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BACKGROUND
Perioperative bleeding is common in patients undergoing noncardiac surgery. 
Tranexamic acid is an antifibrinolytic drug that may safely decrease such bleeding.
METHODS
We conducted a trial involving patients undergoing noncardiac surgery. Patients were 
randomly assigned to receive tranexamic acid (1-g intravenous bolus) or placebo at 
the start and end of surgery (reported here) and, with the use of a partial factorial 
design, a hypotension-avoidance or hypertension-avoidance strategy (not reported 
here). The primary efficacy outcome was life-threatening bleeding, major bleeding, 
or bleeding into a critical organ (composite bleeding outcome) at 30 days. The pri-
mary safety outcome was myocardial injury after noncardiac surgery, nonhemor-
rhagic stroke, peripheral arterial thrombosis, or symptomatic proximal venous 
thromboembolism (composite cardiovascular outcome) at 30 days. To establish the 
noninferiority of tranexamic acid to placebo for the composite cardiovascular out-
come, the upper boundary of the one-sided 97.5% confidence interval for the hazard 
ratio had to be below 1.125, and the one-sided P value had to be less than 0.025.
RESULTS
A total of 9535 patients underwent randomization. A composite bleeding outcome 
event occurred in 433 of 4757 patients (9.1%) in the tranexamic acid group and in 
561 of 4778 patients (11.7%) in the placebo group (hazard ratio, 0.76; 95% confi-
dence interval [CI], 0.67 to 0.87; absolute difference, −2.6 percentage points; 95% CI, 
−3.8 to −1.4; two-sided P<0.001 for superiority). A composite cardiovascular outcome 
event occurred in 649 of 4581 patients (14.2%) in the tranexamic acid group and in 
639 of 4601 patients (13.9%) in the placebo group (hazard ratio, 1.02; 95% CI, 0.92 
to 1.14; upper boundary of the one-sided 97.5% CI, 1.14; absolute difference, 0.3 per-
centage points; 95% CI, −1.1 to 1.7; one-sided P = 0.04 for noninferiority).
CONCLUSIONS
Among patients undergoing noncardiac surgery, the incidence of the composite bleed-
ing outcome was significantly lower with tranexamic acid than with placebo. Although 
the between-group difference in the composite cardiovascular outcome was small, the 
noninferiority of tranexamic acid was not established. (Funded by the Canadian Insti-
tutes of Health Research and others; POISE-3 ClinicalTrials.gov number, NCT03505723.)
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Perioperative bleeding, a common 
complication in patients undergoing non-
cardiac surgery, is associated with increased 

morbidity and mortality.1-4 Large surgical trials 
have shown that tranexamic acid reduces the in-
cidence and severity of bleeding in patients un-
dergoing cesarean section or cardiac surgery.5,6 
Encouraging evidence from small trials suggests 
that tranexamic acid may reduce the incidence 
and severity of bleeding in patients undergoing 
orthopedic surgery7; there are limited data on its 
use in patients undergoing nonorthopedic non-
cardiac surgeries.8 Tranexamic acid is an antifi-
brinolytic drug,9 and trials have not been large 
enough to establish whether tranexamic acid in-
creases the risk of thrombotic events in noncar-
diac surgery.

We undertook the Perioperative Ischemic Eval-
uation–3 (POISE-3) trial to answer the following 
questions. In patients undergoing noncardiac sur-
gery who are at risk for bleeding and cardiovascu-
lar events, does tranexamic acid result in a lower 
incidence of life-threatening bleeding, major bleed-
ing, or bleeding into a critical organ than placebo, 
and is it noninferior to placebo with respect to the 
incidence of major cardiovascular complications 
within 30 days?

Me thods

Trial Design

In this international, randomized, controlled trial, 
we evaluated the effects of tranexamic acid as 
compared with placebo in patients undergoing 
noncardiac surgery. We used a partial factorial 
design in patients who were receiving at least one 
long-term antihypertensive medication to evalu-
ate a hypotension-avoidance strategy as compared 
with a hypertension-avoidance strategy. We report 
the results of the trial of tranexamic acid here. 
Details of the trial design have been published 
previously.10 Trial centers obtained ethics approval 
before commencing recruitment.

