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Abstract 

Purpose:  Epidemiologic studies have documented lower rates of active smokers compared to former or non-smok‑
ers in symptomatic patients affected by coronavirus disease 2019 (COVID-19). We assessed the efficacy and safety of 
nicotine administered by a transdermal patch in critically ill patients with COVID-19 pneumonia.

Methods:  In this multicentre, double-blind, placebo-controlled trial conducted in 18 intensive care units in France, 
we randomly assigned adult patients (non-smokers, non-vapers or who had quit smoking/vaping for at least 
12 months) with proven COVID-19 pneumonia receiving invasive mechanical ventilation for up to 72 h to receive 
transdermal patches containing either nicotine at a daily dose of 14 mg or placebo until 48 h following successful 
weaning from mechanical ventilation or for a maximum of 30 days, followed by 3-week dose tapering by 3.5 mg per 
week. Randomization was stratified by centre, non- or former smoker status and Sequential Organ Function Assess‑
ment score (< or ≥ 7). The primary outcome was day-28 mortality. Main prespecified secondary outcomes included 
60-day mortality, time to successful extubation, days alive and free from mechanical ventilation, renal replacement 
therapy, vasopressor support or organ failure at day 28.

Results:  Between November 6th 2020, and April 2nd 2021, 220 patients were randomized from 18 active recruiting 
centers. After excluding 2 patients who withdrew consent, 218 patients (152 [70%] men) were included in the analy‑
sis: 106 patients to the nicotine group and 112 to the placebo group. Day-28 mortality did not differ between the two 
groups (30 [28%] of 106 patients in the nicotine group vs 31 [28%] of 112 patients in the placebo group; odds ratio 
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Introduction

The world population remains at risk for coronavirus dis-
ease 2019 (COVID-19), especially with the emergence of 
genetic variants of the severe acute respiratory syndrome 
coronavirus 2 (SARS-CoV-2) with increase in transmis-
sibility, potential for more severe disease and significant 
reduction in neutralization by antibodies generated dur-
ing previous infection or vaccination [1, 2]. Thus, there 
is still an urgent need for effective, easy-to-use and safe 
medications for patients who develop severe forms of 
COVID-19.

Early epidemiologic studies documented lower rates of 
active smokers compared to former or non-smokers in 
symptomatic COVID-19 patients [3–9], although more 
severe forms of the disease were reported among smokers 
or former smokers once infected [10, 11]. It was hypoth-
esized that nicotine may interact with SARS-CoV-2 entry 
in human cells by downregulating the expression of angi-
otensin converting enzyme 2 (ACE2), the principal recep-
tor for the virus [12–15]. SARS-CoV-2 may also interact 
with the nicotinic cholinergic system, particularly with α7 
nicotinic acetylcholine receptors (nAChRs), leading to an 
increased inflammatory response that might be mitigated 
by nicotine, a competitive agonist of these receptors [14, 
16–20]. Nicotine may likewise mediate cholinergic anti-
inflammatory effects by decreasing pro-inflammatory 
cytokine production through the activation of nAChRs, 
which are expressed on human bronchial epithelial and 
endothelial cells, macrophages and other immune cells 
[14, 15, 17, 18, 20]. Favourable effects of nicotine have 
indeed been reported in inflammatory syndromes such 
as Behcet’s disease or ulcerative colitis [21].

We designed a multicentre, randomized, double-blind, 
placebo-controlled trial to determine the efficacy and 
safety of nicotine administered by a transdermal patch 
in critically ill patients with COVID-19 pneumonia who 
were receiving invasive mechanical ventilation.

1.03 [95% confidence interval, CI 0.57–1.87]; p = 0.46). The median number of day-28 ventilator-free days was 0 (IQR 
0–14) in the nicotine group and 0 (0–13) in the placebo group (with a difference estimate between the medians of 0 
[95% CI -3–7]). Adverse events likely related to nicotine were rare (3%) and similar between the two groups.

Conclusion:  In patients having developed severe COVID-19 pneumonia requiring invasive mechanical ventila‑
tion, transdermal nicotine did not significantly reduce day-28 mortality. There is no indication to use nicotine in this 
situation.

