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ABSTRACT

Decompression-stabilization-fusion for
lumbar spinal canal stenosis is frequently
associated with considerable perioperative
bleeding. Local tranexamic acid may
improve surgical hemostasis while limiting
systemic exposure. This study evaluated the
effect of local tranexamic acid solution
applied for 5 minutes to the operative field
on  postoperative  prothrombin  time,
activated partial thromboplastin time, 24-
hour drain volume, and drain duration in
patients undergoing decompression-
stabilization-fusion. This quasi-
experimental comparative study included 52
patients with lumbar spinal canal stenosis
who underwent decompression-
stabilization-fusion at RSUP Prof. Dr.
[.G.N.G. Ngoerah, Bali, Indonesia. Patients
were divided into a local tranexamic acid
group (n=26) and a control group without
tranexamic acid  application (n=26).
Postoperative prothrombin time, activated
partial thromboplastin time, 24-hour drain
volume, and drain duration were compared
between groups using the independent t-test
or Mann-Whitney U test, with p<0.05
considered statistically significant.
Postoperative prothrombin time did not

differ significantly between the control and
tranexamic acid groups (median 10.10
[9.70-14.90] vs. 10.55 [9.90-12.10] seconds;
p=0.240). Activated partial thromboplastin
time was also comparable between groups
(median 25.80 [12.10-35.90] vs. 2545
[18.50-29.70] seconds; p=0.869). The
tranexamic acid group had significantly
lower 24-hour drain volume than the control
group (168.46+£39.86 vs. 251.00+59.70 mL;
p<0.001) and shorter drain duration (median
2.00 [2.00-3.00] vs. 4.00 [3.00-7.00] days;
p<0.001). Local tranexamic acid application
reduced  postoperative  drainage and
shortened drain use without significantly
altering postoperative prothrombin time or
activated partial thromboplastin time.

Keywords: Tranexamic acid; lumbar spinal
canal stenosis; decompression-stabilization-
fusion; prothrombin time; activated partial
thromboplastin time; postoperative
drainage.

INTRODUCTION

Lumbar spinal canal stenosis is one of the
most common degenerative spinal disorders
in older adults and is characterized by
narrowing of the lumbar spinal canal, lateral
recess, or intervertebral foramina, resulting
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in compression of neural and vascular
structures. The disease commonly presents
with neurogenic claudication, radicular leg
pain, back pain, impaired walking capacity,
and functional limitation.[1-3] Population-
based evidence from the Framingham Study
showed that radiographic lumbar spinal
stenosis is common in the aging population
and is associated with low back pain,
supporting its importance as a major
degenerative spine condition.[4] Surgical
decompression remains an important
treatment option for selected patients with
persistent symptoms, functional limitation,
and radiological stenosis who fail to respond
adequately to conservative treatment.[5-7]

Decompression-stabilization-fusion is
frequently performed in lumbar spinal canal

stenosis when decompression alone is
considered insufficient, particularly in
patients with instability, degenerative

spondylolisthesis, deformity, or multilevel
degenerative disease.[8] Although this
procedure can improve neural
decompression and mechanical stability, it
is often associated with substantial
intraoperative and postoperative blood loss
because of extensive paraspinal muscle
dissection, epidural venous plexus bleeding,
decortication of posterior bony elements,
and exposure of cancellous bone
surfaces.[9,10] Excessive perioperative
bleeding may increase the risk of
postoperative anemia, transfusion, wound
complications, surgical site infection,
delayed mobilization, prolonged
rehabilitation, and longer hospital stay.
[9,10] Therefore, effective perioperative
blood management is a clinically important
component of decompression-stabilization-
fusion surgery.

Tranexamic acid is a  synthetic
antifibrinolytic agent that reduces bleeding
by reversibly blocking lysine-binding sites
on plasminogen, thereby  inhibiting
plasminogen  activation and  fibrin
degradation. [11,12] Tranexamic acid has
been widely used in orthopedic and spine
surgery, and previous evidence has shown
that antifibrinolytic therapy can reduce

surgical blood loss and transfusion
requirements across orthopedic procedures.
[13-15] In spine surgery, tranexamic acid
has been evaluated through intravenous,
topical, and combined routes, with meta-
analyses suggesting beneficial effects on
perioperative blood loss and drainage-
related outcomes.[16-19]

