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Summary 

Background Myocardial injury after non-cardiac surgery (MINS) increases the risk of 
cardiovascular events and deaths, which anticoagulation therapy could prevent. 
Dabigatran prevents perioperative venous thromboembolism, but whether this drug can 
prevent a broader range of vascular complications in patients with MINS is unknown. 
The MANAGE trial assessed the potential of dabigatran to prevent major vascular 
complications among such patients. 

Methods In this international, randomised, placebo-controlled trial, we recruited patients 
from 84 hospitals in 19 countries. Eligible patients were aged at least 45 years, had 
undergone non-cardiac surgery, and were within 35 days of MINS. Patients were 
randomly assigned (1:1) to receive dabigatran 110 mg orally twice daily or matched 
placebo for a maximum of 2 years or until termination of the trial and, using a partial 2-
by-2 factorial design, patients not taking a proton-pump inhibitor were also randomly 
assigned (1:1) to omeprazole 20 mg once daily, for which results will be reported 
elsewhere, or matched placebo to measure its effect on major upper gastrointestinal 
complications. Research personnel randomised patients through a central 24 h 
computerised randomisation system using block randomisation, stratified by centre. 
Patients, health-care providers, data collectors, and outcome adjudicators were masked 
to treatment allocation. The primary efficacy outcome was the occurrence of a major 
vascular complication, a composite of vascular mortality and non-fatal myocardial 
infarction, non-haemorrhagic stroke, peripheral arterial thrombosis, amputation, and 
symptomatic venous thromboembolism. The primary safety outcome was a composite of 
lifethreatening, major, and critical organ bleeding. Analyses were done according to the 
intention-to-treat principle. This trial is registered with ClinicalTrials.gov, number 
NCT01661101. 

Findings Between Jan 10, 2013, and July 17, 2017, we randomly assigned 1754 
patients to receive dabigatran (n=877) or placebo (n=877); 556 patients were also 
randomised in the omeprazole partial factorial component. Study drug was permanently 
discontinued in 401(46%) of 877 patients allocated to dabigatran and 380(43%) of 877 
patients allocated to placebo. The composite primary efficacy outcome occurred in fewer 
patients randomised to dabigatran than placebo (97 [11%] of 877 patients assigned to 
dabigatran vs 133 [15%] of 877 patients assigned to placebo; hazard ratio [HR]0.72,95% 
CI 0.55-0.93; p=0.0115). The primary safety composite outcome occurred in 29 patients 



(3%) randomised to dabigatran and 31 patients (4%) randomised to placebo (HR 
0⋅92,95% CI 0.55-1.53; p=0.76). 

Interpretation Among patients who had MINS, dabigatran 110 mg twice daily lowered 
the risk of major vascular complications, with no significant increase in major bleeding. 
Patients with MINS have a poor prognosis; dabigatran 100 mg twice daily has the 
potential to help many of the 8 million adults globally who have MINS to reduce their risk 
of a major vascular complication. 

Funding Boehringer Ingelheim and Canadian Institutes of Health Research. 

 

Introduction 

Myocardial injury after non-cardiac surgery (MINS) includes myocardial infarction and 
isolated ischaemic troponin elevation occurring within 30 days after surgery,1 but does not 
include perioperative myocardial injury due to non-ischaemic causes (eg, sepsis, rapid atrial 
fibrillation, pulmonary embolism, and chronically elevated troponin measurement).2 Without 
routine perioperative troponin measurements, more than 80% of MINS events would go 
unrecognised, because these patients do not have ischaemic symptoms.1–3 A proposed 

explanation for these asymptomatic events is that more than 85% of occurrences are within 
the first 48 h after non-cardiac surgery, when most patients receive analgesic medications 
that can mask ischaemic symptoms.1,2 Both symptomatic and asymptomatic perioperative 
myocardial infarctions are associated with a four times increased risk of 30-day mortality.4 
Moreover, asymptomatic perioperative troponin elevations adjudicated as myocardial injuries 
due to ischaemia, which do not fulfil the universal definition of myocardial infarction,5 are also 
associated with a three-times increased risk of 30-day mortality.2 On the basis of these 
findings, MINS diagnostic criteria include myocardial infarction and isolated ischaemic 
troponin elevation occurring within 30 days after surgery. 

