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Abstract

Purpose To compare topical tranexamic acid versus intravenous tranexamic acid in reducing intra- and postoperative blood
loss and transfusion rate in deformity patients.

Materials and method We performed a retrospective cohort study with posterior fusion deformity patients, between 2009
and 2016. Patients were categorized in 4 groups: “No TXA” (n=35) if the wound was packed with saline soaked sponges,
“IV TXA” (n=137) the patient received 20 mg/kg bolus at the beginning of the surgery followed by continuous infusion of
1 mg/kg/hr until closure, “Topical TXA” (n=23) the wound was packed with sponges soaked in 6 g of TXA dilutedina3 L
saline solution, or “Combined TXA” (n=286) the patient received both IV and topical TXA. The primary outcomes were
total, intra- and postoperative blood loss, surgical time, postoperative Ht/Hb, transfusion rates, and duration of drain insertion.
Results A total of 181 patients were analyzed (78.6% F, 15.08 yo). No differences were found in total and intraoperative blood
loss, surgical time, postoperative Ht/Ht, and transfusion rates. “Combined TXA” group had significantly less postoperative
bleeding than “no TXA” group (p=0.022). IV TXA patients (with o/without topical TXA) removed drains one day earlier
than the no TXA group (p =0.002). There were no complications related to the use of tranexamic acid.

Conclusion There is significant decrease in postoperative bleeding in pediatric deformity patients with combined topical
and IV tranexamic acid.
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Introduction

Despite all the recent advances in deformity surgery, blood
management remains a major issue. Excessive blood loss
increases complications, hospital stays, and costs [1].
Excessive bleeding affects patients intraoperatively [2]
and impacts the recovery process, it can lead to an extended
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length of stay, nausea, and unnecessary allogeneic transfu-
sions with increased risk of infection [3], and it also involves
extra strain for the family in procuring blood and increased
costs.

On a very high level, there are two ways to mitigate the
issue of blood loss [4]: replace or save blood. Replacing
blood involves autotransfusions, cell saver, or allotransfu-
sions [3]; all of these are potentially associated with compli-
cations, increase procedures, and cost. Saving blood includes
two types of interventions: hemodynamic and chemical/
biological. The first consists in hemodilution, controlled
hypotension, epidural block, and vasoconstrictor drugs [4].
Chemical/biological interventions are diverse and include:
1) use of erythropoietin (a time-consuming and costly solu-
tion, useful in patients refusing allotransfusion), 2) sealing
the origin of bleeding with bonewax or thrombin-gelatin
hemostatic matrix, or 3) use of systemic or topical chemi-
cals that intervene on the coagulation chain. Within this last
set of interventions, aprotinin [5] and epsilon aminocaproic
acid [6, 7] (EACA) demonstrated excellent results in spine
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surgery but were discontinued due to the risk of deep venous
thrombosis, pulmonary embolus, myocardial ischemia, brad-
ycardia, renal failure, or allergies [8].

In this context tranexamic acid (TXA) is a competitive
synthetic analog to lysine that reversibly binds to lysine
receptor sites in plasminogen, thus preventing the conversion
from plasminogen to plasmin and preventing fibrin degra-
dation; it does not affect platelet count, it prevents platelet
asthenia [9], and it does not decrease coagulation parameters
such as activated partial thromboplastin time or prothrombin
times. It has shown promising results during surgical proce-
dures in patients with hematological disorders [5] and spine
surgery [10, 11] when used intravenously (IV), but some
complications have been described [12], such as venous
thrombose, seizures, pulmonary embolism, myocardial
infarction, strokes, and blood—brain barrier[5S]penetration,
which is a concern in children. There is a growing interest in
administering TXA in a topical fashion, with positive results
reported in dental procedures, epistaxis [2], and intraarticu-
lar in hip and knee procedures [13, 14]. In spine surgery,
only two level-1 RCTs with topical tranexamic acid have
been published; in one, the wound was washed with a topical
TXA diluted in saline before closure; in the other, topical
TXA was sprayed after laminectomy. Both reported a signifi-
cant reduction in drain output [2]. Topical TXA has shown
to achieve sufficient plasmatic levels to inhibit plasminogen
at lower doses and with less complications [9]

The objective of the current study was to investigate if
topical TXA was a viable and safe alternative to IV TXA
in the setting of deformity surgery. More specifically, this
study aimed to compare the efficacy of topical TXA versus
intravenous TXA in reducing intraoperative and postopera-
tive blood loss, and the need for transfusion.