Intravenous tranexamic acid is commonly
used because of its predictable systemic
antifibrinolytic effect. However, systemic
administration may raise concerns in
selected patients with thromboembolic risk,

severe ischemic heart disease, renal
impairment, or other high-risk
comorbidities, = even  though  major
complications are uncommon in most

orthopedic populations.[20-22] Local or
topical tranexamic acid application has
therefore gained interest because it can
deliver a high antifibrinolytic concentration
directly to the bleeding surgical surface
while theoretically limiting systemic
exposure.[17,23,24] In major orthopedic
procedures such as total hip and knee
arthroplasty, topical tranexamic acid has
been shown to reduce blood loss and
transfusion requirements, supporting its
biological plausibility and clinical utility as
a local hemostatic adjunct.[23-25]

Evidence regarding topical tranexamic acid
in spinal surgery has expanded in recent
years. A previous meta-analysis reported
that topical tranexamic acid reduced total
blood loss and drainage volume in spine
surgery.[18] Another meta-analysis found
that tranexamic acid administered into the
wound reduced postoperative drainage,
blood loss, and hospital stay.[19] More
recent evidence also supports the efficacy
and safety of topical tranexamic acid in
spinal surgery, including reductions in
postoperative drainage volume, duration of
drainage, transfusion rate, and length of
stay.[17] Studies in lumbar fusion
populations have similarly reported lower
postoperative blood loss and earlier drain
removal after topical tranexamic acid
administration, without clear evidence of
increased thromboembolic complications or
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clinically meaningful changes in
coagulation parameters.[26,27]

Despite these findings, evidence remains
limited regarding the effect of standardized
S-minute local tranexamic acid solution

application during decompression-
stabilization-fusion specifically in patients
with  lumbar spinal canal stenosis,

particularly when postoperative coagulation
parameters and drain-related outcomes are
evaluated simultaneously. Routine
coagulation parameters such as prothrombin
time and activated partial thromboplastin
time may provide practical perioperative
information on whether local tranexamic
acid is associated with measurable systemic
coagulation changes, while 24-hour drain
volume and drain duration reflect clinically
relevant postoperative bleeding control.
Therefore, this study evaluated the effect of
local tranexamic acid solution applied for 5
minutes to the surgical field during
decompression-stabilization-fusion in
patients with lumbar spinal canal stenosis on
postoperative prothrombin time, activated
partial thromboplastin time, 24-hour drain
volume, and drain duration compared with
no local tranexamic acid application.

MATERIALS & METHODS

Study Design and Setting

This quasi-experimental comparative study
was conducted at RSUP Prof. Dr. .G.N.G.
Ngoerah, Bali, Indonesia. The study
included patients with lumbar spinal canal
stenosis who underwent decompression-
stabilization-fusion  surgery. Surgical
procedures were performed in the central
operating theatre, and postoperative follow-
up was conducted in the inpatient ward.
Data collection started in June 2025.

Participants and Sample Size

The study population consisted of patients
with lumbar spinal canal stenosis scheduled
for decompression-stabilization-fusion.
Eligible patients were those aged 35-75
years, diagnosed with lumbar spinal canal
stenosis based on clinical assessment and
magnetic resonance imaging, had a body

mass index of 18.5-24.9 kg/m?, underwent
decompression-stabilization-fusion
involving three or four vertebral segments,
and provided informed consent.

Patients were excluded if they had a history
of thromboembolic disease, coagulopathy,
anemia, malignancy, allergy to tranexamic
acid, or current use of anticoagulant or
antifibrinolytic  therapy. Patients were
considered dropouts if they withdrew from
the study, did not undergo the planned
surgery, or died before outcome assessment
was completed.

The sample size was calculated using the
formula for comparison of two independent
numerical means, with a type I error of 5%,
a type Il error of 20%, and a power of 80%.
Based on a clinically meaningful difference
in drain duration of 1.51 days and a pooled
standard deviation of 2.12 days from
previous literature, the minimum sample
size was 24 patients per group.[27] After
adding 10% to anticipate dropout, 26
patients were included in each group,
resulting in a total sample of 52 patients.

Intervention and Surgical Procedure

Patients were assigned to two groups: a
control group that underwent
decompression-stabilization-fusion without
local tranexamic acid and an intervention
group that received local tranexamic acid
during surgery. In the intervention group, 2
g tranexamic acid was diluted in 100 mL of
0.9% sodium chloride and applied to the
operative field for 5 minutes before wound
closure. After 5 minutes, the solution was
suctioned, and wound closure was
performed using the standard technique.

