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Tranexamic acid reduces postoperative blood loss of degenerative
lumbar instability with stenosis in posterior approach lumbar
surgery: a randomized controlled trial
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Abstract

Study design This study is randomized controlled trial.
Purpose To evaluate the effect of tranexamic acid (TXA) on
reducing postoperative blood loss in posterior approach lumbar
surgery for degenerative lumbar instability with stenosis.
Methods  Sixty patients with degenerative lumbar insta-
bility with stenosis were randomized into TXA and control
groups, receiving 15 mg/kg body weight of TXA or placebo
(0.9 % Sodium chloride solution) intravenously, respectively,
before the skin incision was made. The operation of pedicle
screw system fixation was performed for all patients, and then
selective laminectomy and posterior lumbar interbody fusion
(PLIF) were carried out. Intraoperative and postoperative
blood loss were compared between the two groups. And the
complication of TXA was also investigated.

Results There were no statistically significant differences
between the TXA and control groups in terms of age, sex,
body mass index, and operation time. There was no sig-
nificantly difference in intraoperative blood loss between
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the two groups. However, in the TXA group, postoperative
blood loss was significantly lower than that in the control
group (13.0 %). Especially, postoperative blood loss during
the first 12 h was reduced by 29.9 % as compared to the
control group. There were no thromboembolic events or
other complications occurred in either group.

Conclusions Preoperative single-dose TXA can signifi-
cantly reduce postoperative blood loss in posterior
approach lumbar surgery, and there were no significant side
effects.

Keywords Tranexamic acid - Postoperative - Blood loss -
Degenerative lumbar disease - Randomized controlled trial

Introduction

The degenerative lumbar instability with stenosis is a
common disease of the elderly, which often requires sur-
gery. However, the surgery often needs a long-segment
fixation, canal decompression and interbody fusion, thus
much longer operative time and much more blood loss are
inevitable. Excessive blood loss may increase the risk of
infection, hematoma formation within the spinal canal, and
also allogeneic blood transfusion, which may result in
immunologic reactions or viral transmission [1-4]. There-
fore, how to control postoperative blood loss is one of the
urgent problems focused [5, 6]. Tranexamic acid (TXA), a
synthetic antifibrinolytic drug, is widely used to reduce
perioperative blood loss in clinical surgery [1, 6—17]. Most
of previous studies had poor reliability due to the differ-
ences of age, diagnosis and surgical approach. The 60
patients eligible for this study, who were same in diagnosis,
surgical approach, and individual conditions, were sched-
uled to undergo a prospective randomized controlled to
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evaluate the effectiveness of TXA in reducing postopera-
tive blood loss in spinal surgery.

Patients and methods
Patient population

Sixty patients (39 males and 21 females), with an average
age of 64.7 years (range, 60-78 years), were enrolled in
the study from June 2008 to December 2010. All the
patients suffering from degenerative lumbar instability
with stenosis diagnosed according to the Panjabi and
White’s methods [18] (a difference of 11° or greater from
the angle of either adjacent interspace, or an anterior pos-
terior or lateral distance of 3.5 mm or greater is suggestive
of clinical instability) failed in conservative treatment and
required surgical procedures with L2-S1 pedicle screw
fixation, L4/5 and L5/S1 laminectomy, interbody fusion
with cages (PLIF), and also intertransverse autologous
bone and B-TCP graft. Patients with chronic renal failure,
cirrhosis of the liver, serious cardiac disease, allergy to
TXA, thromboembolic disease, bleeding disorders, hyper
coagulation status, disseminated intravascular coagulation,
and those who were receiving antiplatelet and/or antico-
agulant drugs at the time of the study were excluded.
Nonsteroidal anti-inflammatory medication was withdrawn
at least 24 h before surgery [11, 19].

Study design

The patients were randomized by medical record number,
that is, odd numbers (TXA group, n = 30) and even
numbers (control group, n = 30), and received either a
dose of 15 mg/kg body weight of TXA mixed in 100 ml
saline or a placebo (an equal dose of saline only) intrave-
nously over 15 min before the skin incision was made [12].

