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Abstract
Study Design: Randomized control trial.

Objective: The purpose of the study is to evaluate the safety and efficacy of tranexamic acid in reducing blood loss when
administered through various routes in instrumented spine surgeries.

Methods: A total of 104 patients undergoing instrumented spine surgery were randomly assigned to 4 groups (n = 26 in each
group). Groups included (1) ivTXA—intravenous administration of tranexamic acid (TXA) | hour prior to surgery, (2) loTXA—
local infiltration of TXA bilaterally into the paraspinal musculature prior to incision, (3) tTXA—topical application of TXA just
before wound closure, and (4) control group. Outcome measures included intraoperative blood loss, postoperative blood loss,
need for blood transfusion, length of hospital stay, and hematological parameters.

Results: All the 3 different modes of TXA administration were found to be effective in reducing blood loss in the treated groups
compared with the control group. Intraoperative blood loss was significantly reduced in ivT XA (223.6 + 40.1 mL, P <.0001) and
[oTXA (256.07 + 119 mL, P = .0039) groups when compared with controls (344 + 88.5 mL).The postoperative blood loss was
least in tTXA followed by ivT XA, loTXA, and controls. There was 67% reduction in need for blood transfusion in tTXA group,
55.5% reduction in ivTXA group, and 33% reduction in loTXA group when compared with the control group.

Conclusion: In instrumented spine surgery, ivT XA and loTXA were found to be equally effective in reducing the intraoperative
blood loss. The tTXA has better postoperative blood conserving effects. This is the first study to detail about safety and efficacy
on local infiltration of TXA in spine surgery, which is an effective and safe method for reducing intraoperative blood loss.
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Introduction preparation of endplates during interbody fusions are additional
factors responsible for massive blood loss. Blood conservation

Excessive blood loss in spine surgery is a complication often . ,
P gery P strategies such as cell saver, preoperative autologous blood

encountered in multilevel fusions and still remains a challenge
to be overcome.' It may lead to undesirable consequences such
as anemia, prolonged hospital stay, transfusion requirement,
and increased incidences of wound infection, thereby nega- ' Mallika Spine Centre, Guntur, Andhra Pradesh, India
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donation, and acute haemodilution reduce perioperative blood
loss resulting in decreased requirement for blood transfusion.
However, these strategies are believed not to have an impact on
bleeding from surgical wound.? Despite controlled hypotensive
anesthesia, allogenic blood transfusions are often required in
complex spine surgeries leading to well-known complications
such as blood-borne disease transmission, infections, and more
commonly, transfusion reactions.”*

Tranexamic acid (TXA) is antifibrinolytic drug (synthetic
lysine analogue) acting by competitive blocking the lysine
binding site of plasminogen, plasmin, and tissue plasminogen
activator.” It primarily works by impairing the binding capacity
of plasminogen and tissue plasminogen activator resulting in
decreased conversion of plasminogen to plasmin, which causes
dissolution of fibrin clots.® Apart from preventing clot break-
down, TXA also improves the impaired platelet function
thereby contributing to the blood conservation in 2 ways.’
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TXA was essentially popularized through CRASH-2 (Clinical
Randomization of an Anti-fibrinolytic in Significant Haemor-
rhage) trauma trial. Since then, the number of articles examining
the peri- and postoperative blood saving effects of TXA have
increased by more than 10-fold.® Intravenous TXA (ivTXA),
although extensively used in cardiac surgeries, is now frequently
being used in all the orthopedic procedures such as total hip
arthroplasty, total knee arthroplasty, trauma, and spine sur-
geries.®'? However, systemic side effects of intravenous tranexa-
mic acid are rare but not uncommon. The concept of acute
fibrinolysis resulting from surgical trauma and being persisted
in the postoperative period has incited authors to investigate the
effects of topical tranexamic acid (tTXA). The effect of tTXA is
widely established in joint replacement procedures where it is
applied via intra-articular injection after closure of the wound or
through irrigation into the wound just before closure.'*'® More
recently, tTXA has also been used in spinal surgeries.>'”*'® How-
ever, the consensus regarding the usage of tTXA in spine surgeries
have not been clearly established due to inconclusive results.
Local infiltration of tranexamic acid (l0TXA) has also been stud-
ied in trauma surgeries where intramuscular or subfascial infiltra-
tion was given before wound closure.'” Present study evaluates
the efficacy of Intravenous, Local infiltration and topical admin-
istration of TXA in reducing blood loss in elective spine surgery.

