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Acute normovolemic hemodilution 
in combination with tranexamic acid 
is an effective strategy for blood management 
in lumbar spinal fusion surgery
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Abstract 

Background:  The retrospective study was designed to compare the effectiveness and safety of acute normovolemic 
hemodilution (ANH), tranexamic Acid (TXA), and a combination of ANH and TXA in lumbar spinal fusion surgery.

Methods:  Data of 120 patients underwent multi-level posterior spinal fusion for treating degenerative lumbar dis-
ease between June 2013 and December 2017 was collected, retrospectively. Four treatment strategies were enrolled, 
including ANH, TXA, a combination of ANH and TXA, and without any patient blood management. Intraoperative 
blood loss, hemoglobin and PCV at the end of surgery and at the postoperative first day, and postoperative drain col-
lection, and intraoperative and postoperative transfusion and rate of transfusion were also collected.

Results:  Intraoperative blood loss and postoperative drain collection of the TXA group, ANH combined with TXA 
group were statistically lower than those in the control group and ANH group (P < 0.05). Intraoperative and postop-
erative transfusion amount and rate of intra-operative allogenic transfusion of the ANH group, TXA group, and ANH 
combined with TXA group were statistically lower than those of the control group (P < 0.05). Hemoglobin and PCV at 
postoperative the first day in the ANH group, TXA group, and ANH combined with TXA group were significant higher 
than those in the control group (P < 0.05). The combination of TXA and ANH group achieved the lowest intraoperative 
blood loss, postoperative drain collection and allogenic transfusion rate.

Conclusion:  A combination of TXA and ANH might be an effective strategy for reducing the rate of transfusion and 
blood loss in patients underwent lumbar spinal fusion surgery.
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Background
Lumbar spinal fusion surgery is designed to decrease 
pain generated from the degenerative vertebral segments 
by stopping the motion of the joint. During periopera-
tive periods of the spinal reconstructive surgery, massive 

blood loss is inevitable and most patients in the surgery 
require allogeneic blood transfusion to avoid develop-
ment of postoperative anemia, severe hypotension, meta-
bolic acidosis, infections, acute lung injury, and cardiac 
arrest [1]. Although various blood-conservation inter-
ventions have been put forward, blood transfusion is 
still needed among lots of patients. Intraoperative and 
postoperative hemorrhage would cause the risks of infec-
tious diseases transmission, postoperative infection, and 
immune modulation effects introduced by allogeneic 
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blood, which are urgently needed to be solved [2–4]. 
In order to reduce bleeding during major spine surgery 
and achieve an optimal clinical outcome, various patient 
blood management strategies have been put forward to 
improve the clinical outcomes.

Several studies have evaluated the role of patient blood 
management strategies in blood loss and hemorrhage 
during and after spinal surgery [5–7], such as preopera-
tive autologous blood donation, hypotensive anesthesia, 
acute hypervolemic hemodilution, acute normovolemic 
hemodilution (ANH), and intraoperative cell salvage sys-
tem [8]. Acute hemodilution is easy to operate, less phys-
iological interference with good effect and has become 
a common clinical blood saving method. ANH releases 
part of the intravascular volume before surgery, and 
reduces the preload, making it easier to obtain greater 
hemodilution effect, increasing the tolerance of blood 
loss, and protecting red blood cells. Carless et al. showed 
that ANH might recover up to 70% of the shed blood in 
orthopedic surgery and significantly reduce the use of 
erythrocyte [9]. Subsequently, lots of literatures demon-
strated that ANH is an effective alternative strategy [10, 
11].

In recent years, Tranexamic acid (TXA) has been used 
in spine surgery extensively to reduce perioperative and 
postoperative loss. The perioperative use of TXA was 
shown to prevent intraoperative blood loss and reduc-
tion the need for blood transfusions in numerous stud-
ies [12–14]. Raksakietisak et  al. found 15  mg/kg TXA 
could significantly reduce blood loss and transfusion in 
low-risk adults undergoing complex laminectomy [15]. A 
meta-analysis conducted by Yang et al. demonstrated that 
patients receiving perioperative TXA had a reduction of 
blood loss along with a statistically significant decrease in 
the need for blood transfusion [14]. A common concern 
surrounding the use of perioperative TXA is its poten-
tial to induce thromboembolic events, such as deep vein 
thrombosis and pulmonary embolism. However, this par-
ticular risk is very low to negligible. Although many lit-
eratures had assessed the use of TXA or ANH in spinal 
surgery, the conclusion still remains inconsistency.