Surgical technique

All the operations were performed by the same four sur-
geons with prone position under general anesthesia. After
the back fascia in line with the midline skin incision was
longitudinally divided, the paravertebral muscles were
dissected from the spinous processes and lamina, and the
facet joints of L1-S1 were exposed. Ten pedicle screws
were implanted successively, then two connecting rods
were installed. After resection of the L4, L5 laminae and
removal of the L.4/5 and L5/S1 disc, a CAGE filled with
autogenous bone granules was obliquely placed into L4/5
and L5/S1 intervertebral space, respectively. Radiography
was taken to confirm the pedicle screws and CAGEs in
good position. Then the incision was rinsed, hemostasis
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was accomplished, a negative pressure drainage was
placed, and a layer-to-layer suture was carried out to close
the wound. The drainage was pulled out routinely after
48 h. Anticoagulants were not used until the drainage was
pulled out.

Evaluation

Intra and postoperative blood loss for each patient were
measured by a nurse who was blinded to the patient groups.
Intraoperative blood loss was estimated by weighing sur-
gical sponges and measuring the volume of blood collected
by suction canisters. The weight of irrigation fluids added
to the surgical field and the sponge weight were then
subtracted from this value. Postoperative blood loss was
measured from the volume of blood accumulated in the
drainage bags. Postoperative drainage volume for 12 and
48 h were calculated, respectively. Total blood loss was
calculated as the sum of intra and postoperative blood loss.

Statistical strategies

Statistical differences between the randomized groups were
compared using the x> or Fisher exact test for categorical
variables and Student #-test (equal variance groups with
parametric data), Welch ¢-test (unequal variance groups
with parametric data), or the Mann—Whitney U test (non-
parametric data) for continuous variables appropriately.
Furthermore, the Kruskal-Wallis test was used to analyze
the differences in intraoperative blood loss among the
surgeons. A value of P < 0.05 was considered statistically
significant.

Results

In TXA group, 11 patients had spondylolisthesis (8 in L5/
S1, 3 in L4/5), and 4 had lateral listhesis (all in LL4/5), while
in control group, 8 patients had spondylolisthesis (6 in L5/
S1, 2 in L4/5), and 5 had lateral listhesis (all in L4/5)
(P <0.05). There were no statistical differences in
parameters of age, sex, body mass index, or diagnosis
between the two groups (Table 1). The preoperative
hemoglobin (Hb) level, hematocrit (Hct) level, bleeding
time, prothrombin time, activated partial thromboplastin
time, and platelet count were not significantly different
between the groups (Table 2).

There were no significant differences in the operation
duration  (194.5 & 20.1 min vs. 187.5 &+ 22.2 min,
P = 0.30) and the intraoperative blood loss during opera-
tion (731.5 £81.5ml vs 688 £+ 64.7ml, P = 0.06)
between the control group and the TXA group. The TXA
group had significantly less postoperative blood loss during
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Table 1 Common data of patients in each group

Control group TXA group P value
(n = 30) (n = 30)
Age (years) 62.0 £ 4.6 63.1 £4.0 0.34
Gender (female/male) 12/18 14/16 0.60
BMI 222+ 19 217 £ 19 0.31

Table 2 Preoperative hematologic data

Control group TXA group P value

(n = 30) (n = 30)
Hemoglobin (g/dL) 14.1 £ 05 13.7 £ 1.1 0.09
Hematocrit (%) 415+ 1.3 42.1 + 1.8 0.18
Bleeding time (min) 2.74+0.2 2.6 £0.3 0.80
PT (s) 11.6 £ 0.7 119 £ 0.6 0.11
APTT (s) 26.1 £ 0.9 258 £ 1.1 0.21
Platelet count (10°/L) 229 +£25 233 +23 0.55

Table 3 Intraoperative and postoperative blood loss

Control group TXA group P value
(n = 30) (n = 30)
Operation time (min) 1943 + 174  185.0 £ 20.3 0.06
Intraoperative blood loss ~ 723.7 £70.2 6953 £+ 62.6 0.10
(ml)
Postoperative 12 h blood  364.0 £ 39.6 2553 £ 23.0 0.00
loss (ml)
Total blood loss 1260.7 £ 99.4 1096.3 £ 85.0 0.00

the first 12 h (29.9 %) and 48 h (13.0 %) as compared to
the control group (P < 0.01) (Table 3).

