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Abstract

BACKGROUND

Tranexamic acid (TXA), a synthetic antifibrinolytic drug, effectively reduces ood loss
by inhibiting plasmin-induced fibrin breakdown. This is the first study in the United

Kingdom to investigate the effectiveness of TXA in the surgical management of isolated

spine trauma.

AIM
To assess the safety of TXA in isolated spine trauma. The primary and secondary
outcomes are to assess the rate of thromboembolic events and to evaluate blood loss and

the incidence of blood transfusion, respectively.

METHODS
This prospective observational study included patients aged = 17 years with isolated
spine trauma requiring surgical intervention over a 6-month period at two major trauma

centers in the United Kingdom.

RESULTS




We identified 67 patients: 26 (39%) and 41 (61%) received and did not receive TXA,
respectively. Both_groups were matched in terms of age, gender, American Society of
Anesthesiologists grade, and mechanism of injury. A higher proportion of patients who
received TXA had a sybaxial cervical spine injury classification or thoracolumbar injury
classification score > 4 (74% vs 56%). All patients in the TXA group underwent an open
approach with a mean of 5 spinal levels involved and an average operative time of 203
min, compared with 24 patients (58%) in the non-TXA group who underwent an open
approach with an average of 3 spinal levels involved and a mean operative time of 159
min. Among patients who receiveda(A, blood loss was <150 and 150-300 mL in 8 (31%)
and 15 (58 %) patients, respectively. There were no cases of thromboembolic events in any

patient who received TXA.

CONCLUSION

Our study demonstrated that TXA is safe for isolated spine trauma. It is challenging to
determine whether TXA effectively reduces blood loss because most surgeons prefer TXA
for open or multilevel cases. Further, larger studies are necessary to explore the rate,

dosage, and mode of administration of TXA.
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Core Tip: Since the introduction of tranexamic acid (TXA), it has been used for reducing
blood loss in various surgical specialties such as Urology, general surgery, trauma and
orthopedics. TXA use for elective spine surgery is well documented but there is scarce
literature to explain the safety of TXA in isolated whole spine trauma. This study looks

at the clinical practice of spine surgeons in two major United Kingdom trauma centres




and explore the safety of TXA. The study sets the foundation for future research with

larger number of patients and to improve the clinical practice.




INTRODUCTION

Trauma is the foremost cause of mortality globally among individuals under the age of
45 yearslll. On a worldwide scale, traumatic spine injuries (TSI) are estimated to occur at
a rate of 10.5 cases per 100000 people, leading to 768473 new TSI cases each year. Almost
half of them (48.8%) require surgical interventionl2. In the United Kingdom, traumatic
spinal cord injuries manifest in 16 new cases per million peoplel>4l, with an annual report
of over 1200 new casesl>!.

Tranexamic acid (TXA), a synthetic antifibrinolytic drug, effectively reduces blood
loss by inhibiting the plasmin-induced breakdown of fibrinl®l. Its initial application dates
back to the early 1960s for managing postpartum hemorrhagel?l. Extensive randomized
controlled trials (RCTs) and meta-analyses have consistently validated the safety and
efficacy of TXA in various medical domains, including cardiac surgery, obstetrics,
urology, orthopedics, and traumal8-141.

Although there exists supporting evidence for the safety of TXA in elective spine
procedures and complex deformity operationsl!>-18l, the literature on the use of TXA in
spinal operations due to trauma remains limited!'”l. Furthermore, there is no consensus
on the use and dosage of TXA in isolated spige traumal'020.21]. Hence, this prospective
observational study marks a pioneering effort in the United Kingdom to investigate the
efficacy of TXA in treating isolated spine trauma.

The primary objective of this study was to establish whether TXA administration
increases the risk of thromboembolic events in patients with isolated spine trauma who
underwent surgical intervention. The secondary objective was to assess the safety of TXA

by evaluating blood loss and the incidence of perioperative blood transfusions.

MATERIALS AND METHODS
Study design

This was a prospective observational investigation conducted at two major trauma
centers in United Kingdom. This study was re%tered with the local audit and quality

improvement teams as a service evaluation and adhered to the principles of the




Declaration of Helsinki, revised in 2013. The need for formal ethical review was

determined using the National Health Service Research Ethics Committee decision tool.