Thus, this study aimed to compare the effectiveness 
and safety of ANH, TXA, and a combination of ANH 
and TXA in reducing blood transfusion in lumbar spi-
nal fusion surgery. The results of this study might help 
researchers improving the understanding of different 
blood management strategies.

Methods
Population and selection criteria
This retrospective study was approved by our hospital 
institutional review board before its commencement. The 
data of 120 patients (age range, 55–70 years) underwent 

multi-level posterior spinal fusion (≥ 2 levels) for treat-
ing degenerative lumbar disease between June 2013 and 
December 2017 were collected. Among the 120 patients, 
four types of patient blood management were included, 
including ANH group, TXA group, ANH combined TXA 
group, and control group (without patient blood man-
agement). Demographic information including age, sex, 
body mass index, height, duration of surgery, number of 
fused segments, and number of interbody fusion were 
collected.

The inclusion criteria included: (1) Patients aged 
50–70  years old who were diagnosed as degenerative 
lumbar disease and without allergy to TXA; (2) Patients 
underwent multi-level posterior spinal fusion (≥ 2 levels) 
through a posterior midline approach; (3) Patients were 
treated with ANH, TXA, a combination of ANH and 
TXA, or without patient blood management. The exclu-
sion criteria of patients enrolled included: (1) patients 
with liver cirrhosis, seriouscardiac disease, chronic renal 
failure, cancer, a history of thromboembolic disease 
(deep vein thrombosis, ischemic heart disease, pulmo-
nary embolism, transient ischemic attack, strokes, or 
subarachnoid hemorrhage), bleeding disorders, hyper-
coagulation status, disseminated intravascular coagula-
tion and pregnancy; (2) patients receiving antiplatelet 
and/or anticoagulant therapy at the time of the study; (3) 
patients with hematocrit < 35% and hemoglobin < 11  g/
dL; (4) patients with abnormal coagulant function or vas-
cular diseases before surgery; (5) patient with New York 
classification > grade II, or American society of anesthe-
siologists classification > grade II; and (6) patients with 
valvular heart diseases, arrhythmias, severe pulmonary, 
hepatic and renal dysfunction, tumor disease or metas-
tasis and (7) patients underwent minimally invasive spine 
surgery.

Surgical technique
Both 300 U/kg erythropoietin and 500 mg/ml iron sucrose 
were applied per week for 4 weeks in patients with hemo-
globin < 110 g/L in the preparation of operation. All patients 
underwent a similar operative technique of lumbar spinal 
fusion surgery. Patients were placed in a prone position 
on the operating table under general anesthesia. Through 
posterior midline skin incision, subperiosteal exposure of 
respective levels done. Pedicle screws were placed with free 
hand technique and connecting rods were installed. After 
resection of the laminae and removal of the corresponding 
disc transforaminally, a cage filled with autogenous bone 
graft was obliquely placed into intervertebral disc space. 
Radiography was taken to confirm the pedicle screws and 
cage position. After achieving hemostasis, negative pres-
sure drainage was placed, and a layer to layer suture was 
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carried out to close the wound. All wounds were closed 
with negative suction drain (Fig. 1).

Blood management method
For patients in ANH group, intraoperative autologous 
transfusion was performed with the Elmed 500 (Medtron-
ics, Denver, CO, USA). The intraoperative autologous 
transfusion device was used for each case, and blood would 
be returned to the patient if there was a sufficient volume to 
process. Hemodilution was accomplished by the removal of 
artery blood from femoral artery after induction and intu-
bation. The approximate volume of blood withdrawn was 
determined based on the estimated blood volume, preop-
erative hematocrit, and desired hematocrit. The blood with 
anticoagulant was collected in a fenwal autologous blood 

collection kit (Baxter, Baxter health Corporation, Deer-
field, IL, USA). The targeted bleeding volume was 10%-15% 
of total blood volume according to the formula: in male, 
blood volume = height × 28.5 + weight × 31.6–2820; and in 
female: blood volume = height × 16.25 + weight × 38.46–
1369. Total blood volume = weight of blood volume/1.060 
[13]. The collected blood was stored at 0–4 °C. The blood 
was replaced with 6% hydroxyethyl starch (130/0.4) in 
equal volume. After that, hypervolemic treatment was 
applied with 6% hydroxyethyl starch (130/0.4) and 10 ml/
kg lactated ringer’s solution (equal to 20% of total blood 
volume) within 30  min. Then, norepinephrine and phe-
nylephrine were applied to maintain mean arterial blood 
pressure below 20% of the basal blood pressure. Dur-
ing the operation, autologous blood transfusion would 
be performed when hemoglobin was lower than 8–9  g/L 
or packed cell volume (PCV) < 24–27%, and homologous 
blood would be used when necessary. After surgery, iron 
supplementation was implemented with 500  mg/ml iron 
sucrose per week.

