preoperative Hb level among the three groups. The total Hb 

oss in the control, 1D, and 2D groups was 118.3 ±57.4, 80.8 ±39.6, 

nd 67.3 ±35.1 g, respectively. The 1D and 2D groups had signifi- 

antly lower total Hb loss than the control group. However, no sig- 

ificant difference was detected between the 1D and 2D groups 

 Table 2 ). 

Concerning intraoperative blood loss and total RBC loss, the 2D 

roup had significantly lower values than the control group. How- 
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Fig. 1. The CONSORT flow diagram in this study 

Table 1 

Demographic, anthropometric, and perioperative characteristics compared among groups 

Characteristics Control (n = 30) One-dose (n = 30) Two-dose (n = 30) p -value 

Age (yrs) 81.8 ±8.1 78.8 ±6.5 78.4 ±10.3 0.253 

Female gender 21 (70.0%) 23 (76.7%) 25 (83.3%) 0.475 

Weight (kg) 55.8 ±9.1 58.1 ±12.8 56.1 ±12.4 0.703 

Height (cm) 156.6 ±9.6 158.3 ±8.1 155.5 ±7.9 0.436 

Body mass index (kg/m 

2 ) 22.8 ±3.8 23.1 ±4.6 23.1 ±4.4 0.959 

Operative time (min) 82.0 ±22.2 78.3 ±20.9 82.3 ±18.0 0.703 

Implant: Cemented 5 (16.7%) 9 (30.0%) 6 (20.0%) 0.434 

Cementless 25 (83.3%) 21 (70.0%) 24 (80.0%) 

Length of hospital stay (days) 9 (6-26) 10 (5-21) 9 (5-19) 0.830 # 

Data presented as mean ± standard deviation, number and percentage, or median and range 

A p -value < 0.05 indicates statistical significance ( # Kruskal-Wallis test) 
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ver, there were no significant differences for those two parame- 

ers between the 1D and control groups. The 2D group had signifi- 

antly higher Hb levels at 24- and 48-hours postoperation than the 

ontrol group. No significant difference was found for this param- 

ter between the 1D and control groups. The reduction in Hb lev- 

ls during 0-24 and 0-48 hours was significantly lower in the 2D 

roup than in the control group. In contrast, no significant differ- 

nce was observed for reduction in Hb levels during 24-48 hours 

mong the three groups ( Table 2 ). 

Regarding the primary outcome, the transfusion rate in the con- 

rol, 1D and 2D groups was 43.3%, 16.7%, and 3.3%, respectively. 

he difference was statistically significant between the 2D and 

ontrol groups, but not between the 1D and control group. The 

T

3 
ame statistical relationship was observed for the amount of trans- 

usion (number of units) ( Table 2 ). No surgical site infection, clin- 

cal VTE, cardiovascular complications, cerebrovascular complica- 

ions, or mortality were observed in this study. 

iscussion 

Hip fracture patients tend to be older and at greater risk for 

ostoperative complications compared to elective hip surgery pa- 

ients [12] . Minimization of blood loss in these susceptible older 

dult patients is essential. Intravenous TXA administration is a rec- 

gnized method for reducing blood loss and blood transfusion. 

wo recent meta-analyses of randomized controlled trials reported 
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Table 2 

Perioperative and postoperative blood parameters compared among groups 

Blood parameters Control (n = 30) One-dose (n = 30) Two-dose (n = 30) p -value 

Total blood volume (mL) 3,534.6 ±602.7 3,625.9 ±652.2 3,456.4 ±634.5 0.583 

Total hemoglobin loss (g) 118.3 ±57.4 80.8 ±39.6 67.3 ±35.1 < 0.001 a b 

Total red blood cell loss (mL) 1,095.6 (349.6-11,157.0) 624.6 (211.7-5,797.6) 500.5 (61.5-4,399.3) < 0.001 # a 

Intraoperative blood loss (mL) 275.0 (100.0-450.0) 200.0 (100.0-500.0) 200.0 (50.0-300.0) 0.004 # a 

Hemoglobin level (g/dL) 

Preoperative 12.0 ±1.2 12.0 ±1.2 12.3 ±1.2 0.456 

At 24 hours 9.7 (7.8-12.7) 10.0 (8.2-13.3) 10.4 (8.3-12.7) 0.017 # a 

At 48 hours 9.5 (6.9-11.6) 9.7 (8.1-12.6) 10.3 (8.2-12.1) 0.008 # a 

Change in hemoglobin level (g/dL) 

0-24 hr 2.2 ±1.1 1.7 ±0.8 1.6 ±1.0 0.029 a 

24-48 hr 0.6 (-1.9 to 2.9) 0.5 (-2.1 to 1.9) 0.3 (-1.3 to 1.3) 0.439# 

0-48 hr 2.6 ±1.1 2.0 ±1.0 1.9 ±1.0 0.032 a 

Transfusion rate (%) 13 (43.3%) 5 (16.7%) 1 (3.3%) 0.001 a 

0-24 hr 7 (23.0%) 3 (10.0%) 1 (3.3%) 

