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Abstract: This study aimed to explore the safety and effects of tranexamic acid administration at different time 
points, in elderly patients with intertrochanteric fracture treated by proximal femoral nail anti-rotation (PFNA) mea-
sured by the blood loss in perioperative. A total of 120 elderly patients with intertrochanteric fracture admitted to 
our hospital from January 2016 to April 2018 were divided into group A (GA, n=40), group B (GB, n=40) and the 
control group (CG, n=40) according to different administration of treatment. The operation time, length of hospital 
stay, blood loss, changes of coagulation function, incidence of postoperative complications, joint function scores 
before and after operation, overall response rate, as well as Hb and Hct levels of the three groups were compared. 
The total blood loss, dominant blood loss, intraoperative blood loss, postoperative drainage volume, recessive blood 
loss and blood transfusion rate in GA and GB were lower than those in CG (P<0.05), and GB expressed lower total 
blood loss, postoperative drainage volume, recessive blood loss and blood transfusion rates than GA (P<0.05). No 
significant difference was observed in prothrombin time, activated partial thromboplastin time, fibrinogen  incidenc-
es of limb swelling, intramuscular vein thrombosis and incision fat liquefaction among the three groups (P>0.05). 
After operation, Harris scores increased in all three groups and were  highest in GB (P<0.05). The overall response 
rate, Hb and Hct levels of GB were higher than GA and CG at 1 d and 5 d after operation (P<0.05). Compared with 
single administration before operation, intravenous drip of tranexamic acid before and at 7 h after operation can 
effectively and safely reduce the blood and hemoglobin loss in elderly patients with intertrochanteric fracture and 
thus it is beneficial to postoperative recovery of joint function with a high overall response rate. 
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Introduction

Studies have shown that patients with intertro-
chanteric fracture generally have anemia after 
operation, and the severity of anemia is corre-
lated with intraoperative blood loss, which may 
be related to recessive blood loss during peri-
operative period. PFNA is a commonly used 
operating method for the treatment of intertro-
chanteric fracture [1-3]. Although the amount of 
dominant blood loss is small, the recessive 
blood loss is significant and accounts for about 
84.5% of the total blood loss [4-6]. If not treat-
ed in time, it will aggregate and affect incision 
healing and chronic diseases [7-9], inducing 
severe anemia, or even shock and periopera-
tive death. Therefore, it is very important to 

reduce the amount of recessive blood loss  
after PFNA treatment in elderly patients with 
intertrochanteric fracture [10-12]. 

Tranexamic acid can competitively inhibit the 
binding of profibrolysin and fibrin, prevent the 
activation of profibrolysin, and achieve the pur-
pose of hemostasis [13-15]. Preoperative appli-
cation of tranexamic acid along with PFNA treat-
ment in patients with intertrochanteric fracture 
could effectively reduce total blood loss, reces-
sive blood loss and blood transfusion rates 
[16]. However, the most optimal timing of 
tranexamic acid administration has not been 
determined. The purpose of this study was to 
explore the safety and effects of tranexamic 
acid administration at different time points on 
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the blood loss in the perioperative period of 
elderly patients with intertrochanteric fracture 
treated with PFNA. 

Materials and methods

General materials 

A total of 120 elderly patients with intertro-
chanteric fracture admitted to our hospital 
from January 2016 to April 2018 were included 
according to the following criteria: (1) With sur-
gical indications for treatment with PFNA; (2) 
Aged >60 years; (3) With normal coagulation 
function before operation; (4) Informed consent 
was provided by patients and their family mem-
bers. Exclusion criteria: (1) Complications of 
malignant tumors, fractures at other sites, 
severe hemorrhagic diseases, liver and kidney 
insufficiency, pathologic fracture and old frac-
tures; (2) Allergic to tranexamic acid; (3) 
Previous history of thrombogenesis. Patients 
were divided into group A (GA, n=40), group B 
(GB, n=40) and control group (CG, n=40) 
according to the mode of administration. The 
study has been approved by the Ethics 
Committee of our hospital. 

Methods 

Preoperative preparation: After admission, anti- 
hypertension and anti-hyperglycaemia treat-
ments were provided to patients based on their 
underlying diseases. Imaging means such as 
hip X-ray and B-ultrasound of veins of the lower 
extremity were adopted to evaluate patients’ 
conditions and the specific conditions of frac-
ture. Routine blood tests and tests of liver, kid-
ney and coagulation functions were conducted. 
Cefmetazole was administered by intravenous 
drip in case of infection. 

