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Analysis of tranexamic acid usage in adult spinal
deformity patients with relative contraindications: does it
increase the risk of complications?
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OBJECTIVE Complex spinal deformity surgeries may involve significant blood loss. The use of antifibrinolytic agents
such as tranexamic acid (TXA) has been proven to reduce perioperative blood loss. However, for patients with a history
of thromboembolic events, there is concern of increased risk when TXA is used during these surgeries. This study aimed
to assess whether TXA use in patients undergoing complex spinal deformity correction surgeries increases the risk of
thromboembolic complications based on preexisting thromboembolic risk factors.

METHODS Data were analyzed for adult patients who received TXA during surgical correction for spinal deformity at 21
North American centers between August 2018 and October 2022. Patients with preexisting thromboembolic events and
other risk factors (history of deep venous thrombosis [DVT], pulmonary embolism [PE], myocardial infarction [MI], stroke,
peripheral vascular disease, or cancer) were identified. Thromboembolic complication rates were assessed during the
postoperative 90 days. Univariate and multivariate analyses were performed to assess thromboembolic outcomes in
high-risk and low-risk patients who received intravenous TXA.

RESULTS Among 411 consecutive patients who underwent complex spinal deformity surgery and received TXA in-
traoperatively, 130 (31.6%) were considered high-risk patients. There was no significant difference in thromboembolic

ABBREVIATIONS AFib = atrial fibrillation; ASD = adult spinal deformity; CHF = congestive heart failure; DVT = deep venous thrombosis; EBL = estimated blood loss; MI =
myocardial infarction; PE = pulmonary embolism; PVD = peripheral vascular disease; TXA = tranexamic acid.
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complications between patients with and those without preexisting thromboembolic risk factors in univariate analysis
(high-risk group vs low-risk group: 8.5% vs 2.8%, p = 0.45). Specifically, there were no significant differences between
groups regarding the 90-day postoperative rates of DVT (high-risk group vs low-risk group: 1.5% vs 1.4%, p = 0.98), PE
(2.3% vs 1.8%, p = 0.71), acute MI (1.5% vs 0%, p = 0.19), or stroke (0.8% vs 1.1%, p > 0.99). On multivariate analysis,
high-risk status was not a significant independent predictor for any of the thromboembolic complications.
CONCLUSIONS Administration of intravenous TXA during the correction procedure did not change rates of thrombo-
embolic events, acute MI, or stroke in this cohort of adult spinal deformity surgery patients.

https://thejns.org/doi/abs/10.3171/2024.1.SPINE231098
KEYWORDS adult spinal deformity surgery; antifibrinolytic therapy; high-risk; thromboembolic complications;

tranexamic acid

edly increased in frequency in the past decade

(3.4-fold).!'* Despite advancements in surgical
technique, ASD surgery remains a substantial burden for
patients, with a greater than 55% risk of developing minor
complications, a 44% risk of developing major complica-
tions, and a death rate of nearly 1%.>-5 One of the major
concerns of ASD surgeries is that the estimated blood
loss (EBL) can range from 1200 to 11,000 mL, leading
to blood transfusion rates ranging from 50% to 81%.5-%
Although blood transfusion is effective in the replace-
ment of blood loss during deformity surgery, it has an
increased risk of transfusion reaction, viral or bacterial
transmission, and morbidity, as well as increased hospital
costs.>10

Tranexamic acid (TXA) utilization during ASD sur-
gery has significantly reduced volumes of intraoperative
and postoperative blood loss as well as the need for blood
transfusions despite its not being in broad use for these
procedures.'22 Theoretically, TXA can increase the risk
of thrombotic complications because of its antifibrino-
lytic mechanism of action;?® however, previous studies
have not shown a significant increase in thromboembolic
complications in patients administered TXA during ASD
surgery.’®-2! These studies were not clear on the indication
for using TXA in high-risk patients, such as those hav-
ing a history of arterial thromboembolic complications.
This clinical question is very important, as the incidence
of high-risk patients undergoing ASD surgery continues
to increase and the use of TXA in these high-risk patients
is still controversial among surgeons and anesthesiolo-
gists worldwide.! Also, many of these high-risk patients
are on anticoagulation regimens, which increases the risk
of bleeding during surgery if such therapy is not well op-
timized.*

In the current study, we aimed to compare the risk of
postoperative thromboembolic complications in high-risk
versus low-risk patients who received intravenous TXA
during ASD surgery.

