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OBJECTIFS

• Citer les résultats d’études pertinentes en médecine 
vasculaire en 2021-2022

• Intégrer dans sa pratique de nouvelles approches 
thérapeutiques fondées sur des données récemment 
publiées

• Critiquer les études récentes en médecine vasculaire



DELIVER
• 6263 patients avec insuffisance cardiaque stabilisée et avec FeVG > 40%

+ Avec ou sans diabète

+ Élévation du peptide natriurétique

+ ATCD de FeVG < 40% non exclus

• Dapagliflozine 10 mg ou placebo

• Conduite de l’étude et analyses en collaboration avec le commanditaire

• Critère d’évaluation primaire: composite
+ Détérioration de l’insuffisance cardiaque ou mortalité cardiovasculaire 
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BACKGROUND
Sodium–glucose cotransporter 2 (SGLT2) inhibitors reduce the risk of hospitaliza-
tion for heart failure and cardiovascular death among patients with chronic heart 
failure and a left ventricular ejection fraction of 40% or less. Whether SGLT2 in-
hibitors are effective in patients with a higher left ventricular ejection fraction 
remains less certain.

METHODS
We randomly assigned 6263 patients with heart failure and a left ventricular ejec-
tion fraction of more than 40% to receive dapagliflozin (at a dose of 10 mg once 
daily) or matching placebo, in addition to usual therapy. The primary outcome was 
a composite of worsening heart failure (which was defined as either an unplanned 
hospitalization for heart failure or an urgent visit for heart failure) or cardiovas-
cular death, as assessed in a time-to-event analysis.

RESULTS
Over a median of 2.3 years, the primary outcome occurred in 512 of 3131 patients 
(16.4%) in the dapagliflozin group and in 610 of 3132 patients (19.5%) in the pla-
cebo group (hazard ratio, 0.82; 95% confidence interval [CI], 0.73 to 0.92; P<0.001). 
Worsening heart failure occurred in 368 patients (11.8%) in the dapagliflozin 
group and in 455 patients (14.5%) in the placebo group (hazard ratio, 0.79; 95% 
CI, 0.69 to 0.91); cardiovascular death occurred in 231 patients (7.4%) and 261 
patients (8.3%), respectively (hazard ratio, 0.88; 95% CI, 0.74 to 1.05). Total events 
and symptom burden were lower in the dapagliflozin group than in the placebo 
group. Results were similar among patients with a left ventricular ejection fraction 
of 60% or more and those with a left ventricular ejection fraction of less than 60%, 
and results were similar in prespecified subgroups, including patients with or 
without diabetes. The incidence of adverse events was similar in the two groups.

CONCLUSIONS
Dapagliflozin reduced the combined risk of worsening heart failure or cardiovas-
cular death among patients with heart failure and a mildly reduced or preserved 
ejection fraction. (Funded by AstraZeneca; DELIVER ClinicalTrials.gov number, 
NCT03619213.)
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DELIVER - résultats
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Table 2. Primary and Secondary Cardiovascular Outcomes and Safety Outcomes in the Overall Population.*

Variable
Dapagliflozin 

(N = 3131)
Placebo 

(N = 3132)

Hazard or Rate Ratio 
or Win Ratio 

(95% CI) P Value

values events/ 
 100 patient-yr

values events/ 
 100 patient-yr

Efficacy outcomes

Primary composite outcome — no. (%) 512 (16.4) 7.8 610 (19.5) 9.6 0.82 (0.73–0.92) <0.001

Hospitalization for heart failure or an urgent visit for heart failure 368 (11.8) 5.6 455 (14.5) 7.2 0.79 (0.69–0.91) NA

Hospitalization for heart failure 329 (10.5) 5.0 418 (13.3) 6.5 0.77 (0.67–0.89) NA

Urgent visit for heart failure 60 (1.9) 0.9 78 (2.5) 1.1 0.76 (0.55–1.07) NA

Cardiovascular death† 231 (7.4) 3.3 261 (8.3) 3.8 0.88 (0.74–1.05) NA

Secondary outcomes

Total no. of worsening heart failure events and cardiovascular deaths‡ 815 11.8 1057 15.3 0.77 (0.67–0.89) <0.001

Change in KCCQ total symptom score at mo 8§ — — — — 1.11 (1.03–1.21) 0.009

Mean change in KCCQ total symptom score at mo 8 among survivors — — — — 2.4 (1.5–3.4) NA

Death from any cause — no. (%) 497 (15.9) 7.2 526 (16.8) 7.6 0.94 (0.83–1.07) NA

Safety outcomes — no./total no. (%)¶

Any serious adverse event 1361/3126 (43.5) — 1423/3127 (45.5) — — —

Any adverse event that led to discontinuation of dapagliflozin or placebo 182/3126 (5.8) — 181/3127 (5.8) — — —

Any adverse event that led to interruption of dapagliflozin or placebo 436/3126 (13.9) — 494/3127 (15.8) — — —

Any amputation 19/3126 (0.6) — 25/3127 (0.8) — — —

Any adverse event that potentially placed a patient at risk for a lower-limb 
amputation

188/3126 (6.0) — 199/3127 (6.4) — — —

Any definite or probable diabetic ketoacidosis 2/3126 (0.1) — 0 — — —

Any major hypoglycemic event∥ 6/3126 (0.2) — 7/3127 (0.2) — — —

Any serious adverse event or adverse event that led to discontinuation of 
dapagliflozin or placebo that was suggestive of volume depletion

42/3126 (1.3) — 32/3127 (1.0) — — —

Any renal serious adverse event or adverse event that led to discontinua-
tion of dapagliflozin or placebo

73/3126 (2.3) — 79/3127 (2.5) — — —

Fournier’s gangrene 0 — 0 — — —

*  All treatment effects are shown as hazard ratios, except for the total number of hospitalizations for heart failure and cardiovascular deaths, which is reported as a rate ratio, and the change 
in Kansas City Cardiomyopathy Questionnaire (KCCQ) total symptom score at month 8, which is reported as a win ratio. The total symptom scores on the KCCQ range from 0 to 100, with 
higher scores indicating fewer symptoms and physical limitations. NA denotes not applicable because P values for efficacy outcomes are reported only for outcomes that were included in 
the hierarchical-testing strategy.

†  Cardiovascular death was also a prespecified secondary outcome.
‡  Worsening heart failure events were defined as hospitalization for heart failure or an urgent visit for heart failure. The total number of worsening heart failure events included first and 

recurrent events.
§  The results of the assessment of the KCCQ total symptom score in a sensitivity analysis in which data were not censored after March 11, 2020, were similar to those shown (win ratio, 

1.11; 95% CI, 1.05 to 1.18).
¶  A total of 10 patients (5 in the dapagliflozin group and 5 in the placebo group) were excluded from the safety analyses because they did not receive any dose of dapagliflozin or placebo. 

Safety outcomes were events with an onset date on or after the date of the first dose and up to and including 30 days after the last dose of dapagliflozin or placebo.
∥  Major hypoglycemic events are defined in the Supplementary Methods section in the Supplementary Appendix.
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was not significantly lower with dapagliflozin 
than with placebo, the rate of cardiovascular 
death among patients who received placebo was 
substantially lower among patients with a left 

ventricular ejection fraction of more than 40% 
than among those in the DAPA-HF trial with a 
reduced ejection fraction (3.8 events per 100 
patient-years in DELIVER vs. 7.9 events per 100 

0.75 1.00 2.001.50

Placebo BetterDapagliflozin Better

All patients
Age

≤72 yr
>72 yr

Sex
Female
Male

Race
Asian
Black
White
Other

Geographic region
Europe or Saudi Arabia
Asia
Latin America
North America

NYHA class at enrollment
II
III or IV

LVEF at enrollment
≤49%
50–59%
≥60%

NT-proBNP at enrollment
≤1011 pg/ml
>1011 pg/ml

Enrollment during or within 30 days after 
hospitalization for heart failure

No
Yes

Type 2 diabetes mellitus at enrollment
No
Yes

Atrial fibrillation or flutter at enrollment ECG
No
Yes

Body-mass index at enrollment
<30
≥30

Estimated GFR at enrollment
<60 ml/min/1.73 m2

≥60 ml/min/1.73 m2

Systolic blood pressure at randomization
≤128 mm Hg
>128 mm Hg

Previous LVEF ≤40%
No
Yes

Hazard Ratio (95% CI)Subgroup

0.50

0.82 (0.73–0.92)

0.82 (0.69–0.97)
0.81 (0.69–0.96)

0.81 (0.67–0.97)
0.82 (0.71–0.96)

0.91 (0.69–1.21)
1.08 (0.58–2.01)
0.79 (0.69–0.90)
0.83 (0.46–1.48)

0.83 (0.70–0.98)
0.89 (0.67–1.18)
0.78 (0.57–1.07)
0.75 (0.57–1.00)

0.81 (0.70–0.94)
0.80 (0.65–0.98)

0.87 (0.72–1.04)
0.79 (0.65–0.97)
0.78 (0.62–0.98)

0.84 (0.68–1.02)
0.79 (0.69–0.92)

0.82 (0.72–0.94)
0.78 (0.60–1.03)

0.81 (0.68–0.96)
0.83 (0.70–0.97)

0.82 (0.70–0.96)
0.81 (0.68–0.97)

0.89 (0.75–1.04)
0.74 (0.63–0.88)

0.81 (0.69–0.94)
0.84 (0.70–1.00)

0.93 (0.79–1.10)
0.71 (0.60–0.85)

0.84 (0.73–0.95)
0.74 (0.56–0.97)

Dapagliflozin Placebo

512/3131

247/1545
265/1586

195/1364
317/1767

97/630
21/81  

372/2214
22/206

261/1494
92/607
70/602
89/428

331/2314
181/817  

207/1067
174/1133
131/931  

173/1555
339/1576

419/2803
93/328

242/1730
270/1401

285/1803
227/1327

275/1734
236/1395

289/1516
223/1615

280/1568
232/1563

420/2559
92/572

610/3132

306/1604
304/1528

243/1383
367/1749

106/644
19/78  

461/2225
24/185

309/1511
103/619  
87/579
111/423

411/2399
198/732  

229/1049
211/1123
170/960  

208/1578
402/1553

497/2806
113/326  

293/1727
317/1405

339/1814
271/1317

302/1736
308/1392

355/1554
255/1577

300/1590
310/1542

491/2553
119/579  

no. of patients with events/total no.
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Gliflozines et insuffisance cardiaque

• Bénéfices pour la réduction des hospitalisations pour insuffisance cardiaque dans 
une population avec une insuffisance cardiaque stabilisée

Recommendations for HF With Preserved Ejection Fraction*
Referenced studies that support the recommendations are summarized in the Online Data Supplements.

COR LOE RECOMMENDATIONS

1 C-LD
1. Patients with HFpEF and hypertension should have medication titrated to attain blood pressure targets in

accordance with published clinical practice guidelines to prevent morbidity (1-3).

2a B-R
2. In patients with HFpEF, SGLT2i can be beneficial in decreasing HF hospitalizations and cardiovascular

mortality (4).

2a C-EO
3. In patients with HFpEF, management of AF can be useful to improve symptoms.

2b B-R
4. In selected patients with HFpEF, MRAs may be considered to decrease hospitalizations, particularly

among patients with LVEF on the lower end of this spectrum (5-7).

2b B-R
5. In selected patients with HFpEF, the use of ARB may be considered to decrease hospitalizations,

particularly among patients with LVEF on the lower end of this spectrum (8,9).

2b B-R
6. In selected patients with HFpEF, ARNi may be considered to decrease hospitalizations, particularly

among patients with LVEF on the lower end of this spectrum (10,11).

3: No-Benefit B-R
7. In patients with HFpEF, routine use of nitrates or phosphodiesterase-5 inhibitors to increase activity or

QOL is ineffective (12,13).

*See Section 7.2, “Diuretics and Decongestion Strategies in Patients with HF,” and Section 10.2, “Management of Atrial Fibrillation (AF) in HF” for recommendations for use of diuretics and
management of AF in HF.

concentration and to >400 ng/L; or 4) clinical evidence
of HF. Treatment was withdrawn successfully in only
50% of patients (1). Secondary analyses showed wors-
ening Kansas City Cardiomyopathy Questionnaire
scores, a substantial reduction in LVEF, and

nonsignificant increases in NT-proBNP and LV volumes
with withdrawal of HF medications.

7.7. Preserved EF (HFpEF)

7.7.1. HF With Preserved Ejection Fraction

Synopsis
HFpEF (LVEF $50%) is highly prevalent, accounting for

up to 50% of all patients with HF, and is associated with
significant morbidity and mortality (14). HFpEF is a
heterogenous disorder, contributed to by comorbidities
that include hypertension, diabetes, obesity, CAD, CKD,
and specific causes such as cardiac amyloidosis (15-17).
Clinical trials have used variable definitions of HFpEF
(e.g., LVEF $40%, 45%, or 50%, and the varying need for
accompanying evidence of structural heart disease or
elevated levels of natriuretic peptides) (18). Until recently,
clinical trials had been generally disappointing, with no
benefit on mortality and marginal benefits on HF hospi-
talizations (5,8,11,19,20). Currently, recommended man-
agement is that used for HF in general with use of
diuretics to reduce congestion and improve symptoms
(see Section 7.1.1 for recommendations for non-
pharmacological management and Section 7.2 for

recommendations for diuretics), identification and treat-
ment of specific causes such as amyloidosis, and man-
agement of contributing comorbidities such as
hypertension, CAD, and AF (see Section 10.2 for recom-
mendations on management of AF). Figure 12 summarizes
COR 1, 2a, and 2b for HFpEF.

Recommendation-Specific Supportive Text

1. The role of blood pressure control is well established for
the prevention of HF, as well as for reduction of other
cardiovascular events and HF mortality in patients
without prevalent baseline HF (1-3,21-24). The SPRINT
(Systolic Blood Pressure Intervention) trial and meta-
analyses established that more intensive blood pres-
sure control in patients with high cardiovascular risk
significantly reduces HF and other cardiovascular out-
comes (2,3,25). In recent clinical practice guidelines for
hypertension, blood pressure targets in HFpEF are

Heidenreich et al J A C C V O L . 7 9 , N O . 1 7 , 2 0 2 2
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ABSTRACT
This guideline synthesizes clinical trial data supporting the role of
glucagon-like peptide-1 receptor agonists and sodium-glucose co-
transporter 2 inhibitors (SGLT2i) for treatment of heart failure (HF),
chronic kidney disease, and for optimizing prevention of cardiorenal
morbidity and mortality in patients with type 2 diabetes. It is on the
basis of a companion systematic review and meta-analysis guided by a
focused set of population, intervention, control, and outcomes (PICO)

R!ESUM!E
La pr!esente ligne directrice synth!etise les donn!ees d’essais cliniques
confirmant le rôle des agonistes des r!ecepteurs du peptide-1 appa-
rent!e au glucagon (arGLP-1) et des inhibiteurs du cotransporteur
sodium-glucose de type 2 (iSGLT2) dans le traitement de l’insuffisance
cardiaque (IC) et de l’insuffisance r!enale chronique ainsi que dans la
pr!evention optimis!ee de la morbidit!e et de la mortalit!e cardior!enales
chez les patients atteints de diabète de type 2. Elle repose sur une
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This statement was developed following a thorough consideration of

medical literature and the best available evidence and clinical experience. It
represents the consensus of a Canadian panel comprised of multidisciplinary

experts on this topic with a mandate to formulate disease-specific recom-
mendations. These recommendations are aimed to provide a reasonable and
practical approach to care for specialists and allied health professionals obliged
with the duty of bestowing optimal care to patients and families, and can be
subject to change as scientific knowledge and technology advance and as
practice patterns evolve. The statement is not intended to be a substitute for
physicians using their individual judgement in managing clinical care in
consultation with the patient, with appropriate regard to all the individual
circumstances of the patient, diagnostic and treatment options available and
available resources. Adherence to these recommendations will not necessarily
produce successful outcomes in every case.
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Our systematic review and meta-analysis (Table 1) in-
dicates that use of SGLT2i in patients with LVEF ! 40% is
associated with a 16% reduction in all-cause mortality or CV
mortality, a 31% reduction in hospitalization for HF, and a
41% reduction in the composite kidney outcome of signifi-
cant decline in eGFR, progression to end-stage kidney disease,
or death due to kidney disease.7

Practical tip. SGLT2i can be considered in stabilized HF
patients. They are not indicated for the treatment of type 1
diabetes, or for patients receiving dialysis or with severely
compromised renal function (eGFR < 20 mL/min/1.73 m2).
Clinicians should refer to the appropriate guidelines for condi-
tions such as symptomatic hyperglycemia, metabolically
decompensated patients with T2D, as well as for acute renal
failure. Consider temporary discontinuation of SGLT2i therapy
in the context of acute events (see Figs. 2 and 3), and permanent
discontinuation if eGFR remains < 20 mL/min/1.73 m2.

PICO 2: In patients with HF and preserved ejection fraction
(HFpEF; > 40%) what is the role of novel antihyperglycemic
agents compared with placebo for reduction of CV death or
hospitalization for HF?

The Empagliflozin Outcome Trial in Patients With
Chronic Heart Failure With Preserved Ejection Fraction
(EMPEROR-Preserved)22 trial was the first phase III ran-
domized double-blind placebo-controlled trial to achieve its
primary end point in patients with symptomatic HFpEF (>
40%). In this landmark trial the composite of CV death or
HF hospitalization was significantly reduced in patients who
were randomized to empagliflozin 10 mg vs placebo and
standard of care therapy (HR, 0.79; 95% CI, 0.69-0.90; P <
0.0003). A total of 5988 patients were randomized with a
median follow-up of 26 months. Standard of care therapy
included 80% of patients receiving renin angiotensin in-
hibitor or ARNI, 38% receiving MRA, 86% receiving b-
blocker, and 70% receiving statins in the placebo arm, which
was not significantly different from the empagliflozin ran-
domized group. The reduction in the primary composite end
point was driven predominantly by a reduction in first
hospitalization for HF (HR, 0.71; 95% CI, 0.60-0.83). The
first hierarchical secondary end point of total (first and
recurrent) HF hospitalization was significantly reduced (HR,
0.73; 95% CI, 0.61-0.88; P < 0.001) as was the second
secondary end point, which was the slope of decline in
glomerular filtration rate ("3.3 mL/min/1.73 m2 for those
receiving empagliflozin vs "5.7 mL/min/1.73 m2 for those
receiving placebo; P < 0.0001). This aligned with findings in

the EMPEROR-Reduced trial. In contrast to Prospective
Comparison of ARNI With ARB Global Outcomes in HF
With Preserved Ejection Fraction (PARAGON-HF)34 there
was no heterogeneity for treatment effect for the primary end
point relevant to sex or baseline LVEF on the basis of pre-
defined tertiles of LVEF. There was also no heterogeneity for
treatment benefit on the basis of the presence or absence of
diabetes.35 The safety profile was similar to that previously
recognized in HFrEF patient cohorts. Additional data pre-
sented with an alpha protected pooled analysis of
EMPEROR-Reduced and EMPEROR-Preserved suggest
that empagliflozin is an agent that will be beneficial across a
continuum of ejection fraction although benefit was not seen
with ejection fraction > 65%.36,37

The role of GLP-1RA and related agents in HFpEF might
be clarified by ongoing studies.30,38,39 On the basis of our
meta-analysis (Table 1), use of SGLT2i is associated with a
29% reduction in hospitalization for HF. In contrast to the
results in patients with HFrEF, the results in patients with
HFpEF do not support a significant reduction in either all-
cause or CV mortality or in reducing the composite kidney
outcome.7

Practical tip. This recommendation is on the basis of the
results of the EMPEROR-Preserved trial (empagliflozin 10
mg daily vs placebo in addition to recommended HF therapy)
but trials using other SGLT2i are pending. The recommen-
dation is intended for stabilized patients. SGLT2i are not
indicated for the treatment of type 1 diabetes, or for patients
receiving dialysis or with severely compromised renal function
(eGFR < 20 mL/min/1.73 m2).

General discussion

High value is placed on use of therapies that reduce CV
mortality and hospitalization for HF in well conducted ran-
domized controlled trials. Medications such as ARNI and
SGLT2i have clinical benefits in patients treated with ACEi or
ARB, b-blockers, and MRA as background therapy. The
mechanisms of action are complementary in patients with
HFrEF and underscore a multidrug approach.

Preference is given to the use of pharmacotherapy in pa-
tients with symptomatic HFrEF regardless of New York Heart
Association functional class. The writing group acknowledges
lack of data that have directly compared dapagliflozin and
empagliflozin in the management of HFrEF. Local accessi-
bility to these agents and eGFR might provide guidance as to
which agent is selected as a component of the 4 standard
therapies for HFrEF. The writing group also acknowledges
lack of evidence that has compared different strategies for the

RECOMMENDATION

1. In adults with HF and LVEF ! 40%, we recommend
use of SGLT2i to reduce all-cause and CV mortality,
hospitalization for HF, and the composite end point of
significant decline in eGFR, progression to end-stage
kidney disease, or death due to kidney disease (Strong
Recommendation; Moderate-Quality Evidence).

RECOMMENDATION

2. In adults with HF and LVEF > 40%, we recommend
use of SGLT2i to reduce hospitalization for HF (Strong
Recommendation; Moderate-Quality Evidence).
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BACKGROUND
Obesity is a chronic disease that results in substantial global morbidity and mor-
tality. The efficacy and safety of tirzepatide, a novel glucose-dependent insulino-
tropic polypeptide and glucagon-like peptide-1 receptor agonist, in people with 
obesity are not known.
METHODS
In this phase 3 double-blind, randomized, controlled trial, we assigned 2539 
adults with a body-mass index (BMI; the weight in kilograms divided by the square 
of the height in meters) of 30 or more, or 27 or more and at least one weight-re-
lated complication, excluding diabetes, in a 1:1:1:1 ratio to receive once-weekly, 
subcutaneous tirzepatide (5 mg, 10 mg, or 15 mg) or placebo for 72 weeks, includ-
ing a 20-week dose-escalation period. Coprimary end points were the percentage 
change in weight from baseline and a weight reduction of 5% or more. The 
treatment-regimen estimand assessed effects regardless of treatment discontinua-
tion in the intention-to-treat population.
RESULTS
At baseline, the mean body weight was 104.8 kg, the mean BMI was 38.0, and 
94.5% of participants had a BMI of 30 or higher. The mean percentage change in 
weight at week 72 was −15.0% (95% confidence interval [CI], −15.9 to −14.2) with 
5-mg weekly doses of tirzepatide, −19.5% (95% CI, −20.4 to −18.5) with 10-mg 
doses, and −20.9% (95% CI, −21.8 to −19.9) with 15-mg doses and −3.1% (95% CI, 
−4.3 to −1.9) with placebo (P<0.001 for all comparisons with placebo). The per-
centage of participants who had weight reduction of 5% or more was 85% (95% 
CI, 82 to 89), 89% (95% CI, 86 to 92), and 91% (95% CI, 88 to 94) with 5 mg, 10 mg, 
and 15 mg of tirzepatide, respectively, and 35% (95% CI, 30 to 39) with placebo; 
50% (95% CI, 46 to 54) and 57% (95% CI, 53 to 61) of participants in the 10-mg 
and 15-mg groups had a reduction in body weight of 20% or more, as compared 
with 3% (95% CI, 1 to 5) in the placebo group (P<0.001 for all comparisons with 
placebo). Improvements in all prespecified cardiometabolic measures were ob-
served with tirzepatide. The most common adverse events with tirzepatide were 
gastrointestinal, and most were mild to moderate in severity, occurring primarily 
during dose escalation. Adverse events caused treatment discontinuation in 4.3%, 
7.1%, 6.2%, and 2.6% of participants receiving 5-mg, 10-mg, and 15-mg tirzepa-
tide doses and placebo, respectively.
CONCLUSIONS
In this 72-week trial in participants with obesity, 5 mg, 10 mg, or 15 mg of tirzepa-
tide once weekly provided substantial and sustained reductions in body weight. 
(Supported by Eli Lilly; SURMOUNT-1 ClinicalTrials.gov number, NCT04184622.)
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SURMOUNT-1

• 2539 adultes avec IMC > 30 kg/m2 ou IMC > 27 kg/m2 avec 
complication de l’obésité
+ Non diabétiques

• Tirzepatide 5, 10 ou 15 mg une fois par semaine contre 
placebo (1:1:1:1) durant 72 mois

• Critère d’évaluation primaire double:
+ Pourcentage de diminution du poids

+ Réduction du poids de 5% et plus

DOI:10.1056/NEJMoa2206038
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3.2. Preclinical characterization of LY3298176
LY3298176 was designed to be potent at both the GIPR and GLP-1R to
allow significant target engagement of both receptors. In receptor
binding studies, LY3298176 binds either receptor with high affinity

(GIPR Ki ¼ 0.135, SEM ¼ 0.020 nM; GLP-1R Ki ¼ 4.23,
SEM ¼ 0.23 nM); the affinity is comparable to native GIP for the GIPR
and approximately 5-fold weaker than native GLP-1 for the GLP-1R
(Supplemental Table 1). In signaling studies using cell lines with
recombinantly expressed GIPR or GLP-1R, LY3298176 potently stim-
ulates cAMP accumulation by either receptor (GIPR EC50 ¼ 0.0224,
SEM ¼ 0.0053 nM; GLP-1R EC50 ¼ 0.934, SEM ¼ 0.068 nM)
(Figure 1B); the potency of LY3298176 is similar to native GIP and
approximately 13-fold weaker than GLP-1 in these assays (Figure 1B
and Supplemental Table 1). LY3298176 is less potent than the se-
lective GLP-1RA semaglutide (GLP-1R Ki ¼ 1.97, SEM ¼ 0.47 nM;
cAMP EC50¼ 0.0571, SEM¼ 0.0117 nM), and has minimal activity on
the closely related glucagon receptor (Supplemental Table 1). To
assess signaling in cells expressing endogenous levels of these re-
ceptors, we utilised a human pancreatic beta-cell line (ECN90) that
expresses both receptors, and responds to either GIP or GLP-1 with
similar cAMP increases (Figure 1C); and cultures of differentiated
human adipocytes that express only the GIPR, and respond to only GIP
(Figure 1D). LY3298176 elicited a cAMP response in ECN90 cells that
was significantly higher than that observed for either GLP-1 or GIP
alone (Figure 1C), while cAMP accumulation in human adipocytes was
comparable to GIP alone (Figure 1D). The effects of LY3298176 on
beta-cell function and glucose control were examined using wild-type
(WT) mice that express both incretin receptors, and transgenic mice
lacking either the GIPR (GIPR"/") or the GLP-1R (GLP-1R"/").
LY3298176 stimulated glucose-dependent insulin secretion in islets
isolated from all three genotypes (Figure 2AeC). In the knockout islets,
antagonists specific for the expressed receptor blocked insulin
secretion as predicted (exendin-4(9-39) in islets from GIPR"/" mice and

Figure 1: Discovery and Characterization of LY3298176, a GIP-based Dual Incretin Receptor Agonist. (A) Structure schematic of the dual GIP and GLP-1 receptor agonist,
LY3298176. (B) Representative concentration response curves for stimulation of cAMP accumulation by GIP, GLP-1 or LY3298176 in HEK293 cells expressing human GIPR or GLP-
1R. (C) cAMP accumulation in human pancreatic ECN90 beta-cells in response to treatment with GLP-1, GIP, the combination of GLP-1 plus GIP, or LY3298176. P < 0.05 using
one-way ANOVA versus GLP-1 (#) or GIP (þþ). (D) cAMP accumulation in human adipocytes. All data are expressed as mean $ SEM.

Table 1 e Baseline Demographics and Clinical Characteristics.

SAD
N ¼ 56

MAD
N ¼ 33

POC
N ¼ 53

Baseline Demographics
Age, years 39.4 $ 10.3 40.3 $ 10.9 56.8 $ 6.9
Sex
Men 53 (94.6) 33 (100.0) 28 (52.8)
Women 3 (5.4) 0 (0.0) 25 (47.2)

Race
American Indian or Alaska Native 0 (0.0) 0 (0.0) 1 (1.9)
Asian 55 (98.2) 32 (97.0) 7 (13.2)
Black or African American 0 (0.0) 0 (0.0) 4 (7.5)
Native Hawaiian or Other Pacific
Islander

0 (0.0) 0 (0.0) 0 (0.0)

White 1 (1.8) 1 (3.0) 41 (77.4)
Clinical Characteristics
Body weight, kg 71.9 $ 11.1 71.1 $ 9.4 86.0 $ 15.9
Body mass index, kg/m2 24.7 $ 3.2 24.3 $ 2.7 31.2 $ 4.0
HbA1c, % N/A N/A 8.4 $ 0.8
HbA1c, mmol/mol N/A N/A 68.30 $ 8.74
Fasting glucose, mg/dL 86.40 $ 7.20 83.34 $ 7.02 184.50 $ 42.48
Fasting glucose mmol/L 4.8 $ 0.4 4.63 $ 0.39 10.25 $ 2.36
Systolic blood pressure, mmHg 113.0 $ 12.1 113.9 $ 13.6 124.4 $ 17.8
Diastolic blood pressure, mmHg 69.1 $ 9.9 68.6 $ 10.1 76.3 $ 6.4
Pulse rate, bpm 55.8 $ 7.1 55.8 $ 7.8 70.6 $ 9.3

Data presented as n (%) and mean$ SD. All data presented at baseline, except HbA1c
(Screening). N/A ¼ not available.
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Cardiometabolic Risk Factors and Physical 
Function

Benefits with tirzepatide were noted with re-
spect to changes in waist circumference, systolic 

and diastolic blood pressure, fasting insulin 
level, and lipid levels (Table 2, Table 3, and Figs. 
S6 and S7). At week 72, most (95.3%) of the 
participants with prediabetes at baseline in the 

Figure 1. Effect of Once-Weekly Tirzepatide, as Compared with Placebo, on Body Weight.

Least-squares means are presented, unless otherwise noted. Panel A shows the percent change in body weight from baseline to week 
72, derived from an analysis of covariance model for the treatment-regimen estimand (TRE). Panel B shows the percent change in body 
weight according to weeks since randomization, derived from a mixed model for repeated measures (MMRM) analysis for the efficacy 
estimand; week 72 estimates for the treatment-regimen estimand are also shown. Panels C and D show the percentages of participants 
who had weight reductions of at least 5%, 10%, 15%, 20%, and 25% from baseline to week 72. For Panel C, the percentage was calculat-
ed with the use of Rubin’s rules by combining the percentages of participants who met the target in imputed data sets. Missing values 
at week 72 were imputed with MMRM if the missingness was due solely to Covid-19 and with multiple imputation if the missingness 
was not due to Covid-19. For Panel D, the percentage of participants who met weight-reduction targets was obtained by dividing the 
number of participants reaching respective goals at week 72 by the number of participants with a baseline value and at least one non-
missing postbaseline value. Missing values at week 72 were imputed from MMRM analysis. I bars indicate 95% confidence intervals.
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Table 4. Adverse Events and Safety.

Variable

Tirzepatide,  
5 mg  

(N = 630)

Tirzepatide,  
10 mg 

(N = 636)

Tirzepatide,  
15 mg 

(N = 630)
Placebo 
(N = 643)

number (percent)

Participants with ≥1 adverse event during treatment 
period

510 (81.0) 520 (81.8) 497 (78.9) 463 (72.0)

Serious adverse events 40 (6.3) 44 (6.9) 32 (5.1) 44 (6.8)

Death*  4 (0.6)  2 (0.3)  1 (0.2)  4 (0.6)

Adverse events leading to discontinuation of trial drug 
or placebo†

27 (4.3) 45 (7.1) 39 (6.2) 17 (2.6)

Nausea  6 (1.0)  7 (1.1) 12 (1.9)  2 (0.3)

Diarrhea  2 (0.3)  5 (0.8)  3 (0.5) 0

Abdominal pain 0  2 (0.3)  3 (0.5) 0

Vomiting 0  4 (0.6) 0 0

Adverse events occurring in at least 5% of participants 
in any treatment group†

Nausea 155 (24.6) 212 (33.3) 195 (31.0) 61 (9.5)

Diarrhea 118 (18.7) 135 (21.2) 145 (23.0) 47 (7.3)

Covid-19  94 (14.9)  98 (15.4)  82 (13.0)  90 (14.0)

Constipation 106 (16.8) 109 (17.1)  74 (11.7) 37 (5.8)

Dyspepsia 56 (8.9) 62 (9.7)  71 (11.3) 27 (4.2)

Vomiting 52 (8.3)  68 (10.7)  77 (12.2) 11 (1.7)

Decreased appetite 59 (9.4)  73 (11.5) 54 (8.6) 21 (3.3)

Headache 41 (6.5) 43 (6.8) 41 (6.5) 42 (6.5)

Abdominal pain 31 (4.9) 34 (5.3) 31 (4.9) 21 (3.3)

Alopecia 32 (5.1) 31 (4.9) 36 (5.7)  6 (0.9)

Dizziness 26 (4.1) 35 (5.5) 26 (4.1) 15 (2.3)

Eructation 24 (3.8) 33 (5.2) 35 (5.6)  4 (0.6)

Injection-site reaction‡ 18 (2.9) 36 (5.7) 29 (4.6)  2 (0.3)

Adverse events of special interest

Hepatic events§  2 (0.3)  2 (0.3) 0 0

Cancer  9 (1.4)  3 (0.5)  5 (0.8)  7 (1.1)

Pancreatitis (adjudication-confirmed)  1 (0.2)  1 (0.2)  1 (0.2)  1 (0.2)

Major adverse cardiovascular events (adjudication-
confirmed)

 4 (0.6)  5 (0.8) 0  5 (0.8)

Cardiac disorders¶ 0  1 (0.2)  2 (0.3)  1 (0.2)

Severe or serious gastrointestinal events 11 (1.7) 20 (3.1) 21 (3.3)  7 (1.1)

Gallbladder disease§  5 (0.8) 11 (1.7)  6 (1.0)  5 (0.8)

Renal events§  2 (0.3)  2 (0.3)  2 (0.3)  1 (0.2)

Major depressive disorder or suicidal ideation§  1 (0.2)  2 (0.3)  2 (0.3) 0

Hypersensitivity∥ 0  1 (0.2)  1 (0.2) 0

Hypoglycemia (blood glucose <54 mg/dl)  9 (1.4) 10 (1.6) 10 (1.6)  1 (0.2)

Other adverse events of interest that emerged during 
treatment period†

Cholelithiasis  7 (1.1)  9 (1.4)  4 (0.6)  6 (0.9)
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Tirzepatide,  
10 mg 

(N = 636)
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(N = 630)
Placebo 
(N = 643)

number (percent)

Participants with ≥1 adverse event during treatment 
period

510 (81.0) 520 (81.8) 497 (78.9) 463 (72.0)

Serious adverse events 40 (6.3) 44 (6.9) 32 (5.1) 44 (6.8)

Death*  4 (0.6)  2 (0.3)  1 (0.2)  4 (0.6)

Adverse events leading to discontinuation of trial drug 
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27 (4.3) 45 (7.1) 39 (6.2) 17 (2.6)

Nausea  6 (1.0)  7 (1.1) 12 (1.9)  2 (0.3)

Diarrhea  2 (0.3)  5 (0.8)  3 (0.5) 0

Abdominal pain 0  2 (0.3)  3 (0.5) 0

Vomiting 0  4 (0.6) 0 0

Adverse events occurring in at least 5% of participants 
in any treatment group†

Nausea 155 (24.6) 212 (33.3) 195 (31.0) 61 (9.5)

Diarrhea 118 (18.7) 135 (21.2) 145 (23.0) 47 (7.3)

Covid-19  94 (14.9)  98 (15.4)  82 (13.0)  90 (14.0)

Constipation 106 (16.8) 109 (17.1)  74 (11.7) 37 (5.8)

Dyspepsia 56 (8.9) 62 (9.7)  71 (11.3) 27 (4.2)

Vomiting 52 (8.3)  68 (10.7)  77 (12.2) 11 (1.7)

Decreased appetite 59 (9.4)  73 (11.5) 54 (8.6) 21 (3.3)

Headache 41 (6.5) 43 (6.8) 41 (6.5) 42 (6.5)

Abdominal pain 31 (4.9) 34 (5.3) 31 (4.9) 21 (3.3)

Alopecia 32 (5.1) 31 (4.9) 36 (5.7)  6 (0.9)

Dizziness 26 (4.1) 35 (5.5) 26 (4.1) 15 (2.3)

Eructation 24 (3.8) 33 (5.2) 35 (5.6)  4 (0.6)

Injection-site reaction‡ 18 (2.9) 36 (5.7) 29 (4.6)  2 (0.3)

Adverse events of special interest

Hepatic events§  2 (0.3)  2 (0.3) 0 0

Cancer  9 (1.4)  3 (0.5)  5 (0.8)  7 (1.1)

Pancreatitis (adjudication-confirmed)  1 (0.2)  1 (0.2)  1 (0.2)  1 (0.2)

Major adverse cardiovascular events (adjudication-
confirmed)

 4 (0.6)  5 (0.8) 0  5 (0.8)

Cardiac disorders¶ 0  1 (0.2)  2 (0.3)  1 (0.2)

Severe or serious gastrointestinal events 11 (1.7) 20 (3.1) 21 (3.3)  7 (1.1)

Gallbladder disease§  5 (0.8) 11 (1.7)  6 (1.0)  5 (0.8)

Renal events§  2 (0.3)  2 (0.3)  2 (0.3)  1 (0.2)

Major depressive disorder or suicidal ideation§  1 (0.2)  2 (0.3)  2 (0.3) 0

Hypersensitivity∥ 0  1 (0.2)  1 (0.2) 0

Hypoglycemia (blood glucose <54 mg/dl)  9 (1.4) 10 (1.6) 10 (1.6)  1 (0.2)

Other adverse events of interest that emerged during 
treatment period†

Cholelithiasis  7 (1.1)  9 (1.4)  4 (0.6)  6 (0.9)
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(Table 3); 94% or more were of mild or moderate 
severity. Gastrointestinal events were also the 
most common reason that patients in the lira-
glutide group withdrew from the trial (159 of 
2481 patients [6.4%], as compared with 9 of 1242 
patients [0.7%] in the placebo group) (Fig. S6 in 
the Supplementary Appendix). Nausea (Fig. S7 in 
the Supplementary Appendix) and vomiting oc-
curred primarily within the first 4 to 8 weeks 
after initiation of liraglutide treatment. The inci-
dence of serious adverse events was higher in the 
liraglutide group than in the placebo group 
(Table 3). Three patients died — 1 in the liraglu-
tide group (with death due to cardiomegaly and 
hypertensive heart disease) and 2 in the placebo 
group (one death each from pulmonary fibrosis 
and cardiorespiratory arrest).