Trial Oversight

The trial was funded by the Canadian Institutes 
of Health Research and others. The Population 
Health Research Institute was the trial coordinat-
ing center and was responsible for the randomiza-
tion scheme, database, data validation, analyses, 
and trial coordination. No external funder had a 
role in the design or conduct of the trial, collec-

tion or analysis of the data, or preparation of the 
manuscript. The steering committee designed the 
trial and vouches for the accuracy and complete-
ness of the data and for the adherence of the 
trial to the protocol, available with the full text 
of this article at NEJM.org. Investigators and trial 
personnel collected the data. The writing commit-
tee finalized the statistical analysis plan, available 
with the protocol, before any investigator was 
made aware of the trial results. The first author 
wrote the first draft of the manuscript, and the 
writing committee made revisions and made the 
decision to submit the manuscript for publication. 
There were no agreements concerning confiden-
tiality of the data between the sponsors (i.e., 
funders) and the authors or their institutions.

Patients

We recruited patients from June 2018 through 
July 2021 at 114 hospitals in 22 countries. Eligible 
patients were 45 years of age or older, were under-
going inpatient noncardiac surgery, and were at 
risk for bleeding and cardiovascular complications 
according to criteria previously associated with 
perioperative bleeding and cardiovascular com-
plications (e.g., known atherosclerotic disease, 
undergoing major surgery, an age of ≥70 years, 
and a serum creatinine level of >175 μmol per 
liter [2.0 mg per deciliter]).11,12 Patients were ex-
cluded if they were undergoing cardiac surgery 
or intracranial neurosurgery, if a physician planned 
to administer systemic tranexamic acid during 
surgery, or if the patient had a creatinine clear-
ance of less than 30 ml per minute (Cockcroft–
Gault equation) or was receiving long-term dialy-
sis. All eligibility criteria are presented in Section 
S1 in the Methods section in the Supplementary 
Appendix, available at NEJM.org.

Procedures

After written informed consent was obtained from 
all the patients or a patient-designated decision 
maker, randomization was performed by means of 
a central computerized system with the use of 
block randomization, with stratification accord-
ing to center. Patients were assigned in a 1:1 ratio 
to receive tranexamic acid (1-g intravenous bolus) 
or placebo at the start and end of surgery and, in 
a 1:1 ratio with the use of a partial factorial 
design, to a hypotension-avoidance strategy or a 
hypertension-avoidance strategy. Patients, health 
care providers, data collectors, and outcome adju-
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dicators were unaware of the trial-group assign-
ments. The follow-up process is described in Sec-
tion S2.

Trial Outcomes

The primary efficacy outcome was a composite 
of life-threatening bleeding, major bleeding, and 
bleeding into a critical organ — henceforth re-
ferred to as the composite bleeding outcome — 
at 30 days after randomization. The primary safety 
outcome was a composite of myocardial injury 
after noncardiac surgery (i.e., myocardial in-
farction or isolated ischemic troponin elevation), 
nonhemorrhagic stroke, peripheral arterial throm-
bosis, and symptomatic proximal venous throm-
boembolism — henceforth referred to as the 
composite cardiovascular outcome — at 30 days 
after randomization.

Secondary and tertiary outcomes (Section S3) 
included the individual components of the com-
posite bleeding outcome and the composite car-
diovascular outcome, bleeding independently as-
sociated with death after noncardiac surgery,4 
myocardial infarction, a net risk–benefit outcome 
(death from cardiovascular causes, nonfatal life-
threatening bleeding, major bleeding, bleeding 
into a critical organ, myocardial injury after non-
cardiac surgery, stroke, peripheral arterial throm-
bosis, or symptomatic proximal venous throm-
boembolism), major bleeding according to the 
criteria of the International Society on Thrombo-
sis and Haemostasis (ISTH)13, transfusion of at 
least 1 unit of packed red cells, amputation, any 
symptomatic or asymptomatic proximal venous 
thromboembolism, and seizure. Outcome defini-
tions, monitoring, and the adjudication process 
are described in Sections S4, S5, and S6, respec-
tively.

Statistical Analysis

The primary efficacy hypothesis was that 
tranexamic acid would be superior to placebo 
with respect to the composite bleeding outcome. 
The primary safety hypothesis was that tranexam-
ic acid would be noninferior to placebo with re-
spect to the composite cardiovascular outcome. 
To satisfy the noninferiority hypothesis, the up-
per boundary of the one-sided 97.5% confidence 
interval for the hazard ratio of the composite 
cardiovascular outcome — which corresponds to 
the upper boundary of the two-sided 95% confi-
dence interval — had to be below 1.125, and the 

one-sided P value had to be less than 0.025. The 
noninferiority margin corresponds to a relative 
increase in risk of 12.5%, which is half the rela-
tive decrease in risk of 25% that we looked for 
to establish the superiority of aspirin to placebo 
in the POISE-2 trial.1,14 To inform our primary 
hypotheses, the POISE-3 trial was initially de-
signed to randomly assign 10,000 patients to 
receive tranexamic acid or placebo (Section S7).