Methods

This is a retrospective review of a prospective multi-
center ASD database and was approved by the Univer-
sity at Buffalo Institutional Review Board. The database
includes consecutive patients at 21 centers in the United
States and Canada who were operated on between August
2018 and October 2022. At the time of hospital admis-
sion, informed consent for patient data to be published was

ﬁ puLT spinal deformity (ASD) surgery has mark-
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provided by each patient or a legally authorized represen-
tative. We followed the Strengthening the Reporting of
Observational Studies in Epidemiology (STROBE) guide-
lines.?

Patient Selection

This study included adults = 18 years of age who re-
ceived TXA during complex ASD surgery for thoracolum-
bar ASD, defined as having > 1 of the following charac-
teristics: 1) > 12 levels fused or at least one three-column
osteotomy or anterior column release; 2) geriatric defor-
mity surgery, defined as age > 65 years and at least 7 levels
fused; and 3) severe radiographic deformity, defined as at
least one of the following: pelvic incidence minus lum-
bar lordosis = 25°, T1 pelvic angle > 30°, sagittal vertical
axis = 15 cm, thoracic Cobb angle = 70°, or thoracolumbar
Cobb angle > 50°. Patients were excluded if they had an
inflammatory or autoimmune disease, a neuromuscular
disorder (e.g., Parkinson’s disease), neoplasm, infection,
syndromic scoliosis, or posttraumatic deformities.

Data Extraction and Definition of Variables

The demographic data collected included the patient’s
age, sex, BMI, comorbidities (history of atrial fibrillation
[AFib], blood clots, cancer, metastasis, congestive heart
failure [CHF], stroke, myocardial infarction [MI], and
peripheral vascular disease [PVD]), smoking status, and
history of previous lumbar surgery. The perioperative data
(within 90 days), which included EBL, total thromboem-
bolic complications, cardiac arrest, deep venous thrombo-
sis (DVT), pulmonary embolism (PE), and stroke, were
also recorded. Patients were classified as high-risk if they
had a history of one of the following conditions before
surgery: AFib, PE, DVT, cancer, metastasis, CHF, stroke,
MI, or PVD. Any patient who did not meet the high-risk
patient criteria was considered low-risk. The thromboem-
bolic complications were recorded at hospital admission
and within 90 days from the date of surgery.

Statistical Analysis

All statistical analyses were performed using RStudio
(https://posit.co/). First, univariate analysis was performed,
with the continuous variables presented as mean and stan-
dard deviation and differences between high- and low-risk
patient groups compared using the Student t-test. The cat-
egorical variables are presented as frequency and percent-
ages, and both groups were compared using the chi-square



TABLE 1. Univariate analysis comparing baseline data between
patients who did and did not receive TXA when undergoing ASD

surgery
Variable TXA(n=411) NoTXA(n=59) p Value
Age, yrs, mean (SD) 59.5 (16.1) 66.8 (10.1) <0.001
Male sex 124 (30.2) 21(35.6) 0.4
AFib 28 (6.8) 4(6.8) 0.99
Blood clots 13(3.2) 13 (22.0) <0.001
Cancer 59 (14.4) 12 (20.3) 0.23
Metastasis 1(2.7) 0 0.2
CHF 4(1.0) 3(5.1) 0.01
Stroke 5(1.2) 1(1.7) 0.8
MI 12(2.9) 2(3.4) 0.8
PVD 2(0.5) 0 0.6
Current smoker 21(5.) 5(8.5) 0.3
BMI, mean (SD) 26.9 (5.7) 291 (4.9) 0.002
Revision surgery 171 (41.6) 23 (39.0) 0.7

Values are presented as number of patients (%) unless indicated otherwise.

Boldface type indicates statistical significance.

test. This analysis was followed by several multivariate lo-
gistic regression models, with the dependent variables be-
ing thromboembolic complications, cardiac arrest, DVT,
PE, and stroke. Furthermore, we performed a multivariate
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linear regression model to identify significant predictors
of increased blood loss. The independent variables that
were included in all multivariate analysis regression mod-
els were high-risk patients; age; sex; smoking status; pre-
vious revision surgery; and history of AFib, blood clots,
cancer, metastasis, CHF, stroke, M1, and PVD. The results
of the multivariate analyses are presented as odds ratios,
95% confidence intervals, and p values. Furthermore, we
performed a multivariate linear regression model to find
independent predictors of increased blood loss. A p value
< 0.05 was considered statistically significant.