Keywords:  Acute respiratory failure, Nicotine, Nicotinic receptor, COVID-19, Intensive care units, Randomized trial, 
Ventilation, Artificial

Take‑home message 

Early epidemiologic studies documented lower rates of active 
smokers compared to former or non-smokers in symptomatic 
patients affected by coronavirus disease 2019 (COVID-19). It was 
hypothesized that nicotine may interact with SARS-CoV-2 entry in 
human cells by downregulating the expression of angiotensin con‑
verting enzyme 2, and might mitigate the inflammatory response 
induced by the virus through activation of the nicotinic cholinergic 
system. This multicentre, randomized, double-blind, placebo-con‑
trolled trial aimed to determine the efficacy and safety of nicotine 
administered by a transdermal patch in critically ill patients with 
COVID-19 pneumonia who were receiving invasive mechanical ven‑
tilation. The results show that transdermal nicotine did not signifi‑
cantly reduce day-28 mortality. 60-Day mortality, time to successful 
extubation, days alive and free from mechanical ventilation, renal 
replacement therapy, vasopressor support or organ failure were also 
not modified by nicotine.

Methods
Trial design and oversight
This multicentre, double-blind, placebo-controlled ran-
domized trial was sponsored by the Direction de la 
Recherche Clinique et de l’innovation (DRCI), Assistance 
Publique—Hôpitaux de Paris, France, with a research 
grant from the French Ministry of Health (Programme 
Hospitalier de Recherche Clinique, PHRC). An inde-
pendent data and safety monitoring committee peri-
odically reviewed trial outcomes. The members of the 
writing committee wrote all drafts of the manuscript. All 
authors approved the final version of the manuscript, and 
agreed to submit it for publication. They also verified the 
data and vouched for the completeness of the data, the 
accuracy of the analyses, and the fidelity of the trial to the 
protocol.

Pierre Fabre (Paris, France) provided nicotine patches 
(Nicopatchlib®). Neither Pierre Fabre nor the study spon-
sors participated in the study design, data collection, 
analysis and interpretation, or in the writing or submis-
sion of the study report. Additional information is pro-
vided in the Supplementary Appendix.
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Ethical aspects
The study protocol was approved by the independent 
ethics committees (Comité de Protection des Person-
nes CPP SUD-EST VI, Clermont-Ferrand, on September 
28 2020, #AU 1650) and the competent French Health 
Authorities (Agence Nationale de Sécurité du Médica-
ment et des Produits de Santé, ANSM, on October 2 
2020, #EudraCT 2020-003723-42). Informed consent was 
obtained from a close relative or surrogate prior to inclu-
sion. In accordance with French law, when such a person 
was absent, the patient was randomized using deferred 
consent whereby the patient was asked to give consent 
for continuation of the trial when his/her condition 
allowed. The trial was registered on October 22, 2020, 
before the inclusion of the first patient at Clinicaltrials.
gov (identifier# NCT04598594).

Patients
Patients were eligible for enrolment if they were endotra-
cheally intubated and receiving ventilation for < 72  h, 
had proven COVID-19 infection and were non-smok-
ers, non-vapers or had quit smoking/vaping for at least 
12 months.

Exclusion criteria were age < 18 years; anticipated dura-
tion of mechanical ventilation ≤ 48 h; pregnant or lactat-
ing women; long-term chronic respiratory insufficiency 
with baseline PaCO2 > 60 mmHg or treated with oxygen 
therapy or non-invasive ventilation, with the exception 
of CPAP/BiPAP for sleep apnoea; malignancy or severe 
disease with life expectancy < 1  year; patient moribund 
on the day of randomization or with a Simplified Acute 
Physiology Score [22] (SAPS II) > 90; cerebral deficiency 
with dilated areactive pupils or irreversible neurological 
pathology. Other exclusion criteria are reported in the 
Supplement.

Trial procedures
Randomization was stratified by centre, smoker status 
(former or non-smoker) and Sequential Organ Function 
Assessment (SOFA) score (< or ≥ 7). Allocation conceal-
ment was assured through a centralized, secure, Web-
based randomization system.