Owing to a financial deficit resulting from 
slowed recruitment during the coronavirus dis-
ease 2019 (Covid-19) pandemic, the steering 
committee stopped recruitment on July 15, 2021, 
after at least 9500 patients had undergone ran-
domization. This decision was made without 
knowledge of the trial results but with knowl-
edge that the incidences of the aggregate com-
posite bleeding and composite cardiovascular 
outcome events were higher than originally esti-
mated. We estimated that a sample of 9500 pa-
tients would provide the trial with 90% power to 
detect a hazard ratio of 0.80 or less (two-sided 
alpha level of 0.05) for tranexamic acid as com-
pared with placebo, assuming an incidence of 
composite bleeding outcome events of 9.0% in 
the placebo group. Stopping the trial at 9500 
patients also provided the trial with 98% power 
for a noninferiority margin, expressed as a haz-
ard ratio of 1.125 (one-sided alpha level of 
0.025), under the assumption of an incidence of 
composite cardiovascular outcome events of 14.0% 
in the placebo group and an expected hazard 
ratio of 0.90 and with adjustment for the partial 
factorial design.

The noninferiority hypothesis was evaluated 
in the per-protocol population (i.e., patients who 
received both planned doses of tranexamic acid 
or placebo). For all the other analyses, data were 
analyzed in the intention-to-treat population (i.e., 
patients evaluated in the trial group to which they 
had been randomly assigned). Data for patients 
who were lost to follow-up were censored on the 
last day that their status was known. An inde-
pendent data and safety monitoring committee 
reviewed interim analyses when 25%, 50%, and 
75% of the 30-day data were available. Details of 
the interim analyses are provided in Section S8.

Most outcomes were analyzed with the use of 
Cox proportional-hazards models, with stratifi-
cation according to trial group in the blood-pres-
sure management factorial. For the Cox models, 
we calculated the hazard ratio, corresponding 
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Table 1. Baseline Characteristics of the Patients, Type of Surgery, and Medications.*

Characteristics
Tranexamic Acid 

(N = 4757)
Placebo 

(N = 4778)

Age — yr 69.5±9.5 69.3±9.4

Male sex — no./total no. (%) 2669/4755 (56.1) 2681/4778 (56.1)

Eligibility criteria met — no. (%) 4742 (99.7) 4766 (99.7)

NT-proBNP ≥200 ng/liter 574 (12.1) 552 (11.6)

History of coronary artery disease 1410 (29.6) 1466 (30.7)

History of peripheral artery disease 714 (15.0) 722 (15.1)

History of stroke 400 (8.4) 388 (8.1)

Undergoing major vascular surgery 541 (11.4) 544 (11.4)

Risk criteria

Met ≥3 of 9 criteria 3988 (83.8) 4003 (83.8)

Undergoing major surgery† 3741 (78.6) 3798 (79.5)

Undergoing urgent or emergency surgery 555 (11.7) 540 (11.3)

Age ≥70 yr 2611 (54.9) 2588 (54.2)

Current diabetes for which medication is taken 1749 (36.8) 1812 (37.9)

Preoperative serum creatinine level >175 μmol/liter 57 (1.2) 73 (1.5)

History of congestive heart failure 674 (14.2) 671 (14.0)

History of transient ischemic attack 282 (5.9) 247 (5.2)

History of hypertension 4293 (90.2) 4321 (90.4)

History of smoking within 2 yr before surgery 1131 (23.8) 1128 (23.6)

Other medical history — no. (%)

Atrial fibrillation 478 (10.0) 445 (9.3)

Active cancer 1311 (27.6) 1360 (28.5)

Surgery — no./total no. (%)

Any procedure 4729/4757 (99.4) 4740/4778 (99.2)

General‡ 1769/4729 (37.4) 1773/4740 (37.4)

Orthopedic 1083/4729 (22.9) 1063/4740 (22.4)

Vascular 699/4729 (14.8) 700/4740 (14.8)

Urologic 598/4729 (12.6) 624/4740 (13.2)

Spinal 237/4729 (5.0) 206/4740 (4.3)

Gynecologic 162/4729 (3.4) 171/4740 (3.6)

Thoracic 127/4729 (2.7) 146/4740 (3.1)

Low-risk 39/4729 (0.8) 34/4740 (0.7)

Plastic 14/4729 (0.3) 23/4740 (0.5)

Data missing on type of procedure performed 1/4729 (<0.1) 0/4740

No procedure performed 27/4757 (0.6) 35/4778 (0.7)