All patients in the TXA group were given a dose of 
15  mg/kg of TXA (Transamin; Daiichi Pharmaceutical, 
Tokyo, Japan) before a skin incision was made, followed by 
1 mg/kg/h infusion till skin closure [16].

Patients in the control group received neither ANH or 
TXA or any other anti-fibrinolytic drug during the intraop-
erative period.

Outcome evaluation
Blood loss estimation
ABL is also referred to as maximum allowable blood 
loss as it marks the amount after which hemorrhage 

complications start occurring. ABL was calculated using 
the following formula:

where ABL indicates allowable blood loss, EBV indicates 
estimated blood volume, Hi indicates Initial hematocrit 
and Hf indicates final hematocrit;

Traditionally, EBV for an adult male = 75 mL/kg, EBV 
for an adult female = 65 mL/kg.

Blood transfusion would be needed if blood loss 
exceeded the ABL. At the end of the surgery, the blood 
soaked swabs were weighed using an electronic weigh-
ing scale. The amount of blood in the suction apparatus 
and the amount of saline were recorded. Total amount of 
blood loss was calculated using the following formula:

where 1 g blood equaled 1 mL blood.
Blood products would be transfused postoperatively 

if the value of hemoglobin/PCV significantly dropped 
(< 8 g/d) and the drain collection increased (> 500 mL).

Hematological indicators
Blood routine indicators including hemoglobi, PCV, and 
platelets were determined by automated hematology ana-
lyzer (Beckman coulter, CA, USA). Blood routing indica-
tors were tested preoperatively, at the end of surgery and 
at the postoperative first day.

Coagulation assay
Activated partial thromboplastin time (APTT) is 
recorded as the time required for the formation of a sta-
ble clot in seconds in citrated plasma, with addition of 
factor XII activator and CaCl2. Prothrombin time (PT) 
is a blood test that measures the time from the liquid 
portion of blood to clot in the presence of sufficient con-
centration of calcium and tissue thromboplastin. Interna-
tional normalized ratio (INR) is derived from PT which 
is calculated as a ratio of the patient’s PT to a control PT. 
APTT, PT and INR are hematological indices reflect-
ing the coagulation status of patients. Blood was centri-
fuged at 3000  rpm for 15  min for testing of APTT and 
PT according to standard procedures. Coagulation assays 
were performed preoperatively.

Postoperative drain volume
Postoperative drain outputs including deep and superfi-
cial drains were collected and recorded.

ABL = EBV ∗ (Hi−Hf)Hi.

Total amount of blood loss = {amount of fluid collected in suction apparatus (mL)

−amount of saline (mL)

+ amount of blood content in weighed swabs (mL)}.
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Fig. 1  The preoperative and postoperative X-rays in a patient with lumbar spinal stenosis (L34, L45) underwent posterior laminar decompression, 
cortical bone trajectory internal fixation and interbody fusion. A The preoperative frontal X-ray. B The preoperative lateral X-ray. C The postoperative 
frontal X-ray. D The postoperative lateral X-ray



Page 5 of 9Li et al. Journal of Orthopaedic Surgery and Research           (2022) 17:71 	

Transfusion
Intraoperative and postoperative transfusion amount and 
rate of transfusion were collected.

Statistical analysis
Continuous variables (including age, body weight, height, 
duration of surgery, body mass index number of fused 
segments, number of interbody fusion, hemoglobin, 
PCV, platelets, APTT, PT, INR, blood loss, drain, intra-
operative allogenic transfusion amount and postop-
erative allogenic transfusion amount) were expressed as 
mean ± standard deviation, and categorical data (includ-
ing gender, intraoperative rate of allogenic transfusion 
and postoperative rate of allogenic transfusion) were pre-
sented as proportion or percentage. Analysis of variance 
and pearson χ2 test were used to estimate the difference 
of study parameters between groups for continuous vari-
ables and categorical data, respectively. All analyses were 
carried out using SPSS 20.0 (IBM, Armonk, NY, USA). A 
P value < 0.05 indicated statistical significance.