MINS, the most common major perioperative vascular complication, is estimated to affect 
about 8 million adults worldwide annually,1,2 and is independently associated with an 
increased risk of cardiovascular complications and death in the first 2 years after surgery.1–3,6 

MINS was only described for the first time 4 years ago and, to our knowledge, no published 
trial has investigated a potential risk mitigation strategy, therefore management is informed 
only by observational analyses and indirect evidence from other myocardial ischaemic 
syndromes.7  

Patients with MINS are at increased risk of thrombotic complications.1,2 Anticoagulation 
therapy is beneficial in non-operative patients at risk of thrombotic events (eg, patients with a 
myocardial infarction and those with vascular disease).8–11 Dabigatran, an oral direct 

thrombin inhibitor, prevents perioperative venous thromboembolism, 12,13 but whether it 
prevents a broader range of vascular complications in patients with MINS is unknown. The 
MANAGE trial assessed the potential of dabigatran to prevent major vascular complications 
among patients with MINS. 

 

Research in context 

Evidence before this study 

Myocardial injury after non-cardiac surgery (MINS) is the most common major perioperative 
vascular complication, affecting more than 8 million adults worldwide annually. Patients with 



MINS are at increased risk of thrombotic complications and death during the first 2 years 
after surgery. We searched MEDLINE, from inception until Jan 20, 2018, using the search 
terms “myocardial injury”, “MINS”, “noncardiac”, “non-cardiac”, “postoperative”, and 

“surgery”, restricted to publications in English, to identify studies in human adults 18 years or 

older evaluating interventions in MINS. Although we did not identify any previous randomised 
trials, we identified two observational studies. These multivariable analyses, with moderate 
risk of bias, suggested that aspirin and a statin might prevent death and major cardiac 
complications in patients who have MINS.  

Added value of this study Our trial showed that in patients with MINS—90% of whom 

would not have been identified without troponin screening— dabigatran 110 mg twice daily 

reduced the risk of a major vascular complication, a composite of vascular mortality and non-
fatal myocardial infarction, non-haemorrhagic stroke, peripheral arterial thrombosis, 
amputation, and symptomatic venous thromboembolism, compared with placebo. Dabigatran 
did not increase the risk of the primary safety outcome, a composite of life-threatening, 
major, and critical organ bleeding. MANAGE showed the poor prognosis of patients with 
MINS; 1 in 7 placebo patients suffered a major vascular complication at a mean of 16 
months of follow-up. To our knowledge, MANAGE provides the first randomised trial data in 
patients with MINS and shows dabigatran 110 mg twice daily can reduce the risk of major 
vascular complications.  

Implications of all the available evidence Physicians should routinely measure troponin in 
at-risk patients undergoing non-cardiac surgery and, in those with MINS, should consider 
using dabigatran 110 mg twice daily. Our results support the evaluation of interventions in 
patients with MINS that have established benefit in patients with vascular disease (eg, dual 
antiplatelet therapy or cholesterol reducing therapies). 

Methods 

Study design and patients 

We did this investigator-initiated, international, randomised, placebo-controlled trial at 84 
hospitals in 19 countries. We have previously reported details of the trial design and 

methods. 14 Eligible patients were at least 45 years of age, had undergone non-cardiac 

surgery, were within 35 days of MINS, and provided written informed consent.  2,5 
Patients met the criteria for MINS if, after undergoing non-cardiac surgery, they had 
either elevated troponin with ischaemic signs or symptoms, ischaemic 
electrocardiographic changes, or new or presumed new ischaemic abnormality on 
cardiac imaging (ie, MINS that also met the universal definition of myocardial infarction); 

 5 or had an isolated elevated troponin measurement without an alternative explanation 
(eg, sepsis, rapid atrial fibrillation, pulmonary embolism, or chronically elevated troponin 
measurement) to ischaemic myocardial injury. Preoperative measurement of troponin 
was not required, as this is not part of routine clinical care. Full inclusion criteria are 
presented in the appendix. 

We excluded patients who had a haemorrhagic disorder or a condition that required 
therapeutic dose anticoagulation (eg, prosthetic heart valve, venous thromboembolism, 
or atrial fibrillation). We also excluded patients in whom any of the following criteria 
persisted beyond 35 days of MINS occurrence: the attending surgeon believed it was not 
safe to initiate therapeutic dose anticoagulation therapy; the attending physician believed 
that the patient required a prophylactic-dose anticoagulant and aspirin, intermittent 
pneumatic compression, or elastic stockings were not sufficient for venous 



thromboembolism prophylaxis; or estimated glomerular filtration rate was less than 
35 mL/min. Patients were not excluded if they were receiving dual antiplatelet therapy. 
Full exclusion criteria are presented in the appendix. 

Before starting recruitment, all centres obtained ethics committee approval, and the 
relevant health authorities approved the protocol. Reporting in this publication is 

consistent with the CONSORT statement.  15 

Randomisation and masking 

Patients were randomly assigned (1:1) to receive dabigatran or placebo and, using a 
partial 2-by-2 factorial design, patients not taking a proton-pump inhibitor were also 
randomly assigned (1: 1) to omeprazole or placebo to measure its effect on major upper 
gastrointestinal complications. After obtaining consent, research personnel randomly 
assigned patients through a central 24 h computerised randomisation system using 
block randomisation, stratified by centre. Patients, health-care providers, data collectors, 
and outcome adjudicators were masked to treatment allocation. 