Operating method: All patients were treated 
with PFNA. They lied on their back and were 
locally anaesthetized at the femoral nerve and 
lateral femoral cutaneous nerve. Closed reduc-
tion was performed under the guidance of a 
C-arm machine, followed by disinfection and 
draping. The skin and subcutaneous tissue 
were cut open by a 5cm incision to expose the 
greater trochanter of femur, and a guide needle 
was inserted for aming. The fracture was fixed 
with appropriate bone nails. A guide needle was 
inserted into the femoral neck and then PFNA 
screw blades were driven in and locked. The 
distal end was drilled and locked with interlock-

ing screws and caps. In these steps, bone nail 
position, effects of inserting a guide needle 
into the femoral neck and distal interlocking 
were affirmed by C-arm machine examinations. 
Afterwards, the incision was rinsed with normal 
saline, placed with an indwelling drainage tube 
and sutured to end the operation. All opera-
tions were performed by the same medical 
team.

Postoperative treatment: Pneumatic pumps for 
extremities were used and the anticoagulant 
Rivaroxaban was administered 1 d after opera-
tion. Fluid supplements were given within 24 h 
and the volume was less than 2,000 ml in case 
of short-term changes in blood volume affect-
ing the calculating results. The affected limb 
was raised by 30° at 1 d after operation, and 
long muscles, such as the quadriceps femoris, 
was exercised by appropriate contraction; 
patients were guided to passively and persis-
tently exercise the hip and knee joints on the 
affected side, 2 d after operation to appropri-
ately promote the blood circulation in the veins 
of the lower extremities; 3 d after operation, hip 
joint flexion and extension exercise was under 
taken on the affected side; and 7 d after opera-
tion, the hip, knee and ankle joints were active-
ly flexed and extended. Standing and walking 
exercises were arranged according to each 
patient’s individual conditions. 

Administration of tranexamic acid

Tranexamic acid was administered to patients 
in GA and GB at the dose of 15 mg/kg by intra-
venous drip 20 min before operation, and sup-
plemented at a dose of 1 g additionally for 
patients in GB at 7 h after operation. For 
patients in CG, normal saline of equivalent vol-
ume was administered at 20 min before opera-
tion by intravenous drip. 

Observation indicators 

The primary observation indicators included 
blood loss, blood biochemical indicators, hemo-
globin and Hct. The secondary observation indi-
cators included perioperative indicators, com-
plications, joint function score and overall 
response rate.

Perioperative indicators

The operation time and length of hospital stay 
were recorded for all patients. The operation 
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(Excellent case + Good case)/Total number of 
cases × 100% [19]. 

Hemoglobin and Hct

Blood samples were collected from all patients 
1 d before operation, and 1 d and 5 d after 
operation and analyzed to obtain the Hb and 
Hct. 

Statistical analysis

Statistical analysis was performed with SPSS 
19.0. All numerical data were normally distrib-
uted, expressed as mean ± standard deviation 
(mean ± SD), and subject to t test; in the case 
of nominal data it was expressed as [n (%)], 
comparison studies were carried out through 
chi-squared test for intergroup comparison. For 
all statistical comparisons, significance was 
defined as P<0.05.

Results

Intergroup comparison of general materials 

There was no significant differences in general 
data of the three groups including; gender, age, 
fracture site and AO type, complications and 
time from being injured to operation, BMI, 
platelet and Hct (P>0.05), which were compa-
rable between the groups (Table 1). 

Intergroup comparison of perioperative indica-
tors 

The three groups expressed no significant dif-
ference in operation time and length of hospital 
stay (P>0.05), suggesting that compared to 
single dose of tranexamic acid before opera-
tion, intravenous drip before operation and at 7 
h after operation will not prolong the operation 
time and length of hospital stay (Figure 1). 

Intergroup comparison of blood loss 

The three groups expressed significant differ-
ence in total blood loss, dominant blood loss, 
intraoperative blood loss, postoperative drain-
age volume, recessive blood loss and blood 
transfusion rates (P<0.05). The total blood 
loss, dominant blood loss, intraoperative blood 
loss, postoperative drainage volume, recessive 
blood loss and blood transfusion rate in GA and 
GB were lower than those in CG (P<0.05), and 
the total blood loss, postoperative drainage vol-

time refers to the time from the start of anes-
thesia in the operating room to the complete 
end of the operation. The length of hospital 
stay refers to the time from the first day of 
admission until the patient is discharged from 
hospital.