Materials and Methods

The study design is a prospective randomized control trial done
in a single institution from October 2017 to August 2018.
Approval from the Institutional Ethics Committee was
obtained for the study. After age and body mass index (BMI)
were matched, 104 cases of single or dual level lumbar fixation

with interbody fusions were included. Patients with low pre-
operative hemogram values (ie, hemoglobin <10 mg/dL in
females; hemoglobin <11 mg/dL in males), low platelet counts
(<100 x 10%/L), bleeding disorders, coagulopathies, on drugs
(like aspirin, clopidogrel, and nonsteroidal anti-inflammatory
drugs since 1 week prior to surgery), international normalized
ratio (INR) >1.4, prolonged activated partial thromboplastin
time (APTT; 1.4 x normal), hepatorenal, or cardiopulmonary
dysfunction were excluded from the study. General anesthesia
was given for all the procedures and were performed by a
surgeon with significant expertise in spine surgery. Patients
with intraoperative surgical complications like dural tears were
excluded from the study to obtain a homogenous group.

Surgical technique did not vary, and the protocol was sim-
ilar in all the cases with no major variations. All the cases
included in the study were diagnosed with degenerative grade
1 or 2 spondylolisthesis. All the cases were treated with pedicle
screw fixations and single level interbody fusions. Laminect-
omy, complete removal of unilateral facet joint for interbody
fusion, and bilateral foraminotomy were performed in all the
cases. Single-level interbody fusion was performed in all the
cases with additional posterolateral fusion in the adjacent level
(in case of dual-level fixations).

All cases have been randomly divided into 4 groups.

1. Intravenous tranexamic acid (ivIXA): Single dose of
1 g TXA was administered intravenously 1 hour prior to
surgery (n = 26 cases).

2. Topical tranexamic acid (tTXA): After securing hemos-
tasis with radiofrequency bipolar and excluding the pos-
sible incidental dural tears by Valsalva maneuver, 1 g of
TXA diluted in 100 mL normal saline was poured into
surgical wound followed by a wait time of 5 minutes.
Then solution was sucked off completely followed by
drain insertion and wound closure (n = 26 cases).

3. Local infiltration of tranexamic acid (10TXA): Prior to
the incision, 1 g of TXA was divided equally and admi-
nistered bilaterally into the paraspinal muscles (n = 26
cases).

4. Control group: 10 ml of 2% lignocaine with adrenaline
(1 in 200000 dilution) mixed in 10 ml normal saline
was divided equally and administered bilaterally into
the paraspinal muscles (n = 26 cases).

Estimation of intraoperative (I0) blood loss was done by
applying the following formula:

IO Blood Loss = [(Wgss— WEgs) + Vsc] —Vig,

where Wgg is the weight of surgical sponges, Wgg, is the
weight of dry sponges, Vsc is the volume of suction canisters,
and Vg is the volume of irrigation fluids. (Note: 1 mL of blood
approximately weighs 1 g.)

At the end of the surgery, 12 size closed vacuum suction
drain was placed deep to the fascia before closure. Amount of
total drainage at 24, 48, and 72 hours postsurgery was recorded.
Suction drain was removed when output was less than
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Table I. Age, Gender, and BMI of 4 Groups.”