Patient selection
We included patients aged = 17 years who had isolated spine trauma at any level
requiring surgical intervention between January 1 and June 31, 2022, across the two sites.
Patients < 16 years of age and those with polytrauma and isolated spine trauma managed
nonoperatively were excluded.

The sample size was calculated for two independent groups TXA and Non-TXA by
using G*power software. The estimated sample size obtained from the power analysis

was at least 50 respondents for group 1 and 50 respondents for group 2 respectively.

Data collection
Data collection was prospectively conducted using Google Forms with a standardized
proforma divided into three sections. Section 1 captured baseline characteristics,
including demographic data, comorbidities, preoperative hemoglobin (Hb) levels,
mechanism of injury, level of spine involvement, subaxial cervical spine injury
classification (SLIC) or thoracolumbar injury classification (TLIC) scores, and regular
medications, including antithrombotic (antiplatelet or anticoagulant). Section 2 focused
on surgical specifics, including the type of surgery, approach, technique (open vs
minimally invasive), administration, dosage and regimen of TXA, intraoperative blood
loss, use of cell salvage, use of a drain, and the number of units of blood transfused
intraoperatively. Section 3 assessed postoperative factors, such as postoperative Hb
levels, length of hospital stays, and complications such as wound breakdown, venous
thromboembolism (VTE), acute kidney injury, and mortality.

Preoperative Hb levels were recorded on the basis of the most recent preoperative
laboratory full blood count, whereas postoperative Hb levels were documented from the
first laboratory full blood count measured postoperatively. Intraoperative blood loss

(IBL) was defined as the total blood collected through suction, surgical sponges, and




drapes at the end of the operation. It was categorized into four groups: < 150, 150-300,
300-500, and < 500 mL.

Statistical analysis

Quantitative data are presented as mean and standard deviation, whereas qualitatige
data are summarized as frequencies and percentages. up comparisons used chi-
squared or Fisher’s exact test and Student’s t-test, with statistical significance set at P

value < 0.05.

RESULTS

Baseline characteristics

Between January 1 and June 31, 2022, 67 patients with isolated spine injuries underwent
surgical intervention across both sites. These patients were categorized into two groups:
those who received TXA were placed in the TXA group (n =26, 39%), andé'le remaining
patients were assigned to the non-TXA group (n = 41, 61%). The average age of patients
in the and non-TXA groups was 57 and 56 years, respectively. Both groups were
similar in terms of age (P = 0.9), gender (P = 0.2), antithrombotic usage (P = 0.6), spine
pathology (P = 045), SLIC or TLIC score (P = 0.7), and American Society of
Anesthesiologists grade (P =0.48) (Table 1).

Mechanical falls were the most frequent cause of injury in both groups. Two
individuals in the non-TXA group were hospitalized because of epileptic episodes
resulting in spinal fractures. Spinal fractures were the primary underlying pathology in
both groups. In the TXA group, four patients were regularly taking anticoagulants
(apixaban), one was on clopidogrel, and one was on aspirin. Among the patients in the
non-TXA group, three were using regular aspirin. An SLIC or TLIC score of > 4 was
prevalent in both groups, with a higher proportion observed in the TXA group (74% vs
56%, P=0.7) (Table 1).

Surgical characteristics




Operative details for both groups are compared in Table 2. TXA use was relatively
common (22%) during stabilization and fusion procedures. In the TXA group, all patients
underwent open surgery, with a posterior approach used in 17 cases (65%). Meanwhile,
17 patients (41%) in the non-TXA group underwent minimally invasive surgery.
Regarding the number of spine levels involved, the TXA group ranged from 2 to 9 levels,
with an average of 5, whereas the non-TXA group averaged 3.4 levels (P = 0.04). When
comparing the TXA and non-TXA groups, the TXA group had significantly longer

operation times (P = 0.03).