Blood loss

Blood volume was calculated according to the 
formula proposed by Nadler and his colleagues 
[17] as follows: blood volume = k1 × Height (m)3 
+ k2 × Weight (kg) + k3, where constants k1, k2 
and k3 are 0.3561, 0.03308 and 0.1833 for 
female, 0.3669, 0.03219 and 0.6041 for male. 
Routine blood tests were performed at 1 d 
before operation and 1 d, 3 d and 5 d after 
operation to record Hct. Total blood loss was 
calculated according to the Gross linear formu-
la [18]: total blood loss = blood volume × (pre-
operative Hct-postoperative Hct)/average Hct, 
where, preoperative Hct is measured at 1 d 
before operation, postoperative Hct takes the 
minimum of three measurements and average 
Hct takes the mean value of four measure-
ments. Dominant blood loss was recorded for 
all patients, including intraoperative visible 
blood loss and postoperative drainage volume. 
Recessive blood loss was calculated by total 
blood loss minus dominant blood loss. The 
blood transfusion rate was recorded for the 
three groups. 

Blood biochemical indicators 

At 1 d before operation and 1 d and 5 d after 
operation, blood was collected from all patients 
to test PT, APTT and FIB with an automatic 
coagulometer (Sysmex, CA-500). 

Complications 

The incidences of postoperative incision infec-
tion, limb swelling, deep vein thrombosis, intra-
muscular vein thrombosis and incision fat liq-
uefaction were recorded for all patients. 

Joint function score and overall response rate

All patients were subject to an evaluation of 
joint function by the 100-score Harris scale 
before and after operation. A higher score indi-
cates better joint function. According to the 
Harris score, overall response rate was scored 
as excellent: ≥90, good: 80-89, acceptable: 
70-79, and poor: <70. Overall response rate = 
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Table 1. Intergroup comparison of general materials

Group n
Gender

Age (year)
Affected side (n) AO type (n) Complication (n)

Male Female Left Right A1 A2 A3 Hypertension Diabetes Hyperlipemia
GA 40 21 19 68.24±7.25 18 22 7 24 9 12 10 7
GB 40 24 16 67.43±5.21 20 20 8 25 7 10 9 9
CG 40 22 18 66.94±5.79 17 23 9 22 9 11 8 8
F/X2 0.473 0.456 0.470 0.767 0.251 0.287 0.313
P 0.789 0.635 0.791 0.943 0.882 0.866 0.855

ume, recessive blood loss and blood transfu-
sion rate in GB were lower than those in GA 
(P<0.05). Nevertheless, the two groups were 
not statistically different in terms of dominant 
blood loss and intraoperative blood loss 
(P>0.05), suggesting that compared to single 
dose before operation, intravenous drip of 
tranexamic acid before operation and at 7 h 
after operation can effectively reduce the total 
blood loss, postoperative drainage volume and 
recessive blood loss (Figure 2). 

Intergroup comparison of coagulation function 
indicators 

The three groups showed no significant  
difference in PT, APTT and FIB (P>0.05), sug-
gesting that compared to single dose before 
operation, intravenous drip of tranexamic acid 
before operation and at 7 h after operation 
didn’t change the coagulation function (Table 
2). 

Intergroup comparison of postoperative com-
plications

No incision infection or deep vein thrombosis 
was reported in any of the three groups, and 
the three groups had no significant difference 
in the incidences of complications such as limb 
swelling, intramuscular vein thrombosis and 
incision fat liquefaction (P>0.05). Suggesting 
that compared to single dose before operation, 
intravenous drip of tranexamic acid before 
operation and at 7 h after operation will not 
result in postoperative complications (Table 3). 

Intergroup comparison of preoperative and 
postoperative Harris scores 

There was no significant difference in Harris 
scores amongst the three groups before opera-
tion (P>0.05). After operation, Harris scores 
were increased, and the score in GB was higher 
than that in GA and CG (P<0.05), suggesting 

Group n Time from being injured to operation(d) BMI (kg/m2) Platelet (×109/L) Hct (%) 
GA 40 2.84±0.56 21.48±1.35 204.64±28.57 40.71±1.78
GB 40 2.93±0.72 21.58±1.46 201.46±30.27 41.04±1.80
CG 40 2.79±0.68 21.12±1.42 208.15±27.59 40.65±1.65
F 0.467 1.388 0.593 0.580
P 0.628 0.254 0.555 0.562

Figure 1. Intergroup comparison of perioperative indicators. Note: *P<0.05 vs CG; #P<0.05 vs GA.
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Table 3. Intergroup comparison of postoperative complications
Group n Limb swelling Intramuscular vein thrombosis Incision fat liquefaction
GA 40 3 (7.50) 2 (5.00) 2 (5.00) 
GB 40 1 (2.50) 2 (5.00) 1 (2.50) 
CG 40 3 (7.50) 1 (2.50) 1 (2.50) 
X2 1.214 0.417 0.517
P 0.545 0.812 0.772

Figure 2. Intergroup comparison of blood loss.

that compared to single dose before operation, 
intravenous drip of tranexamic acid before 
operation and at 7 h after operation could 
markedly increase the postoperative Harris 
scores (Figure 3). 