Procedures 

Centres were encouraged to obtain troponin measurements for at least the first 2 days 
after surgery requiring at least overnight hospital admission in patients aged 65 years or 
older or patients who had a history of coronary artery disease, stroke, or peripheral 
arterial disease who were aged 45-64 years (as recommended by the Canadian 

Cardiovascular Society's Perioperative Guidelines).  16 Investigators used the troponin 
assay that was routinely used at their centre (for thresholds defining a perioperative 
troponin elevation see appendix). 

Study personnel told patients before they gave consent that they would have to take the 
study drug for a maximum of 2 years, and that in-person follow-up was required at 
1,6,12,18, and 24 months. 

On the day of randomisation, patients received dabigatran (Boehringer Ingelheim, 
Ingelheim am Rhein, Germany) 110 mg orally twice daily or matched placebo. Patients 
enrolled in the partial factorial component of the trial took omeprazole (Laboratorios 
Liconsa, Barcelona, Spain) 20 mg orally once daily or matched placebo. Patients 
continued to take study drug and were followed up for a maximum of 2 years, or until the 
trial was terminated on Nov 30, 2017. Research personnel submitted case report forms 
and supporting event documentation to the data management system. 

Patients were followed up in the hospital and contacted 1 week after randomisation or 
hospital discharge, whichever was later. Patients were followed up 1 month after 
randomisation and subsequently every 6 months until they completed the trial. Interim 
telephone followup visits occurred every 3 months between office visits. 

Outcomes 

The primary efficacy outcome was a major vascular complication (ie, a composite of 
vascular mortality, and non-fatal myocardial infarction, non-haemorrhagic stroke, 
peripheral arterial thrombosis, amputation, and symptomatic venous thromboembolism). 
The primary safety outcome was a composite of life-threatening, major, and critical 
organ bleeding. Major bleeding was defined as bleeding that was not specified as life-



threatening bleeding, and resulted in one of the following: a drop in haemoglobin of 
4.0 g/dL or greater; the patient receiving a transfusion of three or more units of red blood 
cells within a 24 h period; embolisation, superficial vascular repair, or nasal packing; or 
intraspinal, intramuscular with compartment syndrome, retroperitoneal, pericardial, or 
intraocular (confirmed clinically or on imaging) bleeding. Primary outcomes were 
assessed centrally, with the exception of amputation. 

Secondary efficacy outcomes were the following individual outcomes: vascular mortality, 
all-cause mortality, myocardial infarction, cardiac revascularisation procedure, non-
haemorrhagic stroke, peripheral arterial thrombosis, amputation, symptomatic venous 
thromboembolism, and readmission to hospital for vascular reasons. Secondary 
individual safety outcomes included life-threatening bleeding, major bleeding, critical 
organ bleeding, intracranial bleeding, haemorrhagic stroke, any lower gastrointestinal 
bleeding, minor bleeding, fracture, and dyspepsia (see appendix for outcome 
definitions). 

Physicians with expertise in the trial outcomes, who were masked to treatment 
allocation, adjudicated the following outcomes: death (vascular vs non-vascular), 
myocardial infarction, non-haemorrhagic stroke, haemorrhagic stroke, peripheral arterial 
thrombosis, symptomatic pulmonary embolism, symptomatic proximal deep venous 
thrombosis, life-threatening bleeding, major bleeding, critical organ bleeding, minor 
bleeding, intracranial bleeding, and clinically significant lower gastrointestinal bleeding. 
Adjudicated events were used for the analyses.  

Statistical analysis 

MANAGE was initially designed to randomly assign 3200 patients followed up for a 
mean of 1 year with a primary composite outcome of vascular mortality and non-fatal 
myocardial infarction, stroke, peripheral arterial thrombosis, and symptomatic pulmonary 
embolism. Patient recruitment was slower than expected, and during the conduct of the 
trial funding was curtailed. Without knowledge of the trial results, we reduced the sample 

size to 1750 patients and, based on the COMPASS trial  11 results, broadened the 
primary outcome by adding amputation and symptomatic proximal deep venous 
thrombosis to enhance power. A sample size of 1750 patients had 90% power to detect 
a hazard ratio (HR) of 0 ⋅ 65 (two-sided 𝛼 = 0 ⋅ 05) for dabigatran versus placebo, 

assuming a placebo group survival rate of 20%. 