Results
General results of enrolled patients
The baseline characteristics of enrolled patients were 
shown in Table 1. Among the 120 patients enrolled, the 
most common diagnosis was lumbar spinal stenosis 

(85 patients), followed by lumbar spondylolisthesis (21 
patients), degenerative lumbar scoliosis (ten patients), 
and posterior revision surgery for failed lumbar degen-
erative disease (four patients). A total of 30 patients 
were included in each group. The mean age of patients 
in the ANH group, TXA group, ANH combined with 
TXA group, and control group were (58.43 ± 10.99) 
years, (59.77 ± 9.87) years, (59.04 ± 10.07) years, and 
(60.02 ± 9.01) years, respectively. The number of 
fused segments in the ANH group, TXA group, ANH 
combined with TXA group, and control group were 
2.38 ± 0.91, 2.87 ± 1.01, 3.11 ± 0.99, and 2.99 ± 1.12, 
respectively. The number of interbody fusion in the ANH 
group, TXA group, ANH combined with TXA group, and 
control group were 1.28 ± 0.97, 1.34 ± 1.02, 1.61 ± 1.31, 
and 1.19 ± 1.13, respectively. No significant difference 
was found on the demographic parameters including 
patients’ age, gender, body weight, height, duration of 
surgery, body mass index, number of fused segments and 
interbody fusion in all the groups (P > 0.05).

Preoperative baseline hematological and biochemical 
parameters among the four study groups were compared. 
As shown in Table 2, no significant difference was found 
on hemoglobi, PCV, platelets, APTT, PT, and INR among 
groups (P > 0.05).

Table 1  Demographic parameters and duration of surgery among different study groups

BMI body mass index, ANH Acute normovolemic hemodilution, TXA Tranexamic acid

Parameters ANH (N = 30) TXA (N = 30) ANH + TXA (N = 30) Control (N = 30) Overall P value

Age, years 58.43 ± 10.99 59.77 ± 9.87 59.04 ± 10.07 60.02 ± 9.01 0.679

Gender (female: male) 14:16 13:17 16:14 15:15 0.294

Body weight, kg 60.12 ± 4.65 59.88 ± 3.98 61.65 ± 5.07 61.96 ± 5.35 0.109

Height, cm 171.10 ± 6.03 170.67 ± 5.97 172.02 ± 6.01 171.69 ± 5.89 0.410

BMI 21.98 ± 2.27 21.69 ± 1.99 22.02 ± 2.02 21.42 ± 1.92 0.757

Duration of surgery, min 189.64 ± 35.89 195.64 ± 37.19 200.16 ± 36.97 185.85 ± 35.19 0.578

Number of fused segments 2.38 ± 0.91 2.87 ± 1.01 3.11 ± 0.99 2.99 ± 1.12 0.428

Number of interbody fusion 1.28 ± 0.97 1.34 ± 1.02 1.61 ± 1.31 1.19 ± 1.13 0.356

Table 2  Comparison of preoperative blood parameters among different study groups

ANH Acute normovolemic hemodilution, TXA Tranexamic acid, APTT activated partial thromboplastin time, INR international normalized ratio, PCV hematocrit or 
packed cell volume, PT prothrombin time

Preoperative Variables ANH TXA ANH + TXA Control Overall P value

Hemoglobin, g/dL 13.52 ± 1.53 12.99 ± 1.47 12.77 ± 1.59 13.02 ± 1.46 0.101

PCV 36.74 ± 3.97 37.93 ± 4.23 37.46 ± 4.35 38.27 ± 4.08 0.108

Platelets 2.98 ± 0.74 3.05 ± 0.81 3.01 ± 0.83 2.89 ± 0.77 0.701

APTT 27.45 ± 2.11 28.01 ± 3.07 27.07 ± 2.14 27.89 ± 2.65 0.379

PT 15.07 ± 2.05 14.98 ± 1.54 15.01 ± 1.61 15.19 ± 1.34 0.899

INR 1.01 ± 0.09 1.10 ± 0.19 1.08 ± 0.13 1.13 ± 0.17 0.501



Page 6 of 9Li et al. Journal of Orthopaedic Surgery and Research           (2022) 17:71 