There were no serious complications such as cerebro-
spinal fluid leakage, infection, epidural hematoma, liver
and kidney failure and cardiopulmonary complications.
The side effects of TXA were also not observed such as
deep vein thrombosis, pulmonary embolism, allergic
reactions, headache, nausea, vomiting, diarrhea, etc.

Discussion

Transient increase in fibrinolysis during surgery and con-
tribution of enhanced of fibrinolysis to perioperative blood
loss in spinal surgery have been observed [7, 20]. Fibri-
nolytic activation is a cascade process. TXA blocks the
lysine-binding site of plasminogen to fibrin and inhibits the
activation of plasminogen by the plasminogen activator,
thereby retarding fibrinolysis [8]. TXA should be used
before fibrinolysis is activated, the administration timing of

which is critical [10, 11]. In this study, we evaluated the
effects of a single bolus dose of TXA, and injected intra-
venously 15 min before surgery. The TXA group demon-
strated a 13.0 % decrease in total blood loss, indicating that
the drug has significant role in the postoperative period to
reduce blood loss. The results of this study showed that
blood loss in the TXA group was less than that in the
control group, especially at the first 12 h after surgery
(29.9 %). The half-life of TXA is reported to be 2 h, the
effective plasma concentration of which is 1 pg/ml. Once
the intravenous infusion is 15 mg/kg, it will last for about
16 h above effective plasma concentration, that is to say,
TXA can keep most effective during the first 16 h after the
administration [21, 22]. In this study, TXA was adminis-
tered 15 min before operation, which went through 3 h,
and the results showed that the TXA group blood loss was
reduced mainly in the first 12 h after operation. The con-
centration of TXA has dropped below the effective plasma
concentration in the next 36 h, but the blood loss was still
less than that in the control group, suggesting that TXA
may have subsequent effects. Although the postoperative
blood loss in TXA group was less than that in the control
group during 12 to 48 h, there was much blood loss.
Whether TXA can be intravenously infused repeatedly in
order to further reduce postoperative bleeding and whether
the additional dose of TXA will increase its side effects are
still to be further studied.

Theoretically, the use of TXA may potentially increase
the risk of thrombosis. However, many studies have con-
firmed that the use of TXA did not increase the risk of
thrombotic complications [6, 9, 16]. There were no clinical
symptoms or signs of thrombosis in this study. In addition,
we had not found other side effects of TXA, which sug-
gests that the single dose of TXA in posterior lumbar
surgery is safe.

Although Elwatidy et al. [23] reported on the antihem-
orrhagic effect of TXA in spinal surgery in 2008, whose
study was a well-designed randomized controlled trial;
however, the patient population was heterogeneous. The
age of the patients at the time of surgery ranged from 4 to
86 years, and patients underwent various types of surgical
procedures such as anterior cervical surgery, lumbar spinal
decompression with or without spinal fixation, excision of
a spinal tumor, etc. Because perioperative blood loss is
influenced by diagnosis, the age of the patient at the time of
surgery, and the type of surgical procedure including the
level of decompression and the use of spinal instrumenta-
tion, Elwatidy’s results are not reliable enough. However,
in our study there was uniformity in the diagnosis and
operative procedures between the study groups; therefore,
the results are more convincible.

In short, the study groups have shown that preoperative
single-dose TXA can effectively reduce postoperative
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blood loss in posterior approach lumbar surgery, and there
are no significant side effects.
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