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INTRODUCTION
Body contouring surgery procedures continue increas-

ing year after year.1 Advances in surgical techniques, the 

improvement of results, and the use of new technolo-
gies are factors that have led to this great boom in recent 
times.2 But just as the procedures and surgical techniques 
to obtain better results have been modified and perfected, 
the processes to provide safety within these surgical pro-
cedures have also evolved in an important way. One of 
the processes that has been implemented to increase sur-
gical safety is to include protocols to reduce blood loss 
and thus avoid blood transfusions as much as possible.3,4 
Within these processes, the use of tranexamic acid (TXA) 
as an antifibrinolytic drug has emerged as a highly rec-
ommended management.5 Although TXA is a product 
widely used in various areas of medicine and surgery,6–12 
only recently has it been used in different surgical pro-
cedures in the field of plastic surgery,13–16 including body 
contouring surgery.17–20 The usefulness of TXA has already 
been determined during liposuction, in different forms 
and processes with very good results.17–20 However, there is 
no comparative study that evaluates the effect and possible 
benefits of continuing its administration for 48 hours after 
surgery. That is why we developed a comparative protocol 
using it in the transoperative period and continuing its use 
during the immediate postsurgical period to find out the 
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benefits provided by this scheme and to evaluate possible 
complications, with the aim of reducing bleeding and the 
amount of blood transfusions. To our knowledge, this is 
the first comparative study carried out in body contouring 
surgery showing the usefulness of TXA in the immediate 
postsurgical period.

MATERIAL AND METHODS
A multicentric, controlled, randomized, parallel, open-

label clinical trial was carried out at the El Pinar Clinic 
in Bucaramanga and in the Dhara Clinic, Total Definer 
Center, Bogota, Colombia, prepared according to the 
Consolidated Standards of Reporting Trials (CONSORT) 
guidelines for randomized and parallel clinical trials21 
(Fig. 1). Female patients between 18 and 60 years of age 
were included, with American Society of Anesthesiologists 
(ASA) scores 1 and 2, who underwent liposuction greater 
than 3 L and/or abdominoplasty under intravenous general 
anesthesia in isolation or with additional cosmetic surgical 
procedures. Patients who did not agree to participate in 
the study; had liposuctions of less than 3 L, allergy to TXA, 
history of epilepsy, blood dyscrasias, or history of deep vein 
thrombosis; and who underwent combined procedures 
such as facelift, mastopexy, and gluteoplasty were excluded 
from the study. Two groups were formed, the control group 
who were administered a single dose of 1 g of intravenous 
(IV) TXA before surgery, and the study group who were 
administered the same dose of TXA before surgery but 
continued with 1 g orally at 12, 24, and 48 hours after sur-
gery. Information related to age, ASA classification, weight, 
height, body mass index, Caprini score, type of surgical 
procedure (abdominoplasty, lipoabdominoplasty, liposcu-
lpture), infiltration (mL), and liposuction (mL) was col-
lected from all patients. Pronation time (minutes), flap 
weight (g), preoperative parenteral iron use, normovole-
mic hemodilution, warm-up time (minutes), esophageal 
temperature, and preoperative hemoglobin, at 24 and 72 
hours, were also determined. All patients were followed up 
for 30 postoperative days. The assignment of the patients 
in each group was carried out by simple randomization 
and with a 1:1 ratio; the sequence was generated using a 
statistical table of random numbers. Taking into account 
that the study group required oral administration of TXA, 
no blinding of patients or physicians was performed; there-
fore, this study is considered open-label. With a difference 
in the proportion of transfusions of 5% between the groups 
(study 1% versus control 6%), a confidence level of 95%, 
and a power of 80%, with a 1:1 ratio, a sample size of at 
least 425 patients was calculated using Epidat 4.2 (Epidat; 
Dirección Xeral de Saúde Pública de la Consellería de 
Sanidade, Xunta de Galicia, Spain).22 All patients under-
went a patient blood management strategy according to a 
previous publication.4 This strategy has three moments: in 
the preoperative period, complete blood count and iron 
deficiency anemia treatment were performed according 
to the protocol with parenteral iron and erythropoietin.4 
During surgery, normovolemic hemodilution was per-
formed if hemoglobin was greater than 11.5g/dL, 1 g IV 
TXA, for prevention and management of hypothermia, 