Gallbladder-related events were more com-
mon in the liraglutide group than in the pla-
cebo group (occurring in 61 of 2481 patients 
[2.5%], 3.1 events per 100 patient-years of expo-
sure; vs. 12 of 1242 patients [1.0%], 1.4 events 
per 100 patient-years of exposure), including more 
cases of cholelithiasis and cholecystitis in the 
liraglutide group. Most patients who reported 
cholelithiasis or cholecystitis underwent an elec-
tive cholecystectomy (40 of 51 patients [78%] in 

the liraglutide group and 6 of 8 patients [75%] 
in the placebo group), and most recovered and 
continued their assigned course of treatment or 
had treatment reintroduced after surgery (43 of 
51 patients [84%] in the liraglutide group and 
6 of 8 patients [75%] in the placebo group). The 
weight loss among patients with gallbladder-
related adverse events was greater than the mean 
weight loss in the total population (Fig. S8 in the 
Supplementary Appendix).

Figure 1. Liraglutide and Body Weight.

Panel A shows the mean body weight for patients in 
the full-analysis set who completed each scheduled 
visit, according to presence or absence of prediabetes 
at screening. I bars indicate standard error, and the 
separate symbols above the curves represent the 56-
week weight change using last-observation-carried- 
forward (LOCF) imputation. The full-analysis set com-
prised patients who underwent randomization, were 
exposed to at least one treatment dose, and had at 
least one assessment after baseline (69 patients were 
excluded from the full-analysis set: 61 owing to lack of 
an assessment and 8 owing to no exposure). Panel B 
shows the proportions of patients who lost at least 5%, 
more than 10%, and more than 15% of their baseline 
body weight. Data shown are the observed means for 
the full-analysis set (with LOCF). Findings from logis-
tic-regression analysis showed an odds ratio of 4.8 
(95% confidence interval [CI], 4.1 to 5.6) for at least 
5% weight loss and an odds ratio of 4.3 (95% CI, 3.5  
to 5.3) for more than 10% weight loss; the analysis of 
more than 15% weight loss was performed post hoc 
(odds ratio, 4.9 [95% CI, 3.5 to 6.7]). Panel C shows the 
cumulative percentage of patients with those changes 
in body weight after 56 weeks of treatment.

Normoglycemia
Prediabetes Liraglutide Placebo

PlaceboLiraglutide

LOCF

LOCF

≥5% >10%

Liraglutide Placebo

P<0.001

P<0.001

63.2

33.1
27.1

10.6

>15%

14.4
3.5

P<0.001

92%

65%

27%

11%
4%

63%

33%

14%

Liraglutide Placebo
C

ha
ng

e 
in

 B
od

y 
W

ei
gh

t (
%

)

Weeks

0

–2

–4

–8

–10

–6

–12
0 4 8 12 16 20 24 28 32 36 40 44 48 52 56

Pa
tie

nt
s 

(%
)

100
90
80
70

40
30
20
10
0

60
50

B

A

Pa
tie

nt
s 

(%
)

Pa
tie

nt
s 

(%
)

Weight Change (%)

100

60

20

40

80

0

100

60

20

40

80

0
–45 –40 –35 –30 –25 –20 –15 –10 –5 0 5 10 15 20

C

Weight Loss

The New England Journal of Medicine 
Downloaded from nejm.org at UNIVERSITE DE MONTREAL on September 26, 2022. For personal use only. No other uses without permission. 

 Copyright © 2015 Massachusetts Medical Society. All rights reserved. 

n engl j med 384;11 nejm.org March 18, 2021994

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

ference, −12.4 percentage points; 95% CI, −13.4 
to −11.5; P<0.001). For the trial product esti-
mand (showing the effect if the drug or placebo 
was taken as intended), the corresponding chang-

es were −16.9% and −2.4% (estimated treatment 
difference, −14.4 percentage points; 95% CI, 
−15.3 to −13.5).
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Cardiometabolic Risk Factors and Physical 
Function

Benefits with tirzepatide were noted with re-
spect to changes in waist circumference, systolic 

and diastolic blood pressure, fasting insulin 
level, and lipid levels (Table 2, Table 3, and Figs. 
S6 and S7). At week 72, most (95.3%) of the 
participants with prediabetes at baseline in the 

Figure 1. Effect of Once-Weekly Tirzepatide, as Compared with Placebo, on Body Weight.

Least-squares means are presented, unless otherwise noted. Panel A shows the percent change in body weight from baseline to week 
72, derived from an analysis of covariance model for the treatment-regimen estimand (TRE). Panel B shows the percent change in body 
weight according to weeks since randomization, derived from a mixed model for repeated measures (MMRM) analysis for the efficacy 
estimand; week 72 estimates for the treatment-regimen estimand are also shown. Panels C and D show the percentages of participants 
who had weight reductions of at least 5%, 10%, 15%, 20%, and 25% from baseline to week 72. For Panel C, the percentage was calculat-
ed with the use of Rubin’s rules by combining the percentages of participants who met the target in imputed data sets. Missing values 
at week 72 were imputed with MMRM if the missingness was due solely to Covid-19 and with multiple imputation if the missingness 
was not due to Covid-19. For Panel D, the percentage of participants who met weight-reduction targets was obtained by dividing the 
number of participants reaching respective goals at week 72 by the number of participants with a baseline value and at least one non-
missing postbaseline value. Missing values at week 72 were imputed from MMRM analysis. I bars indicate 95% confidence intervals.
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BACKGROUND
Patients with chronic limb-threatening ischemia (CLTI) require revascularization 
to improve limb perfusion and thereby limit the risk of amputation. It is uncertain 
whether an initial strategy of endovascular therapy or surgical revascularization 
for CLTI is superior for improving limb outcomes.

METHODS
In this international, randomized trial, we enrolled 1830 patients with CLTI and 
infrainguinal peripheral artery disease in two parallel-cohort trials. Patients who 
had a single segment of great saphenous vein that could be used for surgery were 
assigned to cohort 1. Patients who needed an alternative bypass conduit were as-
signed to cohort 2. The primary outcome was a composite of a major adverse limb 
event — which was defined as amputation above the ankle or a major limb rein-
tervention (a new bypass graft or graft revision, thrombectomy, or thrombolysis) 
— or death from any cause.

RESULTS
In cohort 1, after a median follow-up of 2.7 years, a primary-outcome event occurred 
in 302 of 709 patients (42.6%) in the surgical group and in 408 of 711 patients 
(57.4%) in the endovascular group (hazard ratio, 0.68; 95% confidence interval 
[CI], 0.59 to 0.79; P<0.001). In cohort 2, a primary-outcome event occurred in 83 
of 194 patients (42.8%) in the surgical group and in 95 of 199 patients (47.7%) in 
the endovascular group (hazard ratio, 0.79; 95% CI, 0.58 to 1.06; P = 0.12) after a 
median follow-up of 1.6 years. The incidence of adverse events was similar in the 
two groups in the two cohorts.

CONCLUSIONS
Among patients with CLTI who had an adequate great saphenous vein for surgical 
revascularization (cohort 1), the incidence of a major adverse limb event or death 
was significantly lower in the surgical group than in the endovascular group. 
Among the patients who lacked an adequate saphenous vein conduit (cohort 2), the 
outcomes in the two groups were similar. (Funded by the National Heart, Lung, 
and Blood Institute; BEST-CLI ClinicalTrials.gov number, NCT02060630.)
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Table 2. Efficacy and Safety Outcomes in Cohort 1.*

Outcome Surgery
Endovascular 

Therapy
Hazard Ratio 

(95% CI)† P Value

Efficacy

Primary outcome: major adverse limb event or death from 
any cause — no./total no. (%)‡

302/709 (42.6) 408/711 (57.4) 0.68 (0.59–0.79) <0.001

Secondary outcomes — no./total no. (%)

Death from any cause 234/709 (33.0) 267/711 (37.6) 0.98 (0.82–1.17)

Above-ankle amputation of the index limb 74/709 (10.4) 106/711 (14.9) 0.73 (0.54–0.98)

Intervention in index limb

Major 65/709 (9.2) 167/711 (23.5) 0.35 (0.27–0.47)

Minor 205/718 (28.6) 237/716 (33.1) 0.85 (0.70–1.02)

Perioperative death§ 12/687 (1.7) 9/708 (1.3) 1.54 (0.64–3.68)

Major adverse limb event or perioperative death 139/687 (20.2) 246/708 (34.7) 0.53 (0.43–0.65)

Myocardial infarction 75/718 (10.4) 85/716 (11.9) 0.97 (0.71–1.33)

Stroke 39/718 (5.4) 44/716 (6.1) 0.93 (0.60–1.43)

Safety

Major adverse cardiovascular event — no. of patients with 
≥1 event/total no. of patients (%)

Event ≤30 days after procedure¶ 33/718 (4.6) 23/716 (3.2) 1.46 (0.86–2.50) 0.16

Event during follow-up 269/718 (37.5) 309/716 (43.2) 0.94 (0.80–1.11) 0.48

Serious adverse event

Event occurred ≤30 days after index procedure — no. of 
patients with ≥1 event/total no. of patients (%)∥

244/718 (34.0) 226/716 (31.6) 0.34

No. of events ≤30 days after index procedure 427 379 0.10

No. of patients with ≥1 event/total no. of patients (%) 590/718 (82.2) 614/716 (85.8) 0.07

No. of events during follow-up 3141 3468 <0.001

Technical success of index procedure — no./total no. (%)** 651/662 (98.3) 596/704 (84.7)

Length of hospital stay after index procedure††

No. of days 7.5±6.2 5.9±7.3

Median no. of days (IQR) 6 (4–9) 3 (1–8)

*  Plus–minus values are means ±SD. In various categories, denominators differ because of missing baseline covariates in the regression 
model or the restriction of the analysis to patients who underwent the assigned index procedure. IQR denotes interquartile range.

†  The widths of the confidence intervals have not been adjusted for multiplicity, so the confidence intervals should not be used for hypoth-
esis testing.

‡  Data for the outcomes of death from any cause and above-ankle amputation of the index limb were collected until the end of the trial. 
Data for a major or minor reintervention in the index limb and major adverse cardiovascular events were collected until the end of the 
follow-up period.

§  Perioperative death was defined as death from any cause within 30 days after the index procedure.
¶  Included in this category were major adverse cardiovascular events that occurred after randomization through 30 days after the index pro-

cedure or within 30 days after randomization if the index procedure was not performed.
∥  Serious adverse events were evaluated from the date of randomization through 30 days after the index procedure or within 30 days after 

randomization if the index procedure was not performed.
**  Technical success of the index procedure was defined according to prespecified criteria.
††  The length of the hospital stay was the number of days from the date of the index procedure through discharge or 30 days after the pro-

cedure, whichever came first. Data regarding the length of hospital stay were missing for 33 patients in the surgical group and for 125 
patients in the endovascular group.
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Table 2. Efficacy and Safety Outcomes in Cohort 1.*

Outcome Surgery
Endovascular 

Therapy
Hazard Ratio 

(95% CI)† P Value

Efficacy

Primary outcome: major adverse limb event or death from 
any cause — no./total no. (%)‡

302/709 (42.6) 408/711 (57.4) 0.68 (0.59–0.79) <0.001

Secondary outcomes — no./total no. (%)

Death from any cause 234/709 (33.0) 267/711 (37.6) 0.98 (0.82–1.17)

Above-ankle amputation of the index limb 74/709 (10.4) 106/711 (14.9) 0.73 (0.54–0.98)

Intervention in index limb

Major 65/709 (9.2) 167/711 (23.5) 0.35 (0.27–0.47)

Minor 205/718 (28.6) 237/716 (33.1) 0.85 (0.70–1.02)

Perioperative death§ 12/687 (1.7) 9/708 (1.3) 1.54 (0.64–3.68)

Major adverse limb event or perioperative death 139/687 (20.2) 246/708 (34.7) 0.53 (0.43–0.65)

Myocardial infarction 75/718 (10.4) 85/716 (11.9) 0.97 (0.71–1.33)

Stroke 39/718 (5.4) 44/716 (6.1) 0.93 (0.60–1.43)

Safety

Major adverse cardiovascular event — no. of patients with 
≥1 event/total no. of patients (%)

Event ≤30 days after procedure¶ 33/718 (4.6) 23/716 (3.2) 1.46 (0.86–2.50) 0.16

Event during follow-up 269/718 (37.5) 309/716 (43.2) 0.94 (0.80–1.11) 0.48

Serious adverse event

Event occurred ≤30 days after index procedure — no. of 
patients with ≥1 event/total no. of patients (%)∥

244/718 (34.0) 226/716 (31.6) 0.34

No. of events ≤30 days after index procedure 427 379 0.10

No. of patients with ≥1 event/total no. of patients (%) 590/718 (82.2) 614/716 (85.8) 0.07

No. of events during follow-up 3141 3468 <0.001

Technical success of index procedure — no./total no. (%)** 651/662 (98.3) 596/704 (84.7)

Length of hospital stay after index procedure††

No. of days 7.5±6.2 5.9±7.3

Median no. of days (IQR) 6 (4–9) 3 (1–8)

*  Plus–minus values are means ±SD. In various categories, denominators differ because of missing baseline covariates in the regression 
model or the restriction of the analysis to patients who underwent the assigned index procedure. IQR denotes interquartile range.

†  The widths of the confidence intervals have not been adjusted for multiplicity, so the confidence intervals should not be used for hypoth-
esis testing.

‡  Data for the outcomes of death from any cause and above-ankle amputation of the index limb were collected until the end of the trial. 
Data for a major or minor reintervention in the index limb and major adverse cardiovascular events were collected until the end of the 
follow-up period.

§  Perioperative death was defined as death from any cause within 30 days after the index procedure.
¶  Included in this category were major adverse cardiovascular events that occurred after randomization through 30 days after the index pro-

cedure or within 30 days after randomization if the index procedure was not performed.
∥  Serious adverse events were evaluated from the date of randomization through 30 days after the index procedure or within 30 days after 

randomization if the index procedure was not performed.
**  Technical success of the index procedure was defined according to prespecified criteria.
††  The length of the hospital stay was the number of days from the date of the index procedure through discharge or 30 days after the pro-

cedure, whichever came first. Data regarding the length of hospital stay were missing for 33 patients in the surgical group and for 125 
patients in the endovascular group.
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Table 2. Efficacy and Safety Outcomes in Cohort 1.*

Outcome Surgery
Endovascular 

Therapy
Hazard Ratio 

(95% CI)† P Value

Efficacy

Primary outcome: major adverse limb event or death from 
any cause — no./total no. (%)‡

302/709 (42.6) 408/711 (57.4) 0.68 (0.59–0.79) <0.001

Secondary outcomes — no./total no. (%)

Death from any cause 234/709 (33.0) 267/711 (37.6) 0.98 (0.82–1.17)

Above-ankle amputation of the index limb 74/709 (10.4) 106/711 (14.9) 0.73 (0.54–0.98)

Intervention in index limb

Major 65/709 (9.2) 167/711 (23.5) 0.35 (0.27–0.47)

Minor 205/718 (28.6) 237/716 (33.1) 0.85 (0.70–1.02)

Perioperative death§ 12/687 (1.7) 9/708 (1.3) 1.54 (0.64–3.68)

Major adverse limb event or perioperative death 139/687 (20.2) 246/708 (34.7) 0.53 (0.43–0.65)

Myocardial infarction 75/718 (10.4) 85/716 (11.9) 0.97 (0.71–1.33)

Stroke 39/718 (5.4) 44/716 (6.1) 0.93 (0.60–1.43)

Safety

Major adverse cardiovascular event — no. of patients with 
≥1 event/total no. of patients (%)

Event ≤30 days after procedure¶ 33/718 (4.6) 23/716 (3.2) 1.46 (0.86–2.50) 0.16

Event during follow-up 269/718 (37.5) 309/716 (43.2) 0.94 (0.80–1.11) 0.48

Serious adverse event

Event occurred ≤30 days after index procedure — no. of 
patients with ≥1 event/total no. of patients (%)∥

244/718 (34.0) 226/716 (31.6) 0.34

No. of events ≤30 days after index procedure 427 379 0.10

No. of patients with ≥1 event/total no. of patients (%) 590/718 (82.2) 614/716 (85.8) 0.07

No. of events during follow-up 3141 3468 <0.001

Technical success of index procedure — no./total no. (%)** 651/662 (98.3) 596/704 (84.7)

Length of hospital stay after index procedure††

No. of days 7.5±6.2 5.9±7.3

Median no. of days (IQR) 6 (4–9) 3 (1–8)

*  Plus–minus values are means ±SD. In various categories, denominators differ because of missing baseline covariates in the regression 
model or the restriction of the analysis to patients who underwent the assigned index procedure. IQR denotes interquartile range.

†  The widths of the confidence intervals have not been adjusted for multiplicity, so the confidence intervals should not be used for hypoth-
esis testing.

‡  Data for the outcomes of death from any cause and above-ankle amputation of the index limb were collected until the end of the trial. 
Data for a major or minor reintervention in the index limb and major adverse cardiovascular events were collected until the end of the 
follow-up period.

§  Perioperative death was defined as death from any cause within 30 days after the index procedure.
¶  Included in this category were major adverse cardiovascular events that occurred after randomization through 30 days after the index pro-

cedure or within 30 days after randomization if the index procedure was not performed.
∥  Serious adverse events were evaluated from the date of randomization through 30 days after the index procedure or within 30 days after 

randomization if the index procedure was not performed.
**  Technical success of the index procedure was defined according to prespecified criteria.
††  The length of the hospital stay was the number of days from the date of the index procedure through discharge or 30 days after the pro-

cedure, whichever came first. Data regarding the length of hospital stay were missing for 33 patients in the surgical group and for 125 
patients in the endovascular group.

The New England Journal of Medicine 
Downloaded from nejm.org at UNIVERSITE DE MONTREAL on November 11, 2022. For personal use only. No other uses without permission. 

 Copyright © 2022 Massachusetts Medical Society. All rights reserved. 



BEST-CLI – conclusion

• Individualisation des choix thérapeutiques

• L’approche chirurgicale pour la maladie infra-
poplitée est sécuritaire comparée au traitement 
endovasculaire

• 50% de l’augmentation des réinterventions et 
événements indésirables majeurs sur les membres est 
documentée dans les 6 premiers mois.
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Aims The complementary studies FIDELIO-DKD and FIGARO-DKD in patients with type 2 diabetes and chronic kidney dis-
ease (CKD) examined cardiovascular and kidney outcomes in different, overlapping stages of CKD. The purpose of the
FIDELITY analysis was to perform an individual patient-level prespecified pooled efficacy and safety analysis across a
broad spectrum of CKD to provide more robust estimates of safety and efficacy of finerenone compared with placebo.

...................................................................................................................................................................................................
Methods
and results

For this prespecified analysis, two phase III, multicentre, double-blind trials involving patients with CKD and type 2 dia-
betes, randomized 1:1 to finerenone or placebo, were combined. Main time-to-event efficacy outcomes were a compos-
ite of cardiovascular death, non-fatal myocardial infarction, non-fatal stroke, or hospitalization for heart failure, and a com-
posite of kidney failure, a sustained >_57% decrease in estimated glomerular filtration rate from baseline over >_4 weeks,
or renal death. Among 13 026 patients with a median follow-up of 3.0 years (interquartile range 2.3–3.8 years), the com-
posite cardiovascular outcome occurred in 825 (12.7%) patients receiving finerenone and 939 (14.4%) receiving placebo
[hazard ratio (HR), 0.86; 95% confidence interval (CI), 0.78–0.95; P = 0.0018]. The composite kidney outcome occurred
in 360 (5.5%) patients receiving finerenone and 465 (7.1%) receiving placebo (HR, 0.77; 95% CI, 0.67–0.88; P = 0.0002).
Overall safety outcomes were generally similar between treatment arms. Hyperkalaemia leading to permanent treatment
discontinuation occurred more frequently in patients receiving finerenone (1.7%) than placebo (0.6%).

...................................................................................................................................................................................................
Conclusion Finerenone reduced the risk of clinically important cardiovascular and kidney outcomes vs. placebo across the

spectrum of CKD in patients with type 2 diabetes.
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BACKGROUND
Finerenone, a nonsteroidal, selective mineralocorticoid receptor antagonist, re-
duced albuminuria in short-term trials involving patients with chronic kidney 
disease (CKD) and type 2 diabetes. However, its long-term effects on kidney and 
cardiovascular outcomes are unknown.

METHODS
In this double-blind trial, we randomly assigned 5734 patients with CKD and type 2 
diabetes in a 1:1 ratio to receive finerenone or placebo. Eligible patients had a 
urinary albumin-to-creatinine ratio (with albumin measured in milligrams and 
creatinine measured in grams) of 30 to less than 300, an estimated glomerular 
filtration rate (eGFR) of 25 to less than 60 ml per minute per 1.73 m2 of body-
surface area, and diabetic retinopathy, or they had a urinary albumin-to-creatinine 
ratio of 300 to 5000 and an eGFR of 25 to less than 75 ml per minute per 1.73 m2. 
All the patients were treated with renin–angiotensin system blockade that had 
been adjusted before randomization to the maximum dose on the manufacturer’s 
label that did not cause unacceptable side effects. The primary composite outcome, 
assessed in a time-to-event analysis, was kidney failure, a sustained decrease of at 
least 40% in the eGFR from baseline, or death from renal causes. The key second-
ary composite outcome, also assessed in a time-to-event analysis, was death from 
cardiovascular causes, nonfatal myocardial infarction, nonfatal stroke, or hospi-
talization for heart failure.

RESULTS
During a median follow-up of 2.6 years, a primary outcome event occurred in 504 
of 2833 patients (17.8%) in the finerenone group and 600 of 2841 patients (21.1%) 
in the placebo group (hazard ratio, 0.82; 95% confidence interval [CI], 0.73 to 0.93; 
P = 0.001). A key secondary outcome event occurred in 367 patients (13.0%) and 
420 patients (14.8%) in the respective groups (hazard ratio, 0.86; 95% CI, 0.75 to 
0.99; P = 0.03). Overall, the frequency of adverse events was similar in the two 
groups. The incidence of hyperkalemia-related discontinuation of the trial regimen 
was higher with finerenone than with placebo (2.3% and 0.9%, respectively).

CONCLUSIONS
In patients with CKD and type 2 diabetes, treatment with finerenone resulted in 
lower risks of CKD progression and cardiovascular events than placebo. (Funded 
by Bayer; FIDELIO-DKD ClinicalTrials.gov number, NCT02540993.)
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BACKGROUND
Finerenone, a selective nonsteroidal mineralocorticoid receptor antagonist, has 
favorable effects on cardiorenal outcomes in patients with predominantly stage 3 
or 4 chronic kidney disease (CKD) with severely elevated albuminuria and type 2 
diabetes. The use of finerenone in patients with type 2 diabetes and a wider range 
of CKD is unclear.

METHODS
In this double-blind trial, we randomly assigned patients with CKD and type 2 
diabetes to receive finerenone or placebo. Eligible patients had a urinary albumin-
to-creatinine ratio (with albumin measured in milligrams and creatinine mea-
sured in grams) of 30 to less than 300 and an estimated glomerular filtration rate 
(eGFR) of 25 to 90 ml per minute per 1.73 m2 of body-surface area (stage 2 to 4 
CKD) or a urinary albumin-to-creatinine ratio of 300 to 5000 and an eGFR of at 
least 60 ml per minute per 1.73 m2 (stage 1 or 2 CKD). Patients were treated with 
renin–angiotensin system blockade that had been adjusted before randomization 
to the maximum dose on the manufacturer’s label that did not cause unacceptable 
side effects. The primary outcome, assessed in a time-to-event analysis, was a 
composite of death from cardiovascular causes, nonfatal myocardial infarction, 
nonfatal stroke, or hospitalization for heart failure. The first secondary outcome 
was a composite of kidney failure, a sustained decrease from baseline of at least 
40% in the eGFR, or death from renal causes. Safety was assessed as investigator-
reported adverse events.

RESULTS
A total of 7437 patients underwent randomization. Among the patients included 
in the analysis, during a median follow-up of 3.4 years, a primary outcome event 
occurred in 458 of 3686 patients (12.4%) in the finerenone group and in 519 of 
3666 (14.2%) in the placebo group (hazard ratio, 0.87; 95% confidence interval 
[CI], 0.76 to 0.98; P = 0.03), with the benefit driven primarily by a lower incidence 
of hospitalization for heart failure (hazard ratio, 0.71; 95% CI, 0.56 to 0.90). The 
secondary composite outcome occurred in 350 patients (9.5%) in the finerenone 
group and in 395 (10.8%) in the placebo group (hazard ratio, 0.87; 95% CI, 0.76 
to 1.01). The overall frequency of adverse events did not differ substantially be-
tween groups. The incidence of hyperkalemia-related discontinuation of the trial 
regimen was higher with finerenone (1.2%) than with placebo (0.4%).

CONCLUSIONS
Among patients with type 2 diabetes and stage 2 to 4 CKD with moderately ele-
vated albuminuria or stage 1 or 2 CKD with severely elevated albuminuria, finere-
none therapy improved cardiovascular outcomes as compared with placebo. 
(Funded by Bayer; FIGARO-DKD ClinicalTrials.gov number, NCT02545049.)
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BACKGROUND
Finerenone, a selective nonsteroidal mineralocorticoid receptor antagonist, has 
favorable effects on cardiorenal outcomes in patients with predominantly stage 3 
or 4 chronic kidney disease (CKD) with severely elevated albuminuria and type 2 
diabetes. The use of finerenone in patients with type 2 diabetes and a wider range 
of CKD is unclear.

METHODS
In this double-blind trial, we randomly assigned patients with CKD and type 2 
diabetes to receive finerenone or placebo. Eligible patients had a urinary albumin-
to-creatinine ratio (with albumin measured in milligrams and creatinine mea-
sured in grams) of 30 to less than 300 and an estimated glomerular filtration rate 
(eGFR) of 25 to 90 ml per minute per 1.73 m2 of body-surface area (stage 2 to 4 
CKD) or a urinary albumin-to-creatinine ratio of 300 to 5000 and an eGFR of at 
least 60 ml per minute per 1.73 m2 (stage 1 or 2 CKD). Patients were treated with 
renin–angiotensin system blockade that had been adjusted before randomization 
to the maximum dose on the manufacturer’s label that did not cause unacceptable 
side effects. The primary outcome, assessed in a time-to-event analysis, was a 
composite of death from cardiovascular causes, nonfatal myocardial infarction, 
nonfatal stroke, or hospitalization for heart failure. The first secondary outcome 
was a composite of kidney failure, a sustained decrease from baseline of at least 
40% in the eGFR, or death from renal causes. Safety was assessed as investigator-
reported adverse events.

RESULTS
A total of 7437 patients underwent randomization. Among the patients included 
in the analysis, during a median follow-up of 3.4 years, a primary outcome event 
occurred in 458 of 3686 patients (12.4%) in the finerenone group and in 519 of 
3666 (14.2%) in the placebo group (hazard ratio, 0.87; 95% confidence interval 
[CI], 0.76 to 0.98; P = 0.03), with the benefit driven primarily by a lower incidence 
of hospitalization for heart failure (hazard ratio, 0.71; 95% CI, 0.56 to 0.90). The 
secondary composite outcome occurred in 350 patients (9.5%) in the finerenone 
group and in 395 (10.8%) in the placebo group (hazard ratio, 0.87; 95% CI, 0.76 
to 1.01). The overall frequency of adverse events did not differ substantially be-
tween groups. The incidence of hyperkalemia-related discontinuation of the trial 
regimen was higher with finerenone (1.2%) than with placebo (0.4%).

CONCLUSIONS
Among patients with type 2 diabetes and stage 2 to 4 CKD with moderately ele-
vated albuminuria or stage 1 or 2 CKD with severely elevated albuminuria, finere-
none therapy improved cardiovascular outcomes as compared with placebo. 
(Funded by Bayer; FIGARO-DKD ClinicalTrials.gov number, NCT02545049.)
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BACKGROUND
Finerenone, a nonsteroidal, selective mineralocorticoid receptor antagonist, re-
duced albuminuria in short-term trials involving patients with chronic kidney 
disease (CKD) and type 2 diabetes. However, its long-term effects on kidney and 
cardiovascular outcomes are unknown.

METHODS
In this double-blind trial, we randomly assigned 5734 patients with CKD and type 2 
diabetes in a 1:1 ratio to receive finerenone or placebo. Eligible patients had a 
urinary albumin-to-creatinine ratio (with albumin measured in milligrams and 
creatinine measured in grams) of 30 to less than 300, an estimated glomerular 
filtration rate (eGFR) of 25 to less than 60 ml per minute per 1.73 m2 of body-
surface area, and diabetic retinopathy, or they had a urinary albumin-to-creatinine 
ratio of 300 to 5000 and an eGFR of 25 to less than 75 ml per minute per 1.73 m2. 
All the patients were treated with renin–angiotensin system blockade that had 
been adjusted before randomization to the maximum dose on the manufacturer’s 
label that did not cause unacceptable side effects. The primary composite outcome, 
assessed in a time-to-event analysis, was kidney failure, a sustained decrease of at 
least 40% in the eGFR from baseline, or death from renal causes. The key second-
ary composite outcome, also assessed in a time-to-event analysis, was death from 
cardiovascular causes, nonfatal myocardial infarction, nonfatal stroke, or hospi-
talization for heart failure.

RESULTS
During a median follow-up of 2.6 years, a primary outcome event occurred in 504 
of 2833 patients (17.8%) in the finerenone group and 600 of 2841 patients (21.1%) 
in the placebo group (hazard ratio, 0.82; 95% confidence interval [CI], 0.73 to 0.93; 
P = 0.001). A key secondary outcome event occurred in 367 patients (13.0%) and 
420 patients (14.8%) in the respective groups (hazard ratio, 0.86; 95% CI, 0.75 to 
0.99; P = 0.03). Overall, the frequency of adverse events was similar in the two 
groups. The incidence of hyperkalemia-related discontinuation of the trial regimen 
was higher with finerenone than with placebo (2.3% and 0.9%, respectively).

CONCLUSIONS
In patients with CKD and type 2 diabetes, treatment with finerenone resulted in 
lower risks of CKD progression and cardiovascular events than placebo. (Funded 
by Bayer; FIDELIO-DKD ClinicalTrials.gov number, NCT02540993.)
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FIDELITY
• 13026 adultes avec néphropathie diabétique traités par 
iSRA (IECA, ARA)

• Finerenone 10 à 20 mg versus placebo
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Key Question

Does finerenone, a novel selective, nonsteroidal mineralocorticoid receptor antagonist, added to maximum tolerated renin–angiotensin
system inhibition reduce cardiovascular disease and kidney disease progression over a broad range of chronic kidney disease in patients
with type 2 diabetes?
...................................................................................................................................................................................................
Key Finding

In a prespecified, pooled individual-level analysis from two randomized trials, we found reductions both in cardiovascular events and kid-
ney failure outcomes with finerenone. Because 40% of the patients had an estimated glomerular filtration rate of >60 mL/min/1.73m2 they
were identified solely on the basis of albuminuria.
...................................................................................................................................................................................................
Take Home Message

Finerenone reduces the risk of clinical cardiovascular outcomes and kidney disease progression in a broad range of patients with chronic
kidney disease and type 2 diabetes. Screening for albuminuria to identify at-risk patients among patients with type 2 diabetes facilitates re-
duction of both cardiovascular and kidney disease burden.
! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! !

...................................................................................................................................................................................................
Keywords Cardiorenal outcomes • Chronic kidney disease • Finerenone • Hospitalization for heart failure •

Hyperkalaemia • Type 2 diabetes

Introduction

Patients with chronic kidney disease (CKD) and type 2 diabetes have
high residual cardiorenal morbidity and mortality, despite current

therapies,1–5 and the risks of progression towards kidney failure and
cardiovascular events increase with severity and stage of CKD.6

Compared with patients with advanced kidney disease, who are
more likely to progress to dialysis, patients with better preserved

Structured Graphical Abstract Finerenone reduced the risk of clinically important cardiovascular and kidney outcomes versus placebo
across the spectrum of chronic kidney disease in patients with type 2 diabetes.
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Introduction

Patients with chronic kidney disease (CKD) and type 2 diabetes have
high residual cardiorenal morbidity and mortality, despite current

therapies,1–5 and the risks of progression towards kidney failure and
cardiovascular events increase with severity and stage of CKD.6

Compared with patients with advanced kidney disease, who are
more likely to progress to dialysis, patients with better preserved
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FIDELITY – effets indésirables
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..studies, SGLT-2 inhibitors have emerged as therapeutic options for
patients with CKD and type 2 diabetes.30 Some patients in the finere-
none phase III trials also received these novel agents at study com-
mencement, and consistent cardiovascular benefits were observed in
these groups.

In conclusion, finerenone reduced the risk of clinically im-
portant cardiovascular and kidney outcomes vs. placebo across
the spectrum of CKD in patients with type 2 diabetes. The

results highlight the importance of early treatment before
CKD has progressed to improve outcomes in this patient
population.

Supplementary material

Supplementary material is available at European Heart Journal online.

....................................................................................................

....................................................................................................................................................................................................................

Table 3 Safety outcomes

Treatment-emergent AEsa Number of patients with event (%)

Finerenone (n 5 6510) Placebo (n 5 6489)

Any AE 5602 (86.1) 5607 (86.4)

AE related to study drug 1206 (18.5) 862 (13.3)

AE leading to treatment discontinuation 414 (6.4) 351 (5.4)

Any serious AEb 2060 (31.6) 2186 (33.7)

Serious AEb related to study drug 83 (1.3) 61 (0.9)

Serious AEb leading to treatment discontinuation 145 (2.2) 154 (2.4)

Investigator-reported hyperkalaemiac 912 (14.0) 448 (6.9)

Hyperkalaemia related to study drug 573 (8.8) 249 (3.8)

Permanent discontinuation due to hyperkalaemia 110 (1.7) 38 (0.6)

Serious hyperkalaemiab 69 (1.1) 16 (0.2)

Hospitalization due to serious hyperkalaemia 61 (0.9) 10 (0.2)

Fatal hyperkalaemia 0 (0.0) 0 (0.0)

Investigator-reported hypokalaemia 70 (1.1) 149 (2.3)

Investigator-reported renal-related AEs

Acute kidney injuryd 220 (3.4) 234 (3.6)

Hospitalization due to acute kidney injuryd 85 (1.3) 86 (1.3)

Treatment discontinuation due to acute kidney injuryd 14 (0.2) 10 (0.2)

Adverse events affecting >_5% of patients in either groupd

Hyperkalaemia 781 (12.0) 382 (5.9)

Nasopharyngitis 559 (8.6) 577 (8.9)

Arthralgia 496 (7.6) 459 (7.1)

Back pain 436 (6.7) 428 (6.6)

Urinary tract infection 431 (6.6) 432 (6.7)

Diarrhoea 423 (6.5) 411 (6.3)

Anaemia 425 (6.5) 397 (6.1)

Hypertension 419 (6.4) 581 (9.0)

Upper respiratory tract infection 407 (6.3) 394 (6.1)

Oedema peripheral 384 (5.9) 584 (9.0)

Glomerular filtration rate decreased 348 (5.3) 274 (4.2)

Hypoglycaemia 340 (5.2) 375 (5.8)

Dizziness 341 (5.2) 322 (5.0)

Bronchitis 328 (5.0) 332 (5.1)

Constipation 317 (4.9) 334 (5.1)

Pneumonia 271 (4.2) 387 (6.0)

Summary of safety outcomes by treatment group (including events leading to treatment discontinuation or hospitalization) which included AEs, serious AEs, hyperkalaemia-
related events, renal AEs, hypokalaemia events, and a list of the most commonly occurring AEs that had an incidence >_5% in either treatment group.
AEs, adverse events; MedDRA, Medical Dictionary for Regulatory Activities.
aReported as treatment-emergent AEs relating to seriousness criteria.
bA treatment-emergent event was considered to be a serious AE if it: (i) resulted in death; (ii) was life-threatening; (iii) required inpatient hospitalization (or prolongation of
existing hospitalization); (iv) caused persistent or significant disability/incapacity; (v) was a congenital abnormality or birth defect; or (vi) was judged by the investigator to be a
serious or important medical event.
cInvestigator-reported AEs using the MedDRA preferred terms ‘hyperkalaemia’ and ‘blood potassium increased’.
dMedDRA preferred term.
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Réduction du risque absolue:
composite de maladie rénale terminale

DFGe
(mL/min/1.73 m2)

Albuminurie 
(mg/mmol) RRA

RENAAL 168 umol/L 141 5.9%

IDNT 148 umol/L 1,9 g/d 3.6%

DAPA-CKD 43.1 107 2.4%

CREDENCE 56.2 105 2.2%

FIDELIO 44.3 96 3.3%

EMPA-KIDNEY 37.5 47 3.6%



FIDELITY - conclusion

• Réduction des hospitalisations pour insuffisance cardiaque et 
de la survenue d’insuffisance rénale sévère chez une 
population déjà traitée avec agents iSRA
+ Bénéfice similaire à iSRA et gliflozines

• *Surveillance et gestion de la kaliémie

• Pas les effets sexuels documentés avec spironolactone

• Monographie canadienne publiée octobre 2022
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BACKGROUND
The comparative effectiveness of glucose-lowering medications for use with metfor-
min to maintain target glycated hemoglobin levels in persons with type 2 diabetes 
is uncertain.

METHODS
In this trial involving participants with type 2 diabetes of less than 10 years’ duration 
who were receiving metformin and had glycated hemoglobin levels of 6.8 to 8.5%, 
we compared the effectiveness of four commonly used glucose-lowering medica-
tions. We randomly assigned participants to receive insulin glargine U-100 (here-
after, glargine), the sulfonylurea glimepiride, the glucagon-like peptide-1 receptor 
agonist liraglutide, or sitagliptin, a dipeptidyl peptidase 4 inhibitor. The primary 
metabolic outcome was a glycated hemoglobin level, measured quarterly, of 7.0% or 
higher that was subsequently confirmed, and the secondary metabolic outcome was 
a confirmed glycated hemoglobin level greater than 7.5%.

RESULTS
A total of 5047 participants (19.8% Black and 18.6% Hispanic or Latinx) who had 
received metformin for type 2 diabetes were followed for a mean of 5.0 years. The 
cumulative incidence of a glycated hemoglobin level of 7.0% or higher (the primary 
metabolic outcome) differed significantly among the four groups (P<0.001 for a 
global test of differences across groups); the rates with glargine (26.5 per 100 par-
ticipant-years) and liraglutide (26.1) were similar and lower than those with 
glimepiride (30.4) and sitagliptin (38.1). The differences among the groups with 
respect to a glycated hemoglobin level greater than 7.5% (the secondary outcome) 
paralleled those of the primary outcome. There were no material differences with 
respect to the primary outcome across prespecified subgroups defined according 
to sex, age, or race or ethnic group; however, among participants with higher 
baseline glycated hemoglobin levels there appeared to be an even greater benefit 
with glargine, liraglutide, and glimepiride than with sitagliptin. Severe hypoglyce-
mia was rare but significantly more frequent with glimepiride (in 2.2% of the par-
ticipants) than with glargine (1.3%), liraglutide (1.0%), or sitagliptin (0.7%). Partici-
pants who received liraglutide reported more frequent gastrointestinal side effects 
and lost more weight than those in the other treatment groups.