Results
Study Population

Of the 470 patients who had ASD surgery during the
study time frame, 411 patients received TXA. The base-
line data for patients who did and did not receive TXA are
summarized in Table 1. Of these 411 patients, 130 (31.6%)
were considered high-risk patients. On univariate analysis,
there was no significant difference between the groups in
terms of total TXA dosage (p = 0.88). Table 2 summariz-
es the univariate analysis of baseline, intraoperative, and
postoperative data between the low-risk and high-risk pa-
tients. Blood loss was significantly greater in the high-risk
group on univariate analysis (p < 0.001); however, this was
not significant on multivariate analysis (p = 0.35).

TABLE 2. Univariate analysis comparing the baseline, intraoperative, and postoperative data
between low-risk and high-risk patients who underwent ASD surgery

Variable Low Risk (n = 281) High Risk (n = 130) p Value
Preop data
Age, yrs, mean (SD) 571 (16.9) 64.7 (12.7) <0.001
Male sex 82(29.2) 42 (32.3) 0.61
AFib 0 28 (21.5) <0.001
Blood clots 0 13 (10.0) <0.001
Cancer 0 59 (45.4) <0.001
Metastasis 0 11 (8.5) <0.001
CHF 0 4(3.1) 0.02
Stroke 0 5(3.8) 0.01
MI 0 12(9.2) <0.001
PVD 0 2 (1.5) 0.19
Current smoker 0 21(16.2) <0.001
BMI, mean (SD) 26.5 (5.6) 279 (5.8) 0.02
Revision 112 (39.9) 59 (45.4) 0.34
Intraop & postop data

Total TXA dosage, mg, mean (SD) 4172.8 (2225.4) 4207.7 (2279.4) 0.88
EBL, mL, mean (SD) 1455.4 (1154.4) 1642 7 (1263.5) <0.001
Thromboembolic complications 8(2.8) 11 (8.5) 0.45
Cardiac arrest 0 2(1.5) 0.19
DVT 4(1.4) 2(1.5) 0.98
PE 5(1.8) 3(2.3) 0.71
Stroke 3(11) 1(0.8) >0.99

Values are presented as number of patients (%) unless indicated otherwise. Boldface type indicates statistical signifi-

cance.
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TABLE 3. Multivariate model analyzing the predictors of
postoperative thromboembolic complications

TABLE 5. Multivariate model analyzing the predictors of
postoperative DVT

95% ClI 95% ClI

Variable OR Lower Bound Upper Bound p Value Variable OR Lower Bound Upper Bound p Value
High risk 0.985 0.871 1114 0.81 High risk 0.944 0.879 1.013 0.1
Age 1.002 1.000 1.003 0.02 Age 1.001 1.000 1.001 015
Male sex 0.974 0.931 1.020 0.27 Male sex 0.977 0.952 1.003 0.08
AFib 0.966 0.861 1.084 0.56 AFib 1.027 0.961 1.098 0.43
Blood clots 1.018 0.879 1179 0.81 Blood clots 1.027 0.944 1.118 0.53
Cancer 0.999 0.892 1.118 0.98 Cancer 1.022 0.958 1.090 0.52
Metastasis 0.967 0.819 1.142 0.69 Metastasis 1.041 0.946 1.145 0.41
CHF 1.087 0.862 1.371 0.48 CHF 0.957 0.837 1.093 0.52
Stroke 1.153 0.953 1.395 0.14 Stroke 0.995 0.891 1110 0.92
MI 1.020 0.874 1191 0.80 MI 1.130 1.033 1.235 0.01
PVD 1.567 1.143 2.149 0.01 PVD 1.057 0.881 1.268 0.55
Current smoker 1.072 0.936 1.228 0.32 Current smoker 1.144 1.058 1.237 <0.001
BMI 1.005 1.001 1.008 0.02 BMI 1.001 0.999 1.003 0.24
Revision 1.001 0.960 1.044 0.95 Revision 0.996 0.972 1.020 0.74

Boldface type indicates statistical significance.