Comparison of intraoperative blood loss, hemoglobin 
and PCV
Intraoperative blood loss and hemoglobin at the end of 
surgery among study groups were shown in Table  3. 
The mean intraoperative blood loss in the ANH group, 
TXA group, ANH combined with TXA group, and con-
trol group were (545.32 ± 189.29) mL, (378.72 ± 96.57) 
mL, (336.16 ± 88.464) mL, and (578.44 ± 201.81) mL, 
respectively. Intraoperative blood loss of the TXA group 
(P = 0.023) and the ANH combined with TXA group 
(P = 0.001) was statistically lower than those of the con-
trol group. Moreover, intraoperative blood loss in the 
ANH group was significantly higher than that in the TXA 
group (P = 0. 0029) and the ANH combined with TXA 
group (P = 0.009). No significant difference was found 
between the TXA group and the ANH combined with 
TXA group (P = 0.190). Meanwhile, no significant differ-
ence was detected between the ANH group and the con-
trol group (P = 0.082).

Hemoglobin and PCV at postoperative the first day in 
the ANH group (P = 0.019 and P = 0.032), TXA group 
(P = 0.025 and P = 0.032), and ANH combined with TXA 
group (P = 0.019 and P = 0.027) were significantly higher 
than those in the control group. Hemoglobin and PCV 
at postoperative the first day in the ANH combined with 
TXA group was statistically higher than those in the 
ANH group (P = 0.021 and P = 0.025) and TXA group 
(P = 0.043 and P = 0.041).

Comparison of postoperative drain collection
Postoperative drain collection comparison among 
study groups was shown in Table  4. Mean postopera-
tive drain collection in the ANH group, TXA group, 

ANH combined with TXA group, and control group 
were (360.00 ± 120.54) mL, (260.40 ± 109.58) mL, 
(240.00 ± 92.84) mL, and (410.00 ± 129.98) mL, respec-
tively. Postoperative drain collection in the TXA group 
(P = 0.015) and the ANH combined with TXA group 
(P = 0.008) were significantly lower than those in the 
control group. Moreover, postoperative drain collection 
in the ANH group was significantly higher than that in 
the TXA group (P = 0.018) and the ANH combined with 
TXA group (P = 0.003). No significant difference was 
found between the TXA group and the ANH combined 
with TXA group (P = 1.003). Similarly, no significant dif-
ference was found between the ANH group and the con-
trol group (P = 0.778).

Comparison of transfusion outcomes
Comparison of intraoperative and postoperative trans-
fusion and rate of transfusion among study groups was 
shown in Table 5. Intraoperative transfusion amount and 
rate of intraoperative allogenic transfusion of the ANH 
group (P = 0.007 and P = 0.005), TXA group (P = 0.010 
and P = 0.030), ANH combined with TXA group 
(P = 0.001 and P = 0.002) were statistically lower than 
those of the control group. Meanwhile, significant dif-
ference was found on intraoperative transfusion amount 
(P = 0.019, P = 0.012, and P = 0.024) and rate of intraop-
erative allogenic transfusion (P = 0.035, P = 0.027 and 
P = 0.014) between the ANH group and the TXA group, 
the ANH group and the ANH combined with TXA 
group, the TXA group and the ANH combined with TXA 
group.

Similarly, postoperative transfusion amount and rate 
of postoperative allogenic transfusion of the ANH group 

Table 3  Comparison of intraoperative blood loss and hematological indicators at the end of surgery among study groups

Letter “a” indicated P < 0.05 compared with control group, letter “b” indicated P < 0.05 compared with ANH group, letter “c” indicated P < 0.05 compared with TXA group, 
respectively

ANH Acute normovolemic hemodilution, TXA Tranexamic acid, PCV packed cell volume

Intraoperative variables ANH TXA ANH + TXA Control Overall P value

Blood loss, mL 545.32 ± 189.29 378.72 ± 96.57ab 336.16 ± 88.46ab 578.44 ± 201.81 < 0.001

Hemoglobin, g/dL (at the end of surgery) 12.07 ± 1.21 11.69 ± 1.37 11.94 ± 1.71 11.26 ± 1.26 0.195

PCV (at the end of surgery) 33.41 ± 4.12 32.67 ± 3.43 33.80 ± 4.89 31.98 ± 4.27 0.282

Hemoglobin, g/dL (at the postoperative first day) 10.13 ± 1.24a 9.98 ± 1.31a 11.07 ± 1.41abc 8.63 ± 1.63 0.154