We analysed patients in the groups to which they were randomly assigned, according to 
the intention-to-treat principle. Missing outcome data occurred as a result of patients 
being lost to follow-up; therefore, we censored data for such patients on the last day 
their status was known. For the primary analysis, we used the log-rank test to compare 
the distributions of the times to the primary efficacy outcome between the dabigatran 
group and placebo group, and reported the two-tailed p value. We also used a Cox 
proportional hazard model to estimate the effect of dabigatran, with stratification 

according to whether patients were randomised to omeprazole or placebo.  17,18 We 
assessed the proportional hazards assumption by verifying the non-significance of the 
log time-by-treatment interaction term in the model. For the primary efficacy composite 
outcome, we tested for heterogeneous differences in treatment effect between individual 
components of the primary composite outcome using a composite treatment 

heterogeneity test.  19 The primary safety outcome and secondary outcomes were 
analysed using an approach similar to that used for the primary outcome. For the safety 
outcome, patients were analysed in the groups to which they were randomly assigned, 



according to the intention-to-treat principle. We also did competing risks analyses for all 

non-fatal events. 20 

For the primary efficacy outcome, we did four prespecified subgroup analyses based on 
the timing of randomisation (≤ 5 days after MINS while still in hospital vs > 5 days after 
MINS or after hospital discharge), MINS diagnostic criterion (myocardial infarction vs an 
isolated ischaemic troponin elevation), the presence or absence of peripheral arterial 
disease, and whether or not the patient received dual antiplatelet therapy at the time of 
randomisation. The expected direction of the subgroup effects were stated a priori in the 
statistical analysis plan. We expected larger treatment effects in the following subgroups 
of patients: patients randomised 5 days or less after MINS while still in hospital; patients 
who had a myocardial infarction; patients who had peripheral arterial disease, and 
patients who were not taking dual antiplatelet therapy at the time of randomisation. We 
used Cox proportional hazards models that incorporated tests of interaction, designated 
as significant if p < 0 ⋅ 05.  

An independent data monitoring committee reviewed the data when 25,50, and 75% of 
the 1 -year follow-up data were available. The committee used the modified Haybittle-
Peto rule of four SDs for the first and second interim analyses (𝛼 = 0.0001) and three 
SDs for the third interim analysis (𝛼 = 0.00047). Initiating discussion regarding potential 
early trial termination required that these predefined boundaries be exceeded in at least 
two consecutive analyses, 3 or more months apart. 

All analyses were done using SAS version 9.4 for UNIX. This trial is registered with 
ClinicalTrials.gov, number NCT01661101. 

Role of the funding source 

Representatives from Boehringer Ingelheim provided input into the study design. The 
funders of the study had no role in data collection, data analyses, data interpretation, or 
writing of the report. The corresponding author had full access to all the data in the study 
and had final responsibility for the decision to submit for publication. 

Results 

Between Jan 10, 2013, and July 17, 2017, we randomly assigned 1754 patients to 
receive dabigatran (n = 877) or placebo (n = 877); 556 patients were also randomised in 
the omeprazole partial factorial component (results not presented here). We followed up 
patients in both groups for a mean of 16 months (SD 7), and 1735 (99%) of 1754 
participants completed follow-up (figure 1). 

Baseline characteristics were similar between groups (table 1). 1595 MINS events (91%) 
occurred without a clinical symptom or sign of cardiac ischaemia (795 MINS events 
[91%] in the dabigatran group and 800 MINS events [91%] in the placebo group; 
appendix). Among the 345 patients who fulfilled the universal definition of myocardial 

infarction,  5199(58%) had an ischaemic electrocardiography change (93 [11%] in the 

dabigatran group and 106[12%] in the placebo group; appendix). Various troponin 
assays were used across centres to diagnose MINS (appendix). 1153 patients (66%; 
577 patients [66%] in the dabigatran group and 576 patients [66%] in the placebo group) 
were diagnosed based on the results of a high sensitivity troponin assay. The median 
peak measured troponin value associated with the diagnosis of MINS in both treatment 



groups was 82ng/L (table 1). Among the patients with two or more postoperative 
troponin measurements on their baseline case report form, almost all had a difference 
between the highest and lowest troponin values of 5ng/L or greater. 