Outcomes

In the TXA group, 15 pﬁ'ents (58%) experienced blood loss between 150 and 300 mL,
compared with only four patients (10%) in the non-TXA group (Table 3). The
administration of TXA was based on the surgeons’ preferences. In the non-TXA group,
the majority (88%) of patients had blood loss of <150 mL. Cell salvage was performed
twice in the TXA group and only once in the non-TXA group. Two patients in the non-
TXA group and one in the TXA group received two units of platelet transfusion during
surgery, following consultations with the hematology team. These patients were on
aspirin and had low platelet counts upon admission. Regarding drain placement, 21
patients (81%) in the TXA group had drains inserted postoperatively, compared with 19
patients (46 %) in the non-TXA group. Drains were removed within 24 h for most patients
because of minimal blood loss.

The average hospital stay was 10 d, with no significant difference between the two
groups (3 d in the non-TXA group vs 10 d in the TXA group, P = 0.7). This variation was
primarily attributed to patients with spinal cord injuries who required extended
hospitalization while awaiting a bed in the spine injury units (Table 3). Preoperative Hb
levels showed no significant differences between the TXA and non-TXA groups (127.5
mL vs 136.7 mL; range 8-15.9 g/dL vs9-18 g/dL, P = 0.5) (Figure 1).

Table 4 shows regression model investigating the association between the dependent

variable and three predictors: Estimated intraoperative blood loss, blood loss in drain,




and TXA. The total model has a modest positive correlation (R = 0.338) and accounts for
roughly 11.4% of the variability in the dependent variable, as shown by R square. The
adjusted R square, accounting for the number of predictors, is 0.072. The estimate's
standard error is 1.337, indicating the model's forecast precision.

Only one patient in the TXA group received a postoperative blood transfusion
because of a substantial drop in Hb from 112 to 76. This patient underwent a three-level
decompression and stabilization procedure, received TXA on induction, and was not on
any antithrombotic medication. In the non-TXA group, one patient experienced a

postoperative drop in Hb from 110 to 95 and was managed with an iron transfusion.

Postoperative complications

In the TXA group, 14 patients (53.8%) did not experience any complications. The most
common complication in this group was chest infection. Two patients tested positive for
coronavirus disease 2019 (COVID-19) during their hospital stay. One patient later
developed hospital-acquired pneumonia (HAP). Four other patients developed HAP,
one of whom required intensive care support for noninvasive ventilation. Additionally,
one patient developed type 2 respiratory failure but was deemed unfit for further
interventions. Wound infections were observed in three patients, two of whom were
managed using antibiotics and regular monitoring, whereas one required further wound
washout in the operating theater. One patient experienced unstable liver function tests
postoperatively, and the cause remained unidentified. No thromboembolic events were
reported in the TXA group. However, one patient with an incomplete spine injury passed
away postoperatively because of cardiovascular complications.

In the non-TXA group, two patients were diagnosed with pulmonary embolisms
confirmed by computed tomography pulmonary angiograms, and one patient
experienced non-ST segment elevation myocardial infarction during their hospital stay.
Two patients in this group tested positive for COVID-19, and three developed
pneumonia during admission. Three patients had renal complications, one of whom

required an high-dependency unit stay. Additionally, two patients experienced




postoperative electrolyte imbalances, necessitating medical intervention. Three patients
underwent a second operation: two for revision of screws on postoperative day 1 because
both patients experienced altered neurology due to screws in the spinal cord. Another
patient had wound dehiscence, necessitating further debridement and closure. On
postoperative day 3, one patient in the non-TXA group developed headaches,
photophobia, dizziness, and tinnitus after a suspected cerebrospinal fluid leak. This
patient was thoroughly evaluated by the neurology team and conservatively managed.
Another patient had a localized hematoma that was conservatively treated following
anterior cervical decompression and fusion. There was no reported mortality in the non-

TXA group.