Control loTXA ivT XA tTXA
Age (years) 50.8 + 3.4 480 + 23 50.3 + 3.2 519 + 28
Sex (male:female), n 14:12 10:16 12:14 13:13
BMI (kg/mz) 27.6 + 1.4 26.1 + 1.9 258 + 23 25.6 + 2.1
Duration of surgery (min) 130 + 10.3 128 + 94 142 + 124 135 + 9.7
Length of incision (cm) 83+ 12 9.2 + 2.1 87 + 14 87 + 14

Abbreviations: BMI, body mass index; TXA, tranexamic acid; ivTXA, intravenous administration of TXA; loTXA, local infiltration of TXA; tTXA, topical application

of TXA.
?All values are expressed as mean + SD unless mentioned otherwise.

Table 2. Preoperative and Postoperative Blood Parameters of All Groups.

Control loTXA ivT XA tTXA
Preop Hb (g/L) 130.2 + 45 130.0 + 4.8 1304 + 3.2 1208 + 5.3
Preop PCV (%) 40.3 + 2.1 39.1 + 24 392 + 23 40.6 + 2.3
Preop PT (s) 146 + 0.9 145 + 1.1 149 + 0.7 146 + 1.1
Preop APTT (s) 314 + 22 318 + 1.7 327 + 2.1 32,1 + 22
Preop INR 1.06 + 0.2 1.06 + 0.2 1.06 + 0.2 I.I +£0.3
Postop Hb (g/L)-24 h 1005 + 55 1009 + 6.3 105.6 + 4.1 1005 + 4.3
Postop PCV (%)-24 h 33.1 + 2.1 335+ 1.9 349 + 20 341 + 22
Postop Hb (g/L)-48 h 90.5 + 4.8 1009 + 5.8 1104 + 3.3 909 + 7.3
Postop PCV (%)-48 h 292 + 29 312 + 2.1 335 + 20 329 + 1.9
Postop Hb (g/L)-72 h 90.8 + 6.4 100.6 + 4.3 1108 + 3.3 90.8 + 5.9
Postop PCV (%)-72 h 306 + 1.8 3304 + 19 344 + 23 320 + 20
Postop PT-72 h (s) 149 + 0.9 155 + 1.2 154 + 1.1 157 + 1.3
Postop APTT-72 h (s) 3398 + 2.7 348 + 2.1 363 + 32 369 + 32
Postop INR-72 h 1.06 + 0.2 I.I +£0.3 1.15 + 0.2 I.I £ 0.3

Abbreviations: TXA, tranexamic acid; ivTXA, intravenous administration of TXA; loTXA, local infiltration of TXA; tTXA, topical application of TXA; preop,
preoperative; postop, postoperative; Hb, hemoglobin; PCV, packed cell volume; PT, prothrombin time; APTT, activated partial thromboplastin time; INR,

international normalized ratio.

50 mL/24-hour period after postoperative day 3. Other clinical
data includes age, sex, height, weight, BMI, packed cell vol-
ume (PCV), prothrombin time (PT), APTT, INR, hemoglobin
levels at 24, 48, and 72 hours, requirement of blood transfu-
sions, length of stay, and duration of surgery.

Transfusion was carried out in the patients with hemoglobin
<8 g/dL and for patients with clinical symptoms of anemia such
as hypotension and persistent tachycardia.

Statistical Analysis

Pearson chi-square test was used to analyze categorical variables.
Differences were analyzed using 1-way analysis of variance with
level of statistical significance set at P <.05. Data was analyzed
using SPSS version 24.0 (IBM COrp, Armonk, NY).

Results
Demographics

A total of 104 cases (55 females and 49 males) who met the
inclusion criteria participated in the study. After applying block
randomization scheme, 26 patients were assigned to each
group. All patients underwent posterior spinal instrumentation
and single level interbody fusion. There were no statistical

differences in age, gender, and BMI in all 4 groups. Surgical
components (length of incision, duration of surgery, number of
levels operated) also showed no statistical differences between
the groups (Table 1).