Study drug was permanently discontinued in 401(46%) of 877 patients allocated to 
dabigatran and 380(43%) of 877 patients allocated to placebo (appendix). Among 
patients who permanently discontinued study drug, the median time that patients took 
the drug was 80 days (IQR 10-212 days) in the dabigatran group and 41 days (6-208) in 
the placebo group. Among patients who did not permanently discontinue study drug, the 
median time that patients took the drug was 474 days  (237–690) in the dabigatran 
group and 466 days (261–688) in the placebo group. During follow-up, 1296 patients 
(74%) were taking aspirin or a P2Y12 inhibitor, 1196 (69%) were taking a statin, and 
1022 (59%) were taking an angiotensin-converting enzyme inhibitor or angiotensin II 
receptor blocker at one or more follow-up visits (appendix). The primary efficacy 
outcome occurred in 97 (11%) of 877 patients allocated to dabigatran and in 133 (15%) 
of 877 patients allocated to placebo (HR 0·72, 95% CI 0·55–0·93, p=0·0115; table 2, 
figure 2). The interaction term of log-time by treatment in the model indicated the 
assumption of proportional hazards was not violated (pinteraction=0·97). We found no 
significant heterogeneity in the HRs of the individual components of the primary efficacy 
composite outcome (pinteraction=0·66). Omeprazole study drug did not significantly 
impact the effect of dabigatran on the primary efficacy outcome (pinteraction=0·93). Of 
the secondary efficacy outcomes, nonhaemorrhagic stroke was significantly reduced 
with dabigatran treatment (table 2). We also did post-hoc analyses to investigate 
consistency of effect for the arterial and venous components of the primary composite 
outcome (table 2). Dabigatran reduced the arterial and venous components of the 
primary composite outcome (appendix). To address the potential effect if all patients 
adhered to study medications, we also did a post-hoc, per-protocol Cox proportional 
hazard analysis. This analysis, which censored patients 7 days after they permanently 
discontinued study drug, showed a larger effect of dabigatran on the primary efficacy 
outcome (appendix). Dabigatran did not increase the risk of life-threatening, major, or 
critical organ bleeding (primary safety outcome) compared with placebo (HR 0·92, 95% 
CI 0·55–1·53, p=0·78; table 3; appendix). Omeprazole had no significant effect on the 
results of the dabigatran primary safety analysis (p_"interaction " =0⋅37). Of the 
secondary safety outcomes, dabigatran increased the risk of minor bleeding, clinically 
non-significant lower gastrointestinal bleeding, and dyspepsia. 

We did a post-hoc analysis to evaluate the consistency of effect for major bleeding 
according to the definition of the International Society on Thrombosis and Haemostasis 
and the Bleeding Academic Research Consortium (ie, ≥ type 2 bleeding; appendix). (21-23) 
Dabigatran did not increase the risk of bleeding according to these definitions. We also 
did a post-hoc, per-protocol Cox proportional hazard analysis for the primary safety 
outcome. This analysis-censoring patients 7 days after they permanently discontinued 
the study drug-showed consistent results for the primary safety outcome. 

Competing risks analyses produced similar results to the main secondary analyses 
(appendix). In subgroup analyses for the primary efficacy outcome, the effect of 
dabigatran was consistent across subgroups (figure 3). 

Discussion 



At a mean of 16 months of follow-up, patients with MINS frequently had major vascular 
complications (133[15%] of 877 patients in the placebo group). Dabigatran reduced this 
risk without significantly increasing the risk of major bleeding. 

To our knowledge, no published trial has evaluated an intervention strategy in patients 
with MINS. Previous multivariable analyses from observational studies 4,24 suggested 
that aspirin and a statin might prevent death and major cardiac complications in patients 
who have MINS, but this has not been evaluated in randomised trials. During follow-up, 
1296 patients (74%) took aspirin or a P2Y_12 inhibitor and 1196 (69%) took a statin, 
highlighting the continued opportunity to improve secondary prophylactic measures in 
patients with MINS. Our finding of only 118 patients (7%) taking dual antiplatelet therapy 
during follow-up is consistent with a previous large international study. 4 If most 
MANAGE patients had taken dual antiplatelet therapy, this might have increased the risk 
of major bleeding in both the active and control groups, as observed in the ATLAS trial. 
10 

The phase 2 RE-DEEM trial 25 randomly assigned patients who were taking dual 
antiplatelet therapy within 2 weeks of an acute coronary syndrome to placebo (n=371) or 
one of four different doses of dabigatran, of which one group received dabigatran 110 
mg twice daily (n=406). Few major events occurred in the trial, 25 with eight patients (2%) 
assigned to dabigatran 110 mg twice daily having a major bleed compared with two 
patients (1%) assigned to placebo. The composite of cardiovascular death, myocardial 
infarction, and stroke occurred in 12 patients (3%) assigned to dabigatran 110 mg twice 
daily compared with 14 patients (4%) assigned to placebo. 