DISCUSSION

This study represents the first reported investigation into the effectiveness of TXA in
cases of isolated whole-spine trauma. The administration of TXA was based on surgeons’
preferences, with a tendency toward open surgical approaches associated with higher
anticipated intraoperative blood loss, particularly in cases of severe injuries, multilevel
involvement, and in patients on regular antithrombotic medications. Notably, no
thrombotic complications were reported intraoperatively in the TXA group, indicating
the safety of TXA use in isolated spine trauma cases. Hrthermore, only one patient
required postoperative blood transfusion. In our study, we did not find any significant
difference in the patients” groups in terms of gender or ethnicity.

This study serves as a preliminary exploration of the potential use of TXA in isolated
spine injuries. Multiple RCTs have previously demonstrated the efficacy of TXA in
elective spine surgeryl®l and thoracolumbar burst fractures/??. These trialg have shown a
reduction in intraoperative and total blood loss in patients with TXA. However, there
remains a lack of consensus in the literature regarding the optimal TXA administration
regimenl(?®l, The literature indicates that TXA can be administered in various forms,
including intravenously and topically or as an infusion. A meta-analysis by Xiong ef all1¢]

reported no significant difference in outcomes between intravenous and topical TXA




administration. In this study, the choice of TXA administration regimen was left to the
surgeons’ preferences, with 1 g of intravenous TXA administered upon induction in the
TXA group.

Interestingly, in our study, we observed that surgeons did not use TXA for two-level
cervical decompressions and fusions, which could be due to the expectation of lower
blood loss in cervical procedures and aligns with the findings of an RCT by Elwatidy et
all®l, who found no significant difference in blood loss with TXA use in cervical
operations. However, in our study, the TXA group included cases involving multiple
cervical spine levels (3-6) for fusion and decompression, where TXA was deemed
necessary because of a higher risk of bleeding when multiple levels were involved. There
are limited available data on the use of TXA in isolated cervical spine trauma. A
prospective, randomized study on three cervical spine levels reported a significant

duction in blood loss during cervical laminoplasty surgery using TXAI?], Our study
found no significant difference in the number of levels operated on between the two
groups, which contradicts the findings of Colomina et all20] in elective settings. Individual
data indicate that surgeons tend to prefer an open technique for decompression and
stabilization surgeries involving more than three levels. There is also limited literature
available regarding the use of TXA in open vs minimally invasive spine surgery
approaches. In our study, TXA was administered for cases performed viz an open
approach but not for minimally invasive surgery, consistent with cases where blood loss
was < 150 mL in two-level fracture fixations, and patients did not require a drain or
experience postoperative issues. Degpite the variability in levels involved in the TXA
group, our investigation identified a significant difference (P = 0.03) in the duration of
surgery between the two groups, aligning with the findings of Shen et all?l for
thoracolumbar burst fractures and elective spine operations/20l.

An increasing number of meta-analyses of RCTs have emphasized the blood-saving
effects of TXA in spine surgeryl?l. Shen et all22l demonstrated a significant reduction in
blood loss in the TXA group of 39 patients undergoing surgery for thoracolumbar burst

fractures compared with the placebo group. They reported reductions in total blood loss,




IBL, and postoperative blood loss in the TXA group (P = 0.001), whereas hidden blood
loss (HBL) remained similar between the TXA and placebo groups (P = 0.08). HBL was
calculated using a formula rather than a direct measurement!?2l. These findings contrast
with an earlier study by Sudprasert et all'?], who found no significant difference (P = 0.8)
in a cohort of 29 patients with thoracolumbar trauma undergoing posterior fusion and
receiving topical TXA. Our findings align with the results of Sudprasert et all'®! because
we found no significant reduction in IBL in the two groups. Zhang et all2el conducted a
meta-analysis of 11 studies involving multilevel elective spine surgery in 2019 and
reported that intravenous TXA effectively reduced IBL. In contrast, Elmose ef all27l found
that intravenous TXA had no statistically significant impact on IBL, operative time, or
complications during minor lumbar spine surgery. We understand that all these studies
show variation in results and lack consensus on the usage of TXA in spinal patients.
Additional research is warranted to better understand the use of TXA in spine trauma
cases.