Patients received transdermal patches containing either 
nicotine at a daily dose of 14  mg (determined after an 
extensive review of the literature of the use of transder-
mal nicotine in non- or former smokers [16]) or placebo 
until 48  h following successful weaning from mechani-
cal ventilation or for a maximum of 30 days, followed by 
3-week dose tapering by 3.5 mg per week. The study pro-
tocol provided guidance for drug adjustment or cessation 
in case of suggestive signs of overdose, adverse events 
or the occurrence of severe renal or hepatic failure. 
Treatments for smoking cessation such as varenicline, 

bupropion or other nicotine substitute were not permit-
ted. All the patients were treated according to local [24] 
and international standards [25] of care for COVID-19, 
which included dexamethasone, antibiotic agents, anti-
coagulants, remdesivir and tocilizumab, as appropriate. 
Patients were assessed daily while hospitalized in the 
intensive care unit. Follow-up visits occurred on days 28 
and 60 post-randomization and 2 and 8 weeks after the 
first day of nicotine tapering. Prespecified reasons for 
permanent discontinuation of the trial intervention are 
described in the protocol.

Endpoints
The primary endpoint was day-28 mortality. Other end-
points included mortality at day 60; time to successful 
extubation, i.e. without reintubation or death in the fol-
lowing 48  h and for tracheotomized patients, alive and 
not ventilated for 48 h (with death and therapeutic limi-
tations as competitive risks); the number of ventilator-
free days between inclusion and day 28, defined as the 
number of days alive and free from mechanical ventila-
tion (patients were only considered as free from mechan-
ical ventilation if they had a successful extubation, 
defined as being free from mechanical ventilation for at 
least 48 consecutive hours and non-survivors were con-
sidered to have no ventilator-free days). Other secondary 
endpoints, safety outcomes related to nicotine use and 
health-related quality of life outcomes are detailed in the 
Supplement.

Statistical analysis
The expected 28-day mortality rate was 35% for the pla-
cebo group [27, 28]; to demonstrate a decrease to 20% for 
those receiving nicotine, for 80% power and one-sided 
α = 0.05, 110 participants per group had to be included. 
A non-binding futility analysis was planned after 50% 
of inclusions to stop recruitment if the probability of 
showing a difference in 28-day mortality greater than 15 
points at the final analysis was less than 10%. Alpha and 
beta spending were low so no sample size inflation was 
needed. The futility analysis was not performed because 
inclusion rate was faster than expected and almost all 
patients were randomized before futility analysis results.

Baseline characteristics are reported as proportions 
(%) for categorical variables and as means (± standard 
deviations, SD) or medians (interquartile range, IQR) for 
continuous variables, as appropriate. Efficacy endpoints 
were analysed according to intention-to-treat princi-
ples. Safety endpoints were analysed in all patients who 
received at least one transdermal patch. The primary 
endpoint of death at day 28 was compared with the chi-
square test. The ranked composite score incorporating 
death and days free from mechanical ventilation among 
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survivors through day 60 were compared using Mann–
Whitney test and measured with net benefit (see appen-
dix pp 9) [30]. Two planned sensitivity analyses were 
performed: the first used logistic regression analysis to 
adjust for stratification parameters, the second regarded 
the per-protocol population (excluding patients receiv-
ing treatment for less than 72 h). Pre-specified subgroup 
analyses were also conducted (see the Supplement).

Analyses were conducted at the one-sided α risk of 
5% for the primary outcome and the two-sided α risk of 
5% for all other outcomes. All analyses were performed 
using R software (R Foundation for Statistical Comput-
ing, Vienna, Austria), version 3.5.1.

Results
Study population
Between November 6th 2020 and April 2nd 2021, 220 
patients were randomized from 18 active recruiting cen-
tres. After excluding 2 patients who withdrew consent, 
218 patients (152 [70%] men) were included in the analy-
sis: 106 patients to the nicotine group and 112 to the pla-
cebo group (Fig. 1). In the placebo group, one patient did 
not receive the transdermal treatment and another died 
within less than 72 h after randomization. Baseline demo-
graphic and disease characteristics were similar between 
groups (Table 1). The mean (SD) age was 60 ± 12 years in 
the nicotine group and 62 ± 12 years in the placebo group. 
The mean time between symptom onset and initiation of 
invasive mechanical ventilation was 10 ± 5  days in both 
groups. The comorbidities, severity of critical illness and 
acute respiratory distress syndrome (ARDS) were similar 
between the two groups, as indicated by the absence of 
difference for the SAPS II and SOFA scores, vasopres-
sor support, lung compliance, and PaO2/FiO2 ratio on 
admission to the intensive care unit (ICU) (Table 1). The 
ventilator settings did not differ between the two groups, 
nor did the use of corticosteroids, angiotensin conversion 
enzyme inhibitors or angiotensin receptor blockers and 
tocilizumab (Table 1). There was no missing data for the 
primary endpoint and very few for secondary endpoints 
(Table S1 in the Supplement).