The results of our trial are consistent with a large body of evidence documenting the 
ability of anticoagulants to reduce ischaemic events in patients with coronary disease, 
including acute coronary syndrome. (8-10) The COMPASS trial 11 showed that low-dose 
rivaroxaban (2⋅5mg twice daily) and aspirin (100 mg once daily) compared with aspirin 
alone lowered the risk of a composite of cardiovascular death, stroke, and myocardial 
infarction by a quarter and also decreased the risk of venous thromboembolism, acute 
limb ischaemia, and amputation in patients with stable cardiovascular disease in a non-
operative setting. Although COMPASS evaluated a very low-dose anticoagulant and 
MANAGE evaluated an intermediate-dose anticoagulant, the magnitude of the relative 
benefits was similar in COMPASS and MANAGE. 11 However, the absolute risks (and 
hence absolute differences in event rates) were higher in MANAGE. This result probably 
occurred because patients in our study were enrolled a short time after their index event 
(similar to an acute coronary syndrome event), whereas in COMPASS, patients were 
enrolled about 5 years after an event. 11 Taken together, these trials emphasise the 
value of initiating treatment with an anticoagulant early and continuing this treatment 
long term. 

Of the 200 million adults worldwide who undergo major non-cardiac surgery annually, 
about 8 million will have MINS. 7 The MANAGE trial, consistent with a large body of 
evidence, 1,2 showed that patients who have MINS are at high risk of major vascular 
complications-one in seven patients in the placebo group had a major vascular 
complication. MANAGE underestimated the risk associated with MINS, as 380(9%) of 
the 5959 eligible patients died before they could be randomly assigned to dabigatran or 
placebo. 

345 patients (20%) fulfilled the universal definition of myocardial infarction, and 1409 
patients (80%) had an isolated ischaemic troponin elevation after surgery. 5 Only 159 



patients (9%) had a clinical symptom or sign of cardiac ischaemia, suggesting that more 
than 90% of MINS events would have gone undetected without routine troponin 
screening. 

Although patients with an elevated ischaemic troponin measurement after non-cardiac 
surgery are at substantial risk of subsequent thrombotic events, 1,2 including vascular 
death, because the optimal management of such patients was not defined, the clinical 
use of postoperative troponin measurements to improve outcomes was not established. 
MANAGE provides evidence that patients with MINS who use dabigatran can reduce 
their risk of major vascular complications, in relative terms by approximately 25%, 
thereby establishing treatment with dabigatran as an advance in the management of 
MINS. Our results reinforce the use of routine troponin measurement in patients after 
non-cardiac surgery to identify those who would benefit from anticoagulant therapy. 

Anticoagulation invariably involves a trade-off between fewer thrombotic events and 
increased bleeding. MANAGE showed the predictable increase in minor and clinically 
non-significant lower gastrointestinal bleeding with dabigatran. We found no increase in 
the composite of life-threatening, major, and critical organ bleeding. Dabigatran showed 
no significant increase in major bleeding. However, the point estimate of the effect of the 
International Society on Thrombosis and Haemostasis definition of bleeding suggests 
the possibility of some increase in bleeding. 

Although MANAGE did not find an increase in the composite of life-threatening, major, 
and critical organ bleeding with dabigatran 110 mg twice daily, anticoagulants would be 
expected to increase the risk of bleeding based on the dose, setting (eg, increased with 
invasive procedures), and patient characteristics (eg, increased in patients also taking 
dual antiplatelet therapy). 10,25 Therefore, dabigatran 110 mg twice daily and other 
anticoagulants could increase the risk of serious bleeding in specific types of patient. 

The MANAGE primary efficacy results are consistent with a number needed to treat of 
24 to prevent a major vascular complication. By contrast, the potential for increased 
major bleeding is substantially lower. Even if we assume for the primary safety outcome 
that the upper 95% CI of the HR (ie, 1.53) represents the true effect, the number needed 
to medicate to cause a life-threatening, major, or critical organ bleed (ie, harm) would be 
54 patients. Moreover, if we assume the point estimate of effect for the International 
Society on Thrombosis and Haemostasis definition of major bleeding represents a real 
effect, this would still result in a number needed to harm of 54 patients. 

The one perioperative guideline that makes recommendations regarding management of 
MINS only recommends initiating aspirin and statin therapy. 16 Despite the benefits of 
dabigatran therapy, 97(11%) of 877 patients in the dabigatran group had a major 
vascular complication at a mean of 16 months follow-up, highlighting the need for further 
clinical trials to test potential therapies (eg, dual antiplatelet therapy) in patients who 
have MINS. 