Postoperative Thromboembolic Complications

There was no significant difference between the high-
risk and low-risk groups in terms of postoperative throm-
boembolic complications on univariate (p = 0.45) and
multivariate (p = 0.81) analyses. Furthermore, we strati-
fied the patients who had one risk factor (6 thromboem-
bolic complications in 106 patients) versus multiple risk
factors (2 thromboembolic complications in 24 patients)
and did not find a significant difference in postoperative
thromboembolic complications between the groups (p =
0.62). On multivariate analysis, older age (OR 1.002, 95%
CI 1-1.003; p = 0.02), PVD (OR 1.567, 95% CI 1.143—

TABLE 4. Multivariate model analyzing the predictors of
postoperative cardiac arrest or acute MI

95% ClI

Variable OR Lower Bound Upper Bound p Value
High risk 0.970 0.937 1.005 01
Age 1.000 1.000 1.000 0.62
Male sex 1.003 0.989 1.016 0.70
AFib 1.031 0.997 1.066 0.07
Blood clots 1.021 0.978 1.065 0.34
Cancer 1.041 1.008 1.075 0.02
Metastasis 1.028 0.980 1.078 0.26
CHF 1.183 1.106 1.264 <0.001
Stroke 1.005 0.952 1.062 0.85
MI 0.990 0.947 1.035 0.66
PVD 1.537 1.404 1.683 <0.001
Current smoker 1.025 0.986 1.065 0.22
BMI 1.000 0.999 1.001 0.64
Revision 1.001 0.989 1.013 0.83

Boldface type indicates statistical significance.
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Boldface type indicates statistical significance.

2.149; p = 0.01), and increased BMI (OR 1.005, 95% CI
1.001-1.008; p = 0.02) were independent predictors of
postoperative thromboembolic complications. The results
of the multivariate analysis are summarized in Table 3.

Postoperative Cardiac Arrest or Acute MI

There was no significant difference between the high-
risk and low-risk groups in terms of postoperative cardiac
arrest or acute MI on univariate (p = 0.19) and multivari-
ate (p = 0.1) analyses. On multivariate analysis, history of
cancer (OR 1.041, 95% CI 1.008-1.075; p = 0.02), CHF
(OR 1.183,95% CI 1.106-1.264; p < 0.001), and PVD (OR
1.537, 95% CI 1.404-1.683; p < 0.001) were independent
predictors of postoperative cardiac arrest or acute MI.
The results of the multivariate analysis are summarized
in Table 4.

Postoperative DVT

There was no significant difference between the high-
risk and low-risk groups in terms of postoperative DVT on
univariate (p = 0.98) and multivariate (p = 0.11) analyses.
On multivariate analysis, current smokers (OR 1.144, 95%
CI 1.058-1.237; p < 0.001) and history of MI (OR 1.130,
95% CI 1.033-1.235; p = 0.01) were independent predic-
tors of postoperative DVT. The results of the multivariate
analysis are summarized in Table 5.

Postoperative PE

There was no significant difference between the high-
risk and low-risk groups in terms of postoperative PE in
univariate (p = 0.71) and multivariate (p = 0.12) analyses.
On multivariate analysis, higher BMI (OR 1.003, 95% CI
1-1.005; p = 0.02) and history of stroke (OR 1.171, 95%
CI 1.033-1.328; p = 0.01) were independent predictors of
postoperative PE. The results of the multivariate analysis
are summarized in Table 6.



TABLE 6. Multivariate model analyzing the predictors of
postoperative PE
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TABLE 7. Multivariate model analyzing the predictors of
postoperative stroke

95% CI 95% CI
Variable OR Lower Bound Upper Bound p Value Variable OR Lower Bound Upper Bound p Value
High risk 1.067 0.984 1157 0.12 High risk 1.003 0.945 1.064 0.91
Age 1.001 1.000 1.002 013 Age 1.001 1.000 1.001 0.1
Male sex 0.992 0.963 1.023 0.62 Male sex 0.999 0.977 1.021 0.93
AFib 0.929 0.861 1.003 0.06 AFib 0.981 0.928 1.037 0.50
Blood clots 0.983 0.892 1.083 0.73 Blood clots 0.988 0.921 1.061 0.74
Cancer 0.936 0.869 1.008 0.08 Cancer 1.002 0.949 1.058 0.94
Metastasis 0.919 0.824 1.025 0.13 Metastasis 0.985 0.909 1.067 0.71
CHF 0.968 0.830 1128 0.67 CHF 0.991 0.887 1.109 0.88
Stroke 1171 1.033 1.328 0.01 Stroke 0.982 0.896 1.076 0.69
MI 0.928 0.837 1.028 0.15 MI 0.985 0.914 1.062 0.70
PVD 0.967 0.786 1191 0.75 PVD 1.001 0.860 1.165 0.99
Current smoker ~ 0.923 0.844 1.010 0.08 Current smoker ~ 0.994 0.931 1.061 0.86
BMI 1.003 1.000 1.005 0.02 BMI 1.000 0.998 1.002 0.89
Revision 1.018 0.991 1.047 0.20 Revision 0.982 0.962 1.002 0.07