Data missing on whether patient underwent surgery 1/4757 (<0.1) 3/4778 (0.1)

Medication taken within 24 hr before surgery — no. (%)

Therapeutic-dose thrombin or factor Xa inhibitor 22 (0.5) 28 (0.6)

Therapeutic-dose vitamin K antagonist 6 (0.1) 8 (0.2)

Therapeutic-dose intravenous or subcutaneous antithrombotic agent 58 (1.2) 44 (0.9)

Prophylactic-dose anticoagulant 753 (15.8) 757 (15.8)
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95% confidence interval, and associated P value. 
A two-sided P value of less than 0.05 was consid-
ered to indicate statistical significance. For the 
primary efficacy and safety outcomes, we assessed 
whether the blood-pressure management facto-
rial affected the results of tranexamic acid as 
compared with placebo using Cox proportional-
hazards models that incorporated tests of inter-
action.

We analyzed the binary outcome of transfusion 
using a two-by-two table and analyzed length of 
hospital stay and days alive at home using quantile 
regression. Because we did not correct for multi-
plicity when conducting tests for secondary or 
tertiary outcomes, results are reported as point 
estimates and 95% confidence intervals. The 
widths of the confidence intervals have not been 
adjusted for multiplicity, so the intervals should 
not be used to infer definitive treatment effects 
for the secondary or tertiary outcomes.

We performed four prespecified subgroup anal-
yses of the primary outcomes; subgroups were 
defined according to type of surgery, hemoglobin 
level, estimated glomerular filtration rate, and 
N-terminal pro–brain natriuretic peptide level (Sec-
tion S9). For the composite cardiovascular out-
come, we performed a sensitivity analysis accord-
ing to the intention-to-treat principle. Statistical 
analyses were performed with the use of SAS 
software, version 9.4 (SAS Institute).

R esult s

Patients, Follow-up, and Adherence

We randomly assigned 9535 patients to receive 
tranexamic acid (4757 patients) or placebo (4778 

patients) (Fig. S1). The 30-day follow-up visit was 
completed for 99.9% of the patients. The base-
line characteristics of the patients, type of non-
cardiac surgeries, and preoperative medications 
were similar in the two groups (Table 1). The mean 
age of the patients was 69.4 years, and 4183 were 
women (43.9%). Most patients underwent nonor-
thopedic noncardiac surgery (76.8%). Most pa-
tients were enrolled in North America (31.1%), 
Europe (39.8%), and the Asia–Pacific region (27.0%) 
(Table S1). A total of 75.9% of the patients were 
White (Table S2).

In both the tranexamic acid group and the pla-
cebo group, 96.3% of the patients received both 
doses of the trial agent (Table S3). Administration 
of nontrial antifibrinolytic drugs was uncommon 
(Table S4), and the postoperative use of drugs 
during the hospital stay that can increase the risk 
of bleeding was similar in the two groups (Table 
S5). After surgery, 64.2% of the patients in the 
tranexamic acid group and 63.6% of those in the 
placebo group received prophylactic medication 
against venous thromboembolism.

Primary Outcomes

A composite bleeding outcome event occurred in 
433 patients (9.1%) in the tranexamic acid group 
and in 561 patients (11.7%) in the placebo group 
(hazard ratio, 0.76; 95% confidence interval [CI], 
0.67 to 0.87; absolute difference, −2.6 percentage 
points; 95% CI, −3.8 to −1.4; two-sided P<0.001 
for superiority) (Table 2 and Fig. 1). A composite 
cardiovascular outcome event occurred in 649 of 
4581 patients (14.2%) in the tranexamic acid group 
and in 639 of 4601 patients (13.9%) in the placebo 
group (hazard ratio, 1.02; 95% CI, 0.92 to 1.14; 

Characteristics
Tranexamic Acid 

(N = 4757)
Placebo 

(N = 4778)

Aspirin 638 (13.4) 634 (13.3)

P2Y12 inhibitor 88 (1.8) 84 (1.8)

Nonsteroidal antiinflammatory drug 266 (5.6) 267 (5.6)

Cyclooxygenase-2 inhibitor 132 (2.8) 158 (3.3)

*	�Plus–minus values are means ±SD. To convert the values for creatinine to milligrams per deciliter, divide by 88.4. NT-
proBNP denotes N-terminal pro–brain natriuretic peptide.