In our study, two patients in the TXA group received cell salvage, and platelets were
transfused intraoperatively. One patient also required a blood transfusion during
surgery. These findings are consistent with a meta-analysis of seven studies conducted
by Yang et all'l and the results reported by Sudprasert et all*’l for thoracolumbar trauma.
Multiple studies!'5192228] have shown a significant decrease in drain blood loss and the
average time to drain removal. However, our study did not identify any difference in the
time for drain removal, which may be attributed to the fact that patients in the TXA group
underwent multilevel spine surgery, leading to the surgeon’s preference for keeping the
drain. To date, there has been limited research on postoperative Hb levels. Our study
found no significant difference in Hb levels before the operation and on day 1 Hb level

postoperative.

Limitations
This study has subject to several limitations. Data were collected over 6 months, resulting

in a sample size of 67 patients. The exclusion of patients with missing data introduced




some heterogeneity into the study, including variations in spine levels and diverse
surgical techniques performed by approximately 15 different surgeons across two
distinct centers. As an observational study, it carries inherent confounding risks when
patients who received TXA are compared with those who did not, given the absence of
randomization. Factors such as the type of surgery, surgical approach, levels,
preoperative Hb levels, and the operating surgeon could introduce confounding effects.
The use of TXA was at the discretion of the surgeons, typically for patients at a high risk
of bleeding or undergoing multilevel surgery.

There could be a potential for inaccuracy of the first postoperative Hb value; the
results may be affected by intravenous crystalloid-induced hemodilution during the
intraoperative period. Instead of precise IBL values, we categorized the data into four
distinct ranges, accounting for blood loss through surgical sponges and drapes. Data on
blood loss in the drain were not collected for all patients, which contributed to the
limitation.

When assessing the postoperative risks of VIE during the hospital stay, we
considered the intraoperative administration of both mechanical and chemical
thromboprophylaxis. This study included patients who regularly used antithrombotic
medications but did not provide information regarding the duration of medication use

or whether it was discontinued before surgery.

CONCLUSION

Our study indicates that TXA can be safely used in cases of isolated spine trauma, with
no evidence of an elevated risk of blood transfusion or VTE in either group. However, it
is challenging to definitively conclude from this study whether TXA effectively reduces
blood loss because TXA was predominantly used in open or multilevel surgical cases. To
establish the full extent of the efficacy of TXA in isolated spine trauma, further research
is warranted to compare its effectiveness across open vs minimally invasive techniques

and in cases involving single vs multilevel procedures.




ARTICLE HIGHLIGHTS

Research background
There is no data looking at safety of the tranexamic acid (TXA) in the surgical
management of isolated whole spine trauma. This study sets the foundation for the future

research work.

Research motivation

This is the only study looking at the safety of TXA in surgically treated isolated whole
spine trauma. There is no consensus on the administration, dosage and route of TXA
delivered for these injuries.

Research objectives

The overall objective of this study is to look at the safety of the TXA in surgically treated

isolated whole spine trauma.

Research methods

This prospective observational study included patients aged = 17 years with isolated
spine trauma requiring surgical intervention over a 6-month period at two major trauma
centers in the United Kingdom. We used SPSS for statistical analysis.

Research results

We identified 67 patients: 26 (39%) and 41 (61%) received and did not receive TXA,
respectively. Both_groups were matched in terms of age, gender, American Society of
Anesthesiologists grade, and mechanism of injury. A higher proportion of patients who
received TXA had a sybaxial cervical spine injury classification or thoracolumbar injury
classification score > 4 (74% vs 56%). All patients in the TXA group underwent an open
approach with a mean of 5 spinal levels involved and an average operative time of 203
min, compared with 24 patients (58%) in the non-TXA group who underwent an open

approach with an average of 3 spinal levels involved and a mean operative time of 159




min. Among patients who received , blood loss was <150 and 150-300 mL in 8 (31%)
and 15 (58 %) patients, respectively. There were no cases of thromboembolic events in any

patient who received TXA.

Research conclusions
We concluded that TXA is safe for isolated spine trauma. It is challenging to determine
whether TXA effectively reduces blood loss because most surgeons prefer TXA for open

or multilevel cases.

Research perspectives
This study sets the foundation for further research trials in patients with isolated spine

trauma managed with surgical intervention.
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