Primary endpoint
The mortality rate at day 28 in the intention-to-treat pop-
ulation did not differ between the two groups (30 [28%] 
of 106 patients in the nicotine group vs 31 [28%] of 112 
patients in the placebo group; odds ratio 1.03 [95% con-
fidence interval, CI, 0.57–1.87]; p = 0.459; Table 2, Fig. 2). 
Adjusting for stratification parameters did not change 
this result (odds ratio, 1.01 [95% CI 0.54–1.89], p = 0.973). 
The per-protocol sensitivity analysis (odds ratio 1.03 [95% 
CI 0.56–1.87], p = 0.466) and the pre-specified subgroup 
analyses (Fig. 3) were consistent with the main result and 

did not show any beneficial effect of nicotine. Notice-
ably, no difference in nicotine effect existed for patients 
included before or after Feb 17th, 2021, when the median 
number of patients enrolled in the trial was reached and a 
few days before the alpha variant of SARS-CoV-2 became 
dominant in France.

Secondary endpoints
The ranked composite endpoint, incorporating death 
and days free from mechanical ventilation through day 
60, was not significantly different between treatment 
groups (table S1 in the Supplement). The median number 
of ventilator-free days at day 28 was 0 (IQR 0–14) in the 
nicotine group and 0 (0–12) in the placebo group (with 
a difference estimate between the medians of 0 [95% CI 
− 2–7; Table 2, figure S2 in the Supplement). The median 
numbers of vasopressor- and renal failure-free days and 
the number of patients supported by extracorporeal 
membrane oxygenation (ECMO) during the ICU stay 
were not different between the 2 groups. The rate of extu-
bated patients at day 28, the time to successful extubation 
(figure S3, in the Supplement) and the median duration 
of invasive mechanical ventilation, length of intensive 
care unit and hospital stays were also similar between the 
two groups (Table 2).

Safety endpoints
The median number of days under nicotine in the ICU 
was 18 [12–29] with a median daily dose of 14 mg (IQR 
14–14). Nicotine was tapered over 19 [10–21] days. 
The number of adverse events related to nicotine was 
low (3%) and similar between the two groups (Table 3). 
There was no difference in the occurrence of ventilator-
acquired pneumonia, bacteraemia, pneumothorax, need 
for renal replacement therapy and thromboembolism 
between the two groups (Table 3).

Follow-up at weeks 2 and 8 after initiation of nicotine 
tapering was available for 93 and 100 patients. No patient 
reported smoking, vaping or taking nicotine substitutes. 
The scores of desire to smoke, and nicotine withdrawal 
symptoms were not different between groups, as were 
the scores evaluating anxiety, depression, PTSD symp-
toms and insomnia (table S2, appendix p 13–14).

Discussion
In this randomized, double-blind, placebo-controlled 
phase 3, clinical trial involving hospitalized patients with 
COVID-19 pneumonia receiving invasive mechanical 
ventilation, transdermal nicotine did not significantly 
reduce mortality at day 28. No significant difference 
existed in any secondary outcomes evaluated, includ-
ing mortality at day 60, durations of invasive mechanical 
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ventilation, renal and cardiovascular failures, ICU and 
hospital stays.

The “nicotine hypothesis” linking lower than expected 
COVID-19 cases among active smokers to putative pre-
ventive and therapeutic effects of nicotine against SARS-
CoV-2 emerged early in the course of the pandemic [3]. 
In the weeks following the pre-print publication of these 
data, social media platforms like Twitter relayed thou-
sands of messages about the benefits of smoking or vap-
ing in the context of COVID-19 [31, 32]. However, the 
effects of nicotine and cigarette smoke on SARS-CoV-2 
replication and the expression of its entry receptor ACE2 
remain highly controversial with recent reports of both 
increased [33, 34] and decreased [35] ACE2 levels. Alter-
natively, cumulative smoking exposure (in former or 
current smokers) was constantly associated with worse 
outcomes for COVID-19 [11, 36–38].