Hematological Parameters

Hemoglobin and PCV values were taken preoperatively, on
postoperative days 1, 2, and 3. PT, APTT, and INR were docu-
mented on preoperative and discharge days (Table 2). There
were no statistical differences in hemoglobin, PCV, PT, APTT,
and INR values between and within the treatment groups.

Intraoperative Blood Loss

Outcomes of 10 blood loss are summarized in Table 3 and
Figure 1. 10 blood loss (mL) in control group was 344 +
88.5, in 1oTXA was 256.07 + 119, in ivT XA was 223.6 +
40.1, and in tTXA was 311.4 + 84.67.

Drain Levels

Drain amount (mL) of all patients was calculated on postopera-
tive days 1, 2, and 3 (summarized in Table 4 and Figure 2a and
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Table 3. Summary of Intraoperative Blood Loss in All Groups.

Control  loTXA ivT XA tTXA
N 26 26 26 26
Sum of drain 8944 6656 5814 8094
collection (mL)
Mean 344  256.0714 223.6364 311.3636
SD 884631 119.0051  40.1305 84.6785
P (vs control) .0039*  <.0001* .1803

Abbreviations: TXA, tranexamic acid; ivTXA, intravenous administration of

TXA; IoTXA, local infiltration of TXA; tTXA, topical application of TXA.

*Indicates that P value is significant in the TXA groups when compared with the
control group.

10 blood loss (ml)

¥ |0 blood loss (ml)

Figure 1. Intraoperative blood loss of all 4 groups.

b). Drain was constantly kept in suction mode and was removed
when drain amount was less than 50 mL/24 h after the third day.
As expected, trends of drain collection were declining from
postoperative day 1 to 3 in all groups with control group having
the highest amount of collection at any given time. On post-
operative day 1, control group had 316.3 + 110.1, loTXA had
241.4 + 110.9,ivTXA had 190 + 112.7, and tTXA had 67.3 +
32.6 mL of average drain collection. Drain amount of loTXA
and ivT XA was not significantly different on postoperative day
3. However, significant difference was noted in tTXA, which
recorded lowest amount of collection on all postoperative days
when compared with other groups.

Postoperative Blood Transfusions

Nine patients in the control group required (35%) blood trans-
fusion, 6 patients (23%) in 10TXA, 4 patients (15%) in ivT XA,
and 3 patients (11.5%) in the tTXA group. No intraoperative
blood transfusions were given. All the blood transfusions were
done within 24 to 48 hours after surgery.

Duration of Hospitalization

Average length of stay was 4.4 + 1.6 days in the control group,
3.8 + 1.2 days in the 10TXA group, 3.1 + 0.5 days in the
ivTXA group, and 3 + 0.5 days in the tTXA group. There was
no statistical difference in duration of hospitalization between
the groups receiving TXA, but patients receiving ivIXA and

tTXA observed shorter duration of stay when compared with
the control group (Table 5 and Figure 3).