Boldface type indicates statistical significance.

Postoperative Stroke

There was no significant difference between the high-
risk and low-risk groups in terms of postoperative stroke
in univariate (p > 0.99) and multivariate (p = 0.9) analyses.
On multivariate analysis, there were no independent pre-
dictors of postoperative stroke. The results of the multi-
variate analysis are summarized in Table 7.

Discussion

In this large multicenter cohort of ASD surgery pa-
tients, intravenous TXA administration in high-risk pa-
tients (e.g., history of AFib, venous thromboembolism, or
stroke) did not increase the risk of postoperative thrombo-
embolic events compared with that for low-risk patients.

The effectiveness of TXA administration in the reduc-
tion of intraoperative bleeding and blood transfusion dur-
ing ASD surgeries is well established in the literature.!'->2
Although TXA safety in ASD surgery has been studied
in multiple retrospective studies and prospective random-
ized controlled trials, these studies included small sample
sizes (32—132 patients) and did not focus on high-risk pa-
tients.'""* Furthermore, to our knowledge, all the random-
ized controlled trials on this topic specifically excluded
patients with risk factors for venous thromboembolism
(high-risk patients).*1"-1° Additionally, several meta-anal-
yses were published on this topic, none of which detected
an increased risk of thromboembolic complications in pa-
tients who had ASD surgery with TXA; again, none of
these studies focused on high-risk patients.'>!>!5

TXA in ASD Surgery and Blood Loss

Many studies showed that the administration of TXA
is associated with a reduction of intraoperative and post-
operative blood loss.''22 However, to our knowledge, no
previous study has compared blood loss in high-risk ver-
sus low-risk patients who have undergone ASD surgery
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with TXA administration. In this study, on univariate
analysis, there was significantly more blood loss in high-
risk patients than in low-risk patients (p < 0.001); however,
on multivariate analysis, patients having a high risk of a
thromboembolic event was not an independent significant
predictor of increased blood loss (p = 0.35). Furthermore,
blood loss became insignificant in multivariate analysis
because of the effect of the confounding factors.

TXA in ASD Surgery and Thromboembolic Complications

Some studies reporting on the use of TXA in ASD did
not focus on postoperative thromboembolic complica-
tions, or these complications were one of the secondary
outcomes evaluated.'>! In the randomized controlled trial
conducted by Carabini et al., no significant difference was
noted in thromboembolic complications between patients
administered TXA versus the placebo group (no TXA)."
In another randomized controlled trial on the use of TXA
in ASD surgeries, Peters et al. also did not find significant
differences in thromboembolic complications between
groups, although 1 patient developed PE in the TXA group
versus none in the placebo group.”” Furthermore, the same
results were replicated in the randomized controlled trial
conducted by Colomina et al.!® These randomized con-
trolled trials had small sample sizes and excluded high-
risk patients.*'7!8 In a multicenter retrospective analysis
of prospective data collected by Soroceanu et al., no sig-
nificant difference in thromboembolic complications was
reported between the TXA group and the control group.?!
In another retrospective study, Pernik et al. showed sim-
ilar results.?® In the meta-analyses performed by Li et al.
and Lu et al., no significant differences in terms of throm-
boembolic complications after adult spine surgery were
found between patients who received antifibrinolytics and
those who did not."*?? Again, none of these studies focused
on patients who had a high risk of developing thromboem-
bolic complications.'?-22 In the current study of 411 pa-
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tients who received TXA during ASD surgery, we did not
find a significant difference in total thromboembolic com-
plications or rates of stroke, cardiac arrest or MI, DVT, and
PE between high-risk and low-risk patients on multivariate
analysis.