†	�Major surgery was defined as intraperitoneal, intrathoracic, retroperitoneal, or major orthopedic surgery.
‡	�General surgery was defined as complex visceral resection (i.e., surgery involving the liver, esophagus, pancreas, or 

multiple organs); partial or total colectomy, stomach surgery, or small-bowel resection; major head and neck resection 
for nonthyroid tumor; or other intraabdominal surgery (e.g., dissection of the gallbladder, appendix, adrenal glands, 
spleen, or regional lymph nodes).

Table 1. (Continued)

The New England Journal of Medicine 
Downloaded from nejm.org at Seoul National University on April 4, 2022. For personal use only. No other uses without permission. 

 Copyright © 2022 Massachusetts Medical Society. All rights reserved. 



n engl j med﻿﻿  nejm.org﻿6

T h e  n e w  e ngl a nd  j o u r na l  o f  m e dic i n e

upper boundary of the one-sided 97.5% CI, 1.14; 
absolute difference, 0.3 percentage points; 95% CI, 
−1.1 to 1.7; one-sided P = 0.04 for noninferiority); 
the sensitivity analysis performed according to 
the intention-to-treat principle produced a similar 
result (hazard ratio, 1.03; 95% CI, 0.92 to 1.14).

The interaction term of log-time according to 
trial group in the models indicated that the as-
sumptions of proportional hazards were not vio-
lated (P = 0.75 for interaction in the analysis of 
the primary efficacy outcome and P = 0.48 for inter-
action in the analysis of the primary safety out-
come). The blood-pressure management factorial 
had no significant effect on the results of the 
comparison between tranexamic acid and pla-
cebo for the primary efficacy outcome (P = 0.67 

for interaction) and the primary safety outcome 
(P = 0.74 for interaction).

Secondary and Tertiary Outcomes  
and Serious Adverse Events

With respect to secondary outcomes (Table  2), 
bleeding independently associated with death af-
ter noncardiac surgery occurred in 416 patients in 
the tranexamic acid group (8.7%) and in 541 pa-
tients (11.3%) in the placebo group (hazard ra-
tio, 0.76; 95% CI, 0.67 to 0.87); major bleeding 
occurred in 363 patients (7.6%) and in 496 patients 
(10.4%), respectively (hazard ratio, 0.72; 95% CI, 
0.63 to 0.83); and a net risk–benefit outcome event 
occurred in 983 patients (20.7%) and in 1046 
patients (21.9%), respectively (hazard ratio, 0.94; 

Table 2. Effects of Tranexamic Acid on 30-Day Outcomes.*

Outcome

Tranexamic 
Acid 

(N = 4757)
Placebo 

(N = 4778)
Hazard Ratio 

(95% CI)† P Value

Primary efficacy outcome: composite bleeding outcome — no. (%)‡ 433 (9.1) 561 (11.7) 0.76 (0.67–0.87) <0.001§

Individual components of composite bleeding outcome — no. (%)

Life-threatening bleeding¶ 78 (1.6) 79 (1.7) 0.99 (0.73–1.36)

Major bleeding¶ 363 (7.6) 496 (10.4) 0.72 (0.63–0.83)

Bleeding into a critical organ¶ 12 (0.3) 21 (0.4) 0.57 (0.28–1.16)

Primary safety outcome: composite cardiovascular outcome —  
no./total no. (%)‖

649/4581 (14.2) 639/4601 (13.9) 1.02 (0.92–1.14) 0.04**

Individual components of composite cardiovascular outcome — no. (%)

MINS¶ 608 (12.8) 602 (12.6) 1.02 (0.91–1.14)

Nonhemorrhagic stroke†† 24 (0.5) 16 (0.3) 1.51 (0.80–2.84)

Peripheral arterial thrombosis†† 22 (0.5) 23 (0.5) 0.96 (0.53–1.72)

Symptomatic proximal venous thromboembolism†† 32 (0.7) 28 (0.6) 1.15 (0.69–1.91)

Other secondary outcomes — no. (%)

Bleeding independently associated with death after noncardiac surgery 416 (8.7) 541 (11.3) 0.76 (0.67–0.87)

MINS not fulfilling the universal definition of myocardial infarction 549 (11.5) 549 (11.5) 1.01 (0.89–1.13)

Myocardial infarction 67 (1.4) 53 (1.1) 1.27 (0.89–1.82)

Net risk–benefit outcome‡‡ 983 (20.7) 1046 (21.9) 0.94 (0.86–1.02)