Discussion

TXA has been the first choice among hemostatic agents to
decrease peri- and postoperative bleeding in various surgical
cases.”*?® In spine surgery, resultant decorticated bony sur-
faces cannot be addressed by standard hemostatic maneuvers
used for soft tissue bleeding. The blood loss from the exposed
bony surfaces may continue even after wound closure. TXA
can reduce this type of bone bleeding through its attenuation of
enhanced fibrinolytic activity. Over the past decade, efficacy of
TXA administered through different routes in spine surgery has
also been established.>**!”'® Intravenous administration of
TXA has been confirmed to be effective in decreasing blood
loss during spine surgery.®? According to Hillman et al,?’
ivITXA reduces the need for allogenic blood transfusion by
one-third. As the pharmacology has been well understood,
intravenous dosing protocols for the clinical usage of the drug
have also been well established. Although the advantages of
ivTXA are undeniable, its association with the risk of systemic
complications are also not uncommon. It possesses potential
risk of thrombosis in predisposed individuals with other rare
systemic side effects such as visual disturbances, orthostatic
symptoms, headaches, and myoclonus. To negate these unde-
sirable systemic effects, topical route has been introduced and
is being studied extensively over the recent past.'>'® Accord-
ing to Astedt et al,”® TXA acts directly at active bleeding and
clot formation sites and not within the circulation. In a systema-
tic review by Winter et al,* the role of tTXA has been very
well established in arthroplasty surgeries providing at least
equal benefits of reducing blood loss especially in the post-
operative period and minimizing the risk of systemic complica-
tions compared with ivTXA. The plasma concentration
of tranexamic acid required to inhibit fibrinolysis is 5 to
10 pg/mL.**>! Intravenous administration of 1 g TXA results in
plasma concentrations >10 pg/mL for more than 2.5 hours.** Ina
study by Ausen etal*> on pharmacokinetics of TXA, they observed
amean peak serum concentration of 4.9 to 5.2 ng/mL after topical
administration in massive weight loss skin reducing surgery.
The recommended protocol is to irrigate the wound with
tTXA solution (1 g in 100 mL saline) and soak for 5 minutes
followed by complete suction and closure of the wound. More
recently, local infiltration of TXA is being studied in trauma
surgeries where TXA is being given intramuscularly (deep to
the fascia) before closure of the wound. Two studies have been
identified where 10TXA is given in peritrochanteric frac-
tures.'”>® Interestingly, results of these studies are contrast to
each other with one reporting up to 43% reduction in transfu-
sion requirement with 10TXA and other observing no differ-
ences between loTXA and control groups. The optimal dosing
and timing of the infiltration is unknown or not clearly estab-
lished. In both the identified studies, 2 to 3 g of 10TXA was
given into vastus lateralis just before closure of the wound.
However, this timing of application will not show any effect
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Table 4. Summary of Drain Amount Collected in All Groups.?

Drain Amount Control loTXA ivT XA tTXA F Ratio P

Postoperative day | 3163 + 110.1 2414 + 1109 190 + 1127 67.3 + 326 14.00 <.00001*
Postoperative day 2 1194 + 789 128.2 + 65.5 93.6 + 44.8 345 4 18.6 5.85 .001 627*
Postoperative day 3 67.1 + 322 335 + 293 363 + 18.0 10 + 10 12.45 <.00001*

Abbreviations: TXA, tranexamic acid; ivTXA, intravenous administration of TXA; loTXA, local infiltration of TXA; tTXA, topical application of TXA.
?F ratios and P values are highly significant for between- and within-treatment groups.

*Indicates significant difference.

® Drain amount (ml) -24hrs

H Drain amount(ml) -48hrs

W Drain amount{ml) -72hrs

Control

¥ Control

¥ Tranexamic acid

B 3s0
300 ]:;\ vs IVTXA
250 x N
20 : '%“»K =iontnl Figure 3. Comparison of length of stay between tranexamic receiving
150 1 Sl groups and control group.
100 | —— WTXA
50 = A" tTXA
0 : : ! 20
0 1 2 3 4 19
Drain amount differences in various groups 18
17 ~—— Control
Figure 2. Drain amount differences in all groups. 16
15 - e — —= —— loTXA
14 IVTXA
Table 5. Comparision of Length of Stay Between Tranexamic 13 -
Receiving Groups and Control Group. 12 !
11
Duration of Hospitalization—Comparison P 10 ; ,
Pre op Post op
3.1 £ 0.5 (ivTXA) vs 44 + 1.6 (control) <.0001*
3.0 + 0.6 (tTXA) vs 4.4 + 1.6 (control) .0002* . . . L
38 + 1.2 (loTXA) vs 44 + 1.6 (control) 1324 Figure 4. Preoperative and postoperative Prothrombin time (PT) of

Abbreviations: TXA, tranexamic acid; ivTXA, intravenous administration of
TXA; 1oTXA, local infiltration of TXA; tTXA, topical application of TXA.
*Indicates significant difference.

on intraoperative bleeding. Hence in our study, we preferred
500 mg of TXA each into bilateral paraspinal muscles (sub-
fascial) prior to the incision.