anesthetic management with permissive hypotension, 
and surgical technique with the shortest possible time in 
pronation.4 In the postoperative period, hemoglobin con-
centrations were evaluated 24 and 72 hours after surgery, 
and transfusion was indicated for patients with levels below 
7 g/dL and for symptomatic patients with levels between 7 
and 9 g/dL.4 All patients with hemoglobin below 7 g/dL, 
and symptomatic patients with hemoglobin between 7 and 
9 g/d: were transfused. The incidence of TXA-related side 
effects, specifically venous thromboembolism in the lower 
limbs, was assessed by the anesthesiology service on days 1, 
3, and 5 after surgery and by the treating surgeon weekly 
up to 30 days. All patients received 3000 U of fraxiparin 
for 7–21 days after surgery, depending on each patient’s 
Caprini risk assessment model,23 beginning 12 hours after 
surgery, after verification that the patient did not present 
active bleeding. Patients with Caprini values between 2 and 
3 received anticoagulation for 7 days, Caprini values of 4 
received it for 14 days, and Caprini values of 5 received it 
for 21 days. Values of 6 or higher were not candidates for 
body contouring surgery.

Statistical Analysis
Qualitative variables are reported as absolute and 

relative frequencies. Quantitative variables are presented 
as median and interquartile range given their statistical 
distribution. Additionally, missing data are reported for 
each variable collected. The normality of the quantita-
tive variables was evaluated using the Shapiro–Wilks test. 
To establish differences in the demographic and clini-
cal variables between both groups, the χ2 test or Fisher 
exact test was used, as appropriate for the qualitative vari-
ables, and the Wilcoxon test for the quantitative variables. 
Differences with a P value less than 0.05 were interpreted 
as statistically significant, with a two-tailed hypothesis test.

An intention-to-treat analysis was performed. The inci-
dence of transfusions is reported as a proportion accom-
panied by 95% confidence interval (CI). To establish 
the effect of intravenous TXA in combination with oral 

Takeaways
Question: What is the effectiveness of tranexamic acid 
(TXA) in reducing bleeding and the need for transfu-
sions in body contouring surgery when it is administered 
preoperatively and during the immediate postoperative 
period?

Findings: A controlled, randomized, parallel, and open 
clinical trial was carried out in adult patients undergo-
ing liposculpture and/or abdominoplasty, where it was 
verified that TXA administered intravenously before sur-
gery and continuing its oral administration after surgery 
reduced postoperative bleeding and the need for trans-
fusions with statistical significance, compared with the 
group where it was only used in the preoperative period.

Meaning: Using TXA preoperatively and continuing to 
use it after surgery significantly reduces postoperative 
bleeding and the need for transfusions in patients under-
going body contouring surgery.
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(independent variable) on the need for postoperative 
transfusion (dependent variable), a binomial generalized 
linear regression model was applied and reported as risk 
ratio and 95% CI. Likewise, the absolute risk reduction and 
the number needed to treat are reported. No interim anal-
yses were performed. The analysis was performed using 
Stata 13.0 software (StataCorp LLC, College Station, Tex.).

RESULTS
A total of 427 young patients with a low frequency of 

obesity were included: 208 (48.7%) in the control group 
with only intravenous TXA administration, and 219 
(51.3%) in the study group with intravenous and oral 
TXA (Fig. 1). Lipoabdominoplasty and liposuction were 
the most performed procedures. Preoperative paren-
teral iron use and surgical findings were similar in both 

groups. Table 1 describes the general characteristics of the 
population.

Median postoperative hemoglobin levels at 24 hours 
were similar in both groups [24 h: study 11.3 g/dL (95% 
CI 10.5–12.0) versus control 11.1 g/dL (95% CI 10.3–11.8) 
(P = 0.07)]; however, at 72 hours, postoperative hemoglo-
bin was higher in the study group [10.8 g/dL (95% CI 
10.1–11.5)] versus control [10.0 g/dL (95% CI 9.2–10.7), 
P ≤ 0.001] (Fig. 2). The overall incidence of transfusions 
was 5.15% (95% CI 3.41–7.71), being higher in the con-
trol group [8.65% (95% CI 5.50–13.34)] compared with 
the study group [1.82% (95% CI 0.68–4.78)] (Fig. 3); this 
corresponds to an absolute risk reduction of −6.8% (95% 
CI −11.0 to −2.6) and a number needed to treat of 14.6 
(95% CI 8.6–37.6). The effect of TXA in the study group 
decreased the incidence of transfusions compared with 
the control group (Table 2). Taking into account that the 

Fig. 1. Flowchart in patient selection according to the CONSORT guidelines for randomized and parallel 
clinical trials.
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age was statistically different between the study group and 
the control group, an adjustment was made in the estimate 
of the effect; however, the variation of the coefficient was 
not significant (Table 2). There were no thromboembolic 
adverse events in either group or adverse effects related to 
the use of TXA.