Our results demonstrate the absence of effect of nico-
tine in patients who had developed the most severe forms 
of COVID-19 pneumonia requiring invasive mechani-
cal ventilation. Demographics, disease progression, and 
severity markers of our patients were in line with those of 
previous cohorts of mechanically ventilated COVID-19 
ARDS. The 36% mortality rate at day 60 we observed is 
similar to that reported in the large epidemiologic French 
COVID-ICU cohort [27] (March to July 2020) and the 

ICAR randomized trial [39] (April to October 2020) 
evaluating intravenous immunoglobulins in COVID-19 
mechanically ventilated patients, but lower than that of 
other large European cohorts [28, 40, 41]. It should how-
ever be noted that the SAPS II [39] and SOFA [27] scores 
were higher in our patients, as were the rate of patients 
on vasopressor [27] and ECMO [27, 41, 42] support at 
randomization. The trajectory of our patient during ICU 
stay was also similar to other recent cohorts [28, 40, 41], 
with long ICU and hospital stays and frequent ventila-
tor-associated pneumonia. Reassuringly, adverse events 
related to nicotine patches were rare and no sign of nico-
tine addiction was reported in the 8 weeks following ICU 
discharge.

Our trial has several limitations. First, the day 28 
mortality we observed was lower that the hypothesis 
we had made based on preliminary data on COVID-19 
patients’ outcomes [27, 28, 43]. However, the complete 
absence of difference between the outcomes of nico-
tine- and placebo-treated patients argue against any 
effect of the molecule in this context. Second, the study 
was conducted when the original SARS-CoV-2 virus 
and its alpha variant were dominant in France. Still, our 
results can be extended to the latest delta and omicron 
variants, for which virus entry into cells and pathophys-
iological mechanisms of the disease has not changed. 

Fig. 1  Enrolment, randomization, and follow-up of the study participants
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Table 1  Characteristics of the patients at randomization*

Characteristic Nicotine (n = 106) Placebo (n = 112)

Age, years 59.9 ± 11.7 61.8 ± 11.5

Male—no. 71 (67%) 81 (72%)

Body mass index, kg/cm2 32.8 ± 7.7 31 ± 6.8

SAPS II 50.1 ± 15.7 52.5 ± 16.3

SOFA score 9.8 ± 2.6 9.3 ± 2.6

Comorbidities
Hypertension 60 (57%) 68 (61%)

Diabetes 36 (34%) 54 (48%)

Ischemic cardiomyopathy 8 (8%) 10 (9%)

COPD 4 (4%) 3 (3%)

Other chronic respiratory disease 2 (2%) 2 (2%)

Former smoker 43 (41%) 41 (37%)

Immunocompromised 6 (6%) 7 (6%)

Time from
1st symptoms to hospital admission, days 7 ± 3 7 ± 4

1st symptoms to ICU admission, days 8 ± 4 9 ± 4

1st symptoms to intubation, days 10 ± 5 10 ± 5

Treatments before or at randomization
Anticoagulants 18 (17%) 18 (16%)

Antibiotic agent 10 (9%) 10 (9%)

Remdesivir 0 (0%) 0 (0%)

Tocilizumab 1 (1%) 0 (0%)

Dexamethasone 58 (55%) 58 (52%)

Other glucocorticoids 13 (12%) 11 (10%)

ACE inhibitors or ARB 40 (45%) 49 (54%)

Vasopressor support 62 (58%) 56 (50%)

Concomitant bacterial pneumonia 3 (3%) 11 (10%)