During the conduct of MANAGE, we had to decrease our planned sample size from 
3200 to 1750 patients. To partially compensate for this, and on the basis of the results of 
the COMPASS trial, 11 we broadened the primary efficacy outcome to include 
amputation and symptomatic proximal deep venous thrombosis. We made these 
changes before unblinding the trial results and without knowledge of any emerging 
trends. The result of the revised primary outcome was statistically significant, with 
consistent benefits on both the arterial and venous components of the primary 



composite outcome. 781 patients (45%) perma nently discontinued study drug, and this 
discontinuation might have led to an underestimation of treatment efficacy effects among 
compliant patients, as suggested in the perprotocol analyses. Both the intention-to-treat 
and perprotocol analyses for the primary safety outcome showed no increase in life-
threatening, major, or critical organ bleeding with dabigatran. 

Although the interaction test did not indicate that the effects of dabigatran varied in 
different subgroups, this test has limited power. 26 Therefore, we cannot definitively 
exclude a subgroup effect on the basis of our data. We did not record whether patients 
had a preoperative troponin measurement. Some troponin elevations could have been 
due to chronically elevated troponin measurement; however, chronic elevation explained 
only 7% of the elevated perioperative troponin measurements in a recent 

international prospective cohort study 2 that measured preoperative and postoperative 
troponin measurements in 8831 adults who had non-cardiac surgery. A difference of 
5ng/L or more between the highest and lowest perioperative troponin measurements in 
the VISION study 2 substantially increased the risk of 30 -day mortality after non-cardiac 
surgery (adjusted HR 4.69, 95% CI 3⋅52-6⋅25). In our trial, among the 1252 patients 
(71%) with two or more postoperative troponin measurements on their baseline case 
report form, 1182 (94%) had a difference of at least 5ng/L between the highest and 
lowest troponin values. At enrolment, we did not record physicians' interpretation of 
whether patients had a type 1 or 2 myocardial infarction; however, no patient had a type 
3,4, or 5 myocardial infarction.5 

Patients who have MINS are at substantial risk of major vascular complications. Routine 
postoperative measurement of troponin is needed to identify these patients. Among 
patients who had MINS, dabigatran 110 mg twice daily lowered the risk of major 
vascular complications, with no observed increased risk of major bleeding. 
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Table 1: Baseline characteristics 

 
Dabigatran group 

(𝐧 = 𝟖𝟕𝟕) 
Placebo group 

(𝐧 = 𝟖𝟕𝟕) 

Age (years) 70 (11) 70 (11) 

Sex 

Male 453 (52%) 443 (51%) 

MINS diagnostic criteria 

Myocardial infarction 172 (20%) 173 (20%) 

Isolated ischaemic troponin elevation 705 (80%) 704 (80%) 

Troponin data associated with MINS 

Peak measured troponin value (ng/L) 82 (45-196) 82 (45-200) 

Difference between the highest and lowest 
troponin values (ng/L) * 

40 (16-160) 48 (18-154) 

Difference between the highest and lowest 
troponin values ≥ 5ng/L 

592/625 (95%) 590/627 (94%) 

Time from surgery to MINS diagnosis (days) 1 (1-2) 1 (1-2) 

Time from MINS diagnosis to randomisation 
(days) 

5 (2-14) 5 (2-14) 

Medical history 

Previous myocardial infarction 116 (13%) 110 (13%) 

Recent high-risk coronary artery disease † 17 (2%) 21 (2%) 

Previous stroke 29 (3%) 42 (5%) 

Previous peripheral arterial disease 124 (14%) 128 (15%) 

Previous pulmonary embolism 6 (1%) 7 (1%) 

Previous deep venous thrombosis 16 (2%) 15 (2%) 

Diabetes 222 (25%) 234 (27%) 

Hypertension 585 (67%) 587 (67%) 

Laboratory measurements before randomisation 

Haemoglobin (g/L) 107 (95-119) 106 (96-120) 

Calculated creatinine clearance (mL/min) 79 (58-104) 75 (57-101) 

Type of surgery preceding MINS 

Orthopaedic 331 (38%) 339 (39%) 

General 252 (29%) 241 (27%) 

Vascular 119 (14%) 130 (15%) 



Urological or gynaecological 83 (9%) 77 (9%) 

Thoracic 43 (5%) 41 (5%) 

Spinal 31 (4%) 25 (3%) 

Low risk surgery 34 (4%) 41 (5%) 

Medications before randomisation 

Aspirin 511 (58%) 509 (58%) 

P2Y12 inhibitor 32 (4%) 42 (5%) 

Aspirin or a P2Y12 inhibitor 522 (60%) 524 (60%) 

Dual antiplatelet therapy 22 (3%) 29 (3%) 

Angiotensin-converting enzyme inhibitor or 
angiotensin II receptor blocker 

404 (46%) 404 (46%) 

𝛽 blocker 340 (39%) 326 (37%) 

Statin 451 (51%) 509 (58%) 

Cardiac testing associated with qualifying MINS 

Coronary angiography 9 (1%) 5 (1%) 