In our study, there were no statistical differences in demo-
graphics between the groups. Hemoglobin percentage has been
well maintained on all postoperative days in ivIXA group
when compared with other groups receiving TXA. In our study,
postoperative coagulation profile within groups was assessed
by PT, APTT, and INR. We observed no differences between
controls and groups receiving TXA, which confirms that the
route of TXA administration does not alter patient’s blood
coagulation function (Figures 4-6).

all groups.

50
45
40 —Control
35 — ———|oTXA
e
——— IVTXA
30
1TXA
25
20
Pre op Post op

Figure 5. Preoperative and postoperative activated partial throm-
boplastin time (APTT) of all groups.
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15
~Control

1 — u loTXA

iVTXA

tTXA
0.5

Pre op Post op

Figure 6. Preoperative and postoperative international normalized
ratio (INR) of all groups.

10 blood loss has been observed to be the lowest in ivT XA
among other groups followed by loTXA. Resultant IOBL was
similar between tTXA and control group. This is an expected
result as ivT XA and loTXA are given before incision whereas
tTXA was given at the time of closure, which has no effect
on IOBL.

Sum of drain collection — Topical TXA < Intravenous TXA
< Local infiltration TXA < Control group

The amount of drain collection has been one of the signif-
icant findings of our study. As expected, drain amount declined
from postoperative day 1 to 3in all groups. Among all groups,
the control group recorded highest amount of drain collection
on all postoperative days. tTXA demonstrated very low amount
of drain collection at any given time when compared to other
groups receiving TXA and control group. Even though drain
amount in ivT XA was lower than loTXA on postoperative days
1 and 2, resultant collection on postoperative day 3 was
observed to be similar. Finally, the sum of drain collections
until tube removal was found to be the lowest in tTXA followed
by ivTXA, 10TXA, and control (Table 3).

Need for Blood Transfusion — Topical TXA
< Intravenous TXA < Local infiltration TXA

There was 33% reduction in need for blood transfusion in
1oTXA group, 55.5% reduction in ivIXA group, and 67%
reduction in tTXA group when compared with the control
group. This confirms that TXA irrespective of route of admin-
istration decreases the requirement of blood transfusions. How-
ever, need for postoperative transfusions is less in tTXA
followed by ivTXA and loTXA.

Shorter duration of stay was observed to be a significant
finding in ivIXA and tTXA when compared to loTXA and
control (Table 5 and Figure 3). This finding was similar to
other studies examining the efficacy of ivIXA and
tTXA.>'83435 This is attributed to the concept that blood vol-
ume loss is associated with increased rate of postoperative
complications and delayed healing process.>® There were no

systemic (eg, thromboembolic events) or local (eg, wound
dehiscence) complications in any of the patients.

The findings of this study open up the field on further
research as the efficacy of local TXA is to be studied in complex
spine procedures where the blood loss is expected to be even
more. Till date there is no literature on 10TXA in spine surgery
that has evaluated, through a prospective cohort, with larger
sample size and observed its long-term effects related to fusion.
Dose-related response of TXA also needs to be studied with low
and high dosing of IoTXA and tTXA to help in determining the
optimal timing and adequate dosing of the drug. Whether com-
bination therapies like using loTXA/ivTXA prior to incision and
tTXA before closure will maximize benefits of reducing blood
loss remains unknown and needs further research.

Conclusion

Intravenous and local methods of TXA administration are
found to be equally effective in reducing the IO blood loss.
The topical TXA has better postoperative blood conserving
effects. This is the first study to detail about safety and efficacy
on local infiltration of TXA in spine surgery, which is an effec-
tive and safe method for reducing IO blood loss.
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