Standard hemostatic  procedures were
applied in both groups.
Before surgery, all patients underwent

physical examination, laboratory testing,
and lumbar magnetic resonance imaging.
Baseline prothrombin time and activated
partial thromboplastin time were recorded.
Non-steroidal anti-inflammatory drugs and
anticoagulant drugs were discontinued
before surgery when clinically applicable
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according to perioperative assessment and
institutional practice.[28]

Outcome Measures

The  outcomes  were  postoperative
prothrombin time, postoperative activated
partial  thromboplastin  time, 24-hour
postoperative drain volume, and drain
duration. Prothrombin time and activated
partial thromboplastin time were measured
after surgery to evaluate routine coagulation
status. The 24-hour drain volume was
recorded in milliliters using a graduated
measuring container. Drain duration was
defined as the number of days from drain
placement until removal. The drain was
removed when the drainage volume was less
than 50 mL per 24 hours.

Ethical Consideration

This study was approved by the Ethical
Review Board of RSUP Prof. Dr. .G.N.G.
Ngoerah. Written informed consent was
obtained from all participants before
enrollment. Patient data were anonymized
before analysis. The ethical approval
number should be added before manuscript
submission.

Statistical Analysis
Statistical analysis was performed using
SPSS version 24.0. Categorical variables

were presented as frequency and percentage.
Numerical variables were presented as
meantstandard deviation when normally
distributed or median with minimum-
maximum range when not normally
distributed. Normality was assessed using
the Kolmogorov-Smirnov test.

Between-group comparisons for normally
distributed numerical variables  were
analyzed using the independent t-test, while
non-normally distributed variables were
analyzed using the Mann-Whitney U test.
Categorical variables were analyzed using
the chi-square test or Fisher’s exact test
when appropriate. A p-value of less than
0.05 was considered statistically significant.

RESULT

A total of 52 patients with lumbar spinal
canal stenosis were included in the analysis,
with 26 patients in the control group and 26
patients in the local TXA group.

Baseline characteristics

The study population consisted of 26 men
and 26 women with a mean age of
57.77£11.50 years. The distribution of sex,
age group, mean age, number of DSF levels,
and preoperative coagulation parameters
was comparable between the two groups.

Table 1. Baseline characteristics of patients undergoing decompression-stabilization-fusion

Characteristics Total (n=52) Without Local | With Local p-value
TXA (n=26) TXA (n=26)

Gender; n (%) 0.165*

Male 26 (50.00) 16 (61.50) 10 (38.50)

Female 26 (50.00) 10 (38.50) 16 (61.50)

Age group; n (%) 1.000*

35-50 years 14 (26.90) 7 (26.90) 7 (26.90)

51-60 years 14 (26.90) 7 (26.90) 7 (26.90)

>60 years 24 (46.20) 12 (46.20) 12 (46.20)

Number of DSF levels; n (%) 3.25(0.51) 3.31(0.54) 3.19 (0.49)

Age (years), median (IQR) 57.77 (11.50) | 57.96 (11.32) 57.58 (11.82)

Preoperative PT; means + SD 10.89 £ 1.31 1124+ 1.68 10.53 £ 0.66

Preoperative APTT; means + | 25.16 +4.51 24.62+6.20 2571+ 1.53

SD

DSF: decompression-stabilization-fusion; PT: prothrombin time; APTT: activated partial

thromboplastin time.

Postoperative coagulation parameters

Postoperative PT and APTT were not
significantly different between the control
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and local TXA groups, suggesting that
topical TXA did not measurably alter

routine systemic coagulation parameters.

Table 2. Postoperative prothrombin time by study group
Patient group Median (min-max) | p-value
Without Local TXA (n=26) | 10.10 (9.70-14.90) | 0.240

With Local TXA (n=26) 10.55 (9.90-12.10)

Table 3. Postoperative activated partial thromboplastin time by study group
Patient group Median (min-max) | p-value
Without Local TXA (n=26) | 25.80 (12.10-35.90) | 0.869

With Local TXA (n=26) 25.45 (18.50-29.70)

Postoperative drain outcomes
Patients who received local TXA had lower
24-hour postoperative drain volume and

shorter drain duration than patients in the
control group, indicating improved local
hemostasis after DSF surgery.