Echocardiography 194 (22%) 202 (23%) 

Radionuclide imaging 33 (4%) 34 (4%) 

Cardiac MRI 28 (3%) 41 (5%) 

Regions 

North America 381 (43%) 384 (44%) 

Europe and Australia 223 (25%) 219 (25%) 

Asia 134 (15%) 134 (15%) 

Africa 93 (11%) 94 (11%) 

South America 46 (5%) 46 (5%) 

Data are mean (SD), n (%), or median (IQR). MINS=myocardial injury after non-cardiac surgery. There were 
48 patients common to both ASA and P2Y12 inhibitors. *1252 patients (71%; 625 allocated to dabigatran 
and 627 allocated to placebo) had two or more postoperative troponin values recorded on their baseline 
case report form. The difference between highest and lowest troponin values was established for these 
patients, as well as the number and percentage of patients with a difference between the highest and lowest 
troponin values of 5 ng/L or greater. †Defined as a physician diagnosis 6 months or less before non-cardiac 
surgery of a myocardial infarction, acute coronary syndrome, Canadian Cardiovascular Society (CCSV) 
class III angina (occurring with level walking of one to two blocks or climbing one or less than one flight of 
stairs at a normal pace), or CCSV class IV angina (inability to carry on any physical activity without the 
development of angina).  

  



Table 2: Efficacy outcomes 

 
Dabigatran 
(𝐧 = 𝟖𝟕𝟕) 

Placebo 
(𝐧 = 𝟖𝟕𝟕) 

Hazard ratio 
(95% CI) 

p 
value 

Primary efficacy outcome 

Composite of vascular mortality and 
non-fatal myocardial infarction, non-
haemorrhagic stroke, peripheral 
arterial thrombosis, amputation, and 
symptomatic venous thromboembolism 

97 (11%) 133 (15%) 
0.72 (0.55-

0.93) 
0.0115 

Secondary efficacy outcomes 

Vascular mortality 52 (6%) 64 (7%) 
0.80 (0.56-

1.16) 
.. 

All-cause mortality 100 (11%) 110 (13%) 
0.90 (0.69-

1.18) 
.. 

Myocardial infarction 35 (4%) 43 (5%) 
0.80 (0.51-

1.26) 
.. 

Cardiac revascularisation procedure 32 (4%) 21 (2%) 
1.53 (0.88-

2.65) 
.. 

Non-haemorrhagic stroke 2 (<1%) 10 (1%) 
0.20 (0.04-

0.90) 
.. 

Peripheral arterial thrombosis 0 4 (<1%) .. .. 

Amputation 18 (2%) 26 (3%) 
0.70 (0.38-

1.27) 
.. 

Symptomatic venous 
thromboembolism 

8 (1%) 17 (2%) 
0.47 (0.20-

1.08) 
.. 

Readmission to hospital for vascular 
reasons 

113 (13%) 130 (15%) 
0.86 (0.67-

1.11) 
.. 

Data are n (%) unless otherwise indicated. 

 

 

  



Table 3: Safety outcomes 

 
Dabigatran 
(𝐧 = 𝟖𝟕𝟕) 

Placebo 
(𝐧 = 𝟖𝟕𝟕) 

Hazard ratio 
(95% CI) 

p 
value 

Primary safety outcome 

Composite of life-threatening, major, 
and critical organ bleeding 

29 (3%) 31 (4%) 
0.92 (0.55-

1.53) 
0.78 

Secondary safety outcomes 

Life-threatening bleeding 9 (1%) 8 (1%) 
1.11 (0.43-

2.88) 
.. 

Major bleeding 21 (2%) 25 (3%) 
0.83 (0.46-

1.48) 
.. 

Critical organ bleeding 5 (1%) 10 (1%) 
0.49 (0.17-

1.43) 
.. 

Intracranial bleeding 4 (<1%) 3 (<1%) 
1.32 (0.30-

5.90) 
.. 

Haemorrhagic stroke 2 (<1%) 2 (<1%) 
0.98 (0.14-

6.96) 
.. 

Clinically significant lower 
gastrointestinal bleeding 

15 (2%) 6 (1%) 
2.50 (0.97-

6.44) 
.. 

Clinically non-significant lower 
gastrointestinal bleeding 

33 (4%) 7 (1%) 
4.77 (2.11-

10.80) 
.. 

Minor bleeding 134 (15%) 84 (10%) 
1.64 (1.25-

2.15) 
.. 

Fracture 39 (4%) 28 (3%) 
1.38 (0.85-

2.24) 
.. 

Dyspepsia 129 (15%) 98 (11%) 
1.33 (1.02-

1.73) 
.. 
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