*	� MINS denotes myocardial injury after noncardiac surgery.
†	� The widths of the confidence intervals for the secondary and tertiary outcomes have not been adjusted for multiplicity, so the intervals 

should not be used to infer definitive treatment effects for these outcomes.
‡	� The composite bleeding outcome was a composite of life-threatening bleeding, major bleeding, and bleeding into a critical organ.
§	� Shown is the two-sided P value for superiority.
¶	� This is a secondary outcome.
‖	� The composite cardiovascular outcome was a composite of myocardial injury after noncardiac surgery, nonhemorrhagic stroke, peripheral 

arterial thrombosis, and symptomatic proximal venous thromboembolism.
**	� Shown is the one-sided P value for noninferiority. To show statistical significance, this P value had to be less than 0.025.
††	� This is a tertiary outcome.
‡‡	� The net risk–benefit outcome was a composite of death from cardiovascular causes, nonfatal life-threatening bleeding, major bleeding, 

bleeding into a critical organ, MINS, stroke, peripheral arterial thrombosis, and symptomatic proximal venous thromboembolism.
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95% CI, 0.86 to 1.02). With respect to tertiary 
outcomes (Table 3), major bleeding according to 
ISTH criteria occurred in 315 patients (6.6%) in 
the tranexamic acid group and in 415 patients 
(8.7%) in the placebo group (hazard ratio, 0.75; 
95% CI, 0.65 to 0.87), and transfusion of at least 
1 unit of packed red cells occurred in 449 pa-

tients (9.4%) and in 574 patients (12.0%), respec-
tively (odds ratio, 0.77; 95% CI, 0.68 to 0.88).

Hazard ratios for selected secondary and ter-
tiary outcomes in the tranexamic acid group as 
compared with the placebo group are as follows: 
for myocardial infarction, 1.27 (95% CI, 0.89 to 
1.82); for nonhemorrhagic stroke, 1.51 (95% CI, 

Figure 1. Kaplan–Meier Estimates of the Primary Outcomes.

The composite bleeding outcome (Panel A) was a composite of life-threatening bleeding, major bleeding, and 
bleeding into a critical organ at 30 days. The composite cardiovascular outcome (Panel B) was a composite of myo-
cardial injury after noncardiac surgery, nonhemorrhagic stroke, peripheral arterial thrombosis, and symptomatic 
proximal venous thromboembolism at 30 days. The insets show the same data on an expanded y axis.
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0.80 to 2.84); for peripheral arterial thrombosis, 
0.96 (95% CI, 0.53 to 1.72); for amputation, 0.67 
(95% CI, 0.34 to 1.31); and for any symptomatic 
or asymptomatic proximal venous thromboem-
bolism, 1.15 (95% CI, 0.69 to 1.91) (Tables 2 and 3). 
Serious adverse events occurred in 263 patients 
(5.5%) in the tranexamic acid group and in 242 
patients (5.1%) in the placebo group (P = 0.16) 
(Table S6).

Prespecified Subgroup Analyses  
and Post Hoc Analyses

The results in the tranexamic acid group as com-
pared with the placebo group with respect to the 

primary efficacy and safety outcomes were con-
sistent across the prespecified subgroups (Fig. 2) 
and, in post hoc analyses, were generally consis-
tent across all major surgical subgroups (Fig. S2). 
The odds ratio for transfusion of at least 2 units of 
packed red cells in the tranexamic acid group as 
compared with the placebo group was 0.74 (95% 
CI, 0.64 to 0.86), and the odds ratio for transfusion 
of 2 to 4 units of packed red cells was 0.71 (95% 
CI, 0.60 to 0.84) (Table S7). Results of a competing-
risks analysis that was adjusted for death that 
prevented observation of the primary outcome 
events were consistent with the results of the pri-
mary efficacy and safety analyses (Table S8).

Table 3. Effects of Tranexamic Acid on 30-Day Tertiary Outcomes.*

Outcome
Tranexamic Acid 

(N = 4757)
Placebo 

(N = 4778)
Hazard Ratio 

(95% CI)†

Major bleeding according to ISTH criteria — no. (%) 315 (6.6) 415 (8.7) 0.75 (0.65 to 0.87)

Transfusion of ≥1 unit of packed red cells — no. (%) 449 (9.4) 574 (12.0) 0.77 (0.68 to 0.88)‡

Death from any cause — no. (%) 52 (1.1) 57 (1.2) 0.92 (0.63 to 1.33)

Death from cardiovascular cause — no. (%) 25 (0.5) 30 (0.6) 0.84 (0.49 to 1.42)

Hemorrhagic stroke — no. (%) 2 (<0.1) 0 —

Amputation — no. (%) 14 (0.3) 21 (0.4) 0.67 (0.34 to 1.31)

Symptomatic pulmonary embolism — no. (%) 24 (0.5) 17 (0.4) 1.42 (0.76 to 2.64)