Table 4. Postoperative 24-hour drain volume by study group
Patient group Mean £ SD p-value | Mean difference (95% CI)
Without Local TXA (n=26) | 251.00 £ 59.70 | <0.001 | 82.53 (54.25-110.82)
With Local TXA (n=26) 168.46 + 39.86

Table 5. Postoperative drain duration by study group
Patient group Median (min-max) | p-value
Without Local TXA (n=26) | 4.00 (3.00-7.00) <0.001
With Local TXA (n=26) 2.00 (2.00-3.00)

DISCUSSION

This study demonstrated that local
tranexamic acid application for 5 minutes
during decompression-stabilization-fusion
in patients with lumbar spinal canal stenosis
significantly reduced 24-hour postoperative
drain volume and shortened drain duration.
In contrast, postoperative prothrombin time
and activated partial thromboplastin time
were not significantly different between the
local tranexamic acid group and the control
group. These findings suggest that local
tranexamic acid improved local hemostasis
without producing measurable changes in
routine systemic coagulation parameters.
The reduction in postoperative drainage is
biologically plausible because tranexamic
acid acts as an antifibrinolytic agent by
reversibly blocking lysine-binding sites on
plasminogen, thereby inhibiting plasmin
formation and fibrin degradation. [11,12] In
decompression-stabilization-fusion surgery,
bleeding may arise from cancellous bone
surfaces, epidural venous plexuses, and
extensive paraspinal muscle dissection.

Local application of tranexamic acid may
provide a high drug concentration directly at

these bleeding surfaces while limiting
systemic exposure. This mechanism is
particularly relevant in lumbar fusion

surgery, in which postoperative bleeding
and hidden blood loss remain important
clinical problems. [9,10]

The findings of this study are consistent
with  previous evidence on topical
tranexamic acid in spinal surgery. Meta-
analyses have shown that topical tranexamic
acid can reduce postoperative drainage
volume, total blood loss, transfusion rate,
drainage duration, and hospital stay in
patients undergoing spinal procedures.[17-
19] Similar benefits have also been reported
in lumbar fusion populations, where topical
tranexamic acid reduced postoperative
blood loss without clear evidence of
increased thromboembolic complications.
[26,27] The present study supports these
findings in the specific setting of
decompression-stabilization-fusion for
lumbar spinal canal stenosis.
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The absence of significant differences in
postoperative  prothrombin  time and
activated partial thromboplastin time is also
clinically relevant. These findings support
the concept that tranexamic acid mainly
affects fibrinolysis rather than directly
accelerating the intrinsic or extrinsic
coagulation pathways. [11,12] Therefore,
local tranexamic acid may reduce
postoperative bleeding without shortening
routine coagulation times. This finding is
important because systemic tranexamic acid
may raise concerns in selected patients with
thromboembolic risk, renal impairment, or
other high-risk conditions, although large
orthopedic studies have generally shown a
favorable safety profile. [20,21]

However, stable prothrombin time and
activated partial thromboplastin time should
not be interpreted as definitive evidence of
complete thrombotic safety. Routine
coagulation tests do not fully assess
fibrinolytic  activity, clot stability, or
postoperative  thrombotic  risk.  More
comprehensive  parameters  such  as
fibrinogen, D-dimer, thromboelastography,
or rotational thromboelastometry may
provide a more detailed assessment of
hemostatic balance in future studies.[22]
The shorter drain duration in the local
tranexamic acid group may also have
practical postoperative implications. Earlier
drain removal may reduce patient
discomfort, facilitate mobilization, simplify
wound care, and potentially reduce the risk
of drain-related contamination.
Nevertheless, this study did not directly
evaluate surgical site infection, time to
mobilization, length of hospital stays, pain
score, or cost-effectiveness. Therefore, the
clinical implications of shorter drain use
should be interpreted cautiously.

This study has several limitations. First, the
study was conducted in a single center with
a relatively small sample size. Second,
several clinically important outcomes were
not assessed, including intraoperative blood

renal outcomes, length of hospital stay, and
functional recovery. Third, postoperative
bleeding may be influenced by operative
duration, surgical extent, number of fused
levels, blood pressure control, baseline
medication use, and drain management.
Future multicenter studies with larger
sample sizes and broader efficacy and safety
endpoints are needed to confirm the role of
local tranexamic acid in decompression-
stabilization-fusion surgery.

CONCLUSION

Local tranexamic acid solution applied for 5
minutes to the operative field during
decompression-stabilization-fusion in
patients with lumbar spinal canal stenosis
significantly reduced 24-hour postoperative
drain volume and shortened drain duration.
The intervention did not significantly alter
postoperative prothrombin time or activated
partial thromboplastin time compared with
no local tranexamic acid application. These
findings support local tranexamic acid as a
potentially effective adjunct for
perioperative bleeding management in
decompression-stabilization-fusion surgery,
although larger studies with broader clinical
and safety outcomes are still required.
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