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• Anti-inflammatory and antithrombotic properties.

• HARP-2 trial: neutral results in the full population of patients with ARDS.

• In hyperinflammatory sub-type of ARDS: ↓ mortality with simvastatin vs. 
placebo (32% vs. 45%) 

• Antecedent statin use in COVID-19 associated with reduced mortality in 
hospitalized patients.

• Limited high-quality evidence in COVID-19.



• Would atorvastatin, compared with placebo, confer benefit in ICU 
patients with COVID-19?

• INtermediate versus Standard-dose Prophylactic anticoagulation In cRitically-ill pATIents
with COVID-19: An opeN label randomized controlled trial (INSPIRATION) trial 

• Second randomization to statin therapy vs. placebo (INSPIRATION-S)



• Multicenter randomized clinical trial with a 2x2 factorial design in 11 hospitals in Iran

• Patients with RT-PCR-confirmed COVID-19 admitted to ICU, with estimated survival 
>24h, and meeting the eligibility criteria

• Intervention: Double-blind assignment to atorvastatin 20mg once daily versus placebo



Bikdeli B, et al. Thromb Res. 2020 Dec;196:382-394.



Composite of adjudicated venous or arterial thrombosis, treatment with 
extracorporeal membrane oxygenation (ECMO), or mortality within 30 days

Primary efficacy outcome:

Secondary efficacy outcomes: Individual components of the primary efficacy outcome, ventilator-free days

Main safety outcomes:
Rise in liver enzymes > x3 times upper normal limit.

Clinically-diagnosed myopathy

Additional safety outcomes: BARC 3 or 5 bleeding, CRNMB, severe thrombocytopenia

Bikdeli B, et al. Thromb Res. 2020 Dec;196:382-394.
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• No treatment interaction observed with the anticoagulant treatment assignment.

• Mixed effects models with random intercept for enrolling sites.

• P<0.05 for the primary hypothesis as significant. All others considered exploratory.





Baseline characteristics 
Atorvastatin 

(n=290)
Placebo
(n=297)

Age— years 57 (45-67) 57 (45-68)

Women — no. (%) 125 (43.1) 131 (44.1)

Body, mass index b -— kg/m2 27 (24-29) 27 (24-30)

Coexisting conditions— no. (%)

Diabetes 49 (16.8) 49 (16.4)

Hypertension 89 (30.7) 96 (32.3)

Coronary artery disease        0 0

Obstructive airway disease 24 (8.3) 23 (7.7)

Systolic blood pressure <100mmHg at the time of randomization — no. (%) 29 (10.0) 27 (9.0)

Vasopressor agent support within 72-hour of enrollment— no. (%) 35 (12.0) 49 (16.4)

Fraction of inspired oxygen>50% at the time of randomization — no. (%) 125 (43.1) 133 (44.7)

Acute respiratory support at the time of enrollment— no. (%)

Nasal cannula 28 (9.6) 30 (10.1)

Face or reservoir mask 131 45.2) 122 (41.1)

High flow nasal cannula 10 (3.4) 9 (3.0)

Non-invasive positive pressure ventilation 87 (30.0) 91 (30.6)

Invasive positive pressure ventilation (endotracheal intubation) 34 (11.7) 45 (15.2)

Drug history— no. (%)

Aspirin 72 (24.8) 85 (28.6)

Antiviral therapy 233 (80.3) 237 (79.8)

Corticosteroids 268 (92.4) 280 (94.3)

Tocilizumab 43 (14.8) 42 (14.1)

Median laboratory values at baselinee

Plasma creatinine— mg/dL 1.0 (0.8-1.2) 1.0 (0.9-1.2)

Hemoglobin level—g/dL 13.5 (11.8-14.7) 13.4 (12-14.7)

D-dimer—ng/mL 800 (401-1,565) 1,000 (520-1,943)

Erythrocyte sedimentation rate-mm/hour 58 (32-78) 50 (29.5-70)

C-reactive protein-mg/L 62.5 (31-94.2) 56 (34-80)



Outcome Atorvastatin
(n=290)

Placebo
(n=297)

Odds ratio
(95% CI)

P value

Composite of adjudicated VTE, arterial thrombosis, treatment 
with ECMO, or all-cause mortality 

95 (32.7) 108 (36.3) 0.84 (0.58-1.21) 0.35

All-cause mortality 90 (31.0) 103 (34.6) 0.84 (0.58-1.22) 0.39

Adjudicated venous thromboembolism 6 (2.0) 9 (3.0) 0.71 (0.24-2.06) 0.53

Ventilator-free days  (median, Q1, Q3) 30 (10-30) 30 (4-30) 0.08

Objectively clinically-diagnosed type I acute myocardial infarction 0 0

Objectively clinically-diagnosed stroke 0 1 (0.3) 0.32





Outcome Atorvastatin
(n=290)

Placebo
(n=297)

Odds ratio
(95% CI)

P value

Safety outcomes

Fatal bleeding (BARC 5) 2 (0.6) 2 (0.6) 1.02 (0.14-7.32) 0.98

Major bleeding (BARC 3 or 5) 11 (3.7) 5 (1.6) 2.30 (0.78-6.73) 0.12

Clinically-relevant non-major bleeding  (BARC 2) 6 (2.0) 8 (2.6) 0.77 (0.26-2.27) 0.64

Clinically-diagnosed myopathy 0 0

Rise in liver enzymes 5 (1.7) 6 (2.0) 0.85 (0.25-2.81) 0.79





• In patients with COVID-19 admitted to ICU, atorvastatin 20mg/d 
compared with placebo, did not result in significantly reduced risk of 
the primary outcome, a composite of adjudicated venous or arterial 
thrombosis, treatment with ECMO, or all-cause mortality.

• Consistent findings within most subgroups and in sensitivity analyses 
(not shown).



Akhmerov A, et al. Circ Res. 2020;126:1443-1455.

• Potential treatment effect 
in those presenting within 
7 days?  Hypothesis-
generating.



1. Cannot exclude a smaller treatment effect.

2. Rate of thrombotic events lower than expected. However, many patients were 
tested (according to clinicians’ suspicions).

3. Other ongoing RCTs should address the effects of statins in other patient groups.



Talasaz AH, et al… Bikdeli B. Under Review.



• In patients with COVID-19 admitted to ICU, atorvastatin 20mg/d compared with 
placebo did not result in significantly reduced risk of the primary outcome, a 
composite of adjudicated venous or arterial thrombosis, treatment with ECMO, 
or all-cause mortality.

• A smaller treatment effect and findings within specific subgroups warrant 
additional investigation.
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Atorvastatin Placebo Total

Venous doppler 
ultrasound performed 

40 41 81

Confirmed deep venous 
thrombosis

3 6 9

CT pulmonary 
angiogram performed

17 17 35

Confirmed pulmonary 
emboli

3 3 6