Intergroup comparison of overall response rate

The overall response rate in GB was higher 
than that in GA and CG, showing statistical dif-
ference (P<0.05) (Table 4). This indicated that 
compared to single dose before operation, 

intravenous drip of tranexamic acid before 
operation and at 7 h after operation could sig-
nificantly improve the overall response rate of 
the elderly patients with intertrochanteric 
fracture.

Intergroup comparison of preoperative and 
postoperative Hb and Hct

At 1 d before operation, the Hb and Hct levels 
had no significance difference amongst the 
three groups (P>0.05). At 1 d and 5 d after 

Table 2. Intergroup comparison of coagulation function indicators
Group n Time PT (s) APTT (s) FIB (g/L) 
GA 40 1 d before operation 12.48±1.56 32.21±5.11 3.65±0.36

1 d after operation 11.48±1.45 32.03±4.56 3.73±0.45
5 d after operation 11.44±1.17 31.87±4.87 3.74±0.46

GB 40 1 d before operation 12.43±1.07 32.16±5.05 3.71±0.42
1 d after operation 11.26±1.32 31.83±4.98 3.56±0.53
5 d after operation 11.31±1.46 31.72±4.57 3.76±0.48

CG 40 1 d before operation 12.40±1.65 32.14±4.25 3.67±0.45
1 d after operation 12.01±1.31 33.21±4.24 3.59±0.52
5 d after operation 12.26±1.42 32.67±4.58 3.63±0.60
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operation, the Hb and Hct levels in GB were 
higher than those in GA and CG (P<0.05) (Table 
5). This indicated that compared to single dose 
before operation, intravenous drip of tranexam-
ic acid before operation and at 7 h after opera-
tion could significantly improve the blood loss 
of elderly patients with intertrochanteric 
fracture.

Discussion 

Intertrochanteric fracture is common in the 
elderly and involves fracture from the base of 
the femoral neck to the lesser trochanter [20-
22]. Intramedullary fixations performed by 
PFNA have demonstrated good biomechanical 
properties and capacity to bear great torque 
forces that re-fracture of internal fixation or dis-
location of fracture end are seldom reported 
[23, 24] Besides, it is minimally invasive [6, 
25]. Nevertheless, PFNA is associated with 
high recessive blood loss in the perioperative 
period. The recessive blood loss in the PFNA 
group was higher than that in dynamic hip 
screw (DHS) group in the case of elderly 
patients with intertrochanteric fracture accord-
ing to Zeng and his colleagues [26], and is also 
reported similarly in the case of elderly patients 
with intertrochanter fracture of the femur 
according to Wang and his colleagues [27]. This 
may be due to the severe intramedullary vascu-
lar destruction caused by intramedullary ream-
ing and other operations during intramedullary 
fixation, resulting in more blood loss. Recessive 
blood loss often leads to postoperative anemia 
where some patients require a blood transfu-
sion, which may increase the burden on the 

heart and the incidence of postoperative infec-
tion, and compromise postoperative incision 
healing and functional recovery [28]. Therefore, 
how to reduce perioperative recessive blood 
loss has become a key point of clinical study. 