DISCUSSION
The blood coagulation process is a complex mecha-

nism that involves different factors and stages, beginning 

when there is a trauma that triggers this mechanism, with 
thrombin playing a central role in this process.24 Thrombin 
is derived from the degradation of prothrombin, and one 
of its main functions is in the conversion of fibrinogen 
to fibrin. Fibrinogen is a soluble protein present in the 
blood, and when acted on by thrombin, it breaks specific 
peptide bonds and forms a three-dimensional network 
of fibrin filaments. These filaments intertwine to form a 
stable network that constitutes a blood clot. After the for-
mation of a blood clot, its lysis or disintegration is also 
necessary. Fibrinolysis is the natural process that dissolves 

Table 1. Population Characteristics
Variable Total, N = 427 TXA IV, n = 208 TXA IV and Oral, n = 219 P 

Age (y) 34 (28–42) 36 (29–43.5) 33 (27–41) 0.019
Weight (kg)
  No data, n (%)

65 (60–71)
4

65 (60–72)
1

64 (60–70)
3

0.187

BMI    0.069
 � Normal 239 (56.5) 106 (51.2) 133 (61.6)  
 � Overweight 167 (39.5) 90 (43.5) 77 (35.6)  
 � Obese 17 (4.0) 11 (5.3) 6 (2.8)  
ASA, n (%)*    0.151
 � I 327 (76.6) 155 (74.5) 172 (78.5)  
 � II 91 (21.3) 51 (24.5) 40 (18.3)  
 � III 1 (0.2) — 1 (0.5)  
 � No data, n (%) 8 (1.9) 2 (1.0) 6 (2.7)  
Caprini score*    0.193
 � 2 20 (4.6) 5 (2.4) 15 (6.9)  
 � 3 240 (56.2) 121 (58.2) 119 (54.3)  
 � 4 95 (22.2) 49 (23.5) 46 (21.0)  
 � 5 4 (0.9) 1 (0.5) 3 (1.4)  
 � No data, n (%) 68 (15.9) 32 (15.4) 36 (16.4)  
Medications*    0.749
 � Yes 2 (0.5) 207 (99.5) 216 (98.6)  
 � No 423 (99.0) 1 (0.5) 1 (0.5)  
 � No data, n (%) 2 (0.5) — 2 (0.9)  
Surgical procedure*    0.198
 � Abdominoplasty 9 (2.1) 6 (2.9) 3 (1.4)  
 � Lipoabdominoplasty 91 (21.3) 51 (24.5) 40 (18.2)  
 � Liposuction 114 (26.7) 49 (23.6) 65 (29.7)  
 � Combined surgery, blepharoplasty, 

breast augmentation, breast lifting
213 (49.8) 102 (49.0) 111 (50.7)  

Preoperative parenteral iron*    0.510
 � Yes 17 (3.9) 8 (3.8) 9 (4.1)  
 � No 408 (95.6) 198 (95.2) 210 (95.9)  
 � No data, n (%) 2 (0.5) 2 (1.0)  —  
Surgical values
 � Infiltration (mL) 4000 (3300–5000) 4000 (3300–4900) 4000 (3400–5000) 0.889
  �  No data (n) 2  2  
 � Liposuctioned (mL) 3600 (2800–4700) 3650 (2700–4600) 3600 (2950–4800) 0.621
  �  No data (n) 5 2 3  
 � Time (min) 225 (180–266) 223.5 (173–269) 225 (181–264) 0.858
  �  No data (n) 62 30 32  
 � 10-min wait    0.530
  �  Yes 275 (64.4) 139 (66.8) 136 (62.1)  
  �  No 76 (17.8) 33 (15.9) 43 (19.6)  
  �  No data (n) 76 (17.8) 36 (17.3) 40 (18.3)  
 � Pronation (min) 72 (57.5) 70 (55–90) 75 (60–90) 0.223
  �  No data (n) 47 20 27  
Preoperative levels
 � Hemoglobin (mg/dL) 13.7 (13.0–14.3) 13.6 (13.0–14.3) 13.7 (13.0–14.3) 0.913
*Estimated difference with the Fisher exact test. Quantitative variables are reported as medians and interquartile range.
BMI, body mass index.
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clots formed during coagulation, and in this process, plas-
minogen plays the main role. Plasminogen is a protein 
present in the blood that is produced in the liver and is 
the inactive precursor of the enzyme plasmin. It is secreted 

as an inactive form and is activated when a blood vessel 
is injured or ruptured. Plasmin is a serine protease that 
breaks down fibrin, the main component of blood clots. 
The balance between the activation of prothrombin and 

Fig. 2. Hemoglobin levels in the group with only oral TXA (control) and in the group with oral and IV TXA 
(intervention). Levels were measured preoperatively and 24 and 72 hours after surgery.