CONCLUSIONS
All four medications, when added to metformin, decreased glycated hemoglobin 
levels. However, glargine and liraglutide were significantly, albeit modestly, more 
effective in achieving and maintaining target glycated hemoglobin levels. (Funded 
by the National Institute of Diabetes and Digestive and Kidney Diseases and others; 
GRADE ClinicalTrials.gov number, NCT01794143.)
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BACKGROUND
Data are lacking on the comparative effectiveness of commonly used glucose-
lowering medications, when added to metformin, with respect to microvascular 
and cardiovascular disease outcomes in persons with type 2 diabetes.

METHODS
We assessed the comparative effectiveness of four commonly used glucose-lower-
ing medications, added to metformin, in achieving and maintaining a glycated 
hemoglobin level of less than 7.0% in participants with type 2 diabetes. The ran-
domly assigned therapies were insulin glargine U-100 (hereafter, glargine), 
glimepiride, liraglutide, and sitagliptin. Prespecified secondary outcomes with 
respect to microvascular and cardiovascular disease included hypertension and 
dyslipidemia, confirmed moderately or severely increased albuminuria or an esti-
mated glomerular filtration rate of less than 60 ml per minute per 1.73 m2 of 
body-surface area, diabetic peripheral neuropathy assessed with the Michigan 
Neuropathy Screening Instrument, cardiovascular events (major adverse cardiovas-
cular events [MACE], hospitalization for heart failure, or an aggregate outcome of 
any cardiovascular event), and death. Hazard ratios are presented with 95% con-
fidence limits that are not adjusted for multiple comparisons.

RESULTS
During a mean 5.0 years of follow-up in 5047 participants, there were no material 
differences among the interventions with respect to the development of hyperten-
sion or dyslipidemia or with respect to microvascular outcomes; the mean overall 
rate (i.e., events per 100 participant-years) of moderately increased albuminuria 
levels was 2.6, of severely increased albuminuria levels 1.1, of renal impairment 
2.9, and of diabetic peripheral neuropathy 16.7. The treatment groups did not dif-
fer with respect to MACE (overall rate, 1.0), hospitalization for heart failure (0.4), 
death from cardiovascular causes (0.3), or all deaths (0.6). There were small dif-
ferences with respect to rates of any cardiovascular disease, with 1.9, 1.9, 1.4, and 
2.0 in the glargine, glimepiride, liraglutide, and sitagliptin groups, respectively. 
When one treatment was compared with the combined results of the other three 
treatments, the hazard ratios for any cardiovascular disease were 1.1 (95% confi-
dence interval [CI], 0.9 to 1.3) in the glargine group, 1.1 (95% CI, 0.9 to 1.4) in 
the glimepiride group, 0.7 (95% CI, 0.6 to 0.9) in the liraglutide group, and 1.2 
(95% CI, 1.0 to 1.5) in the sitagliptin group.

CONCLUSIONS
In participants with type 2 diabetes, the incidences of microvascular complications 
and death were not materially different among the four treatment groups. The 
findings indicated possible differences among the groups in the incidence of any 
cardiovascular disease. (Funded by the National Institute of Diabetes and Digestive 
and Kidney Diseases and others; GRADE ClinicalTrials.gov number, NCT01794143.)
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treated with metformin alone (Figure 1).  Subjects will adjust metformin during run-in, as 

necessary, aiming for 2000 mg per day and those unable to tolerate at least 1000 mg/day will 

be ineligible.  

 

Eligible participants will be randomly assigned to one of four diabetes medications 

shown in Figure 1 in combination with metformin. The principal comparisons will be among the 

four drug groups starting from the time of randomization.  

 

The primary and secondary outcomes are reviewed in detail in Section 12.  Briefly, the 

primary outcome is the time to the observation of a HbA1c >7%, subsequently confirmed while 

receiving the maximally tolerated dose of the assigned regimen (intention-to-treat principle).  

The secondary outcome is the time to the observation of a HbA1c >7.5%, subsequently 

confirmed, and the tertiary outcome is defined as the time to another HbA1c >7.5%, confirmed, 

after treatment with basal insulin, at which time an intensive basal/bolus insulin regimen is 

initiated.  Each of these outcomes is counted while receiving the maximally tolerated dose of the 

assigned regimen and   regardless of adherence to assigned medications at the time of the 

HbA1c test according to principles of intention-to-treat analysis. 

 

The proposed study design and recruitment plan will allow a practical head-to-head 

comparison among four different therapy combinations.  The trial is designed to be pragmatic 

(i.e. with immediate potential for translation) since we will be using approved medications and 

their combinations according to labeling. 

 

 
Figure 1.  Patient Enrollment and Study Design  

 
____________________________________________________________________________ 
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ticipants in the lowest third of baseline glycated 
hemoglobin levels (6.8 to 7.2% [50.8 to 55.2 mmol 
per mole]), a glycated hemoglobin level of less 
than 7.0% was not achieved or maintained in 
approximately 60%.

The hazard ratio in the glargine group as 

compared with the sitagliptin group differed 
among the strata of glycated hemoglobin levels. 
The risk reductions with glargine increased among 
participants from the lower to highest strata of 
baseline glycated hemoglobin levels, from 17% 
(95% confidence interval [CI], 3 to 29) to 32% 

Table 2. Primary and Secondary Metabolic Outcomes.*

Outcome
Glargine 

(N = 1263)
Glimepiride 
(N = 1254)

Liraglutide 
(N = 1262)

Sitagliptin 
(N = 1268)

Primary metabolic outcome†

Participants — no. (%) 852 (67.4) 908 (72.4) 860 (68.2) 981 (77.4)

Rate/100 participant-yr (95% CI) 26.5 
(24.8–28.4)

30.4 
(28.4–32.4)

26.1 
(24.4–27.9)

38.1 
(35.8–40.6)

Pairwise hazard ratios (95% CI)

Glargine — 0.89 
(0.81–0.98)‡

1.02 
(0.93–1.12)

0.71 
(0.64–0.78)§

Glimepiride — — 1.15 
(1.04–1.27)¶

0.79 
(0.72–0.88)§

Liraglutide — — — 0.69 
(0.63–0.76)§

Hazard ratio in the treatment group as 
compared with all other treatments 
combined (95% CI)

0.87 
(0.80–0.94)§

1.01 
(0.93–1.09)

0.84 
(0.78–0.91)§

1.37 
(1.27–1.48)§

Restricted mean survival time over 4 yr of 
follow-up (95% CI) — days

861 
(831–891)

809 
(780–838)

882 
(853–911)

697 
(667–726)

Secondary metabolic outcome∥

Participants — no. (%) 498 (39.4) 633 (50.5) 583 (46.2) 697 (55.0)

Rate/100 participant-yr (95% CI) 10.7 
(9.8–11.7)

14.8 
(13.6–16.0)

13.0 
(12.0–14.1)

17.5 
(16.3–18.9)

Pairwise hazard ratios (95% CI)

Glargine — 0.73 
(0.65–0.82)

0.83 
(0.73–0.93)

0.61 
(0.54–0.69)

Glimepiride — — 1.13 
(1.01–1.27)

0.84 
(0.75–0.93)

Liraglutide — — — 0.74 
(0.66–0.83)

Hazard ratio in the treatment group as 
compared with all other treatments 
combined (95% CI)

0.72 
(0.65–0.79)

1.09 
(1.00–1.20)

0.92 
(0.84–1.01)

1.38 
(1.26–1.51)

Restricted mean survival time over 4 yr of 
follow-up (95% CI) — days

1188 
(1163–1212)

1115 
(1090–1141)

1154 
(1129–1179)

1030 
(1002–1058)

*  Shown are the numbers of participants with primary and secondary metabolic outcome events according to randomized treatment group 
(intention-to-treat) with overall rates and hazard ratios. Calculations for the tertiary outcome are provided in Table S5. CI denotes confi-
dence interval.

†  For the primary outcome, P values were obtained from closed testing of pairwise group differences corrected for six pairwise comparisons. 
Confidence limits corrected for six pairwise tests were obtained by inverting the closed-testing z-test value and then computing corrected 
95% confidence intervals. P<0.001 from a test of the log hazard ratios for treatment failure among the four treatment groups, with the use 
of a Cox proportional-hazards model, with treatment group as the only predictor variable.

‡  P≤0.05 for the specified comparison of two treatment groups.
§  P≤0.001 for the specified comparison of two treatment groups.
¶  P≤0.01 for the specified comparison of two treatment groups.
∥  For the secondary outcome, confidence intervals obtained from the Cox proportional-hazards model are not corrected for multiple compari-

sons among groups.
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hemoglobin levels (6.8 to 7.2% [50.8 to 55.2 mmol 
per mole]), a glycated hemoglobin level of less 
than 7.0% was not achieved or maintained in 
approximately 60%.

The hazard ratio in the glargine group as 

compared with the sitagliptin group differed 
among the strata of glycated hemoglobin levels. 
The risk reductions with glargine increased among 
participants from the lower to highest strata of 
baseline glycated hemoglobin levels, from 17% 
(95% confidence interval [CI], 3 to 29) to 32% 
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(0.63–0.76)§

Hazard ratio in the treatment group as 
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0.87 
(0.80–0.94)§

1.01 
(0.93–1.09)

0.84 
(0.78–0.91)§

1.37 
(1.27–1.48)§

Restricted mean survival time over 4 yr of 
follow-up (95% CI) — days

861 
(831–891)

809 
(780–838)

882 
(853–911)

697 
(667–726)

Secondary metabolic outcome∥

Participants — no. (%) 498 (39.4) 633 (50.5) 583 (46.2) 697 (55.0)

Rate/100 participant-yr (95% CI) 10.7 
(9.8–11.7)

14.8 
(13.6–16.0)

13.0 
(12.0–14.1)

17.5 
(16.3–18.9)

Pairwise hazard ratios (95% CI)

Glargine — 0.73 
(0.65–0.82)

0.83 
(0.73–0.93)

0.61 
(0.54–0.69)

Glimepiride — — 1.13 
(1.01–1.27)

0.84 
(0.75–0.93)

Liraglutide — — — 0.74 
(0.66–0.83)

Hazard ratio in the treatment group as 
compared with all other treatments 
combined (95% CI)

0.72 
(0.65–0.79)

1.09 
(1.00–1.20)

0.92 
(0.84–1.01)

1.38 
(1.26–1.51)

Restricted mean survival time over 4 yr of 
follow-up (95% CI) — days

1188 
(1163–1212)

1115 
(1090–1141)

1154 
(1129–1179)
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*  Shown are the numbers of participants with primary and secondary metabolic outcome events according to randomized treatment group 
(intention-to-treat) with overall rates and hazard ratios. Calculations for the tertiary outcome are provided in Table S5. CI denotes confi-
dence interval.

†  For the primary outcome, P values were obtained from closed testing of pairwise group differences corrected for six pairwise comparisons. 
Confidence limits corrected for six pairwise tests were obtained by inverting the closed-testing z-test value and then computing corrected 
95% confidence intervals. P<0.001 from a test of the log hazard ratios for treatment failure among the four treatment groups, with the use 
of a Cox proportional-hazards model, with treatment group as the only predictor variable.

‡  P≤0.05 for the specified comparison of two treatment groups.
§  P≤0.001 for the specified comparison of two treatment groups.
¶  P≤0.01 for the specified comparison of two treatment groups.
∥  For the secondary outcome, confidence intervals obtained from the Cox proportional-hazards model are not corrected for multiple compari-

sons among groups.
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Table 2. Cardiovascular and Mortality Outcomes in the Intention-to-Treat Analysis.*

Outcome
Glargine 

(N = 1263)
Glimepiride 
(N = 1254)

Liraglutide 
(N = 1262)

Sitagliptin 
(N = 1268)

Total 
(N = 5047)

Any cardiovascular disease†

No. of participants/no. at risk (%) 113/1257 (9.0) 115/1247 (9.2) 83/1251 (6.6) 121/1264 (9.6) 432/5019 (8.6)

Rate (95% CI) 1.87 (1.54–2.25) 1.92 (1.59–2.31) 1.36 (1.08–1.69) 2.00 (1.66–2.39) 1.79 (1.62–1.96)

Pairwise hazard ratio (95% CI)

Glargine 0.97 (0.75–1.26) 1.37 (1.03–1.82) 0.93 (0.72–1.21)

Glimepiride 1.41 (1.07–1.87) 0.96 (0.74–1.24)

Liraglutide 0.68 (0.51–0.90)

Sitagliptin

Hazard ratio (95% CI) in one agent 
as compared with the others 
combined

1.07 (0.87–1.33) 1.12 (0.90–1.39) 0.71 (0.56–0.90) 1.18 (0.96–1.46)

MACE

No. of participants/no. at risk (%) 65/1257 (5.2) 59/1247 (4.7) 48/1251 (3.8) 69/1264 (5.5) 241/5019 (4.8)

Rate (95% CI) 1.05 (0.81–1.34) 0.96 (0.73–1.24) 0.78 (0.57–1.03) 1.12 (0.87–1.41) 0.98 (0.86–1.11)

Pairwise hazard ratio (95% CI)

Glargine 1.09 (0.77–1.55) 1.35 (0.93–1.96) 0.94 (0.67–1.32)

Glimepiride 1.24 (0.85–1.81) 0.86 (0.61–1.22)

Liraglutide 0.70 (0.48–1.01)

Sitagliptin

Hazard ratio (95% CI) in one agent 
as compared with the others 
combined

1.12 (0.84–1.49) 0.99 (0.74–1.33) 0.75 (0.54–1.03) 1.21 (0.91–1.60)

Hospitalization for heart failure

No. of participants/no. at risk (%) 26/1257 (2.1) 30/1247 (2.4) 14/1251 (1.1) 30/1264 (2.4) 100/5019 (2.0)

Rate (95% CI) 0.42 (0.27–0.61) 0.48 (0.33–0.69) 0.22 (0.12–0.38) 0.48 (0.32–0.68) 0.40 (0.33–0.49)

Pairwise hazard ratio (95% CI)

Glargine 0.86 (0.51–1.45) 1.85 (0.96–3.55) 0.87 (0.51–1.47)

Glimepiride 2.16 (1.14–4.06) 1.01 (0.61–1.67)

Liraglutide 0.47 (0.25–0.88)

Sitagliptin

Hazard ratio (95% CI) in one agent 
as compared with the others 
combined

1.11 (0.70–1.76) 1.36 (0.88–2.11) 0.49 (0.28–0.86) 1.35 (0.87–2.08)

Death from cardiovascular causes

No. of participants/no. at risk (%) 21/1257 (1.7) 16/1247 (1.3) 9/1251 (0.7) 21/1264 (1.7) 67/5019 (1.3)

Rate (95% CI) 0.33 (0.21–0.51) 0.26 (0.15–0.42) 0.14 (0.07–0.27) 0.33 (0.21–0.51) 0.27 (0.21–0.34)

Pairwise hazard ratio (95% CI)

Glargine 1.29 (0.67–2.47) 2.30 (1.05–5.01) 1.00 (0.55–1.82)

Glimepiride 1.78 (0.79–4.04) 0.77 (0.40–1.48)

Liraglutide 0.43 (0.20–0.95)

Sitagliptin

Hazard ratio (95% CI) in one agent 
as compared with the others 
combined

1.43 (0.85–2.43) 1.02 (0.58–1.82) 0.47 (0.23–0.95) 1.44 (0.85–2.44)
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événements cardiovasculaires - perspective
Prévention 
primaire

Prévention 
secondaire Mortalité CV hIC

EMPAREG-OUTCOME 0% 100% 5.9% 4.1%

CANVAS 34% 66% 12.8% 8.7%

DECLARE-TIMI 58 60% 40% 2.9% 3.3%

REWIND 69% 31% 7% 4.6%

LEADER 20% 80% 6% 5.3%

SUSTAIN-6 ? 60% MCAS 2.8% 3.3%

DAPA HF 100% 11.5% 13.4%

EMPEROR REDUCED 100% 10.8% 18.3%

EMPEROR PRESERVED 100% 8.2% 11.8%

DELIVER 100% 8.3% 13.3%

GRADE 93% 7% 1.3% 2%



GRADE – conclusion

• contrôle glycémique était particulièrement mauvais: 
70% échec métabolique
+ Ce qui explique l’absence de bénéfice sur les critères 
microvasculaires

• Réduction significative du risque relatif 
cardiovasculaire de 50% avec Liraglutide
+ dans une population à faible risque (1-2% d’événements)

+ après 5 ans de suivi

nejm septembre 2022



UKPDS-33

IfJ...,
c:
OJ
>
OJ
s:...,
.~

IfJc:
OJ
.~

o,

30

20

10

o
30

Microvascular endpoints
p=O'0099

30

20

10

o

Microvascular endpoints
p=O·30 between intensive groups

,".r-
t,"--<II'• • ".--- . .,..-

..... r

ARTICLES

*IfJ
~ 20
a>
s:...,
.~

~ 10
OJ
.~
c,

o
30

Myocardial infarction
p=O·052

Myocardial infarction
p=O·66 between intensive groups

, .-,"
,'-ro

~"
,:'"

,~.J •

Stroke
p=O·07 between Intensive groups~

IfJ

~ 20
a>
-5
.~

~ 10
OJ

~
c,

o
Io

Stroke
p=O·52

I
3

I
6

I
9

i
12

I
15

io i
3

I
6

i
9

I
12

I
15

Time from randomisation (years) Time from randomisation (years)

Figure 7: Kaplan-Meier plots of aggregate endpoints: microvascular disease, myocardial Infarction, and stroke for Intensive and
conventional treatment and by Individual Intensive therapy
Microvascular disease=renal failure, death from renal failure, retinal photocoagulation, or vitreous haemorrhage. Myocardial Infarction=non-fatal, fatal,
or sudden death. Stroke=non-fatal and fatal. Key as for figures 3 and 4.

and 12 years in patients assigned intensive treatment
with insulin were 22 U (IQR 14-34), 28 U (18-45),
34 U (20-50), and 36 U (23-53), respectively. Median
doses of insulin for patients with body-mass indices less
than 25 kg/m" and greater than 35 kg/m" were 16 U
(10-24) and 36 U (23-50) at 3 years; the corresponding
doses were 24 U (14-36) and 60 U (40-82) at 12 years.
The maximum insulin dose was 400 U per day.
Systolic and diastolic blood pressure were significantly

higher throughout the study in patients assigned
chlorpropamide than in those assigned any of the other
therapies. For example, at 6 years' follow-up the mean
blood pressure in the chlorpropamide group was 143/82
mm Hg compared with 138180 mm Hg in each of the
other allocations (p<O·OOl). The proportion of patients
on therapy for hypertension was higher among those
assigned chlorpropamide (43%) than among those
assigned conventional treatment, glibenclamide, or
insulin (34%, 36%, and 38%, respectively; p=0·022).

THE lANCET' Vol 352 ' September 12, 1998

Aggregate and single endpoints
The number of patients who developed aggregate or
single clinical endpoints in the intensive and
conventional groups are shown in figure 4; similarly,
figure 5 shows the comparison between the three
intensive groups and conventional treatment.
Kaplan-Meier plots for any diabetes-related endpoint-
ie, the complication-free interval-and diabetes-related
deaths are shown in figure 6 and those for microvascular
endpoints, myocardial infarction, and stroke in figure 7.
The number needed to treat to prevent one patient

developing any of the single endpoints over lO years was
19·6 patients (95% CI 10-500). The complication-free
interval, expressed as the follow-up to when 50% of the
patients had at least one diabetes-related endpoint, was
14'0 years in the intensive group compared with 12'7
years in the conventional group (p=0·029).
Patients assigned intensive treatment had a significant

25% risk reduction in microvascular endpoints
(p=0'0099) compared with conventional treatment-
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Figure 7: Kaplan-Meier plots of aggregate endpoints: microvascular disease, myocardial Infarction, and stroke for Intensive and
conventional treatment and by Individual Intensive therapy
Microvascular disease=renal failure, death from renal failure, retinal photocoagulation, or vitreous haemorrhage. Myocardial Infarction=non-fatal, fatal,
or sudden death. Stroke=non-fatal and fatal. Key as for figures 3 and 4.

and 12 years in patients assigned intensive treatment
with insulin were 22 U (IQR 14-34), 28 U (18-45),
34 U (20-50), and 36 U (23-53), respectively. Median
doses of insulin for patients with body-mass indices less
than 25 kg/m" and greater than 35 kg/m" were 16 U
(10-24) and 36 U (23-50) at 3 years; the corresponding
doses were 24 U (14-36) and 60 U (40-82) at 12 years.
The maximum insulin dose was 400 U per day.
Systolic and diastolic blood pressure were significantly

higher throughout the study in patients assigned
chlorpropamide than in those assigned any of the other
therapies. For example, at 6 years' follow-up the mean
blood pressure in the chlorpropamide group was 143/82
mm Hg compared with 138180 mm Hg in each of the
other allocations (p<O·OOl). The proportion of patients
on therapy for hypertension was higher among those
assigned chlorpropamide (43%) than among those
assigned conventional treatment, glibenclamide, or
insulin (34%, 36%, and 38%, respectively; p=0·022).

THE lANCET' Vol 352 ' September 12, 1998

Aggregate and single endpoints
The number of patients who developed aggregate or
single clinical endpoints in the intensive and
conventional groups are shown in figure 4; similarly,
figure 5 shows the comparison between the three
intensive groups and conventional treatment.
Kaplan-Meier plots for any diabetes-related endpoint-
ie, the complication-free interval-and diabetes-related
deaths are shown in figure 6 and those for microvascular
endpoints, myocardial infarction, and stroke in figure 7.
The number needed to treat to prevent one patient

developing any of the single endpoints over lO years was
19·6 patients (95% CI 10-500). The complication-free
interval, expressed as the follow-up to when 50% of the
patients had at least one diabetes-related endpoint, was
14'0 years in the intensive group compared with 12'7
years in the conventional group (p=0·029).
Patients assigned intensive treatment had a significant

25% risk reduction in microvascular endpoints
(p=0'0099) compared with conventional treatment-
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ORIGINAL RESEARCH ARTICLE

Effects of Randomized Treatment With 
Icosapent Ethyl and a Mineral Oil Comparator on 
Interleukin-1β, Interleukin-6, C-Reactive Protein, 
Oxidized Low-Density Lipoprotein Cholesterol, 
Homocysteine, Lipoprotein(a), and Lipoprotein-
Associated Phospholipase A2: A REDUCE-IT 
Biomarker Substudy
Paul M Ridker , MD, MPH; Nader Rifai, MD; Jean MacFadyen, BA; Robert J. Glynn, ScD; Lixia Jiao, PhD;  
Ph. Gabriel Steg , MD; Michael Miller , MD; Eliot A. Brinton , MD; Terry A. Jacobson, MD; Jean-Claude Tardif , MD;  
Christie M. Ballantyne , MD; R. Preston Mason , MD; Deepak L. Bhatt , MD, MPH

BACKGROUND: REDUCE-IT (Reduction of Cardiovascular Events With Icosapent Ethyl—Intervention Trial) reported a 25% 
relative risk reduction in major adverse cardiovascular events with use of icosapent ethyl compared with pharmaceutical 
grade mineral oil. The mechanisms underlying this benefit remain uncertain. We explored whether treatment allocation in 
REDUCE-IT might affect a series of biomarkers in pathways known to associate with atherosclerosis risk.

METHODS: Serum levels of interleukin-1β, interleukin-6, high-sensitivity C-reactive protein, oxidized low-density lipoprotein 
cholesterol, homocysteine, lipoprotein(a), and lipoprotein-associated phospholipase A2 (Lp-PLA2) were measured at 
baseline, at 12 months, at 24 months, and at the end-of-study visit among REDUCE-IT participants with triglyceride levels 
t135 mg/dL and <500 mg/dL who were randomly allocated to treatment with either 4 grams daily of icosapent ethyl or 
mineral oil used as a comparator.

RESULTS: At baseline, median levels of each biomarker were similar in the 2 treatment groups. The levels of biomarkers 
associated with atherosclerosis increased over time among those allocated to mineral oil treatment; in this group at 12 
months, the median percent increases from baseline were 1.5% for homocysteine, 2.2% for lipoprotein(a), 10.9% for 
oxidized low-density lipoprotein cholesterol, 16.2% for interleukin-6, 18.5% for lipoprotein-associated phospholipase A2, 
21.9% for high-sensitivity C-reactive protein, and 28.9% for interleukin-1β (all P values <0.001), with similar changes at 
24 months. In the icosapent ethyl group, there were minimal changes in these biomarkers at 12 and 24 months. As such, 
at study conclusion, between-group treatment differences largely reflected increases in the mineral oil group with median 
percent differences of 2.4% for lipoprotein(a), 3.0% for homocysteine, 4.2% for oxidized low-density lipoprotein cholesterol, 
19.8% for interleukin-6, 26.2% for Lp-PLA2, 38.5% for high-sensitivity C-reactive protein, and 48.7% for interleukin-1β (all 
P values d0.007). These data are consistent with previous REDUCE-IT results in which the median percent change for low-
density lipoprotein cholesterol at 12 months was −1.2% among those allocated to icosapent ethyl and 10.9% among those 
allocated to the mineral oil comparator.
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primary and secondary prevention trials with 119 298 participants
employing low dosages of EPA or EPA þ DHA (<_1800 mg/day, me-
dian = 858 mg/day) produced pooled estimates of effects that were
consistent with modest but statistically significant (P <_ 0.02) benefits
for CHD-related outcomes (relative risks of 0.92, 0.95, and 0.92 for
myocardial infarction, total CHD, and CHD death, respectively).4

However, no benefit was observed for stroke [relative risk of 1.05,
95% confidence interval (CI) 0.98–1.14).4

To date, two large-scale, randomized ASCVD outcomes trials
have been completed with higher dosages of omega-3 fatty acids.
These were designed to avoid the limitations of many of the previous
studies by employing therapeutic dosages of EPA or EPA þ DHA
in well-characterized pharmaceutical formulations, compared with
blinded control capsules, and in populations with elevated triglycer-
ides at high ASCVD risk due to a history of clinical ASCVD or risk
factors.

The Reduction of Cardiovascular Events with Icosapent Ethyl-
Intervention Trial (REDUCE-IT) administered 4 g/day of icosapent
ethyl (ethyl esters providing 3840 mg/day of EPA) or a mineral oil pla-
cebo to 8179 subjects and produced a 25% reduction in incidence of
the primary composite ASCVD outcome over a median follow-up
time of 4.9 years.5 Several secondary outcomes were similarly
reduced, including a 28% reduction in total stroke. The Long-Term
Outcomes Study to Assess Statin Residual Risk with Epanova in
High Cardiovascular Risk Patients with Hypertriglyceridemia
(STRENGTH) administered 4 g/day of EPA þ DHA (2200 mg/day of
EPA þ 800 mg DHA) as carboxylic acids compared with a corn oil
control in a total sample of 13 078 subjects.6 The trial was terminated
early due to futility, after an interim analysis showed no evidence of
benefit for the primary outcome, resulting in an estimate of a non-
significant, 1% lower incidence of the primary composite ASCVD
outcome after a median follow-up of 3.5 years.

Several possible explanations exist for the markedly different
results from these two trials of omega-3 fatty acid interventions
(Figure 1 and Graphical Abstract), including effects of the active inter-
ventions (EPA vs. EPAþ DHA) and of the placebo comparator used
(mineral oil in REDUCE-IT and corn oil in STRENGTH). In their
study reported in this issue of the European Heart Journal, Doi et al.
used data from the Copenhagen General Population Study to identify
cohorts that met key trial inclusion criteria, one cohort to reflect the
characteristics of REDUCE-IT participants and a second for
STRENGTH participants.7 Cox proportional hazards models were
used to assess relationships of biomarker levels to ASCVD risk in
these cohorts, and, further, to estimate effects of the observed
changes in circulating levels of three biomarkers, all believed to be
causally related to ASCVD risk, in each arm of the two trials:
triglyceride-rich lipoproteins (reflected by triglyceride concentra-
tion), Low-density lipoprotein cholesterol (LDL-C), and CRP, an in-
flammatory marker. Estimated changes in ASCVD risk were then
compared with observed differences in these biomarkers in
REDUCE-IT and STRENGTH.

The two omega-3 formulations produced similar changes from
baseline for triglyceride, LDL-C, and CRP levels: –20, –1, and –14%,
respectively, for the EPA arm in REDUCE-IT and –19,þ1, and –20%,
respectively, for the EPA þ DHA arm in STRENGTH. Accordingly,
the predicted changes in ASCVD event risk were similar: –4% (95%
CI –1% to –7%) in REDUCE-IT and –6% (95% CI –2% to –9%) in
STRENGTH.

In contrast, the comparator oils produced differing effects on
some biomarkers, with changes of 0, þ10, and þ32% for triglycer-
ides, LDL-C, and CRP, respectively, for the mineral oil arm in
REDUCE-IT, compared with changes of –1, –1, and –6%, respectively,
for the corn oil arm in STRENGTH. Predicted changes in ASCVD
event risk from these biomarker changes were an increase of 7%

Figure 1 Possible explanations for the 25% difference in cardiovascular events between icosapent ethyl and mineral oil groups in REDUCE-IT.
EPA, eicosapentaenoic acid; hs-CRP, high-sensitivity C-reactive protein; LDL-C, low-density lipoprotein cholesterol; REDUCE-IT, Reduction of
Cardiovascular Events with Icosapent Ethyl-Intervention Trial; TG, triglycerides.
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Table. Effects of Treatment With Icosapent Ethyl and a Pharmaceutical-Grade Mineral Oil Comparator on Measured Biomark-
ers and Low-Density Lipoprotein Cholesterol and Triglycerides in REDUCE-IT

Marker

Mineral oil (n=4090) Icosapent ethyl (n=4089)
Between-group  
difference

Median (IQR)
Median 
change

Median 
change, 
%* P† Median (IQR)

Median 
change

Median 
change, 
%* P†

Median 
differ-
ence, %‡ P§

hsCRP, mg/L

 Baseline (n=4089:4086) 2.15 (1.07–4.50)    2.18 (1.07–4.49)      

 12 months (3077:3089) 2.80 (1.3–5.2) 0.32 21.95 <0.0001 1.90 (0.9–3.9) −0.18 −12.41 0.003 −30.48 <0.0001

 24 months (3229:3322) 2.79 (1.3–5.8) 0.47 32.26 <0.0001 1.79 (0.86–4.01) −0.18 −13.86 0.04 −39.91 <0.0001

 Last visit∥ (3113:3198) 2.79 (1.33–5.49) 0.42 30.12 <0.0001 1.69 (0.81–3.99) −0.19 −13.25 0.58 −38.48 <0.0001

Interleukin-6, pg/mL

 Baseline (n=3133:3203) 3.27 (2.16–5.17)    3.23 (2.14–5.02)      

 12 months (2875:2907) 3.76 (2.42–6.09) 0.44 16.22 <0.0001 3.09 (2.05–5.06) −0.08 −2.60 0.005 −16.29 <0.0001

 24 months (2819:2933) 3.86 (2.53–6.04) 0.50 18.21 <0.0001 3.08 (2.04–4.98) −0.05 −1.98 0.0004 −19.47 <0.0001

 Last visit∥ (2491:2654) 3.97 (2.56–6.49) 0.73 26.25 <0.0001 3.24 (2.05–5.16) 0.09 3.01 <0.0001 −19.82 <0.0001

Interleukin-1β, pg/mL

 Baseline (n=3134:3204) 0.06 (0.03–0.10)    0.06 (0.03–0.10)      

 12 months (2875:2908) 0.08 (0.04–0.13) 0.02 28.89 <0.0001 0.06 (0.03–0.10) 0.00 0.00 <0.0001 −26.06 <0.0001

 24 months (2820:2934) 0.08 (0.04–0.13) 0.02 30.68 <0.0001 0.05 (0.03–0.09) 0.00 0.00 <0.0001 −34.47 <0.0001

 Last visit∥ (2492:2655) 0.09 (0.05–0.15) 0.03 48.28 <0.0001 0.05 (0.03–0.09) 0.00 0.00 <0.0001 −48.65 <0.0001

OxLDL, mU/L

 Baseline (n=3134:3204) 45 879  
(37 523–54 088)

   44 641  
(36 863–53 483)

     

 12 months (2875:2908) 50 457  
(40 986–61 384)

4877.57 10.94 <0.0001 45 594  
(37 888–56 627)

1293.21 2.94 <0.0001 −7.37 <0.0001

 24 months (2820:2934) 48 725  
(39 607–59 661)

3493.94 7.81 <0.0001 45 410  
(36 819–55 576)

400.70 0.81 <0.0001 −6.46 <0.0001

 Last visit∥ (2492:2655) 47 838  
(38 710–58 877)

2301.78 5.06 <0.0001 45 251  
(36 669–55 529)

59.68 0.15 <0.0001 −4.23 <0.0001

Homocysteine, µmol/L

 Baseline (n=3509:3514) 12.50 (10.38–15.13)    12.64 (10.36–15.38)      

 12 months (3073:3087) 12.55 (10.40–15.64) 0.18 1.46 <0.0001 12.55 (10.38–15.51) 0.05 0.39 0.0007 −1.22 0.02

 24 months (2912:2987) 13.05 (10.70–16.04) 0.53 4.44 <0.0001 12.87 (10.52–15.8) 0.32 2.70 <0.0001 −2.19 0.0004

 Last visit∥ (2576:2725) 13.61 (11.00–16.95) 1.12 9.51 <0.0001 13.40 (11.02–16.63) 0.75 6.17 <0.0001 −2.98 0.0001

Lipoprotein(a), mg/dL

 Baseline (n=3511:3515) 11.40 (5.00–36.80)    11.60 (5.10–37.90)      

 12 months (3077:3089) 12.60 (5.20–39.90) 0.40 2.17 <0.0001 12.50 (5.40–40.00) 0.00 0.00 <0.0001 −0.91 0.07

 24 months (2920:2991) 12.60 (5.10–39.45) 0.40 2.81 <0.0001 12.40 (5.30–39.00) 0.00 0.00 <0.0001 −2.45 0.0003

 Last visit∥ (2579:2726) 13.60 (5.60–41.20) 1.15 7.6 <0.0001 13.45 (5.70–41.50) 0.70 4.41 <0.0001 −2.43 0.007

Lp-PLA2, nmol/min/mL

 Baseline (n=3485:3480) 134.00  
(113.00–159.00)

   134.00  
(113.00–157.00)

     

 12 months (3032:3057) 157.90  
(131.40–185.60)

24.00 18.46 <0.0001 129.8  
(107.50–153.30)

−4.50 −3.50 <0.0001 −21.13 <0.0001

 24 months (2894:2970) 159.65  
(132.50–191.00)

26.60 20.18 <0.0001 128.2  
(106.80–152.10)

−5.90 −4.42 <0.0001 −23.92 <0.0001

 Last visit∥ (2543:2705) 166.90  
(136.90–202.60)

33.40 25.81 <0.0001 133.2  
(111.60–159.30)

−1.70 −1.30 0.72 −26.17 <0.0001

LDL-C, Hopkins, mg/dL

 Baseline (n=4089:4086) 86.7 (75.0–98.2)    85.8(74.1–97.2)      

 12 months (3618:3672) 95.9 (81.2–112.9) 9.29 10.94 <0.0001 85.3(70.9–102.9) −1.12 −1.19 0.06 −11.42 <0.0001

(Continued )
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among those allocated to icosapent ethyl compared 
with a 10.9% median increase among those allocated 
to mineral oil.1

It is unclear why multiple biomarkers increased over 
time among REDUCE-IT participants allocated to mineral 
oil. No substantive biomarker changes were observed in 
the placebo groups over periods of 3 to 5 years for mea-
sures of LDL cholesterol, interleukin-1β, interleukin-6, or 
hsCRP in the large-scale JUPITER (Justification for the 
Use of Statin in Prevention: An Intervention Trial Evalu-
ating Rosuvastatin), CIRT (Cardiovascular Inflammation 
Reduction Trial), CANTOS (Canakinumab Anti-Inflamma-
tory Thrombosis Outcomes Study), or SPIRE (Evaluation 
of Bococizumab in Reducing the Occurrence of Major 
Cardiovascular Events in High-Risk Subjects),6,15-17 nor 
did biomarker levels increase over time in STRENGTH 
(Outcomes Study to Assess Statin Residual Risk Reduc-
tion With Epanova In High CV Risk Patients With Hypertri-
glyceridemia), which used a corn oil rather than a mineral 
oil placebo.10,11 Furthermore, no change in Lp-PLA2 over 
time was observed in the placebo arms of trials evaluat-
ing potential inhibitors of this pathway18,19 or in studies of 
stability of circulating Lp-PLA2 levels over time.20

The core design of REDUCE-IT does not make it pos-
sible to resolve convincingly whether any adverse effects 
associated with mineral oil use as a comparator may have 
affected clinical outcomes. Resolution of this controversy 
can only be addressed formally by undertaking a bio-
marker trial randomly allocating patients to pharmaceuti-
cal grade mineral oil and a fully neutral placebo or by a 
second icosapent ethyl trial using a non–mineral oil com-
parator. Whereas the former is unlikely to be conducted 
for ethical reasons, the latter would help resolve ongoing 

controversy. The only other data in this arena are a 19% 
reduction in risk of major vascular events observed in the 
open-label JELIS (Japan EPA Lipid Intervention Study), 
using icosapent ethyl, in which no placebo was used.21 
We are not aware of other prospective intervention data 
demonstrating that mineral oil at a quantity of 4 grams 
daily compared with corn oil or other forms of placebo 
has effects, direct or indirect, on the biomarkers mea-
sured here. Such data would be helpful.

What net clinical effect the current data, if taken in 
combination, might have had on outcomes in REDUCE-
IT is difficult to estimate. Regulatory agencies evaluating 
REDUCE-IT estimated that approximately 3% of the net 
clinical benefit observed with icosapent ethyl might have 
been a consequence of adverse biomarker effects on 
LDL cholesterol and hsCRP attributable to mineral oil.12 
In the context of an overall 25% relative risk reduction in 
first events and a 30% reduction in total ischemic events 
observed, a potential bias of this magnitude, even if dou-
bled in size, would be unlikely to fully attenuate the over-
all benefit of icosapent ethyl observed. At the same time, 
we are not aware of a simple or widely accepted method 
to assess in an unbiased manner what the potential mag-
nitude might be of a combination of the multiple effects 
observed here, an issue that again requires prospective 
comparison data for resolution.

Despite our large sample size and randomized dou-
ble-blind design, there are limitations to our analyses 
that merit consideration. First, care must be taken not 
to generalize these findings beyond what is presented 
here; for example, whereas we evaluated for effects in 
the canonical interleukin-1 to interleukin-6 to C-reactive 
protein pathway of innate immunity,4,5 we did not evaluate 

 24 months (3240:3339) 96.1 (80.6–113.9) 9.50 11.41 <0.0001 85.5(71.4–103.3) −0.15 −0.20 0.0001 −11.12 <0.0001

 Last visit∥ (3146:3235) 91.5 (74.7–109.0) 4.86 5.99 <0.0001 83.8(69.0–102.8) −1.43 −1.65 0.52 −7.01 <0.0001

Triglycerides, mg/dL

 Baseline (n=4089:4086) 216.0 (175.5–274.0)    216.5 (176.5–272.0)      

 12 months (3633:3689) 221.0  
(164.0–298.0)

4.50 2.24 <0.0001 175.0  
(132.0–238.0)

−39.00 −18.32 <0.0001 −19.72 <0.0001

 24 months (3257:3352) 220.0  
(164.0–294.0)

4.25 2.09 <0.0001 173.0  
(129.0–238.0)

−38.50 −18.86 <0.0001 −19.68 <0.0001

 Last visit∥ (3152:3243) 200.5  
(148.5–275.0)

−15.50 −7.57 <0.0001 169.0  
(124.0–234.0)

−46.00 −22.22 <0.0001 −13.82 <0.0001

hsCRP indicates high-sensitivity C-reactive protein; IQR, interquartile range; LDL-C, low-density lipoprotein cholesterol; Lp-PLA2, lipoprotein-associated phospholipase A2; 
OxLDL, oxidized low-density lipoprotein cholesterol; and REDUCE-IT, Reduction of Cardiovascular Events With Icosapent Ethyl—Intervention Trial.