PCV (at the postoperative first day) 30.98 ± 3.27a 31.89 ± 3.48a 33.68 ± 4.09abc 29.02 ± 3.06 0.161

Table 4  Comparison of postoperative drain collection among study groups

Letter “a” indicated P < 0.05 compared with control group, letter “b” indicated P < 0.05 compared with ANH group, respectively

ANH Acute normovolemic hemodilution, TXA Tranexamic acid

ANH TXA ANH + TXA Control Overall P value

Drain, mL 360.00 ± 120.54 260.40 ± 109.58ab 240.00 ± 92.84ab 410.00 ± 129.98 < 0.001
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(P = 0.037 and P = 0.01), TXA group (P = 0.039 and 
P = 0.013), ANH combined with TXA group (P = 0.006 
and P = 0.002) was statistically lower than those in the 
control group. Meanwhile, significant difference was 
found on postoperative transfusion amount (P = 0.041, 
P = 0.022, and P = 0.013) and rate of postoperative allo-
genic transfusion (P = 0.03, P = 0.022 and P = 0.003) of 
the ANH group and TXA group, the ANH group and the 
ANH combined with TXA group, TXA group and the 
ANH combined with TXA group.

Complications
No serious intraoperative or postoperative complication, 
such as dural tear, infection, epidural hematoma forma-
tion, deep-vein thrombosis, pulmonary embolism, allergic 
reaction, renal failure, or cardiopulmonary complications 
was found in all four groups. Furthermore, no minor side 
effects associated with the use of TXA such as nausea, 
vomiting, headache, or diarrhea occurred in all groups.

Discussion
Lumbar spinal fusion surgery is one of the most com-
monly performed procedures of spine surgeries. There 
are various factors that either increase the risk of bleed-
ing or require additional operative time in spine surgery, 
such as anatomical structure of spine, spongy vertebrae 
with its rich blood supply, and the fragile venous plexus 
wall that cannot self-contract after injury [17]. ANH 
and TXA were widely used in the spinal fusion surgery 
for blood management. However, the clinical outcomes 
remained controversial. Our data showed that intraoper-
ative blood loss and postoperative drain collection of the 
TXA group and ANH combined with TXA group were 
significantly lower than those of the control group and 
ANH group. Intraoperative and postoperative transfu-
sion amount and rate of intraoperative allogenic transfu-
sion of the ANH group, TXA group, and ANH combined 
with TXA group were statistically lower than those of the 
control group. Hemoglobin and PCV at postoperative 
the first day in the ANH group, TXA group, and ANH 
combined with TXA group was significantly higher than 

those in the control group. The hemoglobin and PCV 
at postoperative first day in ANH combined with TXA 
group was statistically higher than the ANH group and 
TXA group. Thus, these data suggest implementation 
of ANH combined with TXA is an effective strategy for 
reducing the rate of transfusion in patients undergoing 
lumbar spinal fusion surgery.

Blood transfusion is crucial for radical surgery to avoid 
excessive bleeding. In past decades, ANH means blood 
withdrawal immediately before or after anesthetic induc-
tion, followed by dilution with colloids and/or crystal-
loids without reducing the circulating volume and then 
the circulating blood volume is supplemented with col-
loidal or crystal fluid and has been recommended to 
apply in surgeries with increased risk of bleeding [18]. 
ANH either achieves objective level of blood dilution, or 
avoids overloading circulation [10]. It could reduce the 
risk of hemolytic, allergic, pulmonary, immune-allergic 
reactions and acquisition of infectious-contagious dis-
eases and can be obtained with a low operational cost 
[19]. In consistent with previous studies, we found no 
serious intraoperative or postoperative complications in 
all groups in this study.

TXA is a widely used synthetic fibrinolytic inhibitor. It 
can competitively inhibit the plasminogen activator and 
the adsorption of plasminogen to fibrin to prevent its 
activation and fibrin from being degraded by plasmin by 
binding lysine-binding sites of plasminogen. Moreover, 
it has the protective effect on platelets [20]. A dose of 
15 mg/Kg TXA was intravenous injected at 15 min before 
skin incision was made followed by 1 mg/Kg/h infusion 
till skin closure in our study.