Fig. 3. Incidence of transfusions in the group with only oral TXA (control) and in the group with oral and 
IV TXA (intervention).
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later of plasminogen with the formation of plasmin, to dis-
integrate fibrin, is crucial to maintain adequate coagula-
tion and fibrinolysis in the body.24

TXA is a synthetic antifibrinolytic derived from the 
amino acid lysine that decreases bleeding in three ways.5 It 
competitively binds to the active site of plasmin, preventing 
its proteolytic action on the fibrin peptide bonds that are 
forming the clot. In addition to competing with plasmin 
for the active site, TXA has the ability to bind directly to 
fibrin, forming a stable complex with the blood clot. This 
binding strengthens and stabilizes the fibrin structure, 
preventing its breakdown and further delaying fibrinoly-
sis. Finally, by blocking the binding and action of plasmin-
ogen activators, such as tissue plasminogen activator, TXA 
reduces the conversion of plasminogen to active plasmin 
and thus also decreases clot lysis capacity.5 Although plas-
min can still be formed under these circumstances, it can-
not bind to or degrade fibrin.24 Suppression of fibrinolysis 
by TXA is manifested in surgical patients by reductions in 
blood D-dimer levels, but the drug has no effect on blood 
coagulation parameters. Co-administration of heparin 
does not influence TXA activity.24

The activity of the trans-isomer of TXA was first 
described in 1964 by Okamoto et al.25 Since then, the 
drug has been used as an antifibrinolytic in a wide variety 
of clinical settings, with multiple meta-analyses indicating 
its effectiveness in different areas of medicine. It is used 
to decrease bleeding from the gastrointestinal tract,7 in 
orthopedics in knee and hip surgery,8,26 to decrease men-
strual bleeding,9 to perform endoscopies in patients pre-
disposing to bleeding,10 in hereditary bleeding disorders,12 
rhinoplasty,27 postpartum bleeding,28 and many other 
situations.

Despite the fact that its use has been widely accepted 
for several years in other branches of medicine, its use 
in plastic surgery is very recent. Rohrich et al found in a 
search carried out in 2017 that there were only four articles 
on its use: two in nasal surgery where it was used orally and 
another two used topically, one in face lift and another in 
reduction mammoplasty.13 In the same article, they use it 
in rhinoplasty, breast augmentation, blepharoplasty, face 
lift, and abdominoplasty, applying it exclusively in the 
form of irrigation on the wound or in gauze impregnated 
with TXA.13 Its use in body contouring is even more recent 
and continues to be very limited. In 2021, in a systematic 
search of the literature by Laikhter et al, they found only 
three articles indicating the benefit of TXA in liposuction, 
reducing bleeding secondary to surgery.29 One of the first 
published studies on body contouring surgery was in 2018 
by Cansancao et al,18 which, making a comparative study 
between two groups undergoing liposuction, found that 
patients who were administered a dose of TXA 30 min-
utes preoperatively and another dose 30 minutes post-
operatively had up to 52.6% less bleeding and 48% less 

decrease in hematocrit at 7 postoperative days compared 
with patients who were administered placebo. El Minawi 
et al also found significantly less bleeding and a lower 
incidence and severity of ecchymosis in patients who were 
administered TXA by subcutaneous infiltration for tumes-
cence or IV half an hour before starting surgery compared 
with a control group.19 In this study, bleeding was less with 
subcutaneous administration than with IV administration. 
Hoyos et al found, in a multicenter, randomized, double-
blind study, greater effectiveness when using IV TXA half 
an hour before the start of liposuction, than when using 
it in the tumescent subcutaneous infiltration than in the 
placebo group.17 Rodriguez-Garcia and Sanchez-Peña also 
found less bleeding in the group in which TXA was used 
in the tumescent infusion before liposuction than in the 
group in which it was not used.20

In previous studies, we had found the efficiency of the 
use of 1 g of IV TXA half an hour before the start of body 
contouring surgery, where blood loss had been less in the 
group where TXA was used compared with the control 
group where TXA was not used.17 However, considering 
that bleeding persists after body contouring surgical pro-
cedures, because the area worked on is wide, and wide 
detachments, it was decided to carry out this study, the 
main premise of which was to extend the use of TXA up to 
48 hours after surgery. The doses used in the study group, 
1 g at 12, 24, and 48 hours after surgery, do not exceed the 
pharmacological values of their indications,16 which corre-
spond to 10–15 mg/kg dose. In both groups, the decrease 
in hemoglobin values at 24 hours was similar. However, 
in the group where we continued the use of TXA for 48 
hours, the decrease in hemoglobin was less than in the 
group without postsurgical TXA. Similarly, the need for 
transfusions in the group without postoperative TXA was 
greater. Both results reached statistical significance.