*Change and percent change from baseline at each postbaseline visit are calculated for patients with both baseline and postbaseline values.
†Median percent change P value was from Wilcoxon signed-rank test.
‡Median percent difference was on the basis of Hodges-Lehmann estimation.
§Median percent difference P value was from Wilcoxon rank-sum test. Biomarker (lower limit of quantification): hsCRP, 0.3 mg/L; interleukin-6, 0.01 pg/mL; interleukin-1β, 

0.030 pg/mL; OxLDL, 1 mU/L; homocysteine, 2.00 µmol/L; lipoprotein(a), 3.3 mg/dL; Lp-PLA2, 10.0 nmol/min/mL. 
∥The analysis at last visit includes all available data for patients who completed the protocol-specified last visit. 
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Table. Effects of Treatment With Icosapent Ethyl and a Pharmaceutical-Grade Mineral Oil Comparator on Measured Biomark-
ers and Low-Density Lipoprotein Cholesterol and Triglycerides in REDUCE-IT

Marker

Mineral oil (n=4090) Icosapent ethyl (n=4089)
Between-group  
difference

Median (IQR)
Median 
change

Median 
change, 
%* P† Median (IQR)

Median 
change

Median 
change, 
%* P†

Median 
differ-
ence, %‡ P§

hsCRP, mg/L

 Baseline (n=4089:4086) 2.15 (1.07–4.50)    2.18 (1.07–4.49)      

 12 months (3077:3089) 2.80 (1.3–5.2) 0.32 21.95 <0.0001 1.90 (0.9–3.9) −0.18 −12.41 0.003 −30.48 <0.0001

 24 months (3229:3322) 2.79 (1.3–5.8) 0.47 32.26 <0.0001 1.79 (0.86–4.01) −0.18 −13.86 0.04 −39.91 <0.0001

 Last visit∥ (3113:3198) 2.79 (1.33–5.49) 0.42 30.12 <0.0001 1.69 (0.81–3.99) −0.19 −13.25 0.58 −38.48 <0.0001

Interleukin-6, pg/mL

 Baseline (n=3133:3203) 3.27 (2.16–5.17)    3.23 (2.14–5.02)      

 12 months (2875:2907) 3.76 (2.42–6.09) 0.44 16.22 <0.0001 3.09 (2.05–5.06) −0.08 −2.60 0.005 −16.29 <0.0001

 24 months (2819:2933) 3.86 (2.53–6.04) 0.50 18.21 <0.0001 3.08 (2.04–4.98) −0.05 −1.98 0.0004 −19.47 <0.0001

 Last visit∥ (2491:2654) 3.97 (2.56–6.49) 0.73 26.25 <0.0001 3.24 (2.05–5.16) 0.09 3.01 <0.0001 −19.82 <0.0001

Interleukin-1β, pg/mL

 Baseline (n=3134:3204) 0.06 (0.03–0.10)    0.06 (0.03–0.10)      

 12 months (2875:2908) 0.08 (0.04–0.13) 0.02 28.89 <0.0001 0.06 (0.03–0.10) 0.00 0.00 <0.0001 −26.06 <0.0001

 24 months (2820:2934) 0.08 (0.04–0.13) 0.02 30.68 <0.0001 0.05 (0.03–0.09) 0.00 0.00 <0.0001 −34.47 <0.0001

 Last visit∥ (2492:2655) 0.09 (0.05–0.15) 0.03 48.28 <0.0001 0.05 (0.03–0.09) 0.00 0.00 <0.0001 −48.65 <0.0001

OxLDL, mU/L

 Baseline (n=3134:3204) 45 879  
(37 523–54 088)

   44 641  
(36 863–53 483)

     

 12 months (2875:2908) 50 457  
(40 986–61 384)

4877.57 10.94 <0.0001 45 594  
(37 888–56 627)

1293.21 2.94 <0.0001 −7.37 <0.0001

 24 months (2820:2934) 48 725  
(39 607–59 661)

3493.94 7.81 <0.0001 45 410  
(36 819–55 576)

400.70 0.81 <0.0001 −6.46 <0.0001

 Last visit∥ (2492:2655) 47 838  
(38 710–58 877)

2301.78 5.06 <0.0001 45 251  
(36 669–55 529)

59.68 0.15 <0.0001 −4.23 <0.0001

Homocysteine, µmol/L

 Baseline (n=3509:3514) 12.50 (10.38–15.13)    12.64 (10.36–15.38)      

 12 months (3073:3087) 12.55 (10.40–15.64) 0.18 1.46 <0.0001 12.55 (10.38–15.51) 0.05 0.39 0.0007 −1.22 0.02

 24 months (2912:2987) 13.05 (10.70–16.04) 0.53 4.44 <0.0001 12.87 (10.52–15.8) 0.32 2.70 <0.0001 −2.19 0.0004

 Last visit∥ (2576:2725) 13.61 (11.00–16.95) 1.12 9.51 <0.0001 13.40 (11.02–16.63) 0.75 6.17 <0.0001 −2.98 0.0001

Lipoprotein(a), mg/dL

 Baseline (n=3511:3515) 11.40 (5.00–36.80)    11.60 (5.10–37.90)      

 12 months (3077:3089) 12.60 (5.20–39.90) 0.40 2.17 <0.0001 12.50 (5.40–40.00) 0.00 0.00 <0.0001 −0.91 0.07

 24 months (2920:2991) 12.60 (5.10–39.45) 0.40 2.81 <0.0001 12.40 (5.30–39.00) 0.00 0.00 <0.0001 −2.45 0.0003

 Last visit∥ (2579:2726) 13.60 (5.60–41.20) 1.15 7.6 <0.0001 13.45 (5.70–41.50) 0.70 4.41 <0.0001 −2.43 0.007

Lp-PLA2, nmol/min/mL

 Baseline (n=3485:3480) 134.00  
(113.00–159.00)

   134.00  
(113.00–157.00)

     

 12 months (3032:3057) 157.90  
(131.40–185.60)

24.00 18.46 <0.0001 129.8  
(107.50–153.30)

−4.50 −3.50 <0.0001 −21.13 <0.0001

 24 months (2894:2970) 159.65  
(132.50–191.00)

26.60 20.18 <0.0001 128.2  
(106.80–152.10)

−5.90 −4.42 <0.0001 −23.92 <0.0001

 Last visit∥ (2543:2705) 166.90  
(136.90–202.60)

33.40 25.81 <0.0001 133.2  
(111.60–159.30)

−1.70 −1.30 0.72 −26.17 <0.0001

LDL-C, Hopkins, mg/dL

 Baseline (n=4089:4086) 86.7 (75.0–98.2)    85.8(74.1–97.2)      

 12 months (3618:3672) 95.9 (81.2–112.9) 9.29 10.94 <0.0001 85.3(70.9–102.9) −1.12 −1.19 0.06 −11.42 <0.0001
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Omega-3 et hyperTG – conclusions

• Courage/humilité des investigateurs

• 1/5 bénéfice est attribuable à effets de IPE
sur lipides/hs-CRP

• L’importance de confirmer les données dans 
plusieurs études
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Pemafibr ate to Reduce Cardiovascular Risk

statins without adverse effects or they were re-
ceiving a low-intensity statin or no statin).

Pemafibrate, as compared with placebo, also 
had similar effects on changes from baseline to 
4 months and over time on levels of measured 
very-low-density lipoprotein (VLDL) cholesterol 
(−25.8%), measured remnant cholesterol (choles-
terol transported in triglyceride-rich lipoproteins 
— such as chylomicrons, very-low-density lipo-
proteins, and intermediate-density lipoproteins 
— after lipolysis and lipoprotein remodeling) 
(−25.6%), and apolipoprotein C-III (−27.6%) (Ta-
ble 2). An increase in the LDL cholesterol level 
was observed in the pemafibrate group, with no 
difference in the total cholesterol or non-HDL 
cholesterol levels from baseline to 4 months; 
these findings were consistent with known ef-
fects of pemafibrate on cholesterol trafficking 
between lipoproteins. As a result, a net increase 
in the between-group difference in apolipopro-
tein B levels (4.8%) was observed (Table 2).

Clinical End Points
After randomization, a primary end-point event 
occurred in 572 patients in the pemafibrate group 
and 560 patients in the placebo group (hazard 
ratio, 1.03; 95% confidence interval [CI], 0.91 to 
1.15; P = 0.67) (Table 3 and Fig. 1). With respect 
to the key secondary end point of myocardial in-
farction, ischemic stroke, unstable angina warrant-
ing urgent coronary revascularization, or death 

from cardiovascular causes, the corresponding 
numbers were 432 patients in the pemafibrate 
group and 417 patients in the placebo group 
(hazard ratio, 1.04; 95% CI, 0.91 to 1.19). Effects 
were neutral for all composite secondary cardio-
vascular end points and for the individual com-
ponents of these end points. The hazard ratio 
for death from cardiovascular causes was 1.00 
(95% CI, 0.79 to 1.28), and the hazard ratio for 
death from any cause was 1.04 (95% CI, 0.91 to 
1.20) (Table 3 and Fig. S5). We observed no ap-
parent effect modification in prespecified sub-
groups (Fig. S6).

Adverse Events and Other Outcomes  
of Interest

The incidences of all serious adverse events, in-
fections, and musculoskeletal complications did 
not differ significantly between the two groups 
(Table 4). Although there were more total investi-
gator-reported adverse renal events in the pemafi-
brate group than in the placebo group (in 1463 
patients vs. 1347 patients; hazard ratio, 1.12; 
95% CI, 1.04 to 1.20; P = 0.004), the estimated 
glomerular filtration rate returned to baseline 
after pemafibrate or placebo was discontinued 
(Fig. S7). The number of patients with investiga-
tor-reported venous thromboembolism was high-
er in the pemafibrate group than in the placebo 
group (in 71 patients vs. 35 patients; hazard ratio, 
2.05; 95% CI, 1.35 to 3.17; P<0.001), whereas the 

Variable
Pemafibrate 
(N = 5240)

Placebo 
(N = 5257) Treatment Effect†

Median Value (IQR) Mean % Change (95% CI)

Apolipoprotein B level, measured

Baseline — mg/dl 90 (75 to 108) 89 (74 to 107)

4 Mo — mg/dl 93 (77 to 111) 87 (73 to 105)

Median change from baseline — % 3.2 (−12.0 to 19.7) −1.6 (−13.4 to 11.8) 4.8 (3.8 to 5.8)

*  Median levels at baseline and 4 months are shown. All baseline values presented are from the screening visit. Patients could qualify for trial 
enrollment on the basis of a fasting triglyceride level and high-density lipoprotein (HDL) cholesterol levels from either screening or retest 
visits. Only one retest was permitted. Information regarding missing data is provided in Section S2 in the Supplementary Appendix. To 
convert the values for triglycerides to millimoles per liter, multiply by 0.01129. To convert the values for cholesterol to millimoles per liter, 
multiply by 0.02586. CI denotes confidence interval, LDL low-density lipoprotein, and VLDL very-low-density lipoprotein.

†  The values are derived from analysis-of-covariance models, with the percentage change from baseline to 4 months as the dependent vari-
able, the baseline biomarker level as a covariate, and treatment effect and randomization strata as fixed effects.

‡  The VLDL cholesterol level was calculated by means of preparative ultracentrifugation (the total cholesterol level minus the cholesterol con-
tent [gradient density] of <1.006 g per milliliter).

§  The remnant cholesterol level was calculated as the total cholesterol level minus the HDL cholesterol level minus the LDL cholesterol level, 
and the non-HDL cholesterol level was calculated as the total cholesterol level minus the HDL cholesterol level.

Table 2. (Continued.)
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BACKGROUND
High triglyceride levels are associated with increased cardiovascular risk, but wheth-
er reductions in these levels would lower the incidence of cardiovascular events is 
uncertain. Pemafibrate, a selective peroxisome proliferator–activated receptor α modu-
lator, reduces triglyceride levels and improves other lipid levels.
METHODS
In a multinational, double-blind, randomized, controlled trial, we assigned patients 
with type 2 diabetes, mild-to-moderate hypertriglyceridemia (triglyceride level, 200 to 
499 mg per deciliter), and high-density lipoprotein (HDL) cholesterol levels of 40 mg 
per deciliter or lower to receive pemafibrate (0.2-mg tablets twice daily) or matching 
placebo. Eligible patients were receiving guideline-directed lipid-lowering therapy or 
could not receive statin therapy without adverse effects and had low-density lipopro-
tein (LDL) cholesterol levels of 100 mg per deciliter or lower. The primary efficacy 
end point was a composite of nonfatal myocardial infarction, ischemic stroke, coro-
nary revascularization, or death from cardiovascular causes.
RESULTS
Among 10,497 patients (66.9% with previous cardiovascular disease), the median 
baseline fasting triglyceride level was 271 mg per deciliter, HDL cholesterol level 
33 mg per deciliter, and LDL cholesterol level 78 mg per deciliter. The median 
follow-up was 3.4 years. As compared with placebo, the effects of pemafibrate on 
lipid levels at 4 months were −26.2% for triglycerides, −25.8% for very-low-density 
lipoprotein (VLDL) cholesterol, −25.6% for remnant cholesterol (cholesterol trans-
ported in triglyceride-rich lipoproteins after lipolysis and lipoprotein remodeling), 
−27.6% for apolipoprotein C-III, and 4.8% for apolipoprotein B. A primary end-
point event occurred in 572 patients in the pemafibrate group and in 560 of those 
in the placebo group (hazard ratio, 1.03; 95% confidence interval, 0.91 to 1.15), with 
no apparent effect modification in any prespecified subgroup. The overall inci-
dence of serious adverse events did not differ significantly between the groups, but 
pemafibrate was associated with a higher incidence of adverse renal events and 
venous thromboembolism and a lower incidence of nonalcoholic fatty liver disease.
CONCLUSIONS
Among patients with type 2 diabetes, mild-to-moderate hypertriglyceridemia, and low 
HDL and LDL cholesterol levels, the incidence of cardiovascular events was not lower 
among those who received pemafibrate than among those who received placebo, al-
though pemafibrate lowered triglyceride, VLDL cholesterol, remnant cholesterol, and 
apolipoprotein C-III levels. (Funded by the Kowa Research Institute; PROMINENT 
ClinicalTrials.gov number, NCT03071692.)

A BS TR AC T
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number of patients with any investigator-reported 
hepatic adverse event was lower in the pemafi-
brate group than in the placebo group (in 219 
patients and 265 patients; hazard ratio, 0.83; 
95% CI, 0.69 to 0.99; P = 0.04), as was the num-
ber of patients with investigator-reported nonal-
coholic fatty liver disease (in 155 patients and 
200 patients, hazard ratio, 0.78; 95% CI, 0.63 to 
0.96; P = 0.02) (Table 4).

Discussion

In this double-blind, randomized, placebo-con-
trolled trial involving patients with type 2 diabe-
tes, mild-to-moderate hypertriglyceridemia, a low 
HDL cholesterol level, and a well-controlled LDL 
cholesterol level, the incidence of cardiovascular 
events was not lower among patients who received 
pemafibrate than among those who received pla-
cebo, although levels of triglycerides, VLDL cho-

lesterol, remnant cholesterol, and apolipoprotein 
C-III were 26 to 28% lower in the pemafibrate 
group. There was no apparent heterogeneity in 
treatment effects across any prespecified subgroup 
of patients, including women, patients in the 
primary- or secondary-prevention cohorts, statin 
intensity groups, or in patients with baseline 
triglyceride, LDL cholesterol, non-HDL cholester-
ol, or apolipoprotein B levels above or below the 
population median.

These neutral findings with pemafibrate are 
consistent with those from the contemporary Out-
comes Study to Assess Statin Residual Risk Reduc-
tion with Epanova in High Cardiovascular Risk 
Patients with Hypertriglyceridemia (STRENGTH) 
trial2 of high-dose n−3 fatty acids, the previous 
Atherothrombosis Intervention in Metabolic Syn-
drome with Low HDL/High Triglycerides: Impact 
on Global Health Outcomes (AIM-HIGH) trial4 
of niacin, and the previous Fenofibrate Interven-

Table 3. Adjudicated Efficacy End Points.

End Point
Pemafibrate 
(N = 5240)

Placebo 
(N = 5257)

Hazard Ratio 
 (95% CI)* P Value

No. of 
Patients 

with Event
Incidence/ 

100 Person-yr

No. of 
Patients 

with Event
Incidence/ 

100 Person-yr

Primary composite end point 572 3.60 560 3.51 1.03 (0.91–1.15) 0.67

Components of the primary composite 
end point

Nonfatal myocardial infarction 205 1.25 178 1.08 1.16 (0.95–1.42) —

Nonfatal ischemic stroke 95 0.58 104 0.63 0.92 (0.69–1.21) —

Coronary revascularization 334 2.08 344 2.13 0.98 (0.84–1.13) —

Death from cardiovascular causes 133 0.78 133 0.78 1.00 (0.79–1.28) —

Secondary cardiovascular end points

Key secondary primary end point† 432 2.68 417 2.57 1.04 (0.91–1.19) —

Nonfatal myocardial infarction, non-
fatal ischemic stroke, or death 
from cardiovascular causes

381 2.35 376 2.31 1.02 (0.88–1.18) —

Primary end point or hospitalization 
for heart failure

650 4.13 635 4.02 1.03 (0.92–1.15) —

Primary end point or death from any 
cause

806 5.07 790 4.95 1.02 (0.93–1.13) —

New or worsening peripheral artery 
disease

136 0.83 158 0.96 0.87 (0.69–1.09) —

Death from any cause 414 2.44 399 2.34 1.04 (0.91–1.20) —

*  The widths of the 95% confidence intervals have not been adjusted for multiple comparisons and should not be used to infer definitive 
treatment effects. There was no violation of the proportional-hazards assumption (see the Supplementary Appendix).

†  The key secondary end point (the original primary end point) was myocardial infarction, ischemic stroke, unstable angina warranting hospi-
talization for urgent coronary revascularization, or death from cardiovascular causes.
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Hypertriglycéridémie et risque 
cardiovasculaire résiduel

• Bénéfices de IPE documentés dans REDUCE-IT et JELIS

• Pas de rôle pour les fibrates dans la réduction des 
événements CV chez des patients avec statine (FIELD, 
ACCORD, PROMINENT)

+ Progression de la rétinopathie diabétique (ACCORD, FIELD)

+ Prévention des pancréatites aiguës

• Le contenu en triglycéride des particules de cholestérol 
ne détermine pas le risque cardiovasculaire



• 1,110 Femmes enceintes de 14 semaines ou moins avec ATCD de TEV
+ TEV non provoquée ou facteur de risque hormonal

• Dose intermédiaire (environ demi-dose thérapeutique) vs dose prophylactique
+ Jusqu’à 6 semaines post partum
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Intermediate-dose versus low-dose low-molecular-weight 
heparin in pregnant and post-partum women with a history 
of venous thromboembolism (Highlow study): an open-
label, multicentre, randomised, controlled trial
Ingrid M Bistervels*, Andrea Buchmüller*, Hanke M G Wiegers*, Fionnuala Ní Áinle, Bernard Tardy, Jennifer Donnelly, Peter Verhamme, 
Anne F Jacobsen, Anette T Hansen, Marc A Rodger, Maria T DeSancho, Roman G Shmakov, Nick van Es, Martin H Prins, Céline Chauleur, 
Saskia Middeldorp, for the Highlow Block writing committee† and Highlow Investigators‡ 

Summary
Background Pregnancy-related venous thromboembolism is a leading cause of maternal morbidity and mortality, and 
thromboprophylaxis is indicated in pregnant and post-partum women with a history of venous thromboembolism. 
The optimal dose of low-molecular-weight heparin to prevent recurrent venous thromboembolism in pregnancy and 
the post-partum period is uncertain.

Methods In this open-label, randomised, controlled trial (Highlow), pregnant women with a history of venous 
thromboembolism were recruited from 70 hospitals in nine countries (the Netherlands, France, Ireland, Belgium, 
Norway, Denmark, Canada, the USA, and Russia). Women were eligible if they were aged 18 years or older with a 
history of objectively confirmed venous thromboembolism, and with a gestational age of 14 weeks or less. Eligible 
women were randomly assigned (1:1), before 14 weeks of gestational age, using a web-based system and permuted 
block randomisation (block size of six), stratified by centre, to either weight-adjusted intermediate-dose or fixed low-
dose low-molecular-weight heparin subcutaneously once daily until 6 weeks post partum. The primary efficacy 
outcome was objectively confirmed venous thromboembolism (ie, deep-vein thrombosis, pulmonary embolism, or 
unusual site venous thrombosis), as determined by an independent central adjudication committee, in the intention-
to-treat (ITT) population (ie, all women randomly assigned to treatment). The primary safety outcome was major 
bleeding which included antepartum, early post-partum (within 24 h after delivery), and late post-partum major 
bleeding (24 h or longer after delivery until 6 weeks post partum), assessed in all women who received at least one 
dose of assigned treatment and had a known end of treatment date. This study is registered with ClinicalTrials.gov, 
NCT01828697, and is now complete.

Findings Between April 24, 2013, and Oct 31, 2020, 1339 pregnant women were screened for eligibility, of 
whom 1110 were randomly assigned to weight-adjusted intermediate-dose (n=555) or fixed low-dose (n=555) low-
molecular-weight heparin (ITT population). Venous thromboembolism occurred in 11 (2%) of 555 women in the 
weight-adjusted intermediate-dose group and in 16 (3%) of 555 in the fixed low-dose group (relative risk [RR] 0·69 
[95% CI 0·32–1·47]; p=0·33). Venous thromboembolism occurred antepartum in five (1%) women in the intermediate-
dose group and in five (1%) women in the low-dose group, and post partum in six (1%) women and 11 (2%) women. 
On-treatment major bleeding in the safety population (N=1045) occurred in 23 (4%) of 520 women in the intermediate-
dose group and in 20 (4%) of 525 in the low-dose group (RR 1·16 [95% CI 0·65–2·09]).

Interpretation In women with a history of venous thromboembolism, weight-adjusted intermediate-dose low-
molecular-weight heparin during the combined antepartum and post-partum periods was not associated with a lower 
risk of recurrence than fixed low-dose low-molecular-weight heparin. These results indicate that low-dose low-
molecular-weight heparin for thromboprophylaxis during pregnancy is the appropriate dose for the prevention of 
pregnancy-related recurrent venous thromboembolism.

Funding French Ministry of Health, Health Research Board Ireland, GSK/Aspen, and Pfizer.

Copyright © 2022 Elsevier Ltd. All rights reserved.

Introduction
Deep-vein thrombosis and pulmonary embolism during 
pregnancy or the post-partum period are the leading 
causes of maternal morbidity and mortality.1,2 Conversely, 
thromboprophylaxis can contribute to major bleeding,3 

which is also a major cause of maternal morbidity and 
mortality. Despite these known risks, there is a paucity of 
evidence-based thromboprophylaxis strategies. Without 
thromboprophylaxis, women with a history of venous 
thromboembolism have a 2–10% risk of developing 
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objectively confirmed venous thromboembolism 
(ie, a thromboembolism diagnosed by compression 
ultrasound examination, venography, CT, perfusion 
scintigraphy, or pulmonary angiography) either unpro-
voked or provoked by hormonal or minor risk factors, 
and a gestational age of 14 weeks or less, were eligible 
for inclusion. Exclusion criteria were a previous venous 
thromboembolism related to a major risk factor only 
(ie, surgery, major trauma, or plaster cast immobili-
sation in the 3 months before venous thromboembolism, 
in the absence of concomitant use of hormones), an 
indication for therapeutic-dose anticoagulants, or a 
contraindication to low-molecular-weight heparin. Use 
of low-molecular-weight heparin according to local 
standard of care before randomisation was allowed and 
recorded. Women were allowed to participate more than 
once and were randomly assigned with each new 
pregnancy.

The protocol was approved by the institutional review 
board or ethics committee of all participating centres. 
The protocol is available online. Written informed 
consent was obtained from all patients before 
randomisation.

Randomisation and masking
Eligible women were randomly assigned (1:1), using a 
web-based system and permuted block randomisation 
with a block size of six, stratified by centre, to weight-
adjusted intermediate-dose or fixed low-dose low-
mole cular-weight heparin once daily. Physicians and 
par tici pants were unmasked to treatment allocation 
because medication was supplied by local pharmacies in 
usual patient care settings or as study drug in accordance 
with national regulatory requirements. An inde pen  dent 
central adjudication committee, whose members 
were masked to treatment allocation, adjudicated all 
sus pected episodes of venous thromboembolism, 
super ficial thrombophlebitis, major bleeding, clinically 
relevant non-major bleeding, minor bleeding, suspected 
type I allergy to low-molecular-weight heparin, and 
suspected heparin-induced thrombocytopenia, using 
prespecified criteria. The members of the independent 
adjudication committee are listed in the appendix (p 20).

Procedures
Participants were instructed to self-administer 
their allocated dose of low-molecular-weight heparin 
once daily from pre-filled syringes subcutaneously. 
The intermediate-dose low-molecular-weight heparin 
regimen was approximately half of a therapeutic dose, 
categorised by actual bodyweight and adjusted if needed 
during pregnancy or post partum, with cutoffs of less 
than 50 kg, 50 kg to less than 70 kg, 70 kg to less than 
100 kg, and 100 kg or more. Once-daily doses ranged 
from 3800 to 9500 international units (IU) for 
nadroparin, 6000 to 12 000 IU for enoxaparin, 7500 to 
15 000 IU for dalteparin, or 4500 to 12 000 IU for 

tinzaparin (table 1). The fixed low-dose regimen was 
based on bodyweight at randomisation (<100 kg or 
≥100 kg), per clinical practice in many centres and 
suggested by the Royal College of Obstetricians and 
Gynaecologists’ Green-top guideline (table 1),12 and the 
dose was not changed throughout pregnancy or post 
partum. The preferred type of low-molecular-weight 
heparin varied per centre. Women were instructed to 
stop treatment at first signs of labour. If delivery was 
planned, the last dose was given at least 24 h before 
delivery. Required time intervals between last dose and 
neuraxial anaesthesia were according to local guide-
lines—ie, 24 h for the intermediate dose, and 10–12 h 
for the low dose. Heparin was continued until 6 weeks 
post partum, even if a pregnancy ended in miscarriage, 
abortion, or stillbirth.

In-person or telephone contacts were scheduled 2 weeks 
after randomisation, at 20 and 30 weeks of gestation, 
and 1 week, 6 weeks, and 3 months post partum. At each 
contact, suspected outcome events, adverse events, 
compliance with low-molecular-weight heparin use, 
and concomitant medications were recorded. In the 
intermediate-dose group, dose adjustments of low-
molecular-weight heparin were made if required on the 
basis of change in bodyweight at these visits. Women 
were instructed to contact the study team in case of signs 
or symptoms of venous thromboembolism or bleeding, 
upon which clinical assessment and diagnostic imaging 
were performed.

Outcomes
The primary efficacy outcome was symptomatic, 
objectively confirmed, venous thromboembolism (ie, a 
throm boembolism that is diagnosed by compression 
ultra sound examination, venography, CT or pulmonary 
angiography, or obduction and confirmed by the indepen-
dent central adjudication committee) at any time from 

For the Highlow study protocol 
see www.highlowstudie.nl

Nadroparin 
dose, IU

Enoxaparin 
dose, IU

Dalteparin 
dose, IU

Tinzaparin 
dose, IU

Weight-adjusted intermediate dose group

<50 kg 
bodyweight 

3800 6000 7500 4500 

50 to <70 kg 
bodyweight

5700 8000 10 000 7000 

70 to <100 kg 
bodyweight

7600 10 000 12 500 10 000

≥100 kg 
bodyweight

9500 12 000 15 000 12 000

Fixed low-dose group

<100 kg 
bodyweight

2850 4000 5000 3500

≥100 kg 
bodyweight

3800 6000 7500 4500

All doses are administered once daily. IU=international unit.

Table 1: Dosing schemes for each low-molecular-weight heparin type, by 
treatment group
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recorded. Women were allowed to participate more than 
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The protocol is available online. Written informed 
consent was obtained from all patients before 
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usual patient care settings or as study drug in accordance 
with national regulatory requirements. An inde pen  dent 
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were masked to treatment allocation, adjudicated all 
sus pected episodes of venous thromboembolism, 
super ficial thrombophlebitis, major bleeding, clinically 
relevant non-major bleeding, minor bleeding, suspected 
type I allergy to low-molecular-weight heparin, and 
suspected heparin-induced thrombocytopenia, using 
prespecified criteria. The members of the independent 
adjudication committee are listed in the appendix (p 20).

Procedures
Participants were instructed to self-administer 
their allocated dose of low-molecular-weight heparin 
once daily from pre-filled syringes subcutaneously. 
The intermediate-dose low-molecular-weight heparin 
regimen was approximately half of a therapeutic dose, 
categorised by actual bodyweight and adjusted if needed 
during pregnancy or post partum, with cutoffs of less 
than 50 kg, 50 kg to less than 70 kg, 70 kg to less than 
100 kg, and 100 kg or more. Once-daily doses ranged 
from 3800 to 9500 international units (IU) for 
nadroparin, 6000 to 12 000 IU for enoxaparin, 7500 to 
15 000 IU for dalteparin, or 4500 to 12 000 IU for 

tinzaparin (table 1). The fixed low-dose regimen was 
based on bodyweight at randomisation (<100 kg or 
≥100 kg), per clinical practice in many centres and 
suggested by the Royal College of Obstetricians and 
Gynaecologists’ Green-top guideline (table 1),12 and the 
dose was not changed throughout pregnancy or post 
partum. The preferred type of low-molecular-weight 
heparin varied per centre. Women were instructed to 
stop treatment at first signs of labour. If delivery was 
planned, the last dose was given at least 24 h before 
delivery. Required time intervals between last dose and 
neuraxial anaesthesia were according to local guide-
lines—ie, 24 h for the intermediate dose, and 10–12 h 
for the low dose. Heparin was continued until 6 weeks 
post partum, even if a pregnancy ended in miscarriage, 
abortion, or stillbirth.

In-person or telephone contacts were scheduled 2 weeks 
after randomisation, at 20 and 30 weeks of gestation, 
and 1 week, 6 weeks, and 3 months post partum. At each 
contact, suspected outcome events, adverse events, 
compliance with low-molecular-weight heparin use, 
and concomitant medications were recorded. In the 
intermediate-dose group, dose adjustments of low-
molecular-weight heparin were made if required on the 
basis of change in bodyweight at these visits. Women 
were instructed to contact the study team in case of signs 
or symptoms of venous thromboembolism or bleeding, 
upon which clinical assessment and diagnostic imaging 
were performed.

Outcomes
The primary efficacy outcome was symptomatic, 
objectively confirmed, venous thromboembolism (ie, a 
throm boembolism that is diagnosed by compression 
ultra sound examination, venography, CT or pulmonary 
angiography, or obduction and confirmed by the indepen-
dent central adjudication committee) at any time from 
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and a gestational age of 14 weeks or less, were eligible 
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thromboembolism related to a major risk factor only 
(ie, surgery, major trauma, or plaster cast immobili-
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in the absence of concomitant use of hormones), an 
indication for therapeutic-dose anticoagulants, or a 
contraindication to low-molecular-weight heparin. Use 
of low-molecular-weight heparin according to local 
standard of care before randomisation was allowed and 
recorded. Women were allowed to participate more than 
once and were randomly assigned with each new 
pregnancy.

The protocol was approved by the institutional review 
board or ethics committee of all participating centres. 
The protocol is available online. Written informed 
consent was obtained from all patients before 
randomisation.

Randomisation and masking
Eligible women were randomly assigned (1:1), using a 
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with a block size of six, stratified by centre, to weight-
adjusted intermediate-dose or fixed low-dose low-
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because medication was supplied by local pharmacies in 
usual patient care settings or as study drug in accordance 
with national regulatory requirements. An inde pen  dent 
central adjudication committee, whose members 
were masked to treatment allocation, adjudicated all 
sus pected episodes of venous thromboembolism, 
super ficial thrombophlebitis, major bleeding, clinically 
relevant non-major bleeding, minor bleeding, suspected 
type I allergy to low-molecular-weight heparin, and 
suspected heparin-induced thrombocytopenia, using 
prespecified criteria. The members of the independent 
adjudication committee are listed in the appendix (p 20).

Procedures
Participants were instructed to self-administer 
their allocated dose of low-molecular-weight heparin 
once daily from pre-filled syringes subcutaneously. 
The intermediate-dose low-molecular-weight heparin 
regimen was approximately half of a therapeutic dose, 
categorised by actual bodyweight and adjusted if needed 
during pregnancy or post partum, with cutoffs of less 
than 50 kg, 50 kg to less than 70 kg, 70 kg to less than 
100 kg, and 100 kg or more. Once-daily doses ranged 
from 3800 to 9500 international units (IU) for 
nadroparin, 6000 to 12 000 IU for enoxaparin, 7500 to 
15 000 IU for dalteparin, or 4500 to 12 000 IU for 

tinzaparin (table 1). The fixed low-dose regimen was 
based on bodyweight at randomisation (<100 kg or 
≥100 kg), per clinical practice in many centres and 
suggested by the Royal College of Obstetricians and 
Gynaecologists’ Green-top guideline (table 1),12 and the 
dose was not changed throughout pregnancy or post 
partum. The preferred type of low-molecular-weight 
heparin varied per centre. Women were instructed to 
stop treatment at first signs of labour. If delivery was 
planned, the last dose was given at least 24 h before 
delivery. Required time intervals between last dose and 
neuraxial anaesthesia were according to local guide-
lines—ie, 24 h for the intermediate dose, and 10–12 h 
for the low dose. Heparin was continued until 6 weeks 
post partum, even if a pregnancy ended in miscarriage, 
abortion, or stillbirth.

In-person or telephone contacts were scheduled 2 weeks 
after randomisation, at 20 and 30 weeks of gestation, 
and 1 week, 6 weeks, and 3 months post partum. At each 
contact, suspected outcome events, adverse events, 
compliance with low-molecular-weight heparin use, 
and concomitant medications were recorded. In the 
intermediate-dose group, dose adjustments of low-
molecular-weight heparin were made if required on the 
basis of change in bodyweight at these visits. Women 
were instructed to contact the study team in case of signs 
or symptoms of venous thromboembolism or bleeding, 
upon which clinical assessment and diagnostic imaging 
were performed.

Outcomes
The primary efficacy outcome was symptomatic, 
objectively confirmed, venous thromboembolism (ie, a 
throm boembolism that is diagnosed by compression 
ultra sound examination, venography, CT or pulmonary 
angiography, or obduction and confirmed by the indepen-
dent central adjudication committee) at any time from 

For the Highlow study protocol 
see www.highlowstudie.nl

Nadroparin 
dose, IU

Enoxaparin 
dose, IU

Dalteparin 
dose, IU

Tinzaparin 
dose, IU

Weight-adjusted intermediate dose group

<50 kg 
bodyweight 

3800 6000 7500 4500 

50 to <70 kg 
bodyweight

5700 8000 10 000 7000 

70 to <100 kg 
bodyweight

7600 10 000 12 500 10 000

≥100 kg 
bodyweight

9500 12 000 15 000 12 000

Fixed low-dose group

<100 kg 
bodyweight

2850 4000 5000 3500

≥100 kg 
bodyweight

3800 6000 7500 4500

All doses are administered once daily. IU=international unit.

Table 1: Dosing schemes for each low-molecular-weight heparin type, by 
treatment group

doi.org/10.1016/ S0140-6736(22)02128-6 



Highlow - résultats

lancet octobre 2022

Articles

www.thelancet.com   Published online October 28, 2022   https://doi.org/10.1016/S0140-6736(22)02128-6 7

in the intermediate-dose group and in 12 (2%) of 491 in 
the low-dose group (RR 0·43 [95% CI 0·15–1·20]; 
appendix pp 25–26, 29). Other secondary efficacy 
outcomes in the per-protocol population during the on-
treatment period gave similar results as in the ITT 
population (appendix pp 25–26).

The primary safety outcome of major bleeding from 
randomisation up to 6 weeks post partum occurred in 
23 (4%) of 520 women receiving intermediate-dose low-
molecular-weight heparin and in 20 (4%) of 525 receiving 
low-dose low-molecular-weight heparin (RR 1·16 [95% CI 
0·65–2·09]; p=0·63; table 4, figure 2B). Antepartum 
major bleeding occurred in two (<1%) women in the 
intermediate-dose group and in two (<1%) in the low-
dose group. Early post-partum major bleeding occurred 
in 19 (4%) women in the intermediate-dose group and in 
18 (3%) in the low-dose group. Late post-partum 
major bleeding occurred in two (<1%) women in the 
intermediate-dose group and in none in the low-dose 
group. There were no maternal deaths during the study. 
All safety outcomes are shown in table 4 and in the 
appendix (pp 30–31). The subgroup analysis and 
sensitivity analysis of the primary safety outcome are 
shown in the appendix (pp 24, 27–28), and did not differ 
materially from the main analyses.

Discussion
In the Highlow study, we found that antepartum and post-
partum weight-adjusted intermediate-dose low-molecular-
weight heparin did not reduce the risk of venous 
thromboembolism compared with fixed low-dose low-
molecular-weight heparin in pregnant women with a 
history of venous thromboembolism. Despite thrombo-
prophylaxis, in the ITT analysis including all women 
assigned to treatment (ie, including those with protocol 
deviations), we observed an absolute risk of venous 
thromboembolism during pregnancy or up to 6 weeks 
post partum of 2% in women receiving intermediate-dose 
low-molecular-weight heparin and 3% in those receiving 
low-dose low-molecular-weight heparin (RR 0·69 [95% CI 
0·32 to 1·47]). In the on-treatment analysis in the per-
protocol population, the risk difference between the 
treatment groups appeared larger, but this difference also 
was not significant (1% vs 2%; RR 0·43 [95% CI 
0·15–1·20]). We found no difference in on-treatment 
major bleeding (4% in the intermediate-dose group vs 4% 
in the low-dose group; RR 1·16 [95% CI 0·65–2·09]).