The intraoperative blood loss in the TXA group, 
and the ANH and TXA combination group were 
(378.72 ± 96.57) mL and (336.16 ± 88.464) mL, respec-
tively, which was significantly lower than that in 
ANH group [(545.32 ± 189.29) mL] and control group 
[(578.44 ± 201.81) mL]. Though ANH could reduce the 
risk of complications, this method is associated with 
increased blood loss as a result of autologous blood 
being withdrawn. Therefore, the blood loss of ANH 

Table 5  Comparison of intraoperative and postoperative transfusion amount and rate of transfusion among study groups

Letter “a” indicated P < 0.05 compared with control group, letter “b” indicated P < 0.05 compared with ANH group, letter “c” indicated P < 0.05 compared with TXA group, 
respectively

ANH Acute normovolemic hemodilution, TXA Tranexamic acid

Transfusion ANH TXA ANH + TXA Control Overall P value

Intraoperative allogenic transfusion amount, mL 182.21 ± 43.55a 251.21 ± 53.52ab 106.21 ± 32.55abc 447.21 ± 232.55 < 0.001

Intraoperative rate of allogenic transfusion, % 16.67a 33.33ab 6.67abc 63.33 < 0.001

Postoperative allogenic transfusion amount, mL 81.36 ± 13.11a 105.21 ± 14.69ab 43.12 ± 9.15abc 143.21 ± 24.57 < 0.001

Postoperative rate of allogenic transfusion, % 6.67a 13.33ab 3.33abc 20 < 0.001
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group was comparable with that of control group in 
this study. TXA can decrease bleeding by acting on the 
fibrinolytic system [21]. Elwatidy et al. [13] reported a 
significant reduction in blood loss in patients who were 
administered TXA during spine surgery. Yagi et  al. 
[5] showed that the TXA group had significantly less 
intraoperative blood loss and postoperative blood loss 
during posterior spinal fusion for the treatment of idi-
opathic scoliosis in adolescents. Based on a randomized 
double-blind placebo controlled study, Shakeri et  al. 
[22] showed that TXA could reduce both intraoperative 
and immediate postoperative blood loss, decrease the 
need for packed cell transfusion, and reduce the dura-
tion of hospitalization after complex spinal surgeries. 
Ni et al. demonstrated that intravenous TXA can effec-
tively and safely reduce blood loss and bleeding-related 
complications after high tibial osteotomy and was ben-
eficial for the blood management. Furthermore, data 
showed tendency toward less postoperative bleeding 
drain in TXA group [23].

The hemoglobin and PCV at the end of surgery were 
not significantly different among groups in this study. 
This result was partly in argument with previous study 
[19], which found reduced hemoglobin in ANH group as 
compared to control group. The hemoglobin and PCV 
at the postoperative first day was significantly higher 
in ANH group than that in control group. This can be 
attributed to the improved blood microcirculation of 
ANH [24, 25]. In addition, the autologous blood in ANH 
group preserves the platelet function and thus provides 
platelets and clotting factors after returning back to body 
[25]. We could also noticed that combined use of both 
ANH and TXA provided better improvement of hemo-
globin and PCV at the post postoperative fist day.

The intraoperative allogenic transfusion amount and 
rate as well as the postoperative allogenic transfusion 
amount and rate were significantly decreased compared 
with those in control group. This might be associated 
with the less loss of red blood cell mass during surgery 
and the return of fresh platelets and clotting factors at the 
end of surgery. This result is consistent with most of the 
previous studies [25–28]. Moreover, intraoperative trans-
fusion amount, allogenic transfusion, and postoperative 
transfusion amount of patients treated by TXA combined 
ANH were statistically lower than that in patients treated 
by ANH or TXA alone, respectively. Thus, it is reasonable 
to believe that the administration of TXA could improve 
the ability of ANH in reducing the blood loss, improving 
the recovery of hemoglobin and PCV and decreasing the 
need for allogenic blood transfusion.

However, there are some limitations in this study. First, 
the sample size of this study is relatively small. Only 
30 patients were analyzed in each group. Second, the 

follow-up study was not conducted to compare the long-
term outcomes of these four groups. Third, this study is 
a retrospective study, the information and data included 
are not sufficient and therefore subgroup analysis and 
multi-variate analysis were unable to perform.

Conclusion
In conclusion, a combination of TXA and ANH might 
be a better choice for patients underwent lumbar spinal 
fusion surgery in reducing blood loss and the need for 
blood transfusion. However, further randomized dou-
ble-blind study should be designed to verify the current 
conclusion.
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