Implications for Practice

The current study shows that TXA administration in
high-risk patients undergoing ASD surgery is not associ-
ated with an increased risk of the thromboembolic compli-
cations mentioned above. Still, there are serious concerns
in the healthcare system for patients with increased blood
loss and, consequently, an increased need for blood trans-
fusion.” “Blood loss prophylaxis,” a term that has recently
been used among surgeons,?® is as important as infection
prophylaxis. Perioperative antibiotics are used for infec-
tion prophylaxis,”” and our study shows that it is time to
use antifibrinolytic therapy, such as TXA, for blood loss
prophylaxis. It is well established that the use of TXA sig-
nificantly reduces blood loss and blood transfusion;!!-2?
however, its utilization in high-risk patients undergoing
ASD surgery is still controversial among spine surgeons
and anesthesiologists. These high-risk patients are at risk
of increased blood loss compared with low-risk patients
because they are commonly taking anticoagulants for
their underlying conditions.?® The findings of this study
should be recognized by spine surgeons, anesthesiologists,
internists, and cardiologists for optimal management of
high-risk patients undergoing ASD surgeries.

Limitations

Our retrospective analysis does have limitations. The
high-risk patients who received TXA might have included
some patients with a minor thromboembolic history, as
shown in Table 1, which might indicate self-selection by
the surgeons and anesthesiologists and could have intro-
duced selection bias. Another limitation is the thrombo-
embolic risk factor timing before the ASD surgery. For ex-
ample, the risk for a patient who had a DVT 10 years before
the index surgery is not as high as that for a patient who
had a DVT a few months prior to surgery. Despite each of
the patients having their own clinical scenario, our thresh-
old was very low in defining high-risk patients to capture
the largest number of high-risk patients. Specifically, our
stratification of high-risk may be too narrow; there may be
higher-risk patients in whom TXA should not be used. Fur-
thermore, for some risk factors, the number of patients was
insufficient to achieve conclusive results using multivari-
ate regression analysis. Finally, TX A use in spine surgery
increased throughout the study period, so this might have
introduced some selection bias with increased use of TXA
in high-risk patients during the end of the study period.

Conclusions

Our study provides evidence supporting the safety of
intravenous TXA administration in high-risk patients un-
dergoing ASD surgery. The results of this study indicate
that TXA utilization during ASD surgery was not associ-
ated with a significant increase in postoperative thrombo-
embolic events across a large cohort of high-risk patients.
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Appendix
Participating Centers

Department of Neurosurgery, Buffalo General Medical Center,
Kaleida Health, Buffalo, NY; Department of Neurosurgery,
University of Virginia, Charlottesville, VA; Department of
Orthopedic Surgery, Rady Children’s Hospital, San Diego,

CA; Department of Neurosurgery, University of Pittsburgh,

PA; Department of Orthopedic Surgery, Brown University,
Providence, RI; Department of Neurological Surgery, University
of California, San Francisco, CA; Presbyterian St. Luke’s
Medical Center, Denver, CO; Department of Orthopedic
Surgery, Lenox Hill Hospital, New York, NY; Department of
Orthopedic Surgery, University of Texas Health Houston, TX;
Department of Orthopaedic Surgery, Hospital for Special Surgery,
New York, NY; Department of Orthopaedic Surgery, NYU
Hospital for Joint Diseases, New York, NY; Leatherman Spine
Center, Louisville, KY; Department of Orthopaedic Surgery,
Johns Hopkins University, Baltimore, MD; Department of
Orthopedic Surgery, Scripps Clinic, San Diego, CA; Department
of Orthopedic Surgery, University of Calgary, AB, Canada;
Department of Orthopaedic Surgery, Baylor Scoliosis Center,
Plano, TX; Department of Orthopedic Surgery, Washington
University, St. Louis, MO; Department of Surgery, Division of
Orthopedic Surgery, University of Toronto and Toronto Western
Hospital, Toronto, ON, Canada; Department of Orthopedic
Surgery, Columbia University Medical Center, New York, NY;
Departments of Neurosurgery and Orthopedic Surgery, Duke
University, Durham, NC; Department of Orthopaedic Surgery,
University of Kansas Medical Center, Kansas City, KS.
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Disclaimer

Although the effectiveness of TXA administration during ASD
surgeries in the reduction of intraoperative bleeding and blood
transfusion, as discussed in this study, is well established in the
literature, this indication has not received approval from the Unit-
ed States Food and Drug Administration.
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