Symptomatic proximal deep venous thrombosis — no. (%) 11 (0.2) 13 (0.3) 0.85 (0.38 to 1.90)

Any symptomatic or asymptomatic proximal venous throm-
boembolism — no. (%)

32 (0.7) 28 (0.6) 1.15 (0.69 to 1.91)

Cardiac revascularization — no. (%) 12 (0.3) 13 (0.3) 0.93 (0.42 to 2.03)

Acute kidney injury — no. (%)§ 672 (14.1) 655 (13.7) 1.03 (0.93 to 1.15)

New renal-replacement therapy — no. (%) 19 (0.4) 16 (0.3) 1.19 (0.61 to 2.32)

Rehospitalization for cardiovascular reasons — no. (%) 84 (1.8) 75 (1.6) 1.13 (0.82 to 1.54)

Seizure — no. (%) 10 (0.2) 3 (0.1) 3.35 (0.92 to 12.20)

Infection — no. (%) 499 (10.5) 487 (10.2) 1.03 (0.91 to 1.17)

Sepsis — no. (%) 68 (1.4) 63 (1.3) 1.08 (0.77 to 1.53)

Median length of hospital stay (IQR) — days 4.0 (2.1 to 7.1) 4.0 (2.1 to 7.1) 0 (−0.1 to 0.1)¶

Median no. of days alive at home (IQR) 25 (22 to 28) 25 (21 to 28) 0 (−0.4 to <0.1)¶

Disability — no. (%) 1408 (31.9) 1407 (31.6) 1.02 (0.92 to 1.13)‖

*	�IQR denotes interquartile range, and ISTH International Society on Thrombosis and Haemostasis.
†	�The widths of the confidence intervals have not been adjusted for multiplicity, so the intervals should not be used to 

infer definitive treatment effects.
‡	�Shown is the odds ratio.
§	� Acute kidney injury was defined as an increase in the serum creatinine concentration from the preoperative (preran-

domization) concentration either by 26.5 μmol or more per liter (0.3 mg per deciliter) within 48 hours after surgery or 
by 50% or more within 7 days after surgery.

¶	�Shown is the median difference.
‖	�Shown is the odds ratio from logistic regression with a score on the 12-item World Health Organization Disability 

Schedule 2.0 (WHODAS 2.0) of 12 or higher at 30 days as the dependent variable, with adjustment for the WHODAS 
2.0 score at baseline. WHODAS 2.0 scores range from 0 to 48, with higher scores indicating greater disability. A score 
of 12 or higher represents a disability level of 25% or higher. A total of 4416 patients in the tranexamic acid group and 
4459 in the placebo group had baseline and follow-up data available and were included in the analyses.
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Discussion

In this trial involving patients undergoing non-
cardiac surgery who met criteria for increased 
risk of bleeding and cardiovascular events, com-
posite bleeding outcome events (life-threatening 
bleeding, major bleeding, and bleeding into a critical 
organ) proved common (11.7% in the placebo 
group), and the likelihood of composite bleeding 

outcome events was lower with tranexamic acid 
than with placebo (hazard ratio, 0.76; 95% CI, 
0.67 to 0.87). The noninferiority of tranexamic 
acid to placebo with respect to the composite 
cardiovascular outcome was not shown (hazard 
ratio, 1.02; 95% CI, 0.92 to 1.14).

Large trials have shown that tranexamic acid, 
as compared with placebo, is associated with a 
lower risk of death due to bleeding among pa-

Figure 2. Prespecified Subgroup Analyses.

The size of the boxes is proportional to the number of patients with events. GFR denotes glomerular filtration rate, 
and NT-proBNP N-terminal pro–brain natriuretic peptide.
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tients with postpartum hemorrhage (relative risk, 
0.81; 95% CI, 0.65 to 1.00) and a lower risk of 
death among patients with trauma (relative risk, 
0.91; 95% CI, 0.85 to 0.97).15,16 Large surgical tri-
als have shown that tranexamic acid resulted in 
a lower incidence of postpartum hemorrhage 
among patients undergoing cesarean section and 
a lower incidence of hemorrhage resulting in reop-
eration among patients undergoing cardiac surgery 
than placebo.5,6

Small trials suggest that tranexamic acid re-
duces the risk of bleeding among patients under-
going orthopedic surgery or nonorthopedic non-
cardiac surgery.7,8 Although a recent meta-analysis 
of trials in diverse settings showed no increased 
risk of thromboembolic events with tranexamic 
acid,17 the noncardiac surgery trials were small, 
which limits their reliability.18 POISE-3 was a large 
trial addressing this knowledge gap in noncardiac 
surgery.