Something that is very important to point out is that 
there were no undesirable or secondary effects in either 
of the two TXA use schemes, especially the absence of 
deep vein thrombosis (DVT) data using TXA for 48 hours. 
There are already scientific reports that there is no higher 
incidence of DVT with the use of TXA in patients under-
going any surgical procedure. Through a meta-analysis 
carried out in 2017 by Guo et al, they investigated the 
beneficial effects and undesirable effects of the use of oral 
TXA used up to 24 hours after surgery in patients under-
going knee arthroplasty, compared with control groups.8 
In this study, a lower reduction in hemoglobin, hemato-
crit, and bleeding was found in the TXA groups, without 
finding statistically significant differences in thromboem-
bolic events between the two groups.8 Reale et al in 2021 
carried out another meta-analysis in 140 randomized con-
trolled studies on the complications of the use of oral, IV, 
or intra-articular TXA in patients undergoing orthopedic 
surgery of the lower extremities. No differences were 

Table 2. Estimation of the Effect of IV and Oral TXA on the Need for Transfusions
Model Coefficient (95% CI) Relative Risk (95% CI) 

Without adjustment −1.62 (−2.72 to −0.52) 0.21 (0.07–0.61)
Age adjusted −1.66 (−2.76 to −0.55) 0.20 (0.07–0.59)
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found in thromboembolic complications between the 
groups to which TXA was administered in any of its routes 
of administration, versus the control groups.11 The inci-
dence of these complications is 2.4% and 2.8%, respec-
tively. Murao et al also carried out a systematic review and 
meta-analysis in 2021 including 234 studies with 102,681 
patients to find out complications from the IV use of TXA 
in patients with bleeding. The presence of thromboem-
bolic events, acute coronary syndrome, heart attack, and 
seizures was sought. No evidence of an increased risk of 
venous thromboembolism was found in patients receiving 
TXA. What they did find was an increased risk of seizures 
in patients who were administered more than 2 g/d.30 In 
a similar meta-analysis carried out in 2021 by Taeuber et 
al on the association of TXA with thromboembolic events 
and mortality, in 216 studies including 125,550 patients, 
they found 2.1% of thromboembolic events in patients 
in whom TXA was administered versus 2.0% in those 
who were not administered TXA; therefore, there was 
no association between the use of TXA and the risk of 
presenting deep vein thrombosis, pulmonary embolism, 
cardiac infarction or ischemia, and cerebral infarction 
or ischemia.31 In our study, no case of deep vein throm-
bosis was detected in either of the two groups, although 
here it should be noted that we used chemical throm-
boprophylaxis in patients for whom its application was  
indicated.32,33 We also had no cases of bleeding second-
ary to this management or any other side effect from the  
use of TXA.

Our study is currently the randomized clinical trial 
that includes the largest number of patients investigating 
the efficacy of TXA in body contouring surgery. We had 
previously shown the effectiveness of TXA in liposuction 
by administering it intravenously 30 minutes before sur-
gery.17 However, this new study differs from all previous 
scientific reports showing that the effectiveness is even 
greater when the administration of TXA is continued 
after the surgical procedure has finished. Despite the 
fact that bleeding was similar in both groups at 24 hours 
postoperatively, the group that received three additional 
oral doses of TXA had even less bleeding and therefore 
required fewer transfusions. Both results reached statisti-
cal significance. This shows us that blood loss secondary 
to liposuction continues to be minimal for the first 48 
hours postsurgery, and the use of TXA during this time 
provides even greater protection against postsurgical 
anemia and the need for blood transfusions. Subsequent 
studies should determine if its use greater than 48 hours 
after surgery extends this protection, further reducing 
bleeding.

CONCLUSIONS
The use of TXA in body contouring surgery proved 

to be more effective in reducing trans- and postsurgi-
cal bleeding and reducing the need for blood transfu-
sions, when used preoperatively and continued for 48 
postsurgical hours, than when used only preoperatively. 
Extending its use for 48 postsurgical hours did not imply 
an increased risk of adverse reactions or thromboem-
bolic effects.
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