Some observed differences between the treatment 
groups are noteworthy. First, the risk of pulmonary 
embolism, a component of the primary efficacy outcome, 
was substantially lower with intermediate-dose low-
molecular-weight heparin than with fixed low-dose low-
molecular-weight heparin (RR 0·11 [95% CI 0·01 to 0·87]). 
Second, venous thromboembolism or superficial 
thrombophlebitis up to 6 weeks post partum, a 
prespecified secondary efficacy outcome, occurred in 
13 (2%) of 555 women in the intermediate-dose group and 

in 29 (5%) of 555 in the low-dose group (RR 0·45 [95% CI 
0·24–0·85]). This outcome is clinically relevant because 
superficial thrombophlebitis occurring while using 

Intermediate-
dose low-
molecular-weight 
heparin group 
(n=555)

Low-dose low-
molecular-weight 
heparin group 
(n=555)

Relative risk 
(95% CI)

Hazard ratio 
(95% CI)

From randomisation until 6 weeks post partum

Venous 
thromboembolism 
(primary outcome)

11 (2%) 16 (3%) 0·69 (0·32–1·47) 0·68 (0·32–1·47)

Antepartum 5 (1%) 5 (1%) ·· ··

Post partum 6 (1%) 11 (2%) ·· ··

Pulmonary embolism 1 (<1%) 9 (2%) 0·11 (0·01–0·87) ··*

Antepartum 0 2 (<1%) ·· ··

Post partum 1 (<1%) 7 (1%) ·· ··

Deep-vein thrombosis 8 (1%) 6 (1%) 1·33 (0·47–3·82) 1·32 (0·46–3·81)

Antepartum 4 (1%) 3 (1%) ·· ··

Post partum 4 (1%) 3 (1%) ·· ··

Unusual site venous 
thrombosis†

2 (<1%) 1 (<1%) 2·00 (0·18–22·00) 1·99 (0·18–21·96)

Antepartum 1 (<1%) 0 ·· ··

Post partum 1 (<1%) 1 (<1%) ·· ··

Superficial 
thrombophlebitis‡

3 (1%) 13 (2%) 0·23 (0·07–0·81) 0·22 (0·06–0·79)

Antepartum 3 (1%) 2 (<1%) ·· ··

Post partum 0 11 (2%) ·· ··

Venous 
thromboembolism or 
superficial 
thrombophlebitis

13 (2%) 29 (5%) 0·45 (0·24–0·85) 0·44 (0·23–0·85)

Antepartum 8 (1%) 7 (1%) ·· ··

Post partum 5 (1%) 22 (4%) ·· ··

From randomisation until 3 months post partum

Venous 
thromboembolism

13 (2%) 18 (3%) 0·72 (0·36–1·46) 0·71 (0·35–1·45)

Pulmonary 
embolism

3 (1%) 9 (2%) 0·33 (0·09–1·22) ··*

Deep-vein 
thrombosis

8 (1%) 7 (1%) 1·14 (0·42–3·13) 1·14 (0·41–3·13)

Unusual site venous 
thrombosis§

2 (<1%) 2 (<1%) 1·00 (0·14 -7·07) 0·99 (0·14 -7·05)

Superficial 
thrombophlebitis

4 (1%) 13 (2%) 0·31 (0·10–0·94) 0·30 (0·10–0·93)

Venous 
thromboembolism or 
superficial 
thrombophlebitis

16 (3%) 31 (7%) 0·52 (0·29–0·93) 0·51 (0·28–0·92)

Data are n (%) or point estimate with 95% CI in parentheses. *Hazard ratio was not estimated due to violation of the 
proportionality assumption. †Including one cerebral venous thrombosis antepartum and one cerebral venous 
thrombosis post partum in the intermediate-dose group; and one abdominal venous thrombosis in the low-dose 
group. ‡Centrally adjudicated; after diagnosis, two participants in the intermediate-dose group and seven in the low-
dose group were treated with therapeutic anticoagulant therapy; one of two participants in the intermediate-dose 
group continued with weight-adjusted intermediate-dose low-molecular-weight heparin, three of seven in the low-
dose group were treated with intermediate-dose low-molecular-weight heparin, and another three in the low-dose 
group continued with low-dose low-molecular-weight heparin. §Including one additional cerebral venous thrombosis 
post partum in the low-dose group.

Table 3: Efficacy outcomes in the intention-to-treat population
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in the intermediate-dose group and in 12 (2%) of 491 in 
the low-dose group (RR 0·43 [95% CI 0·15–1·20]; 
appendix pp 25–26, 29). Other secondary efficacy 
outcomes in the per-protocol population during the on-
treatment period gave similar results as in the ITT 
population (appendix pp 25–26).

The primary safety outcome of major bleeding from 
randomisation up to 6 weeks post partum occurred in 
23 (4%) of 520 women receiving intermediate-dose low-
molecular-weight heparin and in 20 (4%) of 525 receiving 
low-dose low-molecular-weight heparin (RR 1·16 [95% CI 
0·65–2·09]; p=0·63; table 4, figure 2B). Antepartum 
major bleeding occurred in two (<1%) women in the 
intermediate-dose group and in two (<1%) in the low-
dose group. Early post-partum major bleeding occurred 
in 19 (4%) women in the intermediate-dose group and in 
18 (3%) in the low-dose group. Late post-partum 
major bleeding occurred in two (<1%) women in the 
intermediate-dose group and in none in the low-dose 
group. There were no maternal deaths during the study. 
All safety outcomes are shown in table 4 and in the 
appendix (pp 30–31). The subgroup analysis and 
sensitivity analysis of the primary safety outcome are 
shown in the appendix (pp 24, 27–28), and did not differ 
materially from the main analyses.

Discussion
In the Highlow study, we found that antepartum and post-
partum weight-adjusted intermediate-dose low-molecular-
weight heparin did not reduce the risk of venous 
thromboembolism compared with fixed low-dose low-
molecular-weight heparin in pregnant women with a 
history of venous thromboembolism. Despite thrombo-
prophylaxis, in the ITT analysis including all women 
assigned to treatment (ie, including those with protocol 
deviations), we observed an absolute risk of venous 
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0·32 to 1·47]). In the on-treatment analysis in the per-
protocol population, the risk difference between the 
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was not significant (1% vs 2%; RR 0·43 [95% CI 
0·15–1·20]). We found no difference in on-treatment 
major bleeding (4% in the intermediate-dose group vs 4% 
in the low-dose group; RR 1·16 [95% CI 0·65–2·09]).

Some observed differences between the treatment 
groups are noteworthy. First, the risk of pulmonary 
embolism, a component of the primary efficacy outcome, 
was substantially lower with intermediate-dose low-
molecular-weight heparin than with fixed low-dose low-
molecular-weight heparin (RR 0·11 [95% CI 0·01 to 0·87]). 
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prespecified secondary efficacy outcome, occurred in 
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Post partum 6 (1%) 11 (2%) ·· ··

Pulmonary embolism 1 (<1%) 9 (2%) 0·11 (0·01–0·87) ··*

Antepartum 0 2 (<1%) ·· ··

Post partum 1 (<1%) 7 (1%) ·· ··

Deep-vein thrombosis 8 (1%) 6 (1%) 1·33 (0·47–3·82) 1·32 (0·46–3·81)

Antepartum 4 (1%) 3 (1%) ·· ··

Post partum 4 (1%) 3 (1%) ·· ··

Unusual site venous 
thrombosis†

2 (<1%) 1 (<1%) 2·00 (0·18–22·00) 1·99 (0·18–21·96)

Antepartum 1 (<1%) 0 ·· ··

Post partum 1 (<1%) 1 (<1%) ·· ··

Superficial 
thrombophlebitis‡

3 (1%) 13 (2%) 0·23 (0·07–0·81) 0·22 (0·06–0·79)

Antepartum 3 (1%) 2 (<1%) ·· ··

Post partum 0 11 (2%) ·· ··

Venous 
thromboembolism or 
superficial 
thrombophlebitis

13 (2%) 29 (5%) 0·45 (0·24–0·85) 0·44 (0·23–0·85)

Antepartum 8 (1%) 7 (1%) ·· ··

Post partum 5 (1%) 22 (4%) ·· ··

From randomisation until 3 months post partum

Venous 
thromboembolism

13 (2%) 18 (3%) 0·72 (0·36–1·46) 0·71 (0·35–1·45)

Pulmonary 
embolism

3 (1%) 9 (2%) 0·33 (0·09–1·22) ··*

Deep-vein 
thrombosis

8 (1%) 7 (1%) 1·14 (0·42–3·13) 1·14 (0·41–3·13)

Unusual site venous 
thrombosis§

2 (<1%) 2 (<1%) 1·00 (0·14 -7·07) 0·99 (0·14 -7·05)

Superficial 
thrombophlebitis

4 (1%) 13 (2%) 0·31 (0·10–0·94) 0·30 (0·10–0·93)

Venous 
thromboembolism or 
superficial 
thrombophlebitis

16 (3%) 31 (7%) 0·52 (0·29–0·93) 0·51 (0·28–0·92)

Data are n (%) or point estimate with 95% CI in parentheses. *Hazard ratio was not estimated due to violation of the 
proportionality assumption. †Including one cerebral venous thrombosis antepartum and one cerebral venous 
thrombosis post partum in the intermediate-dose group; and one abdominal venous thrombosis in the low-dose 
group. ‡Centrally adjudicated; after diagnosis, two participants in the intermediate-dose group and seven in the low-
dose group were treated with therapeutic anticoagulant therapy; one of two participants in the intermediate-dose 
group continued with weight-adjusted intermediate-dose low-molecular-weight heparin, three of seven in the low-
dose group were treated with intermediate-dose low-molecular-weight heparin, and another three in the low-dose 
group continued with low-dose low-molecular-weight heparin. §Including one additional cerebral venous thrombosis 
post partum in the low-dose group.
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in the intermediate-dose group and in 12 (2%) of 491 in 
the low-dose group (RR 0·43 [95% CI 0·15–1·20]; 
appendix pp 25–26, 29). Other secondary efficacy 
outcomes in the per-protocol population during the on-
treatment period gave similar results as in the ITT 
population (appendix pp 25–26).

The primary safety outcome of major bleeding from 
randomisation up to 6 weeks post partum occurred in 
23 (4%) of 520 women receiving intermediate-dose low-
molecular-weight heparin and in 20 (4%) of 525 receiving 
low-dose low-molecular-weight heparin (RR 1·16 [95% CI 
0·65–2·09]; p=0·63; table 4, figure 2B). Antepartum 
major bleeding occurred in two (<1%) women in the 
intermediate-dose group and in two (<1%) in the low-
dose group. Early post-partum major bleeding occurred 
in 19 (4%) women in the intermediate-dose group and in 
18 (3%) in the low-dose group. Late post-partum 
major bleeding occurred in two (<1%) women in the 
intermediate-dose group and in none in the low-dose 
group. There were no maternal deaths during the study. 
All safety outcomes are shown in table 4 and in the 
appendix (pp 30–31). The subgroup analysis and 
sensitivity analysis of the primary safety outcome are 
shown in the appendix (pp 24, 27–28), and did not differ 
materially from the main analyses.

Discussion
In the Highlow study, we found that antepartum and post-
partum weight-adjusted intermediate-dose low-molecular-
weight heparin did not reduce the risk of venous 
thromboembolism compared with fixed low-dose low-
molecular-weight heparin in pregnant women with a 
history of venous thromboembolism. Despite thrombo-
prophylaxis, in the ITT analysis including all women 
assigned to treatment (ie, including those with protocol 
deviations), we observed an absolute risk of venous 
thromboembolism during pregnancy or up to 6 weeks 
post partum of 2% in women receiving intermediate-dose 
low-molecular-weight heparin and 3% in those receiving 
low-dose low-molecular-weight heparin (RR 0·69 [95% CI 
0·32 to 1·47]). In the on-treatment analysis in the per-
protocol population, the risk difference between the 
treatment groups appeared larger, but this difference also 
was not significant (1% vs 2%; RR 0·43 [95% CI 
0·15–1·20]). We found no difference in on-treatment 
major bleeding (4% in the intermediate-dose group vs 4% 
in the low-dose group; RR 1·16 [95% CI 0·65–2·09]).

Some observed differences between the treatment 
groups are noteworthy. First, the risk of pulmonary 
embolism, a component of the primary efficacy outcome, 
was substantially lower with intermediate-dose low-
molecular-weight heparin than with fixed low-dose low-
molecular-weight heparin (RR 0·11 [95% CI 0·01 to 0·87]). 
Second, venous thromboembolism or superficial 
thrombophlebitis up to 6 weeks post partum, a 
prespecified secondary efficacy outcome, occurred in 
13 (2%) of 555 women in the intermediate-dose group and 

in 29 (5%) of 555 in the low-dose group (RR 0·45 [95% CI 
0·24–0·85]). This outcome is clinically relevant because 
superficial thrombophlebitis occurring while using 

Intermediate-
dose low-
molecular-weight 
heparin group 
(n=555)

Low-dose low-
molecular-weight 
heparin group 
(n=555)

Relative risk 
(95% CI)

Hazard ratio 
(95% CI)

From randomisation until 6 weeks post partum

Venous 
thromboembolism 
(primary outcome)

11 (2%) 16 (3%) 0·69 (0·32–1·47) 0·68 (0·32–1·47)

Antepartum 5 (1%) 5 (1%) ·· ··

Post partum 6 (1%) 11 (2%) ·· ··

Pulmonary embolism 1 (<1%) 9 (2%) 0·11 (0·01–0·87) ··*

Antepartum 0 2 (<1%) ·· ··

Post partum 1 (<1%) 7 (1%) ·· ··

Deep-vein thrombosis 8 (1%) 6 (1%) 1·33 (0·47–3·82) 1·32 (0·46–3·81)

Antepartum 4 (1%) 3 (1%) ·· ··

Post partum 4 (1%) 3 (1%) ·· ··

Unusual site venous 
thrombosis†

2 (<1%) 1 (<1%) 2·00 (0·18–22·00) 1·99 (0·18–21·96)

Antepartum 1 (<1%) 0 ·· ··

Post partum 1 (<1%) 1 (<1%) ·· ··

Superficial 
thrombophlebitis‡

3 (1%) 13 (2%) 0·23 (0·07–0·81) 0·22 (0·06–0·79)

Antepartum 3 (1%) 2 (<1%) ·· ··

Post partum 0 11 (2%) ·· ··

Venous 
thromboembolism or 
superficial 
thrombophlebitis

13 (2%) 29 (5%) 0·45 (0·24–0·85) 0·44 (0·23–0·85)

Antepartum 8 (1%) 7 (1%) ·· ··

Post partum 5 (1%) 22 (4%) ·· ··

From randomisation until 3 months post partum

Venous 
thromboembolism

13 (2%) 18 (3%) 0·72 (0·36–1·46) 0·71 (0·35–1·45)

Pulmonary 
embolism

3 (1%) 9 (2%) 0·33 (0·09–1·22) ··*

Deep-vein 
thrombosis

8 (1%) 7 (1%) 1·14 (0·42–3·13) 1·14 (0·41–3·13)

Unusual site venous 
thrombosis§

2 (<1%) 2 (<1%) 1·00 (0·14 -7·07) 0·99 (0·14 -7·05)

Superficial 
thrombophlebitis

4 (1%) 13 (2%) 0·31 (0·10–0·94) 0·30 (0·10–0·93)

Venous 
thromboembolism or 
superficial 
thrombophlebitis

16 (3%) 31 (7%) 0·52 (0·29–0·93) 0·51 (0·28–0·92)

Data are n (%) or point estimate with 95% CI in parentheses. *Hazard ratio was not estimated due to violation of the 
proportionality assumption. †Including one cerebral venous thrombosis antepartum and one cerebral venous 
thrombosis post partum in the intermediate-dose group; and one abdominal venous thrombosis in the low-dose 
group. ‡Centrally adjudicated; after diagnosis, two participants in the intermediate-dose group and seven in the low-
dose group were treated with therapeutic anticoagulant therapy; one of two participants in the intermediate-dose 
group continued with weight-adjusted intermediate-dose low-molecular-weight heparin, three of seven in the low-
dose group were treated with intermediate-dose low-molecular-weight heparin, and another three in the low-dose 
group continued with low-dose low-molecular-weight heparin. §Including one additional cerebral venous thrombosis 
post partum in the low-dose group.
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thromboprophylaxis often leads to increasing the dose of 
low-molecular-weight heparin.24 Third, in post-hoc 
analyses, we observed a potential differential effect of the 
intervention in the antepartum versus the post-partum 
period. Women who were allocated to receive intermediate-
dose low-molecular-weight heparin had a lower incidence 
of post-partum pulmonary embolism (one [<1%] of 
555 women vs seven [1%] of 555 women) and superficial 
thrombophlebitis (none vs 11 [2%]) than women allocated 
to low-dose low-molecular-weight heparin. Interestingly, 
we did not observe subgroups with a differential treatment 
effect, such as history of provoked or unprovoked venous 
thromboembolism or based on bodyweight. Although the 
absolute risk of venous thromboembolism might be 
increased in women with increased bodyweight or age,16 
our study was not designed to draw conclusions about 
such differences between subgroups.

The results of the Highlow study provide an evidence 
base for guidelines and show that low-dose low-molecular-
weight heparin for thromboprophylaxis during pregnancy 
is the appropriate dose to prevent pregnancy-related 
recurrence.9–12 Higher doses of low-molecular-weight 

heparin complicate peripartum management because of 
a longer required interval for neuraxial anaesthesia and 
are associated with increased costs and a potential for 
more side-effects, such as bruising and bleeding. The 
suggestion of greater efficacy of intermediate-dose low-
molecular-weight heparin versus low-dose low-molecular-
weight heparin during the post-partum period is to be 
regarded as hypothesis generating and would ideally be 
ascertained in a future randomised controlled trial. 
Additionally, finding ways to increase adherence to low-
molecular-weight heparin during pregnancy and post 
partum and assessment of its effect on venous 
thromboembolism risk would be extremely valuable.

To date, only two small randomised controlled trials 
(one included 16 women,14 and the other included 
40 women15) have assessed the efficacy of thrombo-
prophylaxis in pregnant women with a history of venous 
thromboembolism. This paucity of studies is probably the 
result of substantial funding, regulatory, ethical, and 
structural barriers challenging the conduct of randomised 
trials in pregnant women. In the Highlow study, a large 
number of women were prospectively followed up with 
careful documentation of outcomes and adverse events. 
Loss to follow-up was very low, as was the rate of 
withdrawal of consent. Because the trial was run in nine 
countries with use of different types of low-molecular-
weight heparin, the findings of this study are generalisable.

Our study has several limitations. The trial did not 
include a placebo group because the standard of care 
according to various guidelines is to provide pharma-
cological thromboprophylaxis with low-molecular-weight 
heparin to women with history of venous 
thromboembolism. For pragmatic reasons, we used an 
open-label design which might increase the risk of 
diagnostic suspicion bias. We also judged masking of 
clinicians to the assigned low-molecular-weight heparin 
dose to be unethical due to the requirement for different 
peripartum management strategies required for each 
group. However, the main efficacy and safety outcomes 
were adjudicated by a central committee who was unaware 
of treatment allocation. For the intermediate-dose low-
molecular-weight heparin group, we chose to increase the 
dose with increasing bodyweight. We did not increase the 
dose in the low-dose group during the course of pregnancy, 
as is suggested by the American College of Obstetricians 
and Gynecologists and might be considered to be rational 
on the basis of pharmacokinetic studies.10,16,17 We found a 
considerable number of protocol deviations (146 deviations 
in 138 women), such as non-adherence to required weight 
adjustments in the intermediate-dose group, differences 
in peripartum low-molecular-weight heparin management 
due to concerns about post-partum bleeding or 
inaccessibility to neuraxial anaesthesia, and premature 
discontinuation of assigned treatment during the post-
partum period. The effect of these deviations might be 
reflected in the greater observed efficacy of intermediate-
dose low-molecular-weight heparin in the on-treatment 

Figure 2: Kaplan-Meier cumulative event rates for venous thromboembolism in the intention-to-treat 
population (N=1110; A) and for major bleeding in the safety population (N=1045; B) from randomisation up 
to 6 weeks post partum 
Ticks indicate number censored.
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thromboprophylaxis often leads to increasing the dose of 
low-molecular-weight heparin.24 Third, in post-hoc 
analyses, we observed a potential differential effect of the 
intervention in the antepartum versus the post-partum 
period. Women who were allocated to receive intermediate-
dose low-molecular-weight heparin had a lower incidence 
of post-partum pulmonary embolism (one [<1%] of 
555 women vs seven [1%] of 555 women) and superficial 
thrombophlebitis (none vs 11 [2%]) than women allocated 
to low-dose low-molecular-weight heparin. Interestingly, 
we did not observe subgroups with a differential treatment 
effect, such as history of provoked or unprovoked venous 
thromboembolism or based on bodyweight. Although the 
absolute risk of venous thromboembolism might be 
increased in women with increased bodyweight or age,16 
our study was not designed to draw conclusions about 
such differences between subgroups.

The results of the Highlow study provide an evidence 
base for guidelines and show that low-dose low-molecular-
weight heparin for thromboprophylaxis during pregnancy 
is the appropriate dose to prevent pregnancy-related 
recurrence.9–12 Higher doses of low-molecular-weight 

heparin complicate peripartum management because of 
a longer required interval for neuraxial anaesthesia and 
are associated with increased costs and a potential for 
more side-effects, such as bruising and bleeding. The 
suggestion of greater efficacy of intermediate-dose low-
molecular-weight heparin versus low-dose low-molecular-
weight heparin during the post-partum period is to be 
regarded as hypothesis generating and would ideally be 
ascertained in a future randomised controlled trial. 
Additionally, finding ways to increase adherence to low-
molecular-weight heparin during pregnancy and post 
partum and assessment of its effect on venous 
thromboembolism risk would be extremely valuable.

To date, only two small randomised controlled trials 
(one included 16 women,14 and the other included 
40 women15) have assessed the efficacy of thrombo-
prophylaxis in pregnant women with a history of venous 
thromboembolism. This paucity of studies is probably the 
result of substantial funding, regulatory, ethical, and 
structural barriers challenging the conduct of randomised 
trials in pregnant women. In the Highlow study, a large 
number of women were prospectively followed up with 
careful documentation of outcomes and adverse events. 
Loss to follow-up was very low, as was the rate of 
withdrawal of consent. Because the trial was run in nine 
countries with use of different types of low-molecular-
weight heparin, the findings of this study are generalisable.

Our study has several limitations. The trial did not 
include a placebo group because the standard of care 
according to various guidelines is to provide pharma-
cological thromboprophylaxis with low-molecular-weight 
heparin to women with history of venous 
thromboembolism. For pragmatic reasons, we used an 
open-label design which might increase the risk of 
diagnostic suspicion bias. We also judged masking of 
clinicians to the assigned low-molecular-weight heparin 
dose to be unethical due to the requirement for different 
peripartum management strategies required for each 
group. However, the main efficacy and safety outcomes 
were adjudicated by a central committee who was unaware 
of treatment allocation. For the intermediate-dose low-
molecular-weight heparin group, we chose to increase the 
dose with increasing bodyweight. We did not increase the 
dose in the low-dose group during the course of pregnancy, 
as is suggested by the American College of Obstetricians 
and Gynecologists and might be considered to be rational 
on the basis of pharmacokinetic studies.10,16,17 We found a 
considerable number of protocol deviations (146 deviations 
in 138 women), such as non-adherence to required weight 
adjustments in the intermediate-dose group, differences 
in peripartum low-molecular-weight heparin management 
due to concerns about post-partum bleeding or 
inaccessibility to neuraxial anaesthesia, and premature 
discontinuation of assigned treatment during the post-
partum period. The effect of these deviations might be 
reflected in the greater observed efficacy of intermediate-
dose low-molecular-weight heparin in the on-treatment 

Figure 2: Kaplan-Meier cumulative event rates for venous thromboembolism in the intention-to-treat 
population (N=1110; A) and for major bleeding in the safety population (N=1045; B) from randomisation up 
to 6 weeks post partum 
Ticks indicate number censored.
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Highlow - conclusion

• Pas de bénéfice à la dose intermédiaire

• Risque TEV élevé (2-3 %) chez des patientes traitées

• Le risque relatif semble sensible à la période ANTE 
versus POST partum
+ Embolies pulmonaires
+ Thromboses veineuses superficielles

• Générer des hypothèses:
+ Dose prophylactique ante partum et dose intermédiaire post partum?

+ Dose thérapeutique?
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of 159 patients patients in the control group (RR 0·11, 
95% CI 0·01–0·87; p=0·0360). Similar results were seen 
in the per-protocol and other sensitivity analysis 
(appendix pp 10–20).

For the secondary safety analysis, clinically relevant 
non-major bleeding occurred in two patients treated with 
rivaroxaban (one nose and one urinary bleed) and two in 
the control group. The prespecified combination of 
major, clinically relevant non-major, and other bleeding 
occurred in four (2·52%) of 159 patients receiving 
rivaroxaban and three (1·89%) of 159 patients allocated to 
no anticoagulation. The primary and secondary efficacy 
and safety outcomes are presented in table 2. Similar 
results were seen in the per protocol and other sensitivity 
analysis (appendix pp 11–20). Allergic reactions to the 
study medication occurred in two (1·3%) patients 
assigned to the rivaroxaban group.

Results for the primary outcome were consistent across 
prespecified subgroups with no signs of heterogeneity. 
The subgroups that passed the interaction test were 
patients with advanced age, patients with obesity, 
patients with moderate renal failure (creatinine clearance 
<50 mL/min), patients with an elevated IMPROVE VTE 
score (≥4), patients with increased D-dimer, and patients 
under antiplatelet therapy (figure 3).

Discussion 
In this open-label, multicentre, randomised, controlled 
trial of patients at high risk hospitalised with confirmed 
COVID-19, a treatment regimen of standard in-
hospital parenteral thromboprophylaxis and extended 
post-discharge thromboprophylaxis with rivaroxaban 
10 mg/day for 35 days (SD 4), when compared with no 
anticoagulation, resulted in better clinical outcomes, 
including a reduction in major and fatal thromboembolic 
events without increasing major bleeding, after standard 

in-hospital parenteral thromboprophylaxis. The results 
were consistent across all prespecified subgroups. These 
results provide high-quality evidence and will inform 
clinical practice guidelines about the role of extended 
thromboprophylaxis in hospitalised patients with 
COVID-19.

To our knowledge, the MICHELLE trial is the first 
randomised study in the field of extended post-discharge 
thromboprophylaxis for patients with COVID-19 that 
has shown clinical benefit. The difference was driven 
mainly by a lower incidence of pulmonary embolism 
(one symptomatic and one asymptomatic pulmonary 
embolism detected by CT pulmonary angiogram) in the 
treatment group compared with the control group 
(four asymptomatic, three symptomatic, and three fatal). 
Two of the fatal pulmonary emboli in the control 
group were confirmed by autopsy and the other one 
was considered a pulmonary embolism because the 
investigator reported to the clinical events classification 
committee that the patient died from acute right heart 

Rivaroxaban 
(n=159)

Control  
(n=159)

Relative risk 
(95% CI)

p values 
(two-sided)

Primary efficacy outcome 5/159 (3·14%) 15/159 (9·43%) 0·33 (0·13–0·90) 0·0293

Secondary efficacy outcomes

Symptomatic and fatal VTE 1/159 (0·63%) 8/159 (5·03%) 0·13 (0·02–0·99) 0·0487

Symptomatic VTE and all-cause 
mortality

4/159 (2·52%) 9/159 (5·66%) 0·44 (0·14–1·41) 0·1696

Composite of symptomatic 
VTE, myocardial infarction, 
stroke, and cardiovascular death

1/159 (0·63%) 9/159 (5·66%) 0·11 (0·01–0·87) 0·0360

Components of the primary outcome

Symptomatic DVT 0 3 (1·89%) 0·14 (0·01–2·74) 0·1968

Symptomatic pulmonary 
embolism

1 (0·63%) 2 (1·26%) 0·50 (0·05–5·46) 0·5698

Fatal pulmonary embolism 0 3 (1·89%) 0·14 (0·01–2·74) 0·1968

Asymptomatic DVT on duplex 
scan

3 (1·89%) 1 (0·63%) 3·00 (0·32–28·53) 0·3391

Asymptomatic pulmonary 
embolism on CT pulmonary 
angiogram

1 (0·63%) 4 (2·52%) 0·25 (0·03–2·21) 0·2127

Symptomatic arterial 
thrombosis

0 1 (0·63%) 0·33 (0·01–8·12) 0·5001

Myocardial infarction 0 0 NA NA

Non-haemorrhagic stroke 0 0 NA NA

Major adverse limb event 0 0 NA NA

Cardiovascular death 0 1 (0·63%) 0·33 (0·01–8·12) 0·5001

Primary safety outcome

Major bleeding 0 0 NA NA

Secondary safety outcomes

CRNM 2/159 (1·26%) 2/159 (1·26%) 1·00 (0·14–7·01) 1·0000

Other bleeding 2/159 (1·26%) 1/159 (0·63%) 2·00 (0·18–21·84) 0·5698

Combination of major, CRNM, 
and other bleeding

4/159 (2·51%) 3/159 (1·89%) 1·33 (0·30–5·86) 0·7034

Data are n/N (%), or n (%), unless otherwise specified. CRNM=clinically relevant non-major. DVT=deep vein 
thrombosis. NA=not applicable. VTE=venous thromboembolism.

Table 2: Efficacy and safety outcomes (intention-to-treat analysis)

Figure 2: Primary efficacy and safety outcomes 
The primary endpoint was a composite of symptomatic or fatal venous 
thromboembolism, asymptomatic venous thromboembolism detected by 
bilateral lower limb venous Doppler ultrasound and CT pulmonary angiogram, 
symptomatic arterial thromboembolism (myocardial infarction, non-
haemorrhagic stroke, and major adverse limb event), and cardiovascular death 
at day 35.
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Rivaroxaban versus no anticoagulation for post-discharge 
thromboprophylaxis after hospitalisation for COVID-19 
(MICHELLE): an open-label, multicentre, randomised, 
controlled trial 
Eduardo Ramacciotti, Leandro Barile Agati, Daniela Calderaro, Valéria Cristina Resende Aguiar, Alex C Spyropoulos, 
Caroline Candida Carvalho de Oliveira, Jessica Lins dos Santos, Giuliano Giova Volpiani, Marcone Lima Sobreira, Edwaldo Edner Joviliano, 

Milton Sérgio Bohatch Júnior, Benedito Antônio Lopes da Fonseca, Maurício Serra Ribeiro, Cesar Dusilek, Kengi Itinose, 
Suzanna Maria Viana Sanches, Karine de Almeida Araujo Ramos, Nara Franzin de Moraes, Paulo Fernando Guimarães Morando Marzocchi Tierno, 
André Luiz Malavasi Longo de Oliveira, Adriano Tachibana, Rodrigo Caruso Chate, Marcus Vinícius Barbosa Santos, 
Bruno Bezerra de Menezes Cavalcante, Ricardo Cesar Rocha Moreira, Chiann Chang, Alfonso Tafur, Jawed Fareed, Renato D Lopes, on behalf of the 
MICHELLE investigators

Summary
Background Patients hospitalised with COVID-19 are at risk for thrombotic events after discharge; the role of extended 
thromboprophylaxis in this population is unknown.

Methods In this open-label, multicentre, randomised trial conducted at 14 centres in Brazil, patients hospitalised with 
COVID-19 at increased risk for venous thromboembolism (International Medical Prevention Registry on Venous 
Thromboembolism [IMPROVE] venous thromboembolism [VTE] score of ≥4 or 2–3 with a D-dimer >500 ng/mL) 
were randomly assigned (1:1) to receive, at hospital discharge, rivaroxaban 10 mg/day or no anticoagulation for 
35 days. The primary efficacy outcome in an intention-to-treat analysis was a composite of symptomatic or fatal 
venous thromboembolism, asymptomatic venous thromboembolism on bilateral lower-limb venous ultrasound and 
CT pulmonary angiogram, symptomatic arterial thromboembolism, and cardiovascular death at day 35. Adjudication 
was blinded. The primary safety outcome was major bleeding. The primary and safety analyses were carried out in the 
intention-to-treat population. This trial is registered at ClinicalTrials.gov, NCT04662684.

Findings From Oct 8, 2020, to June 29, 2021, 997 patients were screened. Of these patients, 677 did not meet eligibility 
criteria; the remaining 320 patients were enrolled and randomly assigned to receive rivaroxaban (n=160 [50%]) or no 
anticoagulation (n=160 [50%]). All patients received thromboprophylaxis with standard doses of heparin during 
hospitalisation. 165 (52%) patients were in the intensive care unit while hospitalised. 197 (62%) patients had an 
IMPROVE score of 2–3 and elevated D-dimer levels and 121 (38%) had a score of 4 or more. Two patients (one in each 
group) were lost to follow-up due to withdrawal of consent and not included in the intention-to-treat primary analysis. 
The primary efficacy outcome occurred in five (3%) of 159 patients assigned to rivaroxaban and 15 (9%) of 159 patients 
assigned to no anticoagulation (relative risk 0·33, 95% CI 0·12–0·90; p=0·0293). No major bleeding occurred in either 
study group. Allergic reactions occurred in two (1%) patients in the rivaroxaban group.

Interpretation In patients at high risk discharged after hospitalisation due to COVID-19, thromboprophylaxis with 
rivaroxaban 10 mg/day for 35 days improved clinical outcomes compared with no extended thromboprophylaxis.

Funding Bayer.

Copyright © 2021 Published by Elsevier Ltd. All rights reserved. 

Introduction 
Thrombotic events complicate COVID-19 at higher rates 
than previously observed in other comparable clinical 
situations, such as acute distress respiratory syndrome 
not related to SARS-CoV-2.1 Prophylactic use of parenteral 
anticoagulants during hospitalisation is recommended,2 
and there is emerging consensus about the role of in-
hospital heparin as primary thromboprophylaxis.3,4 There 
is no consensus on the use of extended thrombo-
prophylaxis beyond the hospital stay. Multiple studies of 

post-discharge patients with COVID-19 show incidences 
of symptomatic venous thromboembolism ranging from 
below 1%5 to 2·5%.6,7 In the largest prospective registry, 
which included 4906 post-discharge patients with 
COVID-19, the incidence of the primary endpoint of 
venous thromboembolism, arterial thromboembolism, or 
all-cause death was 7·13%, and was 46% lower in patients 
prescribed post-discharge prophylactic anticoagulation.6

Extended venous thromboembolism prophylaxis after 
hospitalisation for medically ill (non-COVID-19) patients 
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• Après hospitalisation COVID-19

• Score IMPROVE-VTE > 3 ou 2-3 avec 
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of 159 patients patients in the control group (RR 0·11, 
95% CI 0·01–0·87; p=0·0360). Similar results were seen 
in the per-protocol and other sensitivity analysis 
(appendix pp 10–20).

For the secondary safety analysis, clinically relevant 
non-major bleeding occurred in two patients treated with 
rivaroxaban (one nose and one urinary bleed) and two in 
the control group. The prespecified combination of 
major, clinically relevant non-major, and other bleeding 
occurred in four (2·52%) of 159 patients receiving 
rivaroxaban and three (1·89%) of 159 patients allocated to 
no anticoagulation. The primary and secondary efficacy 
and safety outcomes are presented in table 2. Similar 
results were seen in the per protocol and other sensitivity 
analysis (appendix pp 11–20). Allergic reactions to the 
study medication occurred in two (1·3%) patients 
assigned to the rivaroxaban group.

Results for the primary outcome were consistent across 
prespecified subgroups with no signs of heterogeneity. 
The subgroups that passed the interaction test were 
patients with advanced age, patients with obesity, 
patients with moderate renal failure (creatinine clearance 
<50 mL/min), patients with an elevated IMPROVE VTE 
score (≥4), patients with increased D-dimer, and patients 
under antiplatelet therapy (figure 3).

Discussion 
In this open-label, multicentre, randomised, controlled 
trial of patients at high risk hospitalised with confirmed 
COVID-19, a treatment regimen of standard in-
hospital parenteral thromboprophylaxis and extended 
post-discharge thromboprophylaxis with rivaroxaban 
10 mg/day for 35 days (SD 4), when compared with no 
anticoagulation, resulted in better clinical outcomes, 
including a reduction in major and fatal thromboembolic 
events without increasing major bleeding, after standard 

in-hospital parenteral thromboprophylaxis. The results 
were consistent across all prespecified subgroups. These 
results provide high-quality evidence and will inform 
clinical practice guidelines about the role of extended 
thromboprophylaxis in hospitalised patients with 
COVID-19.

To our knowledge, the MICHELLE trial is the first 
randomised study in the field of extended post-discharge 
thromboprophylaxis for patients with COVID-19 that 
has shown clinical benefit. The difference was driven 
mainly by a lower incidence of pulmonary embolism 
(one symptomatic and one asymptomatic pulmonary 
embolism detected by CT pulmonary angiogram) in the 
treatment group compared with the control group 
(four asymptomatic, three symptomatic, and three fatal). 
Two of the fatal pulmonary emboli in the control 
group were confirmed by autopsy and the other one 
was considered a pulmonary embolism because the 
investigator reported to the clinical events classification 
committee that the patient died from acute right heart 

Rivaroxaban 
(n=159)

Control  
(n=159)

Relative risk 
(95% CI)

p values 
(two-sided)

Primary efficacy outcome 5/159 (3·14%) 15/159 (9·43%) 0·33 (0·13–0·90) 0·0293

Secondary efficacy outcomes

Symptomatic and fatal VTE 1/159 (0·63%) 8/159 (5·03%) 0·13 (0·02–0·99) 0·0487

Symptomatic VTE and all-cause 
mortality

4/159 (2·52%) 9/159 (5·66%) 0·44 (0·14–1·41) 0·1696

Composite of symptomatic 
VTE, myocardial infarction, 
stroke, and cardiovascular death

1/159 (0·63%) 9/159 (5·66%) 0·11 (0·01–0·87) 0·0360

Components of the primary outcome

Symptomatic DVT 0 3 (1·89%) 0·14 (0·01–2·74) 0·1968

Symptomatic pulmonary 
embolism

1 (0·63%) 2 (1·26%) 0·50 (0·05–5·46) 0·5698

Fatal pulmonary embolism 0 3 (1·89%) 0·14 (0·01–2·74) 0·1968

Asymptomatic DVT on duplex 
scan

3 (1·89%) 1 (0·63%) 3·00 (0·32–28·53) 0·3391

Asymptomatic pulmonary 
embolism on CT pulmonary 
angiogram

1 (0·63%) 4 (2·52%) 0·25 (0·03–2·21) 0·2127

Symptomatic arterial 
thrombosis

0 1 (0·63%) 0·33 (0·01–8·12) 0·5001

Myocardial infarction 0 0 NA NA

Non-haemorrhagic stroke 0 0 NA NA

Major adverse limb event 0 0 NA NA

Cardiovascular death 0 1 (0·63%) 0·33 (0·01–8·12) 0·5001

Primary safety outcome

Major bleeding 0 0 NA NA

Secondary safety outcomes

CRNM 2/159 (1·26%) 2/159 (1·26%) 1·00 (0·14–7·01) 1·0000

Other bleeding 2/159 (1·26%) 1/159 (0·63%) 2·00 (0·18–21·84) 0·5698

Combination of major, CRNM, 
and other bleeding

4/159 (2·51%) 3/159 (1·89%) 1·33 (0·30–5·86) 0·7034

Data are n/N (%), or n (%), unless otherwise specified. CRNM=clinically relevant non-major. DVT=deep vein 
thrombosis. NA=not applicable. VTE=venous thromboembolism.