Material and method

This is a retrospective cohort study with deformity patients
from one academic pediatric hospital (ethics committee
approval, 3/2018), the surgeries were performed by one of
five surgeons from the same team, and the anesthesiologist
rotated in a scheduled by shift system.

Study subjects

Patients were recruited between 2009 and 2016. Records
from this period were recovered from the hospital database.
Inclusion criteria were patients less 25 years old who under-
went deformity surgery. Exclusion criteria were patients
with revision surgery, growing system, anterior approach,
hematological or hepatic conditions. Patients with dural
tears were not excluded from this study.

Anesthesiology preparation

Total intravenous anesthesia (TIVA) was employed to
permit continuous evoked potentials (MEP and SSEP).
All patients received prophylactic antibiotic with cefazo-
lin 50 mg/kg/dose or clindamycin in patients allergic to
B-lactamic (10 mg/kg/dose). Hemodilution or cell saver
was not used in this series of patients.

Surgical procedure

A posterior approach was performed in all patients
while maintaining a medial blood pressure between 55
and 75 mmHg. Bleeding was controlled with saline or
tranexamic soaked sponges.

All patients were instrumented with screws and rods.
Medial blood pressure was increased to over 85 mmHg
during the reduction maneuvers and during the immediate
24 h. Grafting was done with osteoconductors and local
bone obtained after decortication. Wound closure was con-
ducted in four stages: deep fascial plane, subcutaneous,
subdermal, and either intradermic suture or staples. Drains
were placed deep and superficial when an osteotomy was
performed and only superficial when the spinal canal was
intact. Suction drains were removed when drainage was
less than 50 mL/day. Surgical time was measured from
skin incision to dressing.

The criteria for transfusion were based on the blood
transfusion protocols from our hospital [15]. All patients
received antibiotics until the drainage was removed (cefa-
zolin or clindamycin). Patients were monitored during at
least 24 h in a pediatric intensive or intermediate care unit.

Subjects categorization

Patients were categorized in four groups according to the
way TXA was used during their surgery:

e No tranexamic acid (No TXA): The wound was packed
with gauzes soaked in saline.

e [V tranexamic acid (IV TXA): TXA IV dose of 20 mg/
kg in bolus and then a continuous infusion of 1 mg/kg/
hr until skin closure. The bolus was injected at the time
of the incision.

e Topical tranexamic acid (topical TXA): 6 g of TXA
diluted in a 3L saline solution. The gauzes for packing
were soaked in this solution; if solution remained after
the surgery it was irrigated directly into the wound. If
more irrigation was needed it was performed with pure
saline.
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e Topical and IV tranexamic acid (topical + IV TXA): This
group received both interventions with the previously
described doses.

Outcomes

Intraoperative bleeding was determined by measuring the
amount of blood collected in the suction canister and sub-
tracting the amount of irrigation saline used, including
the one in the sponges for packing. These were crushed to
remove all liquid and weighted along with compresses used
during surgery. The drain debit was measured every 12 h and
recorded in the patient’s chart. In the first 24 h, the drain was
left with negative pressure and posteriorly at free fall. The
total blood loss was defined as the sum of the intraoperative
bleeding and the total drain output.

Additionally, we reported the preoperative and postop-
erative hematocrit and hemoglobin, the number of levels
instrumented and average bleeding per level, surgical time,
surgeon in charge, scoliosis etiology as adolescent idiopathic
scoliosis (AIS) or neuromuscular scoliosis (NMS), number
of days the drain was left in place, intraoperative or post-
operative transfusions, and the presence of complications.

Statistical analysis

After describing the entire cohort in term of demographic
and surgical metrics using mean and standard deviation or
median and percentile, association between operative time
and fusion length with blood information was conducted
using Pearson’s correlations. Patients were stratified by type
of blood management protocol, and surgical outcomes, espe-
cially intraoperative blood loss, postoperative blood loss,
and total blood loss, were compared using either an ANOVA
or a Kruskal-Wallis test, when appropriate. This analysis
was conducted for the entire cohort was well as by fusion
length group (less than 6 level fused, 612 level fused, more
than 6 level fused). Complication rates were reported and
compared between TXA groups. Finally, a sub-analysis by
type of deformity (NMS versus AIS) and by surgeon was

Table 1 Mean demographic data for the four groups

conducted. Statistical analysis was performed using SPSS
20.0 (IBM, Chicago, IL, USA), and p < 0.05 was considered
statistically significant.