A recent meta-analysis of trials showed no 
dose response with tranexamic acid as compared 
with control for thrombotic events (2620 total 
events; relative risk, 1.00; 95% CI, 0.93 to 1.08); 
however, there was a dose response for seizures 
(P = 0.01).19 Tranexamic acid doses of 2 g or less 
per day as compared with control were not as-
sociated with an increased risk of seizure (676 
events; relative risk, 1.02; 95% CI, 0.88 to 1.19), 
whereas tranexamic acid doses of more than 2 g 
per day were associated with an increased risk of 
seizure (79 events; relative risk, 3.05; 95% CI, 1.01 
to 9.02). In the POISE-3 trial, we evaluated a 
tranexamic acid dose of 2 g per day as compared 
with placebo, and seizures were uncommon (in 
0.2% and <0.1% of the patients, respectively; 
hazard ratio, 3.35; 95% CI, 0.92 to 12.20).

A trial involving patients undergoing cesarean 
section showed that tranexamic acid was associ-
ated with a higher incidence of nausea and vom-
iting than placebo (relative risk, 1.19; 95% CI, 1.08 
to 1.30). In the POISE-3 trial, we did not collect 
data on nausea and vomiting outcomes, but 
tranexamic acid was not associated with an in-
creased risk of nausea or vomiting reported as a 
serious adverse event. We report significant be-
tween-group differences in serious adverse events 
for a few category outcomes (e.g., cardiovascular 
disorders); however, within these categories, the 
between-group differences in most individual se-
rious adverse events were not significant, had 

contrasting results (e.g., hypertension and hypo-
tension), and were not adjusted for multiplicity.

Bleeding was common in the placebo group 
in the POISE-3 trial irrespective of the definition 
used: the composite bleeding outcome (in 11.7% 
of the patients), bleeding independently associated 
with death after noncardiac surgery (in 11.3%), 
major bleeding (in 10.4%), major bleeding accord-
ing to ISTH criteria (in 8.7%), and transfusion of 
packed red cells (in 12.0%). Tranexamic acid 
consistently lowered the relative risk by approxi-
mately 25% across these outcomes. Tranexamic 
acid yielded similar results for the composite 
bleeding outcome in patients undergoing ortho-
pedic and nonorthopedic noncardiac surgery. 
Moreover, post hoc subgroup analyses showed a 
consistent result across all types of noncardiac 
surgery. We recently published a bleeding-risk cal-
culator for patients undergoing noncardiac sur-
gery that physicians can use to estimate the re-
duction in bleeding risk with tranexamic acid in 
individual patients.11

Noninferiority was not established for the 
primary safety outcome. Health care providers 
and patients will have to weigh a clear beneficial 
reduction in the incidence of composite bleeding 
outcome events (absolute difference, −2.6 percent-
age points; 95% CI, −3.8 to −1.4) against the low 
probability of a small increase in the incidence 
of composite cardiovascular outcome events (ab-
solute difference, 0.3 percentage points; 95% CI, 
−1.1 to 1.7).

Patients prefer to avoid bleeding and transfu-
sions.20 Although tranexamic acid can facilitate 
these goals, only a small proportion of patients 
undergoing noncardiac surgery receive it.21 There 
is an annual global shortage of 30 million blood-
product units,22 and surgical bleeding accounts 
for up to 40% of all transfusions. Given that 
300 million surgeries occur annually worldwide,23 
the results of the POISE-3 trial indicate the po-
tential for large public health and clinical ben-
efits if tranexamic acid becomes standard prac-
tice in noncardiac surgery.24,25

Strengths of the trial include the participa-
tion of 114 hospitals across six continents, the 
blinding of trial-group assignments, high adher-
ence to the trial agents, and follow-up of 99.9% 
of the patients. A limitation was that we stopped 
the trial early owing to a financial deficit result-
ing from slowed recruitment during the Covid-19 
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pandemic. We did, however, enroll more than 95% 
of our original planned sample size. Our decision 
to stop recruitment was made without knowledge 
of the trial results. There are limitations regard-
ing our clinical ability to identify perioperative 
thrombotic complications26; however, tranexam-
ic acid did not appear to increase the risk of any 
outcome known to result from thrombosis.

In our trial involving patients undergoing non-
cardiac surgery, the incidence of a composite of 
life-threatening bleeding, major bleeding, and 
bleeding into a critical organ was significantly 
lower with tranexamic acid than with placebo. 

Although the difference in composite cardio-
vascular complications between the tranexamic 
acid group and the placebo group was small, 
the noninferiority of tranexamic acid was not 
established.
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