Table 2: Efficacy and safety outcomes (intention-to-treat analysis)

Figure 2: Primary efficacy and safety outcomes 
The primary endpoint was a composite of symptomatic or fatal venous 
thromboembolism, asymptomatic venous thromboembolism detected by 
bilateral lower limb venous Doppler ultrasound and CT pulmonary angiogram, 
symptomatic arterial thromboembolism (myocardial infarction, non-
haemorrhagic stroke, and major adverse limb event), and cardiovascular death 
at day 35.
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Addition of an antiplatelet agent to treatment with LMWH/UFH was 
examined in one RCT that included both non– critically and critically 
ill patients. In this trial, the combined regimen was not effective in 
reducing mortality in either subgroup and there was increased risk of 
bleeding events.36 In another RCT, addition of an antiplatelet agent 
to prophylactic dose LMWH/UFH reduced mortality until discharge. 
Reduced mortality had reached even higher probability by day 90, 
but this benefit was accompanied by increased risk of bleeding.50 
Key differences in design between the two trials, as described below 
(supportive text for Recommendation 11) may explain the inconsistent 
results concerning the role of antiplatelet agents in mortality risk.

3.3.2  |  Recommendation- specific supportive text

9. Two RCTs comparing intermediate versus low (prophylactic) 
dose LMWH/UFH in critically ill adults were identified.45– 47 
In one trial (INSPIRATION; N = 562) results were available 
in two publications: one reporting on 30 days of follow- up,47 
and the other on 90 days.45 The primary outcome, which was 
a composite of venous or arterial thrombosis, treatment with 
extracorporeal membrane oxygenation, and all- cause mortality, 
did not differ across treatment arms, a null finding similar to 
other outcomes that were assessed in this trial. In the second 
RCT (N = 176) prophylactic versus intermediate- dose LMWH 
were compared in patients admitted to the ICU and/or showed 
laboratory evidence of coagulopathy.46 The primary outcome, 
30- day all- cause mortality, was 15% in the intermediate and 
21% in the prophylactic LMWH dose groups, a difference that 
was not statistically significant. Neither trial showed differences 
in venous or arterial event rates or major bleeding.

10. A large multiplatform RCT (N = 1098) in critically ill patients hos-
pitalized for COVID- 19 was halted for futility to demonstrate a 
difference in the primary outcome of organ support- free days 
between therapeutic dose of LMWH/UFH and lower doses of 
LMWH/UFH.48 However, the trial showed a 4% ARR in major 
thromboembolic events without significant differences in ei-
ther mortality or major bleeding in the therapeutic LMWH/UFH 
group versus usual care thromboprophylaxis. Another RCT that 
included 83 critically ill patients hospitalized for COVID- 19 did 
not show significant differences in any outcomes between thera-
peutic dose of LMWH/UFH and lower doses of LMWH/UFH.28 
A meta- analysis of three RCTs28,48,53 demonstrated among the 
critically ill patients a significant reduction in major thrombotic 
events (ARR 4.1%) with therapeutic dose LMWH/UFH, as well 
as a non- significant increase in risk of major bleeding and a de-
crease in organ support– free days.30 However, the weighted 
results of the meta- analysis are dominated by findings from the 
multiplatform RCT.48 Although these results do not support es-
calation of LMWH/UFH to therapeutic dose, patients with a clear 
indication— new or recent VTE, atrial fibrillation, mechanical heart 
valves— should be offered therapeutic dose LMWH/UFH unless 
contraindicated.

11. In a large RCT (REMAP- CAP; N = 1549) critically ill patients hos-
pitalized for COVID- 19 received aspirin 75– 100 mg daily, a P2Y12 
inhibitor (mainly clopidogrel at 75 mg daily without loading dose), 
or no antiplatelet therapy.50 Most patients (90%) also received 
LMWH, and 72% of VTE prophylaxis was at low (prophylactic) or 
intermediate dose. The trial was stopped for futility to demonstrate 
a difference in the primary outcome, which was organ support– free 
days. Because results from the two antiplatelet groups were similar, 
they were pooled and compared to control. The adjusted absolute 
difference between groups in survival until discharge was 5% (95% 
confidence interval, −0.2, 9.5) with 97% posterior probability of ef-
ficacy with antiplatelet therapy. The adjusted absolute difference 
in survival until 90 days was also 5% with 99.7% posterior probabil-
ity of efficacy with antiplatelet therapy. However, the risk of major 
bleeding50,54 increased with antiplatelet therapy, with an adjusted 
absolute risk increase of 0.8% with 99.4% probability of harm. Post 
hoc analyses indicated increased risk of bleeding when antiplate-
let therapy was combined with therapeutic dose anticoagulation. 
A very large RCT (RECOVERY), randomized 14 892 adults with 
COVID- 19 to aspirin 150 mg daily or usual care.36 Among patients 
receiving non- invasive or invasive ventilation (N = 4920) there was 
no reduction in mortality risk at 28 days with aspirin compared to 
control. It is important to note that in the REMAP- CAP trial, diver-
gence in cumulative mortality risk occurred between day 28 and 
day 90, aspirin dose was lower than in the RECOVERY trial, and 
risk of bleeding was likely mitigated by enrolling patients at low risk 
of bleeding and by recommending gastric acid suppression.50 The 
combination of antiplatelet agents with therapeutic dose anticoag-
ulation is probably harmful in critically ill patients with COVID- 19.

3.4  |  Antithrombotic therapy for patients 
discharged from hospital (Table 5)

3.4.1  |  Synopsis

Patients with COVID- 19, who survive until discharge from the hos-
pital, may still be at increased risk of adverse outcomes. Some pa-
tients demonstrate biomarkers for residual hypercoagulability (high 
D- dimer),55 and elevated inflammatory response (high C- reactive 

TA B L E  5  Recommendation for patients discharged from hospital

COR LOE

2b B- R 12. In select patients who have been 
hospitalized for COVID- 19, post- discharge 
treatment with prophylactic dose 
rivaroxaban for approximately 30 days 
may be considered to reduce risk of 
VTE.55,56

Note: Evidence from referenced studies that support recommendations 
are summarized in Evidence Table S14 in supporting information.
Abbreviations: COR, class of recommendation; COVID- 19, coronavirus 
disease 2019; LOE, level of evidence; VTE, venous thromboembolism.
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Effect of P2Y12 Inhibitors on Survival Free of Organ Support
Among Non–Critically Ill Hospitalized Patients With COVID-19
A Randomized Clinical Trial
Jeffrey S. Berger, MD, MS; Lucy Z. Kornblith, MD; Michelle N. Gong, MD; Harmony R. Reynolds, MD; Mary Cushman, MD, MSc; Yu Cheng, PhD;
Bryan J. McVerry, MD; Keri S. Kim, PharmD; Renato D. Lopes, MD, PhD; Bassel Atassi, MD; Scott Berry, PhD; Grant Bochicchio, MD;
Murillo de Oliveira Antunes, MD; Michael E. Farkouh, MD; Yonatan Greenstein, MD; Erinn M. Hade, PhD; Kristin Hudock, MD, MSTR; Robert Hyzy, MD;
Pooja Khatri, MD; Andrei Kindzelski, MD, PhD; Bridget-Anne Kirwan, PhD; Lisa Baumann Kreuziger, MD; Patrick R. Lawler, MD, MPH; Eric Leifer, PhD;
Jose Lopez-Sendon Moreno, MD; Jose Lopez-Sendon, MD; James F. Luther, MA; Lilia Nigro Maia, MD; John Quigley, MD; Robert Sherwin, MD;
Lana Wahid, MD; Jennifer Wilson, MD; Judith S. Hochman, MD; Matthew D. Neal, MD; for the ACTIV-4a Investigators

IMPORTANCE Platelets represent a potential therapeutic target for improved clinical
outcomes in patients with COVID-19.

OBJECTIVE To evaluate the benefits and risks of adding a P2Y12 inhibitor to anticoagulant
therapy among non–critically ill patients hospitalized for COVID-19.

DESIGN, SETTING, AND PARTICIPANTS An open-label, bayesian, adaptive randomized clinical
trial including 562 non–critically ill patients hospitalized for COVID-19 was conducted
between February 2021 and June 2021 at 60 hospitals in Brazil, Italy, Spain, and the US.
The date of final 90-day follow-up was September 15, 2021.

INTERVENTIONS Patients were randomized to a therapeutic dose of heparin plus a P2Y12
inhibitor (n = 293) or a therapeutic dose of heparin only (usual care) (n = 269) in a 1:1 ratio
for 14 days or until hospital discharge, whichever was sooner. Ticagrelor was the preferred
P2Y12 inhibitor.

MAIN OUTCOMES AND MEASURES The composite primary outcome was organ support–free
days evaluated on an ordinal scale that combined in-hospital death (assigned a value of −1)
and, for those who survived to hospital discharge, the number of days free of respiratory
or cardiovascular organ support up to day 21 of the index hospitalization (range, −1 to 21 days;
higher scores indicate less organ support and better outcomes). The primary safety
outcome was major bleeding by 28 days as defined by the International Society on
Thrombosis and Hemostasis.

RESULTS Enrollment of non–critically ill patients was discontinued when the prespecified
criterion for futility was met. All 562 patients who were randomized (mean age, 52.7
[SD, 13.5] years; 41.5% women) completed the trial and 87% received a therapeutic dose
of heparin by the end of study day 1. In the P2Y12 inhibitor group, ticagrelor was used in 63%
of patients and clopidogrel in 37%. The median number of organ support–free days was 21
days (IQR, 20-21 days) among patients in the P2Y12 inhibitor group and was 21 days
(IQR, 21-21 days) in the usual care group (adjusted odds ratio, 0.83 [95% credible interval,
0.55-1.25]; posterior probability of futility [defined as an odds ratio <1.2], 96%). Major
bleeding occurred in 6 patients (2.0%) in the P2Y12 inhibitor group and in 2 patients (0.7%)
in the usual care group (adjusted odds ratio, 3.31 [95% CI, 0.64-17.2]; P = .15).

CONCLUSIONS AND RELEVANCE Among non–critically ill patients hospitalized for COVID-19,
the use of a P2Y12 inhibitor in addition to a therapeutic dose of heparin, compared with
a therapeutic dose of heparin only, did not result in an increased odds of improvement
in organ support–free days within 21 days during hospitalization.

TRIAL REGISTRATION ClinicalTrials.gov Identifier: NCT04505774

JAMA. 2022;327(3):227-236. doi:10.1001/jama.2021.23605
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28 days (adjusted hazard ratio, 1.19 [95% CI, 0.84-1.68], P = .34;
Figure 3).

The primary safety outcome of major bleeding occurred
in 6 patients (2.0%) in the P2Y12 inhibitor group and in 2 pa-
tients (0.7%) in the usual care group (adjusted OR, 3.31 [95%
CI, 0.64-17.2], P = .15; eTable 5 in Supplement 3).

Sensitivity and Subgroup Analyses
After excluding 69 patients who did not receive a therapeutic
dose of anticoagulant therapy, the estimated OR for the effect
of a P2Y12 inhibitor on organ support–free days was 0.72 (95%
CrI, 0.46-1.14; yielding a posterior probability of futility of 98%;
eTable 6 in Supplement 3). In prespecified subgroup analy-
ses, the treatment effect did not vary significantly by age, sex,

race, amount of oxygen support at enrollment, or hospital site
preference for ticagrelor or clopidogrel (eTable 7 in Supple-
ment 3). The P value was .04 for the region × treatment effect
interaction.

Secondary Outcomes
Thrombotic and major bleeding results appear in Table 3. The
key secondary outcome of major thrombotic events or in-
hospital death was not significantly different between ran-
domized groups and occurred in 18 patients (6.1%) in the P2Y12
inhibitor group and in 12 patients (4.5%) in the usual care group
(adjusted OR, 1.42 [95% CI, 0.64-3.13]; Table 3 and eTable 8 in
Supplement 3). The analysis incorporating deep venous throm-
bosis had similar results.

Figure 2. Effect of Randomization to a P2Y12 Inhibitor on the Number of Days Not Requiring Respiratory or Cardiovascular Organ Support

Organ support–free days up to 21 d
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Proportion of patients
0.20.1

Therapeutic dose of heparin plus
P2Y12 inhibitor (n = 293)

Therapeutic dose of heparin
only (usual care) (n = 269)

0.7

The number of days not requiring respiratory or cardiovascular organ support
(eg, oxygen via high-flow nasal cannula !20 L per minute, noninvasive or
invasive mechanical ventilation, vasopressors, inotropes, or extracorporeal
membrane oxygenation) as horizontally stacked proportions of patients in the 2
treatment groups, with the following possible outcomes: in-hospital death with
or without organ support (dark red, the worst possible outcome, corresponding

to a score of −1 on the ordinal scale); survival with organ support (red-to-blue
gradient shading based on the number of days alive without organ support,
corresponding to a score of 0-21 on the ordinal scale); and survival until hospital
discharge without organ support (dark blue, the best possible outcome,
corresponding to a score of 21 on the ordinal scale).

Table 2. Primary Outcome of 21-Day Organ Support–Free Days and Individual Components

Therapeutic
dose of heparin
plus P2Y12 inhibitor
(n = 293)

Therapeutic
dose of heparin only
(usual care)
(n = 269)

Absolute
difference
(95% CI)

Adjusted OR
(95% CrI)a

Probability
of futility, %

Probability
of superiority, %

Probability
of inferiority, %

Composite primary outcomeb

Organ support–free days,
median (IQR)

21 (20-21) 21 (21-21) 0.83
(0.55 to 1.25)c

96.2 18.6 81.4

Components of the primary outcome

Alive and free of organ support 218 (74.4) 211 (78.4)
0.78
(0.51 to 1.17)d 98.2 11.1 89.9Alive with organ support 57 (19.5) 47 (17.5)

Death 18 (6.1) 11 (4.1)

Survival to hospital discharge 275 (93.9) 258 (95.9) −2 (−6 to 2) 0.75
(0.33 to 1.56)

89.3 22.7 77.3

Abbreviations: CrI, credible interval; OR, odds ratio.
a Adjusted for age, sex, enrollment epoch, cardiovascular disease (composite of

hypertension, heart failure, coronary artery disease, peripheral artery disease,
cerebrovascular disease), baseline respiratory support, and hospital site
(modeled within parent country). An OR greater than 1 indicates a benefit
from treatment.

b Evaluated on an ordinal scale consisting of survival to hospital discharge and
days free of organ support to day 21. Probabilities of benefit (proportional
OR >1), inferiority (proportional OR <1), and futility (proportional OR <1.2) were
computed from the posterior distribution of the proportional OR for a P2Y12
inhibitor compared with usual care. The model incorporated dynamic

borrowing from 200 critically ill patients. The mean treatment effect in
each group was assumed to follow a hierarchical normal distribution with the
same mean, which created a dynamic amount of borrowing, depending on
the similarity across groups. When consistent effects were observed for the
groups, the posterior distribution for each intervention group effect was
shrunk toward the overall estimate.

c Effect of a P2Y12 inhibitor on organ support–free days without dynamic
borrowing from critically ill patients yielded an adjusted OR of 0.79 with a 95%
CrI of 0.52 to 1.19 and a posterior probability of futility of 97.7%.

d Examines the primary outcome as a 3-category ordinal outcome.
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Discussion

In this open-label, international, multicenter, randomized,
clinical trial of non–critically ill patients hospitalized for
confirmed COVID-19, use of a P2Y12 inhibitor combined
with a therapeutic dose of heparin did not increase the odds
of improvement in organ support–free days over 21 days
during hospitalization. Major bleeding complications were
infrequent and not significantly different between treat-
ment groups.

The results of this trial refute the hypothesis that a strat-
egy of a P2Y12 inhibitor, when added to a therapeutic dose of
heparin, would benefit non–critically ill patients hospitalized
for COVID-19. This hypothesis was based, in part, on studies

that reported an association between increased platelet activ-
ity and severity of disease. The Randomized Evaluation of
COVID-19 Therapy (RECOVERY) trial found that the use of
another platelet antagonist, aspirin, was not significantly
associated with improved survival or reduced risk of progres-
sion to invasive mechanical ventilation or death.17 Use of
both a P2Y12 inhibitor (clopidogrel or ticagrelor) and
cyclooxygenase 1 (target of aspirin) are important in the
pathogenesis of cardiovascular disease. It remains uncertain
whether other platelet-mediated thromboinflammatory
pathways may be better therapeutic targets in patients with
COVID-19.18 For example, P-selectin is released from acti-
vated platelets and mediates platelet interactions with leuko-
cytes and endothelial cells. Preliminary data suggest a patho-
genic role for P-selectin in the treatment of COVID-19.19,20

Figure 3. Effect of Randomization to a P2Y12 Inhibitor on the Time to the Event for the Composite Outcome
of Organ Support or Death in Non–Critically Ill Patients With COVID-19
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Kaplan-Meier curve for the time to
event of respiratory or cardiovascular
organ support or death. All patients
were followed up until death or 28
days. The time to organ support or
death in patients assigned to a P2Y12
inhibitor vs usual care was not
significantly different (26% vs 22%,
respectively; adjusted hazard ratio,
1.19 [95% CI, 0.84-1.68], P = .34). The
time to the event was compared post
hoc using Cox regression.

Table 3. Secondary Outcomes at 28 Days and Individual Components

Outcome

No. (%)

Absolute
difference,
% (95% CI)

Odds ratio (95% CI)a

Therapeutic
dose of heparin
plus P2Y12 inhibitor
(n = 293)

Therapeutic
dose of heparin only
(usual care)
(n = 269) Unadjusted Adjustedb

Secondary outcomes

Major thrombotic eventc or in-hospital death 18 (6.1) 12 (4.5) 1.6 (−2.1 to 5.3) 1.40 (0.66 to 2.97) 1.42 (0.64 to 3.13)

Any thrombotic eventd or in-hospital death 20 (6.8) 12 (4.5) 2.3 (−1.5 to 6.1) 1.57 (0.75 to 3.28) 1.60 (0.73 to 3.50)

Major bleeding evente or in-hospital death 18 (6.1) 10 (3.7) 2.4 (−1.1 to 5.9) 1.69 (0.77 to 3.75) 1.80 (0.79 to 4.10)

Components of the secondary outcomes

In-hospital death 13 (4.4) 8 (3.0)

Major thrombotic eventc 7 (2.4) 5 (1.9)

Any thrombotic eventd 9 (3.1) 5 (1.9)

Major bleeding evente 6 (2.0) 2 (0.7) 1.3 (−0.6 to 3.2) 2.65 (0.53 to 13.4) 3.31 (0.64 to 17.2)
a An odds ratio less than 1 corresponded with a treatment benefit

(eg, treatment was associated with fewer adverse events).
b Adjusted for age, sex, enrollment epoch, cardiovascular disease (composite of

hypertension, heart failure, coronary artery disease, peripheral artery disease,
cerebrovascular disease), and baseline respiratory support. Study country and
hospital site were treated as nested random effects.

c Includes pulmonary embolism, myocardial infarction, ischemic stroke, and
other arterial or venous thromboembolism events.

d Includes major thrombotic events and deep vein thrombosis.
e Defined by the International Society on Thrombosis and Hemostasis as fatal

bleeding, symptomatic bleeding in a critical area or organ (such as intracranial,
intraspinal, intraocular, retroperitoneal, intra-articular or pericardial, or
intramuscular with compartment syndrome), bleeding causing a decrease in
hemoglobin level of 2 g/dL or greater, or bleeding leading to transfusion of
2 units or greater of whole blood or red cells.
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Effect of Antiplatelet Therapy on Survival and Organ Support–Free Days
in Critically Ill Patients With COVID-19
A Randomized Clinical Trial
REMAP-CAP Writing Committee for the REMAP-CAP Investigators

IMPORTANCE The efficacy of antiplatelet therapy in critically ill patients with COVID-19
is uncertain.

OBJECTIVE To determine whether antiplatelet therapy improves outcomes for critically ill
adults with COVID-19.

DESIGN, SETTING, AND PARTICIPANTS In an ongoing adaptive platform trial (REMAP-CAP)
testing multiple interventions within multiple therapeutic domains, 1557 critically ill adult
patients with COVID-19 were enrolled between October 30, 2020, and June 23, 2021, from
105 sites in 8 countries and followed up for 90 days (final follow-up date: July 26, 2021).

INTERVENTIONS Patients were randomized to receive either open-label aspirin (n = 565),
a P2Y12 inhibitor (n = 455), or no antiplatelet therapy (control; n = 529). Interventions were
continued in the hospital for a maximum of 14 days and were in addition to anticoagulation
thromboprophylaxis.

MAIN OUTCOMES AND MEASURES The primary end point was organ support–free days
(days alive and free of intensive care unit–based respiratory or cardiovascular organ support)
within 21 days, ranging from −1 for any death in hospital (censored at 90 days) to 22 for
survivors with no organ support. There were 13 secondary outcomes, including survival to
discharge and major bleeding to 14 days. The primary analysis was a bayesian cumulative
logistic model. An odds ratio (OR) greater than 1 represented improved survival, more organ
support–free days, or both. Efficacy was defined as greater than 99% posterior probability of an
OR greater than 1. Futility was defined as greater than 95% posterior probability of an OR less
than 1.2 vs control. Intervention equivalence was defined as greater than 90% probability that
the OR (compared with each other) was between 1/1.2 and 1.2 for 2 noncontrol interventions.

RESULTS The aspirin and P2Y12 inhibitor groups met the predefined criteria for equivalence at
an adaptive analysis and were statistically pooled for further analysis. Enrollment was
discontinued after the prespecified criterion for futility was met for the pooled antiplatelet
group compared with control. Among the 1557 critically ill patients randomized, 8 patients
withdrew consent and 1549 completed the trial (median age, 57 years; 521 [33.6%] female). The
median for organ support–free days was 7 (IQR, −1 to 16) in both the antiplatelet and control
groups (median-adjusted OR, 1.02 [95% credible interval {CrI}, 0.86-1.23]; 95.7% posterior
probability of futility). The proportions of patients surviving to hospital discharge were 71.5%
(723/1011) and 67.9% (354/521) in the antiplatelet and control groups, respectively
(median-adjusted OR, 1.27 [95% CrI, 0.99-1.62]; adjusted absolute difference, 5% [95% CrI,
−0.2% to 9.5%]; 97% posterior probability of efficacy). Among survivors, the median for organ
support–free days was 14 in both groups. Major bleeding occurred in 2.1% and 0.4% of patients
in the antiplatelet and control groups (adjusted OR, 2.97 [95% CrI, 1.23-8.28]; adjusted absolute
risk increase, 0.8% [95% CrI, 0.1%-2.7%]; 99.4% probability of harm).

CONCLUSIONS AND RELEVANCE Among critically ill patients with COVID-19, treatment with an
antiplatelet agent, compared with no antiplatelet agent, had a low likelihood of providing
improvement in the number of organ support–free days within 21 days.

TRIAL REGISTRATION ClinicalTrials.gov Identifier: NCT02735707

JAMA. 2022;327(13):1247-1259. doi:10.1001/jama.2022.2910
Published online March 22, 2022.
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and eFigure 3 in Supplement 2). For patients missing data on
a baseline concomitant anticoagulation dose (n = 162), the ad-
justed odds ratio of hospital survival for antiplatelet therapy
compared with control was 1.09 (95% CrI, 0.53-2.17).

Discussion
Among critically ill patients with COVID-19, treatment with an
antiplatelet agent, compared with no antiplatelet treatment,
had a low likelihood of providing improvement in the num-
ber of organ support–free days within 21 days.

Thrombotic complications are common in patients
admitted to the hospital with COVID-19 in spite of conven-

tional thromboprophylaxis among critically ill patients at
highest risk. Macrovascular thrombosis occurs within venous
and arterial circulations and microvascular thrombi contrib-
ute to organ dysfunction, including acute respiratory distress
syndrome. The pathogenesis of thrombosis in COVID-19 is
intimately linked with the inflammatory response to the
virus, endothelial infection, activation, and injury, as well as
hypercoagulability.6,23-33 Recognition that thrombosis is a key
contributor to clinical deterioration and death in COVID-19
has led to global interest in whether enhanced antithrom-
botic treatments or extended duration improves patient
outcomes.34 It was recently reported that therapeutic-
dose heparin improves organ support–free days in hospital-
ized non–critically ill patients.9 Results from 2 subsequent

Table 2. Primary and Selected Secondary Outcomes of Critically Ill Participants

Outcomes
Pooled antiplatelets
(n = 1020)

Aspirin
(n = 565)a

P2Y12 inhibitors
(n = 455)a

Control
(n = 529)

Organ support–free days to day 21b

No. of patients with known outcome 1011 563 448 521

Median (IQR), d 7 (–1 to 16) 8 (–1 to 16) 7 (–1 to 16) 7 (–1 to 16)

Adjusted proportional odds ratio (95% CrI) 1.02 (0.86-1.23) 1.05 (0.85-1.30) 1.00 (0.80-1.27) 1 [Reference]

Probability of futility, % 95.7 88.6 93.4

Probability of efficacy, % 58.0 66.5 51.8

Survival to hospital discharge

No./total (%) 723/1011 (71.5) 402/563 (71.4) 321/448 (71.7) 354/521 (67.9)

Adjusted odds ratio (95% CrI) 1.27 (0.99-1.62) 1.30 (0.97-1.72) 1.18 (0.86-1.62) 1 [Reference]

Adjusted absolute risk difference, % (95% CrI) 5.0 (–0.2 to 9.5) 5.4 (–0.7 to 10.5) 3.5 (–3.4 to 9.5)

Probability of efficacy, % 97.0 96.0 85.8

Thrombotic events or deathc,d

No./total (%) with

Venous thrombotic event 87/998 (8.7) 54/563 (9.6) 33/448 (7.4) 56/516 (10.9)

Arterial thrombotic event 37/996 (3.7) 22/556 (4.0) 15/440 (3.4) 12/513 (2.3)

Any thrombotic event 112/996 (11.2) 69/556 (12.4) 43/440 (9.8) 65/513 (12.7)

Death in hospital 288/1011 (28.5) 161/563 (28.6) 127/448 (28.4) 167/521 (32.1)

Thrombotic events or death 355/1011 (35.1) 204/563 (37.0) 151/448 (36.2) 212/521 (40.7)

Adjusted odds ratio for composite of death
and/or thrombosis (95% CrI)

0.70 (0.54-0.90) 0.69 (0.52-0.93) 0.73 (0.53-0.99) 1 [Reference]

Adjusted absolute risk difference, % (95% CrI) –8.2 (–13.7 to –2.5) –8.6 (–14.4 to –1.7) –7.3 (–14.0 to –0.2)

Probability of efficacy, % 99.7 99.3 98.0

Major bleedingc,e

No./total (%) 21/1002 (2.1) 11/559 (2.0) 10/443 (2.3) 2/517 (0.4)

Adjusted odds ratio (95% CrI) 2.97 (1.23-8.28)f 2.34 (0.93-5.93) 2.50 (0.95-6.56) 1 [Reference]

Adjusted absolute risk difference, % (95% CrI) 0.8 (0.1-2.7)f 0.5 (0.0-1.9) 0.6 (0.0-2.1)

Probability of harm, % 99.4f 96.5 96.9

Abbreviation: CrI, credible interval.
a The analysis of individual treatment effects was a secondary analysis

conducted in the unblinded patient population (ie, excluding covariate
adjustments for ongoing interventions).

b Composite ordinal scale consisting of survival to hospital discharge and days
free of organ support to day 21. An odds ratio greater than 1 indicates a benefit
of treatment. Probabilities of efficacy (proportional odds ratio >1), harm
(proportional odds ratio <1), and futility (proportional odds ratio <1.2) are
computed from the posterior distribution. Dynamic borrowing was used
across illness severity (ie, critically and non–critically ill patients), whereby like
treatment effects are shrunk together based on their degree of similarity.
Accordingly, observations about treatment effect are shared between groups.

c An odds ratio greater than 1 indicates a harm of treatment. Probabilities of

benefit (odds ratio <1) and harm (odds ratio >1) are computed from the
posterior distribution.

d Thrombotic events include pulmonary embolism, myocardial infarction,
ischemic cerebrovascular event, systemic arterial thromboembolism, and
deep venous thrombosis.

e Major bleeding (according to International Society of Hemostasis and Thrombosis
definition) is defined as fatal bleeding, symptomatic or clinically manifest
bleeding in a critical area or organ (such as intracranial, intraspinal, intraocular,
retroperitoneal, intra-articular, pericardial, or intramuscular with compartment
syndrome), or bleeding causing a decrease in hemoglobin of 2 g/dL or greater or
leading to transfusion of 2 or more whole blood or red blood cell units.

f Summaries are based on the post hoc analysis of major bleeding estimating a
pooled antiplatelet treatment effect.
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No. of patients with known outcome 1011 563 448 521

Median (IQR), d 7 (–1 to 16) 8 (–1 to 16) 7 (–1 to 16) 7 (–1 to 16)

Adjusted proportional odds ratio (95% CrI) 1.02 (0.86-1.23) 1.05 (0.85-1.30) 1.00 (0.80-1.27) 1 [Reference]
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Arterial thrombotic event 37/996 (3.7) 22/556 (4.0) 15/440 (3.4) 12/513 (2.3)

Any thrombotic event 112/996 (11.2) 69/556 (12.4) 43/440 (9.8) 65/513 (12.7)
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Thrombotic events or death 355/1011 (35.1) 204/563 (37.0) 151/448 (36.2) 212/521 (40.7)
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0.70 (0.54-0.90) 0.69 (0.52-0.93) 0.73 (0.53-0.99) 1 [Reference]

Adjusted absolute risk difference, % (95% CrI) –8.2 (–13.7 to –2.5) –8.6 (–14.4 to –1.7) –7.3 (–14.0 to –0.2)
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Probability of harm, % 99.4f 96.5 96.9

Abbreviation: CrI, credible interval.
a The analysis of individual treatment effects was a secondary analysis

conducted in the unblinded patient population (ie, excluding covariate
adjustments for ongoing interventions).

b Composite ordinal scale consisting of survival to hospital discharge and days
free of organ support to day 21. An odds ratio greater than 1 indicates a benefit
of treatment. Probabilities of efficacy (proportional odds ratio >1), harm
(proportional odds ratio <1), and futility (proportional odds ratio <1.2) are
computed from the posterior distribution. Dynamic borrowing was used
across illness severity (ie, critically and non–critically ill patients), whereby like
treatment effects are shrunk together based on their degree of similarity.
Accordingly, observations about treatment effect are shared between groups.

c An odds ratio greater than 1 indicates a harm of treatment. Probabilities of

benefit (odds ratio <1) and harm (odds ratio >1) are computed from the
posterior distribution.

d Thrombotic events include pulmonary embolism, myocardial infarction,
ischemic cerebrovascular event, systemic arterial thromboembolism, and
deep venous thrombosis.

e Major bleeding (according to International Society of Hemostasis and Thrombosis
definition) is defined as fatal bleeding, symptomatic or clinically manifest
bleeding in a critical area or organ (such as intracranial, intraspinal, intraocular,
retroperitoneal, intra-articular, pericardial, or intramuscular with compartment
syndrome), or bleeding causing a decrease in hemoglobin of 2 g/dL or greater or
leading to transfusion of 2 or more whole blood or red blood cell units.

f Summaries are based on the post hoc analysis of major bleeding estimating a
pooled antiplatelet treatment effect.
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• Pas d’impact sur les traitements de support

• Probable augmentation de la survie jusqu’au congé
+ Sous-groupe anticoagulation NON-thérapeutique
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D- dimer, patients who are hospitalized for COVID- 19 score 
sufficiently high on commonly used risk assessment models, 
to qualify as at a high risk for VTE and therefore to warrant 
thromboprophylaxis.42– 44

5. Three randomized trials demonstrated benefits of therapeutic- 
dose LMWH/UFH over low-  to intermediate- dose heparins in 
non– critically ill, non- pregnant patients hospitalized for COVID- 
19.27– 29 A large multiplatform trial (N = 2219) revealed an increase 
in organ support– free days (days alive and free of intensive care 
unit (ICU)- based respiratory or cardiovascular organ support),29 
and another RCT revealed an ARR of 13.2% in major thrombo-
embolism and mortality with therapeutic- dose LMWH or UFH 
over low-  to intermediate- dose LMWH or UFH in non– critically ill 
patient groups.28 A third RCT did not find a significant difference 
in the primary outcome but revealed an ARR of 5.8% in all- cause 
mortality as a secondary outcome with therapeutic LMWH/
UFH over prophylactic LMWH/UFH.27 A meta- analysis of four 
RCTs showed an ARR of 1.2% in major thromboembolism with 
therapeutic LMWH/UFH over up to intermediate- dose LMWH/
UFH without a statistically significant increase in major bleed-
ing.30 Patients with low bleed risk criteria were selected across 
trials, and selection criteria for two of the trials specified patients 
with elevated D- dimer and increased oxygen requirements.27,28 
Therefore, in patients at low risk of bleeding and with risk factors 
for thromboembolism or organ failure, such as elevated D- dimer 
or increased oxygen requirements, therapeutic dose LMWH/UFH 
should be considered.

6. One small, randomized trial with important methodological limi-
tations, including small sample size and a large number of proto-
col violations, compared intermediate dose LMWH/UFH versus 
standard dose LMWH/UFH in non– critically ill patients hospi-
talized for COVID- 19 and showed no difference in need for me-
chanical ventilation or all- cause mortality.33 Four observational 
studies yielded inconsistent results concerning the benefits of 
intermediate dose LMWH/UFH over low (prophylactic) dose 
LMWH/UFH.20,31,32,34

7. Two RCTs (including the large RECOVERY trial, N = 14 892)36 re-
vealed no mortality benefit of antiplatelet therapy (including aspi-
rin and P2Y12 inhibitors) as add- on therapy among non– critically 
ill patients hospitalized for COVID- 19.35,36 These trials also in-
dicated evidence of harm with increased major bleeding events 
in patients on antiplatelet therapy. In one trial the use of study 
antiplatelet therapy was given on top of therapeutic- dose hepa-
rin.35,36 However, among patients who are already on antiplate-
let therapy with clear indications, good clinical practice suggests 
continuation of antiplatelet therapy if a patient is hospitalized for 
COVID- 19.4

(One panel member voted for COR 3: No Benefit.)
8. One moderate- size RCT of patients hospitalized for COVID- 19 

showed no benefit of the DOAC rivaroxaban at a therapeutic dose, 
20 mg daily, neither during hospitalization nor post- discharge, 
over inpatient low (prophylactic) dose LMWH or UFH.37 For pa-
tients hospitalized for COVID- 19 and already on a DOAC for clear 

indications, good clinical practice suggests to continue DOAC 
therapy or, if clinically unstable, to be switched to a parenteral 
anticoagulant (LMWH or UFH).4

3.3  |  Antithrombotic therapy for critically ill, 
hospitalized patients (Table 4)

Note that the recommendation does not apply to patients who oth-
erwise have a clinical indication for therapeutic anticoagulation.

3.3.1  |  Synopsis

For a description of the term “critically ill,” see the previous Synopsis. 
Use of prophylactic dose LMWH/UFH to prevent VTE in critically 
ill patients without active or high risk of bleeding is well established 
and recommended.51,52 In the setting of COVID- 19, available 
evidence included only cohort studies with low- quality evidence for 
the comparison of prophylactic dose LMWH/UFH versus control in 
critically ill patients. As a result, the panel refrained from making a 
recommendation regarding this regimen. Two RCTs in critically ill 
patients hospitalized for COVID- 19 failed to show any benefit of 
intermediate dose LMWH/UFH versus prophylactic dose.46,47 Two 
RCTs did not show any benefit of therapeutic dose LMWH/UFH 
versus lower doses to reduce mortality or need for organ support.28,48 
In these trials, there were inconsistent results regarding reduction 
of thromboembolic events and a potential risk of increased major 
bleeding, despite exclusion of patients at high risk of bleeding, which 
led the panel to not recommend therapeutic dose of these agents. 

TA B L E  4  Recommendations for antithrombotic therapy for 
critically ill, hospitalized patients

COR LOE

3: No Benefit B- R 9. In critically ill patients hospitalized for 
COVID- 19, intermediate dose LMWH/UFH 
is not recommended over prophylactic 
dose LMWH/UFH to reduce risk of 
adverse events, including mortality and 
thromboembolism.45– 47

3: No Benefit B- R 10. In critically ill patients hospitalized for 
COVID- 19, therapeutic dose LMWH/UFH 
is not recommended over usual- care or 
prophylactic dose LMWH/UFHs.28,48,49*

2b B- R 11. In select critically ill patients hospitalized 
for COVID- 19, add on treatment with an 
antiplatelet agent to prophylactic dose 
LMWH/UFH is not well established 
but might be considered to reduce 
mortality.36,50

Note: Evidence from referenced studies that support recommendations 
are summarized in Evidence Tables S7, S8 and S9b in supporting 
information.
Abbreviations: COR, class of recommendation; COVID- 19, coronavirus 
disease 2019; DOAC, direct oral anticoagulant; LMWH, low molecular 
weight heparin; LOE, level of evidence; UFH, unfractionated heparin.
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5. Three randomized trials demonstrated benefits of therapeutic- 
dose LMWH/UFH over low-  to intermediate- dose heparins in 
non– critically ill, non- pregnant patients hospitalized for COVID- 
19.27– 29 A large multiplatform trial (N = 2219) revealed an increase 
in organ support– free days (days alive and free of intensive care 
unit (ICU)- based respiratory or cardiovascular organ support),29 
and another RCT revealed an ARR of 13.2% in major thrombo-
embolism and mortality with therapeutic- dose LMWH or UFH 
over low-  to intermediate- dose LMWH or UFH in non– critically ill 
patient groups.28 A third RCT did not find a significant difference 
in the primary outcome but revealed an ARR of 5.8% in all- cause 
mortality as a secondary outcome with therapeutic LMWH/
UFH over prophylactic LMWH/UFH.27 A meta- analysis of four 
RCTs showed an ARR of 1.2% in major thromboembolism with 
therapeutic LMWH/UFH over up to intermediate- dose LMWH/
UFH without a statistically significant increase in major bleed-
ing.30 Patients with low bleed risk criteria were selected across 
trials, and selection criteria for two of the trials specified patients 
with elevated D- dimer and increased oxygen requirements.27,28 
Therefore, in patients at low risk of bleeding and with risk factors 
for thromboembolism or organ failure, such as elevated D- dimer 
or increased oxygen requirements, therapeutic dose LMWH/UFH 
should be considered.