Results
Demographics

A total of 181 patients were included in the analysis; 78.6%
were female, with a mean age of 15.08 years (8-25 years).
There were 35 patients in the No TXA group, 37 in the IV
TXA group, 23 in the topical TXA, and 86 in the IV 4+ topi-
cal TXA group (Table 1). Primary diagnosis was signifi-
cantly different in the four groups as there were no neuro-
muscular cases in the topical TXA group.

The total blood loss overall was 1,390 + 886 mL, median
1235 mL (25th 758.5-75th 1836.5 mL) with mean intra-
operative bleeding of 1043 +749.06 mL, median 800 mL
(25th 500-75th 1475 mL), and a mean drain output of
352 +352 mL, median 253 mL (25th 93.5-75th 498.25 mL).
Mean preoperative Ht for this series was 40.01% with
13.34 grs/dL of hemoglobin, postoperative 27.21% Ht and
9.21 grs/dL Hb.

Correlation analysis between surgical metrics
and estimated blood loss

There was a positive correlation between surgical time and
number of instrumented levels (p =0.000, r=0.359), intra-
operative bleeding (p =0.000, r=0.494), intraoperative
transfusions (p =0.000, r=0.438), postoperative Ht/Hb
(»p=0.000, r=0.367), postoperative bleeding (p =0.028,
r=0.163), number of days with drain (p=0.041, r=0.155),
and total bleeding (p=0.000, r=0.484). There was no corre-
lation between operative time and number of complications.

A total of 2003 levels were instrumented, with a medial
of 11 levels (25th 9 to 75th 13 levels) per patient, and a
total bleeding per level of 126.32 mL; of this 94.9 mL were
intraoperative bleeding, and 32.02 mL were postoperative

No TXA (n=35)

IV TXA (n=37)

Topical TXA (n=23) IV and topical TXA  p value

(n=86)
Sex male/female 6/29 4/33 7116 21/65 0.281
Age 14.71+2.21 14.59+2.07 14.70+3.71 15.57+291 0.608
Diagnosis NMS/AIS* 30/5 5/32 23/0 30/56 0.000
Pre op Ht 39.86 39.21 39.33 40.55 0.693
Pre op Hb 13.21 13.19 12.47 13.66 0.052

Bold: Statistically significant (p < 0.005)

*AIS adolescent idiopathic scoliosis NMS neuromuscular scoliosis
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bleeding. The number of instrumented levels signifi-
cantly correlated with the amount of intraoperative bleed-
ing (r=0.237), with intra- and postoperative transfusions
(r=0.353 and 0.209), postoperative Ht/Hb (r=0.226 and
0.221), postoperative bleeding (r=0.269), total bleeding
(r=0.316), drain days (r=0.228), and number of compli-
cations (r=0.283) (all p <0.005). IV TXA had significantly
more levels fused (12.67 +3.84) than the no TXA and the
topical + IV TXA groups (resp 10.56 +2.25 levels and
10.22+3.12 levels, p <0.001).

Group analysis

No significant differences were found in total blood loss,
intraoperative blood loss, surgical time, postoperative Ht/Hb,
intraoperative and postoperative transfusion rates. Deeper
analysis demonstrated that topical +1V TXA group had
significantly less postoperative bleeding than the control/
no TXA group (295+321 mL vs. 480 +447 mL, p=0.022)
(Table 2).

The operative time ranged from 80 to 400 min with a
mean of 218.39+74.64 (p=0.199). On average, the drains
were used during 3.23 days (25th 2 days and 75th 4 days,
with a maximum of 11 days); patients who received IV TXA
(with or without topical TXA) had their drain taken out one
day earlier than the no TXA group (p=0.002). In an effort to
control for the number of levels fused, a sub-analysis based
on the distribution of levels fused was conducted. It demon-
strated that postoperative bleeding (p =0.051) and drain day
usage (p=0.006) were still significantly different in the IV
and topic TXA groups; for the 6-12 level group, which was
the biggest group in the cohort, the rest of the parameters
were not significant.(Table 3)

Rate of complication for the entire cohort was 17.7%
with a total of 32 complications, of which 8.8% were major
complications (Table 4). The rate of complications for the
neuromuscular group was 44% and 3.17% for the adolescent

Table3 ANOVA analysis for the four groups by percentile of the
number of instrumented levels

Levels 0-6 6-12 12-18
Intra-op bleeding (mL) 0.932 0.159 0.603
Intra-op transfusion (U) 0.063 0.115 0.081
Post-op transfusion (U) - 0.474 0.856
Post-op Ht (%) 0.091 0.787 0.527
Post-op Hb (grs/dl) 0.093 0.426 0.467
Drain days 0.314 0.006 0.155
Post-op bleeding (mL) 0.113 0.051 0.441
Total bleeding (mL) 0.756 0.165 0.581
Complications 0.682 0.774 0.632

Bold: Statistically significant (p < 0.005)

idiopathic scoliosis group. When compared by TXA group,
there was no significant difference in complication rate based
on TXA usage (p=0.376). No complications associated with
the use of tranexamic acid were found in this series.