Tranexamic acid may reduce blood loss in 
orthopedic operations related to intertrochan-
teric fracture, etc., but no final conclusion has 
been made regarding its administration mode. 
So far, the recommendation for clinical practice 
is a single dose 20 min before operation. 
However, based on the half-life of approximate-
ly 7 h, the concentration of tranexamic acid in 
the blood gradually reduces 7 d after adminis-
tration [29]. Zhang and his colleagues [30] 
found that intravenous drip of tranexamic acid 
10 min before operation and 7 h after opera-
tion can significantly reduce the postoperative 
blood loss in patients after total hip replace-
ment compared to a single dose before opera-
tion. According to the findings in this study, the 
blood loss and blood transfusion rates were 
higher than those in GA and GB, and the Hb and 
Hct levels in GB were higher than those in GA 
and CG at different postoperative periods, indi-
cating that tranexamic acid can effectively 
reduce blood loss in elderly patients with inter-
trochanteric fracture. Moreover, GB had lower 
total blood loss, postoperative drainage vol-
ume, recessive blood loss and blood transfu-
sion rate and higher postoperative hemoglobin 
level than GA, suggesting that intravenous drip 
of tranexamic acid before and at 7 h after oper-
ation can maximally reduce the total blood 
loss, in particular, recessive blood loss. It is 
possible that two doses of tranexamic acid by 
intravenous drip can maintain the drug concen-
tration in the blood for a longer period of time to 
achieve better efficacy and hemostasis effects. 
Tranexamic acid is a synthetic derivative of 
lysine. Its high affinity to the binding site of 
lysine and can competitively inhibit the activity 
of fibrinoclase to reduce fibrin decomposition 
and hemostasis. At the same time, tranexamic 
acid at a high concentration can certainly non-
competitively inhibit the effects of plasmin by 
blocking its binding with the fibrin containing 
lysine residues so as to avoid fibrin from decom-
position and reduce postoperative blood loss. 
Preoperative intravenous drip of tranexamic 
acid can prevent the increase of anti-fibrinolytic 
protective proteins during the operation, reduce 
the incidence of fibrinolysis caused by trauma 

Figure 3. Intergroup comparison of Harris scores  
(
_
x±s, Score). Note: *P<0.05 vs CG; #P<0.05 vs GA.
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incision fat liquefaction, suggesting 
that intravenous drip of tranexamic 
acid before and 7 h after operation is 
very safe and will not increase the risk 
of thrombosis, the incidence of limb 
swelling nor incision fat liquefaction. It 
was further found in this study that the 
postoperative Harris score and overall 
response rate in GB were higher than 
those in GA and CG, indicating that 
intravenous drip of tranexamic acid 
before and at 7 h after operation pro-
vides good postoperative joint recovery 
and improves the overall response 
rate. 

In conclusion, when PFNA is adopted in 
the treatment of elderly patients with 
intertrochanteric fracture, intravenous 
drip of tranexamic acid before and 7 h 
after operation can effectively reduce 
the recessive blood loss with higher 

Table 4. Intergroup comparison of overall response rate [n (%)]
Group n Excellent Good Acceptable Poor Overall response rate
GA 40 18 (45.00) 13 (32.50) 9 (22.50) 0 (0.00) 31 (77.50) 
GB 40 23 (57.50) 15 (37.50) 2 (5.00) 0 (0.00) 38 (95.00) 
CG 40 16 (40.00) 14 (35.00) 9 (22.50) 1 (2.50) 30 (75.00) 
χ2 6.580
P 0.037

and produce persistent after effects. In the 
meantime, postoperative injection of tranexam-
ic acid can maximize the drug concentration in 
the tissues without raising the total blood con-
centration. Based on its inhibitory effects on 
the fibrinolytic system, tranexamic acid has the 
theoretical potential to increase the risk of 
thrombosis. Though a large number of studies 
have proved that the use of tranexamic acid will 
not increase the incidence of venous thrombus 
[28, 31], they are based on a single dose before 
operation. The safety after increasing the 
administration frequency shall be emphasized. 
The results of this study showed that the three 
groups expressed no statistical difference in 
terms of PT, APTT and FIB at each time point, 
indicating that intravenous drip of tranexamic 
acid would not significantly affect the patients’ 
coagulation function and lead to a hypercoagu-
lative state. No incision infection and deep vein 
thrombosis were reported and no significant 
difference was found in the incidences of limb 
swelling, intramuscular vein thrombosis and 

safety compared to single dose before opera-
tion. However, this is a single-center study with 
limited samples. The findings shall be verified 
in larger multi-center studies. 
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Table 5. Intergroup comparison of Hb and Hct before and 
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_
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Time Group n Hb (g/L) Hct (%) 
1 d before operation GA 40 136.14±12.42 40.71±1.78

GB 40 135.22±10.92 41.04±1.80
CG 40 135.97±11.89 40.65±1.65
F 0.069 0.580
P 0.933 0.562

1 d after operation GA 40 113.35±9.09 29.91±1.51
GB 40 121.45±9.55 32.31±1.71
CG 40 110.25±8.31 28.28±1.37
F 16.523 69.644
P 0.000 0.000

5 d after operation GA 40 125.13±9.78 36.04±1.60
GB 40 133.55±10.47 40.28±1.88
CG 40 120.02±10.46 34.73±1.42
F 17.800 124.516
P 0.000 0.000
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