6. One small, randomized trial with important methodological limi-
tations, including small sample size and a large number of proto-
col violations, compared intermediate dose LMWH/UFH versus 
standard dose LMWH/UFH in non– critically ill patients hospi-
talized for COVID- 19 and showed no difference in need for me-
chanical ventilation or all- cause mortality.33 Four observational 
studies yielded inconsistent results concerning the benefits of 
intermediate dose LMWH/UFH over low (prophylactic) dose 
LMWH/UFH.20,31,32,34

7. Two RCTs (including the large RECOVERY trial, N = 14 892)36 re-
vealed no mortality benefit of antiplatelet therapy (including aspi-
rin and P2Y12 inhibitors) as add- on therapy among non– critically 
ill patients hospitalized for COVID- 19.35,36 These trials also in-
dicated evidence of harm with increased major bleeding events 
in patients on antiplatelet therapy. In one trial the use of study 
antiplatelet therapy was given on top of therapeutic- dose hepa-
rin.35,36 However, among patients who are already on antiplate-
let therapy with clear indications, good clinical practice suggests 
continuation of antiplatelet therapy if a patient is hospitalized for 
COVID- 19.4

(One panel member voted for COR 3: No Benefit.)
8. One moderate- size RCT of patients hospitalized for COVID- 19 

showed no benefit of the DOAC rivaroxaban at a therapeutic dose, 
20 mg daily, neither during hospitalization nor post- discharge, 
over inpatient low (prophylactic) dose LMWH or UFH.37 For pa-
tients hospitalized for COVID- 19 and already on a DOAC for clear 

indications, good clinical practice suggests to continue DOAC 
therapy or, if clinically unstable, to be switched to a parenteral 
anticoagulant (LMWH or UFH).4

3.3  |  Antithrombotic therapy for critically ill, 
hospitalized patients (Table 4)

Note that the recommendation does not apply to patients who oth-
erwise have a clinical indication for therapeutic anticoagulation.

3.3.1  |  Synopsis

For a description of the term “critically ill,” see the previous Synopsis. 
Use of prophylactic dose LMWH/UFH to prevent VTE in critically 
ill patients without active or high risk of bleeding is well established 
and recommended.51,52 In the setting of COVID- 19, available 
evidence included only cohort studies with low- quality evidence for 
the comparison of prophylactic dose LMWH/UFH versus control in 
critically ill patients. As a result, the panel refrained from making a 
recommendation regarding this regimen. Two RCTs in critically ill 
patients hospitalized for COVID- 19 failed to show any benefit of 
intermediate dose LMWH/UFH versus prophylactic dose.46,47 Two 
RCTs did not show any benefit of therapeutic dose LMWH/UFH 
versus lower doses to reduce mortality or need for organ support.28,48 
In these trials, there were inconsistent results regarding reduction 
of thromboembolic events and a potential risk of increased major 
bleeding, despite exclusion of patients at high risk of bleeding, which 
led the panel to not recommend therapeutic dose of these agents. 

TA B L E  4  Recommendations for antithrombotic therapy for 
critically ill, hospitalized patients

COR LOE

3: No Benefit B- R 9. In critically ill patients hospitalized for 
COVID- 19, intermediate dose LMWH/UFH 
is not recommended over prophylactic 
dose LMWH/UFH to reduce risk of 
adverse events, including mortality and 
thromboembolism.45– 47

3: No Benefit B- R 10. In critically ill patients hospitalized for 
COVID- 19, therapeutic dose LMWH/UFH 
is not recommended over usual- care or 
prophylactic dose LMWH/UFHs.28,48,49*

2b B- R 11. In select critically ill patients hospitalized 
for COVID- 19, add on treatment with an 
antiplatelet agent to prophylactic dose 
LMWH/UFH is not well established 
but might be considered to reduce 
mortality.36,50

Note: Evidence from referenced studies that support recommendations 
are summarized in Evidence Tables S7, S8 and S9b in supporting 
information.
Abbreviations: COR, class of recommendation; COVID- 19, coronavirus 
disease 2019; DOAC, direct oral anticoagulant; LMWH, low molecular 
weight heparin; LOE, level of evidence; UFH, unfractionated heparin.
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Abstract

Antithrombotic agents reduce risk of thromboembolism in severely ill patients. 
Patients with coronavirus disease 2019 (COVID- 19) may realize additional benefits 
from heparins. Optimal dosing and timing of these treatments and benefits of other 
antithrombotic agents remain unclear. In October 2021, ISTH assembled an inter-
national panel of content experts, patient representatives, and a methodologist to 
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COVID-19 et traitement anti-
thrombotique

• Soins non critiques avec D-dimères élevés HEP-COVID, étude multi-plateforme 
(ATTAC-ACTIV4a-REMAPCAP):
+ Bénéfice de l’anticoagulation pour la survie sans traitement de support et 
événements thrombotiques

+ Effets nuisibles inhibiteurs P2Y12 chez population avec anticoagulation
thérapeutique (ACTIV-4a)

• Soins intensifs
+ Pas de bénéfice à l’anticoagulation thérapeutique (pour les traitements de support)

+ Possible bénéfice de survie à l’hospitalisation avec antiplaquettaires (REMAP-CAP)

• Bénéfice à confirmer des anticoagulants oraux directs à la sortie de 
l’hôpital chez patient avec facteurs de risque TEV additionnels (MICHELLE)



RÉSUMÉ
• Gliflozines pour le traitement de l’insuffisance cardiaque

• Nouvelle classe thérapeutique pour le traitement de 
l’obésité (GIP / GLP-1)

• Gliflozines et Finerenone pour le traitement des 
néphropathies avec albuminurie

• Bénéfice CV aux ARGLP-1 dans une population à risque CV 
faible

• Traitement de l’hypertriglycéridémie
+ IPE pour réduire les événements cardiovasculaires

+ Fibrates limités à la prévention des pancréatites et traitement de 
la rétinopathie



RÉSUMÉ
• Possible bénéfice d’une dose HBPM intermédiaire post 
partum pour prévenir les EP et les phlébites 
superficielles chez les femmes avec ATCD de TEV

• Rôle des antiplaquettaires limité chez patients 
hospitalisés avec la COVID-19
+ Possible augmentation de la survie à l’hospitalisation au prix 
d’une augmentation des saignements surtout si combinaison avec 
anticoagulation thérapeutique
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CHAP
• Étude ouverte multicentrique à répartition aléatoire

• 2408 femmes enceintes < 23 semaines avec hypertension non sévère

• Seuil traitement de 140/90 versus 160/105
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BACKGROUND
The benefits and safety of the treatment of mild chronic hypertension (blood pressure, 
<160/100 mm Hg) during pregnancy are uncertain. Data are needed on whether a 
strategy of targeting a blood pressure of less than 140/90 mm Hg reduces the incidence 
of adverse pregnancy outcomes without compromising fetal growth.
METHODS
In this open-label, multicenter, randomized trial, we assigned pregnant women with 
mild chronic hypertension and singleton fetuses at a gestational age of less than 23 
weeks to receive antihypertensive medications recommended for use in pregnancy 
(active-treatment group) or to receive no such treatment unless severe hypertension 
(systolic pressure, ≥160 mm Hg; or diastolic pressure, ≥105 mm Hg) developed 
(control group). The primary outcome was a composite of preeclampsia with severe 
features, medically indicated preterm birth at less than 35 weeks’ gestation, pla-
cental abruption, or fetal or neonatal death. The safety outcome was small-for-
gestational-age birth weight below the 10th percentile for gestational age. Second-
ary outcomes included composites of serious neonatal or maternal complications, 
preeclampsia, and preterm birth.
RESULTS
A total of 2408 women were enrolled in the trial. The incidence of a primary-outcome 
event was lower in the active-treatment group than in the control group (30.2% vs. 
37.0%), for an adjusted risk ratio of 0.82 (95% confidence interval [CI], 0.74 to 0.92; 
P<0.001). The percentage of small-for-gestational-age birth weights below the 10th 
percentile was 11.2% in the active-treatment group and 10.4% in the control group 
(adjusted risk ratio, 1.04; 95% CI, 0.82 to 1.31; P = 0.76). The incidence of serious 
maternal complications was 2.1% and 2.8%, respectively (risk ratio, 0.75; 95% CI, 0.45 
to 1.26), and the incidence of severe neonatal complications was 2.0% and 2.6% (risk 
ratio, 0.77; 95% CI, 0.45 to 1.30). The incidence of any preeclampsia in the two groups 
was 24.4% and 31.1%, respectively (risk ratio, 0.79; 95% CI, 0.69 to 0.89), and the in-
cidence of preterm birth was 27.5% and 31.4% (risk ratio, 0.87; 95% CI, 0.77 to 0.99).
CONCLUSIONS
In pregnant women with mild chronic hypertension, a strategy of targeting a blood 
pressure of less than 140/90 mm Hg was associated with better pregnancy outcomes 
than a strategy of reserving treatment only for severe hypertension, with no increase 
in the risk of small-for-gestational-age birth weight. (Funded by the National Heart, 
Lung, and Blood Institute; CHAP ClinicalTrials.gov number, NCT02299414.)
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Control of Hypertension in Pregnancy

was higher among women in the less-tight-con-
trol group than among those in the tight-control 
group (P<0.001) (Fig. 2, Table 3, and Table S9 in 
the Supplementary Appendix); however, the dis-
tribution of observed systolic and diastolic blood-
pressure values (P = 0.63 and P = 0.72, respectively) 

was similar between the two groups, illustrating 
that the excess risk of severe hypertension among 
women in the less-tight-control group was not 
restricted to values just above the threshold. The 
frequency of a platelet count less than 100×109 per 
liter or an elevated liver-enzyme level with associ-

Variable

Less-Tight 
Control 

(N = 493)

Tight 
Control 

(N = 488)

Adjusted Odds 
Ratio  

(95% CI)†

Primary outcome — no. (%) 155 (31.4) 150 (30.7) 1.02 (0.77–1.35)

Pregnancy loss — no. (%) 15 (3.0) 13 (2.7) 1.14 (0.53–2.45)

Miscarriage 0 1 (0.2)

Ectopic pregnancy 0 0

Elective termination‡ 1 (0.2) 1 (0.2)

Perinatal death 14 (2.8) 11 (2.3) 1.25 (0.56–2.81)

Stillbirth 12 (2.4) 7 (1.4)

Neonatal death 2 (0.4) 4 (0.8)

High-level neonatal care for >48 hr — no./total no. 
(%)§

141/480 (29.4) 139/479 (29.0) 1.00 (0.75–1.33)

Gestational age at delivery — wk 36.8±3.4 37.2±3.1

Small-for-gestational-age newborns — no./total no. 
(%)¶

Birth weight <10th percentile 79/491 (16.1) 96/488 (19.7) 0.78 (0.56–1.08)

Birth weight <3rd percentile 23/491 (4.7) 26/488 (5.3) 0.92 (0.51–1.63)

Other perinatal outcomes of liveborn infants

Respiratory complications — no./total no. (%)

Clinical respiratory problem 82/480 (17.1) 67/479 (14.0) 1.19 (0.83–1.71)

Administration of oxygen beyond the first 10 
min of life

34/479 (7.1) 25/477 (5.2) 1.24 (0.72–2.14)

Ventilatory support (with or without intuba-
tion) beyond the first 10 min of life

35/478 (7.3) 38/479 (7.9) 0.86 (0.53–1.40)

Use of surfactant 28/480 (5.8) 26/479 (5.4) 0.97 (0.55–1.69)

At least one serious neonatal complication — 
no./total no. (%)∥

40/480 (8.3) 40/479 (8.4) 0.96 (0.60–1.52)

*  Plus–minus values are means ±SD. The primary outcome was a composite of pregnancy loss or high-level neonatal 
care for more than 48 hours. There were no significant differences between the groups.

†  The mixed-effects logistic-regression model was adjusted for stratification factors (type of hypertension [preexisting vs. 
gestational] and center), the use of any antihypertensive therapy at randomization, previous blood pressure of 160/110 
mm Hg or higher during this pregnancy, gestational diabetes, and weeks of gestation at randomization.

‡  The reasons specified for elective termination were severe preeclampsia (one patient in the less-tight-control group, 
previability at 22 weeks 0 days of gestation) and fetal anomaly (one patient in the tight-control group, at 23 weeks 4 
days of gestation).

§  Among liveborn infants admitted for high-level neonatal care for more than 48 hours, four infants died (one born to a 
mother in the less-tight-control group and three born to mothers in the tight-control group).

¶  Birth-weight percentiles were determined for gestational age (22 to 43 weeks) and sex.17 Two babies were born after 22 
weeks of gestation (both to mothers in the less-tight-control group), with birth weights of 180 g and 426 g; they were 
excluded from the analysis.

∥  Serious neonatal complications were severe respiratory distress, sepsis in the first 48 hours of life, bronchopulmonary 
dysplasia, severe retinopathy of prematurity, central nervous system complications, and necrotizing enterocolitis (see 
Table S3 in the Supplementary Appendix for definitions).

Table 2. Primary and Other Perinatal Outcomes.*
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was higher among women in the less-tight-con-
trol group than among those in the tight-control 
group (P<0.001) (Fig. 2, Table 3, and Table S9 in 
the Supplementary Appendix); however, the dis-
tribution of observed systolic and diastolic blood-
pressure values (P = 0.63 and P = 0.72, respectively) 

was similar between the two groups, illustrating 
that the excess risk of severe hypertension among 
women in the less-tight-control group was not 
restricted to values just above the threshold. The 
frequency of a platelet count less than 100×109 per 
liter or an elevated liver-enzyme level with associ-

Variable

Less-Tight 
Control 

(N = 493)

Tight 
Control 

(N = 488)

Adjusted Odds 
Ratio  

(95% CI)†

Primary outcome — no. (%) 155 (31.4) 150 (30.7) 1.02 (0.77–1.35)

Pregnancy loss — no. (%) 15 (3.0) 13 (2.7) 1.14 (0.53–2.45)

Miscarriage 0 1 (0.2)

Ectopic pregnancy 0 0

Elective termination‡ 1 (0.2) 1 (0.2)

Perinatal death 14 (2.8) 11 (2.3) 1.25 (0.56–2.81)

Stillbirth 12 (2.4) 7 (1.4)

Neonatal death 2 (0.4) 4 (0.8)

High-level neonatal care for >48 hr — no./total no. 
(%)§

141/480 (29.4) 139/479 (29.0) 1.00 (0.75–1.33)

Gestational age at delivery — wk 36.8±3.4 37.2±3.1

Small-for-gestational-age newborns — no./total no. 
(%)¶

Birth weight <10th percentile 79/491 (16.1) 96/488 (19.7) 0.78 (0.56–1.08)

Birth weight <3rd percentile 23/491 (4.7) 26/488 (5.3) 0.92 (0.51–1.63)

Other perinatal outcomes of liveborn infants

Respiratory complications — no./total no. (%)

Clinical respiratory problem 82/480 (17.1) 67/479 (14.0) 1.19 (0.83–1.71)

Administration of oxygen beyond the first 10 
min of life

34/479 (7.1) 25/477 (5.2) 1.24 (0.72–2.14)

Ventilatory support (with or without intuba-
tion) beyond the first 10 min of life

35/478 (7.3) 38/479 (7.9) 0.86 (0.53–1.40)

Use of surfactant 28/480 (5.8) 26/479 (5.4) 0.97 (0.55–1.69)

At least one serious neonatal complication — 
no./total no. (%)∥

40/480 (8.3) 40/479 (8.4) 0.96 (0.60–1.52)

*  Plus–minus values are means ±SD. The primary outcome was a composite of pregnancy loss or high-level neonatal 
care for more than 48 hours. There were no significant differences between the groups.

†  The mixed-effects logistic-regression model was adjusted for stratification factors (type of hypertension [preexisting vs. 
gestational] and center), the use of any antihypertensive therapy at randomization, previous blood pressure of 160/110 
mm Hg or higher during this pregnancy, gestational diabetes, and weeks of gestation at randomization.

‡  The reasons specified for elective termination were severe preeclampsia (one patient in the less-tight-control group, 
previability at 22 weeks 0 days of gestation) and fetal anomaly (one patient in the tight-control group, at 23 weeks 4 
days of gestation).

§  Among liveborn infants admitted for high-level neonatal care for more than 48 hours, four infants died (one born to a 
mother in the less-tight-control group and three born to mothers in the tight-control group).

¶  Birth-weight percentiles were determined for gestational age (22 to 43 weeks) and sex.17 Two babies were born after 22 
weeks of gestation (both to mothers in the less-tight-control group), with birth weights of 180 g and 426 g; they were 
excluded from the analysis.

∥  Serious neonatal complications were severe respiratory distress, sepsis in the first 48 hours of life, bronchopulmonary 
dysplasia, severe retinopathy of prematurity, central nervous system complications, and necrotizing enterocolitis (see 
Table S3 in the Supplementary Appendix for definitions).

Table 2. Primary and Other Perinatal Outcomes.*
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in 531 of 1200 patients (44.2%
) in the control 

group. Preeclam
psia, w

ith or w
ithout severe fea-

tures, occurred in 295 patients (24.4%
) and 373 

(31.1%
), respectively.

Am
ong neonatal outcom

es, preterm
 birth be-

fore 37 w
eeks’ gestation occurred in 332 of 1208 

infants (27.5%
) in the active-treatm

ent group and 
in 377 of 1200 (31.4%

) in the control group. Low
 

birth w
eight (<2500 g) occurred in 232 infants 

(19.2%
) and 277 (23.1%

), respectively (Table 4). 
The frequencies of outcom

es of severe neonatal 
com

plications and N
ICU

 adm
ission did not ap-

pear to differ substantially betw
een the tw

o 
groups. Reported adverse events are provided in 
Table S5.
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alyses

The results of several additional analyses w
ere 

consistent w
ith the prim

ary results, including 
analyses w

ith calculated odds ratios (Table S6), 
per-protocol analyses (Table S7), survival analy-
ses (Fig. S2), and sensitivity analyses (Tables S8, 
S9, and S10).
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ith a blood-pressure tar-
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ith better pregnancy outcom
es than a control 

strategy of no antihypertensive treatm
ent unless 

the systolic blood pressure w
as 160 m

m
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g or 
higher or the diastolic pressure w
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m
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or higher. W
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ho received active treatm
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er risk of one or m
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aternal or 
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plications, preeclam
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 birth) w
ere consistent w

ith the results of the 
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ary analysis. It w
as determ

ined that 14 to 15 
patients w

ould need to receive active treatm
ent 

to prevent one prim
ary-outcom

e event. There w
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no significant betw
een-group differences in the 
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borns w
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ere under 
either the 10th percentile or the 5th percentile 
for gestational-age w

eight. The betw
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Table 2. Primary and Safety Outcomes.

Outcome Imputation Analysis (N = 2408)* Complete-Case Analysis (N = 2325)†

Adjusted Risk Ratio 
(95% CI)

P Value Active Treatment Control Risk Ratio 
(95% CI)

P Value

no./total no. (%)

Primary composite outcome 0.82 (0.74–0.92) <0.001 353/1170 (30.2) 427/1155 (37.0) 0.82 (0.73–0.92) <0.001

Preeclampsia with severe features 0.80 (0.70–0.92) 272/1170 (23.3) 336/1155 (29.1) 0.80 (0.70–0.92)

Medically indicated preterm birth at <35 wk 0.73 (0.60–0.89) 143/1170 (12.2) 193/1155 (16.7) 0.73 (0.60–0.89)

Placental abruption 0.88 (0.49–1.59) 20/1170 (1.7) 22/1155 (1.9) 0.90 (0.49–1.64)

Fetal or neonatal death at <28 days 0.81 (0.54–1.22) 41/1170 (3.5) 50/1155 (4.3) 0.81 (0.54–1.21)

Safety outcome

Small for gestational age

<10th percentile 1.04 (0.82–1.31) 0.76 128/1146 (11.2) 117/1124 (10.4) 1.07 (0.85–1.36) 0.56

<5th percentile 0.89 (0.62–1.26) 0.51 58/1146 (5.1) 62/1124 (5.5) 0.92 (0.65–1.30) 0.63

*  Shown are the results of multiple imputation analysis performed with the use of multivariable log-binomial regression models to calculate adjusted risk ratios. The missing values were 
modeled within treatment group with the use of baseline characteristics that included diabetes status (yes or no), treatment status at enrollment (receiving or not receiving blood-pres-
sure medication), age, body-mass index, and elevated blood pressure (≥150 mm Hg systolic or ≥100 mm Hg diastolic) at the first visit.

†  Complete-case analysis of the primary outcome included 2325 patients with sufficient data (1170 in the active-treatment group and 1155 in the control group). Complete-case analysis 
of the safety outcome included 2270 patients with sufficient data (1146 in the active-treatment group and 1124 in the control group); included in this analysis were assessments of data 
obtained during delivery.
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5. For women at increased risk of preeclampsia, low-dose acetylsa-
licylic acid (81 or 162 mg/d) is recommended (strong, high), to be
taken at bedtime (strong, moderate), preferably before 16 weeks
gestation (conditional, moderate), and discontinued by 36 weeks
gestation (conditional, low).

6. For all other women, low-dose acetylsalicylic acid is not recom-
mended (strong, moderate).

7. For all women with low dietary intake of calcium (<900 mg/d), oral
calcium supplementation of at least 500 mg/d is suggested to
prevent preeclampsia (conditional, low).

8. For all women, vitamin D supplementation over and above Health
Canada’s recommendation for adults is not suggested to prevent
preeclampsia (conditional, moderate).

9. For all women, exercise is recommended to prevent preeclampsia
(strong, moderate).

10. For women at increased risk of preeclampsia, who are overweight
or obese dietary advice (reduce calories and choose foods with a
low glycemic index) and exercise are recommended (conditional,
moderate).

11. Inpatient care should be provided for women with severe hyper-
tension or preeclampsia with 1 or more maternal adverse condi-
tions (good practice point).

12. Bed rest is not suggested for any women with preeclampsia
(conditional, low).

13. Antihypertensive therapy is recommended for pregnant women
with an average systolic blood pressure !140 mm Hg or diastolic
blood pressure !90 mm Hg, regardless of the hypertensive dis-
order of pregnancy (strong, moderate).

14. A diastolic blood pressure of 85 mm Hg should be targeted for
pregnant women on antihypertensive therapy with chronic or
gestational hypertension (strong, moderate), and a similar target,
considered for women with preeclampsia (conditional, low).

15. Antihypertensive therapy (oral or parenteral) is urgently recom-
mended for women with severe hypertension (i.e., systolic blood
pressure!160 mm Hg or diastolic blood pressure!110 mm Hg) in
pregnancy or postpartum (strong, low).

16. Magnesium sulphate is recommended for first-line treatment of
eclampsia and prophylaxis against eclampsia in women with pre-
eclampsia and severe hypertension or adverse maternal condi-
tions (strong, high).

17. Platelet transfusion should be considered if a woman’s platelet
count is<20" 109/L before vaginal delivery or <50" 109/L before

cesarean delivery, or at any time if there is excessive active
bleeding, known platelet dysfunction, rapidly falling platelet count,
or coagulopathy (strong, low).

18. For women with chronic hypertension, expectant care should be
undertaken from fetal viability to <370 weeks gestation, unless
there is an indication for birth (strong, very low). Initiation of de-
livery can be offered at 380 to 396 weeks gestation but should be
advised from 400 weeks gestation (conditional, low).

19. For women with gestational hypertension, expectant care should be
undertaken from fetal viability to <370 weeks, unless there
is an indication for birth (strong, low). When gestational hypertension
arises before 370 weeks, initiation of delivery can be offered at 380 to
396 weeks gestation but should be advised from 400 weeks gesta-
tion (conditional, low). For women who are already at 370 weeks
gestation or later and present with gestational hypertension, initiation
of delivery should be discussed (strong, moderate).

20. For women with preeclampsia, expectant management may be
considered from fetal viability until <340 weeks gestation, but only in
perinatal centres capable of caring for very preterm infants (condi-
tional, moderate). At 340e356 weeks gestation, initiation of delivery
should be discussed, as it decreases maternal but increases
neonatal risk, particularly if antenatal corticosteroids are not pre-
scribed (strong, moderate). At 360e366 weeks gestation, initiation of
delivery should be considered (strong, moderate). At 370 weeks
gestation or later, initiation of delivery is recommended (strong, high).

21. Blood pressure should be measured regularly (at least twice) in the
first 2 weeks after delivery in women with hypertension (good
practice point).

22. As women may develop preeclampsia for the first time postpartum,
those with new or worsening hypertension and/or symptoms of
preeclampsia should be evaluated accordingly (good practice point).

23. For lactating women, the following antihypertensive drugs are
suggested: labetalol, methyldopa, nifedipine, enalapril, and
captopril (conditional, low).

24. Clinical follow-up should be provided for women with gestational
hypertension and preeclampsia to ensure normalization of hyper-
tension, clinical features, and laboratory test results (good practice
point).

25. Women with gestational hypertension and preeclampsia may
benefit from interventions to reduce their risk of a hypertensive
disorder of pregnancy in a future pregnancy and from screening for
cardiovascular risk factors (conditional, low).
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Table 4. Summary and Key Features of Published Guidelines for the Diagnosis and Treatment of HDP

Guideline  

Hypertension  
in pregnancy  
diagnosis* Treatment threshold, mm Hg

Treatment target, 
mm Hg

Continuation of  
antihypertensive therapy

ACOG 20131

20192

20203

 t160/105 with diagnosis of chronic hypertension1

t160/110 if acute3/chronic hypertension2†

120–159/80–1051

120–159/80–109 if 
chronic2†

Guided by informed discussion with 
women

World Health Organization 2018142

2020143

Not defined Not specified‡ Above lower limits of 
normal143

Not specified

National Institute for Health 
and Care Excellence

2019144  t140/90 d135/85 Continue treatment unless <110/70 
mm Hg or symptomatic hypotension

Society of Obstetricians 
and Gynaecologists, 
Canada

2018145

2020146

 t140/90145,146 DBP, 85145,146

<140/90+comorbidi-
ties145

Not specified

International Society for the 
Study of Hypertension in 
Pregnancy

2018110 Plus the absence of preeclampsia 
features

t140/90 in office

t135/85 at home

110–140/85 Not specified

European Society of  
Cardiology

2018147 “Antenatally unclassified” if first BP 
measure >20 wk of gestation

t150/95

t140/90+end-organ damage/gestational hypertension

Not specified Consider discontinuation if BP 
140–159/90–109 mm Hg+normal 
renal function

Society of Obstetric  
Medicine of Australia and 
New Zealand

2014148  t160/100

t140/90, optional

Based on clinician 
assessment

Consider discontinuation if BP fall 
<20 wk of gestation

Guideline  Preeclampsia diagnosis§ Superimposed preeclampsia on chronic hypertension diagnosis§
Treatment thresh-
old, mm Hg Treatment target, mm Hg

ACOG 20192  Chronic hypertension+sudden change in preeclampsia diagnostic parameters t160/1102 Not specified

National Institute for Health 
and Care Excellence

2019144 Symptoms include utero-placental 
dysfunction∥

Not specified t140/90 d135/85

Society of Obstetricians 
and Gynaecologists, 
Canada

2014145

2018149

Symptoms include t1 severe com-
plications

t20 wk of gestation+resistant hypertension+new or worsening protein-
uria or t1 adverse conditions or severe complications of preeclampsia

t140/90149 DBP, 85149

International Society for the 
Study of Hypertension in 
Pregnancy

2018110 Symptoms include utero-placental 
dysfunction‡

Chronic essential hypertension+t1 sign of maternal organ dysfunction 
consistent with preeclampsia, or new-onset proteinuria in the setting of a 
rise in BP

t140/90 110–140/85

European Society of  
Cardiology

2018147 Proteinuria necessary, only high 
suspicion if hypertension+ 
abnormal biochemistry/symptom-
atic

Hypertension <20 wk of gestation+superimposed gestational 
hypertension+proteinuria

t140/90 Not specified

Society of Obstetric  
Medicine of Australia and 
New Zealand

2014148 Symptoms include fetal growth 
restriction

Preexisting hypertension with proteinuria or t1 systemic features of pre-
eclampsia

160/100

140–160/90–100, 
optional

Individual assessment

(Continued )
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AHA SCIENTIFIC STATEMENT

Hypertension in Pregnancy: Diagnosis, Blood 
Pressure Goals, and Pharmacotherapy:  
A Scientific Statement From the American Heart 
Association
Vesna D. Garovic, MD, PhD, FAHA, Chair; Ralf Dechend, MD; Thomas Easterling, MD; S. Ananth Karumanchi, MD;  
Suzanne McMurtry Baird, DNP, RN; Laura A. Magee, MD, FRCPC; Sarosh Rana, MD, MPH; Jane V.  Vermunt, MBChB, MSc;  
Phyllis August, MD, MPH, FAHA, Vice Chair; on behalf of the American Heart Association Council on Hypertension; Council on 
the Kidney in Cardiovascular Disease, Kidney in Heart Disease Science Committee; Council on Arteriosclerosis, Thrombosis and 
Vascular Biology; Council on Lifestyle and Cardiometabolic Health; Council on Peripheral Vascular Disease; and Stroke Council

ABSTRACT: Hypertensive disorders of pregnancy (HDP) remain one of the major causes of pregnancy-related maternal and 
fetal morbidity and mortality worldwide. Affected women are also at increased risk for cardiovascular disease later in life, 
independently of traditional cardiovascular disease risks. Despite the immediate and long-term cardiovascular disease risks, 
recommendations for diagnosis and treatment of HDP in the United States have changed little, if at all, over past decades, 
unlike hypertension guidelines for the general population. The reasons for this approach include the question of benefit from 
normalization of blood pressure treatment for pregnant women, coupled with theoretical concerns for fetal well-being from a 
reduction in utero-placental perfusion and in utero exposure to antihypertensive medication. This report is based on a review of 
current literature and includes normal physiological changes in pregnancy that may affect clinical presentation of HDP; HDP 
epidemiology and the immediate and long-term sequelae of HDP; the pathophysiology of preeclampsia, an HDP commonly 
associated with proteinuria and increasingly recognized as a heterogeneous disease with different clinical phenotypes and likely 
distinct pathological mechanisms; a critical overview of current national and international HDP guidelines; emerging evidence 
that reducing blood pressure treatment goals in pregnancy may reduce maternal severe hypertension without increasing the 
risk of pregnancy loss, high-level neonatal care, or overall maternal complications; and the increasingly recognized morbidity 
associated with postpartum hypertension/preeclampsia. Finally, we discuss the future of research in the field and the pressing 
need to study socioeconomic and biological factors that may contribute to racial and ethnic maternal health care disparities.

Key Words: AHA Scientific Statements ◼ cardiovascular diseases ◼ diagnosis ◼ hypertension ◼ pregnancy ◼ therapeutics 

Hypertensive disorders of pregnancy (HDP) encom-
pass chronic hypertension, gestational hyperten-
sion, preeclampsia/eclampsia, and preeclampsia 

superimposed on chronic hypertension.1 The diagnos-
tic criteria for HDP in the United States have evolved 
over the past 5 decades1; the most current definition of 
hypertension in pregnancy from the American College of 
Obstetricians and Gynecologists (ACOG) was published 
in 2013,1 with updates and recommendations made in 
2019 and 2020 (Table S1 and Table S2 in the Supple-
mental Material).2,3 Most guidelines around the world are 

aligned in defining hypertension in pregnancy as blood 
pressure (BP) t140/90 mm Hg (see the Treatment of 
Hypertension in Pregnancy section). There is variability 
in the threshold for initiating antihypertensive treatment 
attributable to uncertainty about the maternal benefits 
of lowering BP and the potential fetal risks from med-
ication-induced reductions in utero-placental circulation 
and in utero exposure to antihypertensive medications.2 
In contrast, diagnostic and treatment thresholds for the 
general population have evolved over the years4,5; in the 
2017 American College of Cardiology/American Heart 
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Long-term efficacy and safety of moderate-intensity statin 
with ezetimibe combination therapy versus high-intensity 
statin monotherapy in patients with atherosclerotic 
cardiovascular disease (RACING): a randomised, open-label, 
non-inferiority trial
Byeong-Keuk Kim*, Sung-Jin Hong*, Yong-Joon Lee, Soon Jun Hong, Kyeong Ho Yun, Bum-Kee Hong, Jung Ho Heo, Seung-Woon Rha, 
Yun-Hyeong Cho, Seung-Jun Lee, Chul-Min Ahn, Jung-Sun Kim, Young-Guk Ko, Donghoon Choi, Yangsoo Jang, Myeong-Ki Hong, on behalf of the 
RACING investigators†

Summary
Background Drug combinations rather than increasing doses of one drug can achieve greater efficacy and lower risks. 
Thus, as an alternative to high-intensity statin monotherapy, moderate-intensity statin with ezetimibe combination 
therapy can lower LDL cholesterol concentrations effectively while reducing adverse effects. However, evidence from 
randomised trials to compare long-term clinical outcomes is needed.

Methods In this randomised, open-label, non-inferiority trial, patients with atherosclerotic cardiovascular disease 
(ASCVD) at 26 clinical centres in South Korea were randomly assigned (1:1) to receive either moderate-intensity statin 
with ezetimibe combination therapy (rosuvastatin 10 mg with ezetimibe 10 mg) or high-intensity statin monotherapy 
(rosuvastatin 20 mg). The primary endpoint was the 3-year composite of cardiovascular death, major cardiovascular 
events, or non-fatal stroke, in the intention-to-treat population with a non-inferiority margin of 2∙0%. This trial is 
registered with ClinicalTrials.gov, NCT03044665 and is complete.

Findings Between Feb 14, 2017, and Dec 18, 2018, 3780 patients were enrolled: 1894 patients to the combination 
therapy group and 1886 to the high-intensity statin monotherapy group. The primary endpoint occurred in 
172 patients (9∙1%) in the combination therapy group and 186 patients (9∙9%) in the high-intensity statin monotherapy 
group (absolute difference −0∙78%; 90% CI −2∙39 to 0∙83). LDL cholesterol concentrations of less than 70 mg/dL at 
1, 2, and 3 years were observed in 73%, 75%, and 72% of patients in the combination therapy group, and 55%, 60%, 
and 58% of patients in the high-intensity statin monotherapy group (all p<0∙0001). Discontinuation or dose reduction 
of the study drug by intolerance was observed in 88 patients (4∙8%) and 150 patients (8∙2%), respectively (p<0∙0001).

Interpretation Among patients with ASCVD, moderate-intensity statin with ezetimibe combination therapy was 
non-inferior to high-intensity statin monotherapy for the 3-year composite outcomes with a higher proportion of 
patients with LDL cholesterol concentrations of less than 70 mg/dL and lower intolerance-related drug discontinuation 
or dose reduction.

Funding Hanmi Pharmaceutical.

Copyright © 2022 Elsevier Ltd. All rights reserved.

Introduction
Guidelines and several studies recommend the intensive 
lowering of LDL cholesterol concentrations with 
high-intensity 3-hydroxy-3-methylglutaryl-coenzyme A 
reductase inhibitors (statins) in patients with established 
athero sclerotic cardiovascular diseases (ASCVD).1–5 
However, rather than increasing doses of one drug, many 
are now advocating that greater efficacy and lower risks 
can be achieved by use of drug combinations.6 Ezetimibe 
inhibits cholesterol absorption from the intestine by 
blocking the Niemann-Pick C1-Like 1 receptor, which 
leads to a decreased delivery of cholesterol to the liver, 
reduction of hepatic cholesterol stores, and increased 

clearance of cholesterol from the blood.7,8 Therefore, 
compared with high-intensity statin alone, the addition of 
ezetimibe to lower-intensity statin could provide an 
alternative strategy to not only achieve adequate 
LDL cholesterol concentrations but also reduce the 
required dose of statins. This would contribute to a 
reduction in the adverse effects or potential intolerances 
related to high-intensity statin therapy.9–14 In meta-analyses 
from several randomised trials, lower-intensity statin 
with ezetimibe combination therapy showed significantly 
decreased LDL cholesterol concentrations compared with 
higher-intensity statin monotherapy.15,16 However, despite 
the expectation that lower-intensity statin with ezetimibe 
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2. It is strongly recommended to examine the test 8 weeks and 6 months after the enrollment and 

after the drug dose changes. 

3. If the patients had no diabetes or impaired glucose tolerance, this test will be covered by study fund. 

4. If the patients had diabetes or chronic kidney disease, this test will be performed by the current 

clinical guidelines. 

5. If the patients had muscle-relate adverse events, this test is strongly recommended. Otherwise, it 

will be performed by physicians’ discretion. 

 

5.4. General guideline for concomitant treatment 

Risk factor modification for cardiovascular disease should be initiated for all patients 

as recommended. All medication except statin will be used according to current 

guidelines. Non-statin lipid-lowering drugs can be concurrently administered with 

study drugs at the physician’s discretion. 

 

5.5. Protocol of the study at a glance 

 
 

6. Study Quality Management 
6.1. Ethical Issue 

The primary investigator (PI) has the responsibility to abide by ethical requirements 
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Other cardiovascular medications were not statistically 
different between the two groups during the study period 
(appendix p 7).

The primary endpoint occurred in 172 patients 
(9∙1%) in the combination therapy group and 
186 patients (9∙9%) in the high-intensity statin mono-
therapy group (absolute difference −0∙78%; 90% CI 
−2∙39 to 0∙83; table 2, figure 2). As a post-hoc analysis, 
the upper limit of one-sided 97∙5% CI of the difference in 
the primary endpoint was 1∙13%, which also met the non-
inferiority margin of 2∙0% (95% CI −2∙69 to 1∙13). 
Cardiovascular death occurred in eight patients (0∙4%) in 
the combination therapy group and six patients (0∙3%) in 
the high-intensity statin monotherapy group (HR 1∙34; 
95% CI 0∙46 to 3∙85; p=0∙59). Major cardiovascular 
events were observed in 153 patients (8∙1%) in the 
combination therapy group and 167 patients (8∙9%) in 
the high-intensity statin monotherapy group (HR 0∙91; 
95% CI 0∙73 to 1∙14; p=0∙41; table 2). The occurrence of 
non-fatal stroke was not statistically different between the 
two groups (0∙8% vs 0∙7%; HR 1∙07; 95% CI 0∙52 to 
2∙22; p=0∙85). As a sensitivity analysis, in the per-protocol 
population, baseline characteristics and the 3-year clinical 
endpoint are provided in the appendix (pp 8–9). The 
primary endpoint occurred in 160 patients (9∙1%) in the 
combination therapy group and 158 patients (9∙4%) in 
the high-intensity statin monotherapy group (absolute 

difference −0∙29%; 90% CI −1∙97 to 1∙37; appendix pp 9, 
12). In post-hoc analyses, the upper limit of one-sided 
97∙5% CI of the difference in the primary endpoint was 
1∙69%, which also met the non-inferiority margin of 
2∙0% (95% CI −2∙28 to 1∙69).