Sub-analysis by diagnosis and surgeon

The analysis by diagnosis (Table 5) demonstrated that NMS
had significantly more postoperative transfusions (p =0.015)
and higher postoperative Ht/Hb (p =0.005 and < 0.001). For
patients with neuromuscular scoliosis, there was no signifi-
cant difference by TXA groups in postoperative bleeding or
the number of days the drain was left in place. On the other
hand, for AIS patients, the total drain debit (»=0.010) and
drain days (p =0.002) were significantly lower in the topi-
cal+IV TXA group than for the other three groups.

The analysis by surgeons (Table 6) demonstrated that Sur-
geon #5 performed 50% of all the AIS surgeries, and 100%
of the NMS surgeries. The ANOVA analysis by surgeon
revealed that surgeon #5 had a faster OR time (p <0.001),
less intraoperative bleeding (p <0.001), less postoperative

Table 2 Comparative outcomes for patients treated with tranexamic acid

No TXA (n=35) IV TXA (n=37) Topical TXA (n=23) IV and topical TXA (n=86)  p value
No. of levels fused 10.56 +£2.25 12.67+3.84 11.96+2.22 10.22+3.12 0.001
Surgical time (min) 239.44 +62.43 210.56+81.48 200.00+83.3 217.78+73.19 0.199
Drain days 4.0+1.87 3.00+0.74 3.45+1.50 2.94+1.22 0.002
Intraoperative bleeding (mL) 1130.89 +£607.52 984.44 +£796.35 811.08+403.91 1093.72 +843.21 0.348
Postoperative bleeding (mL) 480.58 +447.61 372.57+345.84 350.39+262.55 295.13+321.18 0.022
Total bleeding (mL) 1611.47 +764.35 1357.08 +893.45 1161.48+510.96 1388.84 +988.62 0.262
Intraoperative transfusion (U) 1.14+0.96 1.16 +1.21 0.61+0.89 0.85+1.01 0.112
Postoperative transfusion (U) 0.139+42 0.30+0.74 0.44+0.84 0.259+0.66 0.410
Post-op Ht (%) 26.9+3.85 27.49+5.25 28.00+5.14 27.01+5.16 0.806
Post-op Hb (grs/dL) 8.87+1.27 9.53+1.87 9.52+1.86 9.13+1.74 0.330

Bold: Statistically significant (p < 0.005)
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Table 4 Complications

Complication Percentage (%)
Superficial infection 3.13
Deep infection 4.7
Occipital pressure sore 1.6
Bilateral pneumonia 4.7
Minor pneumothorax/atelectasis 4.7
Varicella 1.6
Intraoperative screw pullout 1.6
repositioned during same surgery

Unidentified fever for 2 days 4.7
Incidental durotomy 3.13
Hypovolemic shock 4.7
Tongue biting 1.6
Post-op convulsions 3.13
Paraparesis 1.6
(complete recovery 3 weeks)

Postoperative paralytic ileum 1.6
Late complications

Proximal screw pullout due to PIK 3.13
Pedicle fracture due to traumatic accident 1.6
Nonunion 3.13

bleeding (p=0.047), less total bleeding (p <0.001), less
intraoperative transfusions (p < 0.001), higher postoperative
Ht/Hb (p=0.018 and 0.004), and less complication rates
(p=0.011). There was no significant difference across the
surgeons in terms of postoperative transfusions (p =0.455)

or drain duration (p =0.656). We then isolated the data for
surgeon number #5 with a total of 126 patients (64 NMS
and 60 AIS), multivariate analysis showed that the topi-
cal+1IV TXA group maintained a lower number of drain
days (p =0.029) in the 6—12 number of instrumented levels
group. There were no other significant differences.

Discussion

Patients, with spinal deformity, frequently have multiple rea-
sons for intraoperative bleeding; the use of multiple inter-
ventions all contributes to avoiding transfusions in these
patients.