24-48 hr 6 (20.0%) 2 (6.7%) 0 (0.0%) 

Amount of blood transfusion (units) 

No transfusion 17 (56.7%) 25 (83.3%) 29 (96.7%) 0.003 a 

1 unit 11 (36.7%) 5 (16.7%) 1 (3.3%) 

2 units 2 (6.7%) 0 (0.0%) 0 (0.0%) 

Data presented as mean ± standard deviation, median and range, or number and percentage 

A p -value < 0.05 indicates statistical significance ( # Kruskal-Wallis test) 
a Significant difference between the control and two-dose groups 
b Significant difference between the control and one-dose groups 
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he efficacy of intravenous TXA for reducing blood loss and trans- 

usion during hip fracture surgery. However, most of the trials in- 

luded in those two meta-analyses were conducted in internal fix- 

tion patients [ 13 , 14 ]. 

Only two randomized controlled trials investigated the use of 

XA in patients who underwent hip arthroplasty for femoral neck 

racture. Emara, et al . [5] found that either intravenous or topical 

XA in HHA could reduce blood loss and transfusion during the 

rst postoperative day compared to placebo. Watt, et al . [8] re- 

orted that intravenous TXA reduced blood loss without a signifi- 

antly decreased transfusion rate in HHA and THA. Thus, there re- 

ains a limited volume of level-I evidence regarding the use of 

XA in HHA. 

Regarding the dosage of TXA for HHA, some studies used a 

itrated low dose of TXA (10-15 mg/kg) [ 5 , 7 ], whereas other stud-

es used a fixed low dose (1-1.5 g) [ 11 , 15 ]. Since our patients were

elatively small (mean BMI among all groups: 23.0 kg/m 

2 ), we de- 

ided to use a fixed low dose (750 mg) of TXA in this study. More-

ver, 750 mg of TXA is equal to 3 ampules, which makes it easy 

or administration. 

Concerning the timing of TXA administration, previous studies 

eported several different protocols. Emara, et al . [5] reported that 

he use of TXA 10 mg/kg prior to incision followed by infusion of 

 mg/kg/hour until the end of surgery significantly lowered the 

ransfusion rate compared to placebo (5% vs. 35%, p < 0.05). A his- 

orical cohort study by Ashkenazi, et al . [15] found that the use 

f TXA 1.5 g prior to incision, and another 1.5 g during wound 

losure could significantly reduce the transfusion rate compared 

o the control group. (17.5% vs. 44.4%, p < 0.001). Regarding one- 

ose regimens, a retrospective cohort study by Xie, et al . [7] found 

hat 15 mg/kg of TXA prior to surgery was effective for reduc- 

ng blood transfusion compared to the control group (8.7% vs. 

4.1%, p < 0.001). Another retrospective cohort study by Lee, et al . 

11] concluded that patients who received 1 g TXA on induction 

ere 3 times less likely to require transfusion than control group 

atients (6% vs. 19%, p = 0.005). 

To the best of our knowledge, this is the first study to com- 

are among different dosing regimens of intravenous TXA for HHA. 

he important finding of this study was that the two-dose regimen 

as more effective than one-dose regimen for reducing both blood 

oss and transfusion without increasing the risk of complications. 

n

4 
ven though no significant difference in blood transfusion was ob- 

erved between 1D and the control group, the 1D group showed 

 trend towards a decreased transfusion rate. Possible reasons for 

his finding include too small a sample size to detect the differ- 

nce between 1D and controls, or inadequate dose of TXA. Regard- 

ng the timing of TXA administration, all of the above-mentioned 

tudies administered TXA prior to incision. In the double-dose reg- 

men, another dose of TXA was given at the end of the operation. 

n the present study, we also gave the first dose of TXA prior to the

ncision. The time required for TXA to reach its maximum plasma 

evel was reported to be 5-15 minutes after intravenous injection. 

hus, suppression of fibrinolysis was started at the beginning of 

he operation. The second dose was given at 3 hours after surgery 

ecause a therapeutic level of TXA can be maintained for approxi- 

ately 8 hours after surgery. This protocol is routinely used for hip 

nd knee arthroplasty at our institute [ 16 , 17 ]. 

imitations 

There are some limitations of our study that need to be dis- 

ussed. First, we used a fixed dose of 750 mg of intravenous TXA 

iven prior to incision and/or at 3 hours after surgery. The use of 

 titrated dose, a different route of administration, different tim- 

ng, and different regimens might have yielded different results. 

econd, due to ethical considerations, a large number of previ- 

us ischemic stroke or ischemic heart disease patients were ex- 

luded from this study. Thus, the clinical application of our results 

ay not be generalizable to patients with those two conditions. 

hird, we calculated blood loss using the Hb balance method. Even 

hough this method may be the most reliable method [10] , the in- 

uence of hemodilution and fluid shift still exists. 

onclusion 

The results of this study demonstrate both the efficacy of TXA 

dministration in HHA, and the superiority of two-dose TXA ad- 

inistration over one-dose TXA administration in HHA for femoral 

eck fracture. 
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