As for the key secondary endpoint, LDL cholesterol 
concentrations of less than 70 mg/dL at 1, 2, and 3 years 

Moderate-
intensity statin 
with ezetimibe 
combination 
therapy (n=1894)

High-
intensity statin 
monotherapy 
(n=1886)

Absolute difference 
(90% CI)

Hazard ratio (95% CI) p value

Primary endpoint

Composite of cardiovascular death, major cardiovascular event, or non-fatal stroke 172 (9·1%) 186 (9·9%) −0·78% (−2·39 to 0·83) 0·92 (0·75 to 1·13) 0·43

Secondary efficacy endpoint

Composite of all-cause death, major cardiovascular event, or non-fatal stroke 186 (9·8%) 197 (10·4%) −0·62% (−2·28 to 1·03) 0·94 (0·77 to 1·15) 0·94

Individual clinical endpoint

Cardiovascular death 8 (0·4%) 6 (0·3%) 0·10% (−0·28 to 0·50) 1·34 (0·46 to 3·85) 0·59

All-cause death 26 (1·4) 22 (1·2) 0·21% (−0·44 to 0·86) 1·19 (0·67 to 2·09) 0·56

Major cardiovascular events 153 (8·1%) 167 (8·9%) −0·78% (−2·31 to 0·75) 0·91 (0·73 to 1·14) 0·41

Coronary artery revascularisation 91 (4·8%) 89 (4·7%) 0·09% (−1·10 to 1·27) 1·02 (0·76 to 1·37) 0·88

Percutaneous coronary intervention 87 89 ·· ·· ··

Coronary artery bypass surgery 4 0 ·· ·· ··

Peripheral artery revascularisation 8 (0·4%) 7 (0·4%) 0·05% (−0·35 to 0·46) 1·15 (0·42 to 3·16) 0·79

Hospitalisation for ischaemic heart disease 142 (7·5%) 150 (8·0%) −0·46 (−1·93 to 1·01) 0·94 (0·75 to 1·19) 0·62

Stable angina or unstable angina 120 133 ·· ·· ··

Acute myocardial infarction 22 17 ·· ·· ··

Hospitalisation for heart failure 14 (0·7%) 19 (1·0%) −0·27% (−0·83 to 0·28) 0·74 (0·37 to 1·47) 0·39

Hospitalisation for peripheral artery disease 8 (0·4%) 7 (0·4%) 0·05% (−0·35 to 0·46) 1·15 (0·42 to 3·16) 0·79

Non-fatal stroke 15 (0·8%) 14 (0·7%) 0·05% (−0·47 to 0·58) 1·07 (0·52 to 2·22) 0·85

Ischaemic stroke 11 (0·6%) 11 (0·6%) −0·002% (−0·47 to 0·47) 0·99 (0·43 to 2·31) 1·0

Haemorrhagic stroke 4 (0·2%) 3 (0·2%) 0·05% (−0·25 to 0·37) 1·34 (0·30 to 5·97) 0·70

Data are the number of events (%).

Table 2: 3-year clinical endpoint in the intention-to-treat population

Figure 2: Kaplan-Meier curves of the primary endpoint of the intention-to-treat population
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RACING - conclusion

• Ajouter Ezetimibe à une statine à dose modérée semble 
être non-inférieur à une statine à dose élevée
+ Incluant des critères d’évaluation pertinents (mortalité CV)

+ Malgré un taux d’événements plus faible que prévu

+ Population Corée du sud
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randomisation, whichever was earlier). Use of other 
treatments for COVID-19 was similar among participants 
allocated to aspirin and among those allocated to usual 
care, with nearly 90% receiving a corticosteroid, about a 
quarter receiving remdesivir, and an eighth receiving 
tocilizumab (appendix p 46).

Primary and secondary outcome data were known for 
99% of randomly assigned patients. We observed no 
significant difference in the proportion of patients who 
met the primary outcome of 28 day mortality between 
the two randomised groups (1222 [17%] of 7351 patients 
in the aspirin group vs 1299 [17%] of 7541 patients in the 
usual care group; rate ratio 0·96, 95% CI 0·89–1·04; 
p=0·35; figure 2, table 2). The rate ratio was similar 
across all prespecified subgroups (figure 3). In an 
exploratory analysis restricted to the 14 467 (97%) of 
14 892 patients with a positive SARS-CoV-2 test result, the 
result was virtually identical (rate ratio 0·96, 95% CI 
0·89–1·04; p=0·31).

Allocation to aspirin was associated with a reduction of 
1 day in median time until discharge alive from hospital 
compared with usual care and an increased rate of 
discharge alive within 28 days (table 2). Among patients 
not on invasive mechanical ventilation at baseline, the 
number of patients progressing to the prespecified 
composite secondary outcome of invasive mechanical 
ventilation or death among those allocated to aspirin was 
similar to that among those allocated to usual care 
(table  2). There was no evidence that the effect of 
allocation to aspirin versus usual care on time until 
discharge alive from hospital, or invasive mechanical 
ventilation or death differed between the prespecified 
subgroups of patients (appendix pp 52–53). In a post-hoc 
exploratory analysis, there was no evidence that the effect 
of allocation to aspirin versus usual care on the primary 
and secondary outcomes differed by use of LMWH at 
randomisation (appendix p 54).

We found no significant differences in the 
prespecified subsidiary clinical outcomes of cause-
specific mortality (appendix p 47), use of ventilation, 
successful cessation of invasive mechanical ventilation, 
or receipt of renal dialysis or haemofiltration (table 2). 
As expected with the use of aspirin, the incidence of 
thrombotic events was lower (4·6% vs 5·3%, absolute 
difference –0·6%, SE 0·4%) and the incidence of major 
bleeding events was higher (1·6% vs 1·0%, absolute 
difference 0·6%, SE 0·2%) in the aspirin group 
(appendix p 48) than in the usual care group. The 
incidence of new cardiac arrhythmias was similar in 
the two groups (appendix p 49). There were 18 reports 
of a serious adverse event believed to be related to 
aspirin, all of which were due to haemorrhagic events 
(appendix p 50).

Discussion
In this large, randomised trial involving more than 
14 000 patients and more than 2000 deaths, allocation to 

aspirin was not associated with reductions in mortality 
or, among patients not on invasive mechanical ventilation 
at baseline, the risk of progressing to the composite 
endpoint of invasive mechanical ventilation or death. 
Allocation to aspirin was, however, associated with a 
small increase in the rate of being discharged from 
hospital alive within 28 days. These results were 
consistent across the prespecified subgroups of age, sex, 
ethnicity, duration of symptoms before randomisation, 
amount of respiratory support at randomisation, and use 
of corticosteroids.

Figure 2: Effect of allocation to aspirin on 28 day mortality
RR=rate ratio.
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Treatment allocation RR (95% CI) p value

Aspirin (n=7351) Usual care (n=7541)

Primary outcome

28 day mortality 1222 (17%) 1299 (17%) 0·96 (0·89–1·04) 0·35

Secondary outcomes

Median time to being discharged 
alive (IQR), days

8 (5 to >28) 9 (5 to >28) ·· ··

Discharged from hospital within 
28 days

5496 (75%) 5548 (74%) 1·06 (1·02–1·10) 0·0062

Receipt of invasive mechanical 
ventilation or death*

1473/6993 (21%) 1569/7169 (22%) 0·96 (0·90–1·03) 0·23

Invasive mechanical ventilation 772/6993 (11%) 829/7169 (12%) 0·95 (0·87–1·05) 0·32

Death 1076/6993 (15%) 1141/7169 (16%) 0·97 (0·90–1·04) 0·39

Subsidiary clinical outcomes

Use of ventilation 1131/4936 (23%) 1198/5036 (24%) 0·96 (0·90–1·03) 0·30

Non-invasive ventilation 1101/4936 (22%) 1162/5036 (23%) 0·97 (0·90–1·04) 0·36

Invasive mechanical ventilation 296/4936 (6%) 325/5036 (6%) 0·93 (0·80–1·08) 0·35

Successful cessation of invasive 
mechanical ventilation

135/358 (38%) 135/372 (36%) 1·08 (0·85–1·37) 0·54

Renal replacement therapy 273/7291 (4%) 282/7480 (4%) 0·99 (0·84–1·17) 0·93

RR=rate ratio for the outcomes of 28-day mortality and hospital discharge, and rate ratio for the outcome of receipt of 
invasive mechanical ventilation or death (and its subcomponents).  *Analyses exclude those on invasive mechanical 
ventilation at randomisation.

Table 2: Effect of allocation to aspirin on key study outcomes
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Aspirin in patients admitted to hospital with COVID-19 
(RECOVERY): a randomised, controlled, open-label, 
platform trial
RECOVERY Collaborative Group*

Summary
Background Aspirin has been proposed as a treatment for COVID-19 on the basis of its anti-thrombotic properties. 
We aimed to evaluate the efficacy and safety of aspirin in patients admitted to hospital with COVID-19. 

Methods In this randomised, controlled, open-label, platform trial, several possible treatments were compared with 
usual care in patients hospitalised with COVID-19. The trial took place at 177 hospitals in the UK, two hospitals in 
Indonesia, and two hospitals in Nepal. Eligible and consenting adults were randomly allocated in a 1:1 ratio to either 
usual standard of care plus 150 mg aspirin once per day until discharge or usual standard of care alone using web-
based simple (unstratified) randomisation with allocation concealment. The primary outcome was 28 day mortality. 
All analyses were done by intention to treat. The trial is registered with ISRCTN (50189673) and ClinicalTrials.gov 
(NCT04381936).

Findings Between Nov 1, 2020, and March 21, 2021, 14 892 (66%) of 22 560 patients enrolled into the RECOVERY 
trial were eligible to be randomly allocated to aspirin. 7351 patients were randomly allocated (1:1) to receive aspirin 
and 7541 patients to receive usual care alone. Overall, 1222 (17%) of 7351 patients allocated to aspirin and 1299 (17%) 
of 7541 patients allocated to usual care died within 28 days (rate ratio 0·96, 95% CI 0·89–1·04; p=0·35). Consistent 
results were seen in all prespecified subgroups of patients. Patients allocated to aspirin had a slightly shorter 
duration of hospitalisation (median 8 days, IQR 5 to >28, vs 9 days, IQR 5 to >28) and a higher proportion were 
discharged from hospital alive within 28 days (75% vs 74%; rate ratio 1·06, 95% CI 1·02–1·10; p=0·0062). Among 
patients not on invasive mechanical ventilation at baseline, there was no significant difference in the proportion 
meeting the composite endpoint of invasive mechanical ventilation or death (21% vs 22%; risk ratio 0·96, 95% CI 
0·90–1·03; p=0·23). Aspirin use was associated with a reduction in thrombotic events (4·6% vs 5·3%; absolute 
reduction 0·6%, SE 0·4%) and an increase in major bleeding events (1·6% vs 1·0%; absolute increase 0·6%, 
SE 0·2%). 

Interpretation In patients hospitalised with COVID-19, aspirin was not associated with reductions in 28 day mortality 
or in the risk of progressing to invasive mechanical ventilation or death, but was associated with a small increase in 
the rate of being discharged alive within 28 days.

Funding UK Research and Innovation (Medical Research Council), National Institute of Health Research, and the 
Wellcome Trust through the COVID-19 Therapeutics Accelerator.

Copyright © 2021 The Author(s). Published by Elsevier Ltd. This is an Open Access article under the CC BY 4.0 license.

Introduction
Thrombosis is a key feature of severe COVID-19, with 
5–30% of hospitalised patients (depending on illness 
severity) having a major venous thromboembolic event 
(mostly pulmonary embolism) and up to 3% of patients 
having an arterial thromboembolic event, particularly 
myocardial infarction and ischaemic stroke.1,2 The risk of 
thromboembolic complications is reported to be higher 
in COVID-19 than in other acute medical illnesses and 
viral respiratory infections, and is associated with worse 
prognosis.3,4

Anti-platelet therapy might have beneficial effects in 
severe COVID-19 through several mechanisms, including 
inhibition of platelet aggregation, reduction of platelet-
derived inflammation, and blocking of thrombogenic 

neutrophil extracellular traps.5 Aspirin is an affordable, 
globally available drug which at low doses irreversibly 
inhibits the cyclooxygenase-1 enzyme, which is responsible 
for production of thromboxane A2 and proinflammatory 
prostaglandins. Aspirin can reduce both arterial and 
venous thrombotic events and has been shown to prevent 
in-vitro hyperactivity in platelets from patients with 
SARS-CoV-2.6,7 Existing evidence from randomised trials 
has shown that 75–150 mg aspirin per day is as effective as 
higher doses in preventing cardiovascular events.6

Seven clinical trials of aspirin in COVID-19 are 
registered, but none have yet reported on the effect of 
aspirin therapy in COVID-19. Here we report the results 
of a large randomised controlled trial of aspirin in 
patients hospitalised with COVID-19.
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Effects of Early Empagliflozin Initiation on Diuresis 
and Kidney Function in Patients With Acute 
Decompensated Heart Failure (EMPAG-HF)
P. Christian Schulze , MD, PhD; Jürgen Bogoviku, MD; Julian Westphal , MD; Pawel Aftanski, MD; Franz Haertel, MD;  
Sissy Grund, MS; Stephan von Haehling, MD, PhD; Ulrike Schumacher, PhD; Sven Möbius-Winkler , MD, PhD; Martin Busch, MD

BACKGROUND: Effective diuretic regimens using loop diuretics in patients with acute decompensated heart failure are often 
limited by the development of worsening kidney function. Sodium-glucose cotransporter-2 inhibitors induce glucosuria and 
sodium excretion with nephroprotective effects in patients with stable heart failure but their role in acute decompensated 
heart failure is unclear.

METHODS: In this single-center, prospective, double-blind, placebo-controlled, randomized study, we randomly assigned patients 
with acute decompensated heart failure to empagliflozin 25 mg daily or placebo in addition to standard decongestive treatments 
that included loop diuretics. The primary end point was cumulative urine output over 5 days. Secondary end points included 
diuretic efficiency, dynamics in markers of kidney function and injury, and NT-proBNP (N-terminal pro-B-type natriuretic peptide).

RESULTS: Sixty patients were randomized within 12 hours of hospitalization for acute decompensated heart failure. Addition of 
empagliflozin daily to standard medical treatment of acute decompensated heart failure resulted in a 25% increase in cumulative 
urine output over 5 days (median 10.8 versus 8.7 L mL in placebo, group difference estimation 2.2 L [95% CI, 8.4 to 3.6]; 
P=0.003). Empagliflozin increased diuretic efficiency compared with placebo (14.1 mL urine per milligram furosemide equivalent 
[95% CI, 0.6–27.7]; P=0.041) without affecting markers of renal function (estimated glomerular filtration rate, 51±19 versus 
54±17 mL/min per 1.73 m²; P=0.599) or injury (total urinary protein, 492±845 versus 503±847 mg/g creatinine; P=0.975; 
and urinary α1-microglobulin, 55.4±38.6 versus 31.3±33.6 mg/g creatinine; P=0.066) with more pronounced decrease in NT-
proBNP in the empagliflozin group compared with placebo (−1861 versus −727.2 pg/mL after 5 days; quotient in slope, 0.89 
[95% CI, 0.83–0.95]; P<0.001). There were no differences in the incidence of safety events between groups.

CONCLUSIONS: Early addition of empagliflozin to standard diuretic therapy increases urine output without affecting renal 
function in patients with acute decompensated heart failure.

REGISTRATION: URL: https://www.clinicaltrials.gov; Unique identifier: NCT04049045.

Key Words: diuretics ◼ heart failure ◼ kidney

Editorial, see p 299 

Heart failure (HF) has increased in incidence and 
prevalence worldwide and has high morbidity and 
mortality.1,2 Acute decompensated HF (ADHF) 

is a severe presentation of HF characterized by vol-
ume retention and congestion, often accompanied by 

impaired kidney function and diuretic resistance.3 The 
only pharmacologic treatments available to augment 
diuresis are various combinations of diuretics added to 
loop diuretics or the addition of inotropes or vasodila-
tors when decompensation is severe.2–4 The inability to 
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function and injury including creatinine, urea, and cys-
tatin-C as well as urine markers of kidney injury includ-
ing urinary total protein, albumin, and α1-microglobulin 
(corrected for urine creatinine) were not different 
between the 2 groups (total urinary protein, 492±845 
versus 503±847 mg/g creatinine; P=0.975; and uri-
nary α1-microglobulin, 55.4±38.6 versus 31.3±33.6 
mg/g creatinine; both P=0.066; Table 3). Patients in 

the empagliflozin group had lower levels of serum uric 
acid during the 5-day study period.

Quality of Life Questionnaires
Patients in the empagliflozin group had a greater abso-
lute change in New York Heart Association class from 
baseline to day 5 and until hospital discharge (Figure 
S1). The absolute improvement in EQ-5D index and vi-
sual analogue scale health status was numerically higher 
in the empagliflozin group compared with placebo but 
not statistically significant (Figure 4).17

Safety and Adverse Events
No statistically significant differences in the occurrence 
of safety events were observed between the 2 groups 
during the study period or during follow-up of 30 days 
after randomization (Table 4). No early discontinuation of 
trial drug was registered. No patient was lost to follow-
up. Two patients died in the placebo group and 1 patient 
died in the empagliflozin arm.

DISCUSSION
In patients with ADHF, early initiation of empagliflozin 
added to standard decongestive treatments led to a 
25% increase in cumulative urine output over 5 days 
of treatment. Empagliflozin also led to an increase in 
diuretic efficiency as well as greater reduction in NT-
proBNP and a trend toward lower body weight (Fig-
ures 2 and 3). These effects were not accompanied by 
increased kidney dysfunction compared with placebo 
(Figure 3B and Tables 2 and 3).

The findings of the current study add to the increas-
ing evidence on effects of SGLT2 inhibition in patients 
with cardiovascular diseases.12–15,18–21 The effects of 
empagliflozin in patients with ADHF are consistent with 
findings of previous studies in patients with kidney dys-
function and HF with preserved and reduced ejection 
fraction regardless of diabetes status that consistently 
showed the clinical benefits of SGLT2 inhibition.12–15,19

First introduced as antihyperglycemic drugs, SGLT2 
inhibitors have shown benefits in cardiovascular risk pre-
vention and in patients with chronic stable HF.12–15,18,19 
SGLT2 inhibitors reduce renal glucose reabsorption 
and thus increase urinary glucose excretion. In addi-
tion to glucosuric effects, empagliflozin is also associ-
ated with osmotic diuresis and natriuresis.22 Chronic 
use decreases body weight and blood pressure with-
out increases in heart rate and has favorable effects on 
markers of arterial stiffness and vascular resistance.21 In 
patients with HF with reduced and preserved ejection 
fraction, SGLT2 inhibition prevented the decline in eGFR 
over time.14,15,18,21

Diuretic efficency
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Figure 2. Primary and secondary outcomes.
A, Cumulative urine output over 5 days (primary outcome). B, 
Dynamics in NT-proBNP levels in relation to baseline (mean and 
SEM values evaluated under logarithmic transformation). C, Diuretic 
efficiency over 5 days. Error bars represent SEM. 

D
ow

nloaded from
 http://ahajournals.org by on O

ctober 25, 2022

OR
IG

IN
AL

 R
ES

EA
RC

H 
AR

TIC
LE

July 26, 2022 Circulation. 2022;146:289–298. DOI: 10.1161/CIRCULATIONAHA.122.059038294

Schulze et al Empagliflozin in ADHF

function and injury including creatinine, urea, and cys-
tatin-C as well as urine markers of kidney injury includ-
ing urinary total protein, albumin, and α1-microglobulin 
(corrected for urine creatinine) were not different 
between the 2 groups (total urinary protein, 492±845 
versus 503±847 mg/g creatinine; P=0.975; and uri-
nary α1-microglobulin, 55.4±38.6 versus 31.3±33.6 
mg/g creatinine; both P=0.066; Table 3). Patients in 

the empagliflozin group had lower levels of serum uric 
acid during the 5-day study period.

Quality of Life Questionnaires
Patients in the empagliflozin group had a greater abso-
lute change in New York Heart Association class from 
baseline to day 5 and until hospital discharge (Figure 
S1). The absolute improvement in EQ-5D index and vi-
sual analogue scale health status was numerically higher 
in the empagliflozin group compared with placebo but 
not statistically significant (Figure 4).17

Safety and Adverse Events
No statistically significant differences in the occurrence 
of safety events were observed between the 2 groups 
during the study period or during follow-up of 30 days 
after randomization (Table 4). No early discontinuation of 
trial drug was registered. No patient was lost to follow-
up. Two patients died in the placebo group and 1 patient 
died in the empagliflozin arm.

DISCUSSION
In patients with ADHF, early initiation of empagliflozin 
added to standard decongestive treatments led to a 
25% increase in cumulative urine output over 5 days 
of treatment. Empagliflozin also led to an increase in 
diuretic efficiency as well as greater reduction in NT-
proBNP and a trend toward lower body weight (Fig-
ures 2 and 3). These effects were not accompanied by 
increased kidney dysfunction compared with placebo 
(Figure 3B and Tables 2 and 3).

The findings of the current study add to the increas-
ing evidence on effects of SGLT2 inhibition in patients 
with cardiovascular diseases.12–15,18–21 The effects of 
empagliflozin in patients with ADHF are consistent with 
findings of previous studies in patients with kidney dys-
function and HF with preserved and reduced ejection 
fraction regardless of diabetes status that consistently 
showed the clinical benefits of SGLT2 inhibition.12–15,19

First introduced as antihyperglycemic drugs, SGLT2 
inhibitors have shown benefits in cardiovascular risk pre-
vention and in patients with chronic stable HF.12–15,18,19 
SGLT2 inhibitors reduce renal glucose reabsorption 
and thus increase urinary glucose excretion. In addi-
tion to glucosuric effects, empagliflozin is also associ-
ated with osmotic diuresis and natriuresis.22 Chronic 
use decreases body weight and blood pressure with-
out increases in heart rate and has favorable effects on 
markers of arterial stiffness and vascular resistance.21 In 
patients with HF with reduced and preserved ejection 
fraction, SGLT2 inhibition prevented the decline in eGFR 
over time.14,15,18,21
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Figure 2. Primary and secondary outcomes.
A, Cumulative urine output over 5 days (primary outcome). B, 
Dynamics in NT-proBNP levels in relation to baseline (mean and 
SEM values evaluated under logarithmic transformation). C, Diuretic 
efficiency over 5 days. Error bars represent SEM. 
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Effects of Early Empagliflozin Initiation on Diuresis 
and Kidney Function in Patients With Acute 
Decompensated Heart Failure (EMPAG-HF)
P. Christian Schulze , MD, PhD; Jürgen Bogoviku, MD; Julian Westphal , MD; Pawel Aftanski, MD; Franz Haertel, MD;  
Sissy Grund, MS; Stephan von Haehling, MD, PhD; Ulrike Schumacher, PhD; Sven Möbius-Winkler , MD, PhD; Martin Busch, MD

BACKGROUND: Effective diuretic regimens using loop diuretics in patients with acute decompensated heart failure are often 
limited by the development of worsening kidney function. Sodium-glucose cotransporter-2 inhibitors induce glucosuria and 
sodium excretion with nephroprotective effects in patients with stable heart failure but their role in acute decompensated 
heart failure is unclear.

METHODS: In this single-center, prospective, double-blind, placebo-controlled, randomized study, we randomly assigned patients 
with acute decompensated heart failure to empagliflozin 25 mg daily or placebo in addition to standard decongestive treatments 
that included loop diuretics. The primary end point was cumulative urine output over 5 days. Secondary end points included 
diuretic efficiency, dynamics in markers of kidney function and injury, and NT-proBNP (N-terminal pro-B-type natriuretic peptide).

RESULTS: Sixty patients were randomized within 12 hours of hospitalization for acute decompensated heart failure. Addition of 
empagliflozin daily to standard medical treatment of acute decompensated heart failure resulted in a 25% increase in cumulative 
urine output over 5 days (median 10.8 versus 8.7 L mL in placebo, group difference estimation 2.2 L [95% CI, 8.4 to 3.6]; 
P=0.003). Empagliflozin increased diuretic efficiency compared with placebo (14.1 mL urine per milligram furosemide equivalent 
[95% CI, 0.6–27.7]; P=0.041) without affecting markers of renal function (estimated glomerular filtration rate, 51±19 versus 
54±17 mL/min per 1.73 m²; P=0.599) or injury (total urinary protein, 492±845 versus 503±847 mg/g creatinine; P=0.975; 
and urinary α1-microglobulin, 55.4±38.6 versus 31.3±33.6 mg/g creatinine; P=0.066) with more pronounced decrease in NT-
proBNP in the empagliflozin group compared with placebo (−1861 versus −727.2 pg/mL after 5 days; quotient in slope, 0.89 
[95% CI, 0.83–0.95]; P<0.001). There were no differences in the incidence of safety events between groups.

CONCLUSIONS: Early addition of empagliflozin to standard diuretic therapy increases urine output without affecting renal 
function in patients with acute decompensated heart failure.

REGISTRATION: URL: https://www.clinicaltrials.gov; Unique identifier: NCT04049045.

Key Words: diuretics ◼ heart failure ◼ kidney

Editorial, see p 299 

Heart failure (HF) has increased in incidence and 
prevalence worldwide and has high morbidity and 
mortality.1,2 Acute decompensated HF (ADHF) 

is a severe presentation of HF characterized by vol-
ume retention and congestion, often accompanied by 

impaired kidney function and diuretic resistance.3 The 
only pharmacologic treatments available to augment 
diuresis are various combinations of diuretics added to 
loop diuretics or the addition of inotropes or vasodila-
tors when decompensation is severe.2–4 The inability to 
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The current study is distinct from previous clinical tri-
als of SGLT2 inhibition in HF in several aspects. First, 
no previous trial has recruited patients at such an early 
time period (<12 hours) after hospital admission with-
out hemodynamic stabilization. Second, this trial was 
designed to monitor early effects of SGLT2 inhibition 
including risks and benefits during the acute phase of 
decongestive treatment in decompensated HF. Third, 
patients were monitored during the most vulnerable 
phase of acute HF treatment from admission to clinical 
stabilization (full study observation time was 5 days).

The dosage of 25 mg empagliflozin in EMPAG-HF was 
chosen to maximize potential diuretic effects in ADHF. We 
hypothesized that the higher dose would result in increased 

urine output compared with 10 mg. We aimed to explore 
potentially negative effects of empagliflozin in ADHF in com-
bination with high-dose loop diuretics and other HF drugs.

Previous studies on the role of ultrafiltration in decom-
pensated HF, such as UNLOAD (Ultrafiltration Versus 
Intravenous Diuretics for Patients Hospitalized for Acute 
Decompensated Congestive HF) and AVOID-HF (Aqua-
pheresis Versus Intravenous Diuretics and Hospitaliza-
tion for HF), have demonstrated that these therapies 
may cause incremental weight loss comparable with the 
effects of SGLT2 inhibition as shown in EMPAG-HF.10,11 
Results from AQUAMARINE (Answering the Question 
of Tolvaptan’s Efficacy for Patients With ADHF and Kid-
ney Failure) demonstrated that tolvaptan was associated 
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Figure 3. Secondary outcomes with extended 30-day follow-up.
A, Change in body weight from baseline in both groups. B, Dynamics in estimated glomerular filtration rate (eGFR) as change from baseline in 
both groups. Error bars represent SEM.

Table 2. Primary and Secondary End Points

Outcomes Empagliflozin Placebo
Estimation of group  
difference* (95% CI)

Total urine output over 5 days, mL 10 775 (9100 to 12 925) 8650 (6450 to 10 350) 2125 (840 to 3550)†

Secondary outcomes

 Net urine output over 5 days, mL 3725 (2622 to 5830) 1480 (650 to 3826) 1950 (674 to 3250)

 Net fluid output over 5 days, mL 3925 (2825 to 6505) 1680 (850 to 4026) 2005 (700 to 3300)

 Change in body weight, kg (day 5) – 4.19±3.5 –3.02±2.9 –1.18 (–2.99 to 0.63)

 Cumulative dose of diuretics (in milligrams furosemide equivalent) 313±194.6 351.4±220.7 –38.4 (–176.7 to 70.0)

 Diuretic efficiency (mL/mg furosemide equivalent) 8.3 (–32.9 to 58.8) –25.9 (–80.3 to 16.8) 43.7 (0.1 to 93)

Renal function measures under treatment (day 5)

 Increase in serum creatinine of t26.5 µmol/L (0.3 mg/dL) 3/26 (11.5) 9/28 (32.1)  

 Doubling of serum creatinine 0 of 26 0 of 28  

 Need for renal replacement therapy 0 of 29 0 of 29  

 Total urinary sodium excretion, mmol/L (day 5) 93±36.8 99.4±30.6 –6.4 (–27.6 to 14.8)

 Fractional excretion of sodium (day 5) 3170±2802.2 2439.1±2134.6 731 (–939 to 2400)

Values are mean±SD (95% CI), median (interquartile range), or n/total N (%).
*Hodges-Lehman estimation for median.
†Wilcoxon 2-sample test; P=0.003.
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The current study is distinct from previous clinical tri-
als of SGLT2 inhibition in HF in several aspects. First, 
no previous trial has recruited patients at such an early 
time period (<12 hours) after hospital admission with-
out hemodynamic stabilization. Second, this trial was 
designed to monitor early effects of SGLT2 inhibition 
including risks and benefits during the acute phase of 
decongestive treatment in decompensated HF. Third, 
patients were monitored during the most vulnerable 
phase of acute HF treatment from admission to clinical 
stabilization (full study observation time was 5 days).

The dosage of 25 mg empagliflozin in EMPAG-HF was 
chosen to maximize potential diuretic effects in ADHF. We 
hypothesized that the higher dose would result in increased 

urine output compared with 10 mg. We aimed to explore 
potentially negative effects of empagliflozin in ADHF in com-
bination with high-dose loop diuretics and other HF drugs.

Previous studies on the role of ultrafiltration in decom-
pensated HF, such as UNLOAD (Ultrafiltration Versus 
Intravenous Diuretics for Patients Hospitalized for Acute 
Decompensated Congestive HF) and AVOID-HF (Aqua-
pheresis Versus Intravenous Diuretics and Hospitaliza-
tion for HF), have demonstrated that these therapies 
may cause incremental weight loss comparable with the 
effects of SGLT2 inhibition as shown in EMPAG-HF.10,11 
Results from AQUAMARINE (Answering the Question 
of Tolvaptan’s Efficacy for Patients With ADHF and Kid-
ney Failure) demonstrated that tolvaptan was associated 
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Figure 3. Secondary outcomes with extended 30-day follow-up.
A, Change in body weight from baseline in both groups. B, Dynamics in estimated glomerular filtration rate (eGFR) as change from baseline in 
both groups. Error bars represent SEM.

Table 2. Primary and Secondary End Points

Outcomes Empagliflozin Placebo
Estimation of group  
difference* (95% CI)

Total urine output over 5 days, mL 10 775 (9100 to 12 925) 8650 (6450 to 10 350) 2125 (840 to 3550)†

Secondary outcomes

 Net urine output over 5 days, mL 3725 (2622 to 5830) 1480 (650 to 3826) 1950 (674 to 3250)

 Net fluid output over 5 days, mL 3925 (2825 to 6505) 1680 (850 to 4026) 2005 (700 to 3300)

 Change in body weight, kg (day 5) – 4.19±3.5 –3.02±2.9 –1.18 (–2.99 to 0.63)

 Cumulative dose of diuretics (in milligrams furosemide equivalent) 313±194.6 351.4±220.7 –38.4 (–176.7 to 70.0)

 Diuretic efficiency (mL/mg furosemide equivalent) 8.3 (–32.9 to 58.8) –25.9 (–80.3 to 16.8) 43.7 (0.1 to 93)

Renal function measures under treatment (day 5)

 Increase in serum creatinine of t26.5 µmol/L (0.3 mg/dL) 3/26 (11.5) 9/28 (32.1)  

 Doubling of serum creatinine 0 of 26 0 of 28  

 Need for renal replacement therapy 0 of 29 0 of 29  

 Total urinary sodium excretion, mmol/L (day 5) 93±36.8 99.4±30.6 –6.4 (–27.6 to 14.8)

 Fractional excretion of sodium (day 5) 3170±2802.2 2439.1±2134.6 731 (–939 to 2400)

Values are mean±SD (95% CI), median (interquartile range), or n/total N (%).
*Hodges-Lehman estimation for median.
†Wilcoxon 2-sample test; P=0.003.
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BACKGROUND
The effects of empagliflozin in patients with chronic kidney disease who are at 
risk for disease progression are not well understood. The EMPA-KIDNEY trial was 
designed to assess the effects of treatment with empagliflozin in a broad range of 
such patients.

METHODS
We enrolled patients with chronic kidney disease who had an estimated glomeru-
lar filtration rate (eGFR) of at least 20 but less than 45 ml per minute per 1.73 m2 
of body-surface area, or who had an eGFR of at least 45 but less than 90 ml per 
minute per 1.73 m2 with a urinary albumin-to-creatinine ratio (with albumin mea-
sured in milligrams and creatinine measured in grams) of at least 200. Patients 
were randomly assigned to receive empagliflozin (10 mg once daily) or matching 
placebo. The primary outcome was a composite of progression of kidney disease 
(defined as end-stage kidney disease, a sustained decrease in eGFR to <10 ml per 
minute per 1.73 m2, a sustained decrease in eGFR of ≥40% from baseline, or death 
from renal causes) or death from cardiovascular causes.

RESULTS
A total of 6609 patients underwent randomization. During a median of 2.0 years 
of follow-up, progression of kidney disease or death from cardiovascular causes 
occurred in 432 of 3304 patients (13.1%) in the empagliflozin group and in 558 of 
3305 patients (16.9%) in the placebo group (hazard ratio, 0.72; 95% confidence 
interval [CI], 0.64 to 0.82; P<0.001). Results were consistent among patients with 
or without diabetes and across subgroups defined according to eGFR ranges. The 
rate of hospitalization from any cause was lower in the empagliflozin group than 
in the placebo group (hazard ratio, 0.86; 95% CI, 0.78 to 0.95; P = 0.003), but there 
were no significant between-group differences with respect to the composite out-
come of hospitalization for heart failure or death from cardiovascular causes 
(which occurred in 4.0% in the empagliflozin group and 4.6% in the placebo 
group) or death from any cause (in 4.5% and 5.1%, respectively). The rates of seri-
ous adverse events were similar in the two groups.

CONCLUSIONS
Among a wide range of patients with chronic kidney disease who were at risk for 
disease progression, empagliflozin therapy led to a lower risk of progression of 
kidney disease or death from cardiovascular causes than placebo. (Funded by 
Boehringer Ingelheim and others; EMPA-KIDNEY ClinicalTrials.gov number, 
NCT03594110; EudraCT number, 2017 - 002971 - 24.)
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GRAPHICAL ABSTRACT

ABSTRACT
Background. The e"ects of the sodium-glucose co-transporter
2 inhibitor empagli#ozin on renal and cardiovascular disease
have not been tested in a dedicated population of people with
chronic kidney disease (CKD).
Methods. The EMPA-KIDNEY trial is an international
randomized, double-blind, placebo-controlled trial assessing
whether empagli#ozin 10 mg daily decreases the risk of kidney
disease progression or cardiovascular death in people with

CKD. People with or without diabetes mellitus (DM) were
eligible provided they had an estimated glomerular $ltration
rate (eGFR) ≥20 but <45 mL/min/1.73 m2 or an eGFR ≥45
but <90 mL/min/1.73 m2 with a urinary albumin:creatinine
ratio (uACR) ≥200 mg/g. The trial design is streamlined, as
extra work for collaborating sites is kept to a minimum and
only essential information is collected.
Results. Between 15 May 2019 and 16 April 2021, 6609
people from eight countries in Europe, North America and

© The Author(s) 2022. Published by Oxford University Press on behalf of the ERA. This is an Open Access article distributed under the terms of the Creative
Commons Attribution License (https://creativecommons.org/licenses/by/4.0/), which permits unrestricted reuse, distribution, and reproduction in any medium,
provided the original work is properly cited.
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by showing consistent benefits among 3569 pa-
tients (54.0%) without diabetes and, separately, 
among 2282 patients (34.5%) with an eGFR of 
less than 30 ml per minute per 1.73 m2. Despite 
the enrollment of 3192 patients (48.3%) with a 
urinary albumin-to-creatinine ratio of less than 
300, there was a limited number of primary-

outcome events among these patients, since 
CKD was progressing at a slower rate in these 
patients than in those with a urinary albumin-
to-creatinine ratio of 300 or more. Prespecified 
exploratory analyses of the annual rate of change 
in the eGFR — an accepted surrogate for progres-
sion of kidney disease24 — showed that empa-

Table 2. Primary, Secondary, and Safety Outcomes.

Outcome
Empagliflozin 

(N = 3304)
Placebo 

(N = 3305)
Hazard Ratio 

(95% CI)* P Value

no. (%)

no. of 
events/100 
patient-yr no. (%)

no. of 
events/100 
patient-yr

Primary outcome: progression of kidney disease 
or death from cardiovascular causes

432 (13.1) 6.85 558 (16.9) 8.96 0.72 (0.64–0.82) <0.001

Key secondary outcomes†

Hospitalization for heart failure or death 
from cardiovascular causes

131 (4.0) 2.04 152 (4.6) 2.37 0.84 (0.67–1.07) 0.15

Hospitalization for any cause‡ — 24.8 — 29.2 0.86 (0.78–0.95) 0.003

Death from any cause 148 (4.5) 2.28 167 (5.1) 2.58 0.87 (0.70–1.08) 0.21

Other secondary outcomes

Progression of kidney disease 384 (11.6) 6.09 504 (15.2) 8.09 0.71 (0.62–0.81)

Death from cardiovascular causes 59 (1.8) 0.91 69 (2.1) 1.06 0.84 (0.60–1.19)

End-stage kidney disease or death from  
cardiovascular causes§

163 (4.9) 2.54 217 (6.6) 3.40 0.73 (0.59–0.89)

Safety outcomes

Serious urinary tract infection 52 (1.6) 0.81 54 (1.6) 0.84 0.94 (0.64–1.37)

Serious genital infection 1 (<0.1) 0.02 1 (<0.1) 0.02 —

Serious hyperkalemia 92 (2.8) 1.44 109 (3.3) 1.72 0.83 (0.63–1.09)

Serious acute kidney injury 107 (3.2) 1.67 135 (4.1) 2.11 0.78 (0.60–1.00)

Serious dehydration 30 (0.9) 0.46 24 (0.7) 0.37 1.25 (0.73–2.14)

Liver injury 13 (0.4) 0.20 12 (0.4) 0.19 1.09 (0.50–2.38)

Ketoacidosis¶ 6 (0.2) 0.09 1 (<0.1) 0.02 —

Lower-limb amputation 28 (0.8) 0.43 19 (0.6) 0.29 1.43 (0.80–2.57)

Bone fracture 133 (4.0) 2.09 123 (3.7) 1.93 1.08 (0.84–1.38)

Severe hypoglycemia∥ 77 (2.3) 1.20 77 (2.3) 1.21 1.00 (0.73–1.37)

Symptomatic dehydration** 83 (2.5) 1.30 76 (2.3) 1.19 1.10 (0.81–1.51)

*  Hazard ratios were not calculated for outcomes with fewer than 10 events.
†  Key secondary outcomes were prespecified to be adjusted for multiple testing with the use of the Hochberg step-up procedure with a family-

wise error rate of 0.029.
‡  The analysis of hospitalizations for any cause included the first and all subsequent events, so only the rates are shown; 1611 hospitalizations 

occurred among 960 patients in the empagliflozin group, and 1895 hospitalizations occurred among 1035 patients in the placebo group.
§  End-stage kidney disease was defined as the initiation of maintenance dialysis or receipt of a kidney transplant.
¶  Ketoacidosis occurred in one patient (in the empagliflozin group) without diabetes at baseline.
∥  Severe hypoglycemia was defined as a low blood glucose level causing severe cognitive impairment and warranting assistance from an-

other person for recovery.
**  Symptomatic dehydration was defined as symptoms attributed by patients to dehydration, such as feeling faint or fainting.
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