In this context, IV TXA is a well-documented tool [2,
11, 16] in pediatric deformity patients. This study identi-
fied three main predictors of increased bleeding in pediatric
deformity surgery: number of instrumented levels, total sur-
gical time, and the surgeon performing the surgery. Age, sex,
and diagnosis did not influence bleeding, although transfu-
sion rate was higher and postoperative Hb/Ht were lower
in the neuromuscular group. The use of IV tranexamic acid
with topical TXA decreased the number of drain days and
postoperative bleeding.

The competitive mechanism of actions of TXA should be
effective when applied in topical fashion as it avoids fibrin
degradation. When administered IV, the half-life is reached
within 80 min and peak plasma concentration is 1 h after
injection [17]. It has high tissue penetration and absorbance
as a one-time I'V administration of 10 mg/kg allows for 80%

Table 5 Intraoperative and

. AIS NMS p value
postoperative blood loss
according to scoliosis type Intraoperative bleeding (mL) 1099.30 +785.96 938.89+668.016 0.151
Postoperative bleeding (mL) 323.84+330.28 405.36 +387.47 0.137
Total blood loss (mL) 1423.14 +866.35 1423.21 +866.35 0.498
Intraoperative transfusions (U) 0.86+1.01 1.09+1.01 0.142
Postoperative transfusions (U) 0.178 £0.56 0.43+0.78 0.015
Post-op hematocrit (%) 26.48 +4.82 28.66+4.79 0.005
Post-op hemoglobin (grs/dL) 8.87+1.60 9.9+1.70 0.000
Bold: Statistically significant (p < 0.005)
Tab'? 6 Surgeries performed by Surgeon % AIS surgeries % of NMS Surgical time (min) Intraoperative bleeding (mL)
the different surgeons surgeries
1 21.2 0 280.16 +60.06 1917.48 +984.43
2 13.6 0 243.75+65.6 996.25 +578.59
3 1.7 0 330.00+42.42 650+212.13
4 1.7 0 255.00+106.06 1665+ 657.6
5 52.5 100 201.36 +£71.60 870.48 +£589.14
6 11 0 207.73 +£56.76 1050+724.22
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systemic fibrinolysis inhibition. In a topical fashion, plasma
levels are 70% lower than when used IV [2]. Krhon et al.
studied the use of tranexamic acid in orthopedic surgery
and reported that by washing the wound with a tranexamic
acid solution before closing, the fibrinolytic markers meas-
ured in the drain tube were significantly lower in the topical
TXA group compared with the non-TXA group [18]. These
results suggest that topical TXA acts very quickly, allowing
IV infusion to stop sooner and at less cost.

When applied intravenously, high doses of TXA are more
effective than low doses [16]; however, studies with 10 mg/
kg in bolus and 1 mg/kg/hr (low dose) have shown important
decrease in bleeding [19, 20]. The current study suggests
that even smaller doses may be efficient when applied in a
topical fashion (2 g of TXA per 1000 mL).

No complication-related to tranexamic acid was observed
in this series, and there were overall no significant differ-
ences across the four studied groups. These findings are in
line with the literature: the CRASH-2 [21] (clinical rand-
omization of an antifibrinolytic in significant hemorrhage)
study reported no increase in thromboembolic risk in trauma
patients, other studies using topical tranexamic acid have not
shown complications associated with its use [2, 9].

This study has limitations. The surgeon’s expertise plays
a significant role in the operative time and intraoperative
bleeding. This did not alter our conclusion, but it should be
taken into account when investigating peri-operative out-
comes in multi-surgeon studies. Timing of tranexamic acid
administration limited our ability to analyze its effectiveness
intraoperatively; as the bolus was administered at incision,
we benefited from effective plasmatic levels after one hour
of surgical time.

The two TXA administration modalities complement
each other and are not exclusive. From a timing point of
view, we recommend the use of IV TXA during anesthesia
induction to avoid bleeding during the intraoperative period
and using TXA soaked sponges in the packing to decrease
postoperative bleeding.

Conclusion

There is a significant decrease in postoperative bleeding and
drain day removal in deformity spine surgery with the use of
intravenous and topic tranexamic acid. No differences were
found in total blood loss, intraoperative blood loss, surgical
time, postoperative Ht/Hb, intraoperative and postoperative
transfusion rates. The number of levels, surgical time, and
surgeon in charge correlate with bleeding. No complication-
related TXA was found in this series.
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