Mechanical ventilation settings
Tidal volume, ml/kg PBW 6 ± 1.2 5.9 ± 1

Respiratory rate, /min 26 ± 5 26 ± 5

Plateau pressure, cmH2O 25 ± 5 24 ± 4

PEEP, cmH2O 12 ± 3 12 ± 3

Driving pressure, cmH2O 13 ± 4 12 ± 3

Compliance, ml/cmH2O 33 ± 14 34 ± 13

Arterial blood gases
pH 7.39 ± 0.08 7.38 ± 0.08

PaCO2, mmHg 44 ± 13 43 ± 9

PaO2, mmHg 93 ± 36 93 ± 38

Bicarbonate, mmol/l 26 ± 4 25 ± 5

PaO2/FiO2 155 ± 79 163 ± 78

Laboratory results
Creatinine, micromol/l 89 ± 61 98 ± 64

Platelet, × 103/mm3 263 ± 107 286 ± 110

Haemoglobin, g/dL 12 ± 1.9 11.6 ± 1.9

Lymphocyte count per mm3 0.99 ± 1.03 0.96 ± 1.36

White blood cells per mm3 11.1 ± 5.4 11.7 ± 8.6

Fibrinogen, mg/L 6.6 ± 1.7 6.1 ± 1.8

Adjuvant ARDS therapy
Prone positioning 46 (43%) 47 (42%)
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Third, we did not include current smokers in this trial. 
Although it may be speculated that an acute depriva-
tion of nicotine in smokers may be associated with 
worse outcomes in COVID-19 patients (for example, 
due to an acute upregulation of ACE2 and increased 
secretion of proinflammatory cytokines) that may be 
reversed by nicotine replacement therapy, including 

current smokers may have introduced a major bias in 
the interpretation of the impact of nicotine in severe 
COVID-19. Additionally, nicotine replacement therapy 
is sometimes recommended in ICU patients to prevent 
withdrawal syndrome [44]. Fourth, we cannot exclude a 
preventive effect of nicotine, if administered earlier, on 
contamination by SARS-CoV-2 or on the progression 

*  Plus–minus values are means ± SD

SAPS II Simplified Acute Physiology Score, SOFA Sequential Organ Function Assessment, COPD chronic obstructive pulmonary disease, ICU intensive care unit, ACE 
angiotensin conversion enzyme, ARB angiotensin receptor blocker, PBW predicted body weight, PEEP positive end-expiratory pressure, PaCO2 partial pressure of 
arterial carbon dioxide, PaO2 partial pressure of arterial oxygen, FiO2 the fraction of inspired oxygen, PaO2/FiO2 the ratio of the partial pressure of arterial oxygen to the 
fraction of inspired oxygen, ARDS acute respiratory distress syndrome, ECMO extracorporeal membrane oxygenation

No significant differences were observed between the groups among characteristics evaluated at randomization

Table 1  (continued)

Characteristic Nicotine (n = 106) Placebo (n = 112)

Inhaled Nitric oxide or prostacyclin 7 (7%) 3 (3%)

ECMO 10 (9%) 9 (8%)

Renal replacement therapy 0 (0%) 3 (3%)

Pneumothorax 1 (1%) 3 (3%)

Table 2  Endpoints

Data are median [25th–75th percentile] or number (%)

ICU intensive care unit, iNO inhaled nitric oxide, ECMO extracorporeal membrane oxygenation
*  The width of confidence intervals have not been adjusted for multiplicity and should not be used to infer definitive treatment differences
†  At day 60, one patient in the nicotine group was lost to follow-up and four had withdrawn consent between day 28 and day 60
‡  Treatment effect was measured with sub- Hazard ratio provided by Fine and Gray model with death and active therapies limitation as competitive events

Free-days were calculated assigning zero free-days to patients who died during the follow-up period

Endpoint Nicotine
(n = 106)

Placebo
(n = 112)

Odds ratio, sub-hazard ratio or 
difference (95% CI)*

P value

Primary endpoint
Day 28 mortality—no. 30 (28%) 31 (28%) 1.03 (0.57–1.87) 0.459

Secondary endpoint
Day 60 mortality† 38/101 (38%) 40/112 (37%) 1.09 (0.62–1.90)

Time to successful extubation, days‡ 23 [12–31] 27 [13–39] 1.01 [0.74; 1.39]

ICU length of stay, days 17 [11–30] 21 [11–30] − 4 [− 8; 2]

Hospital length of stay, days 24 [15–42] 28 [18–55] − 4 [− 10; 5]

Day 1–28 ventilation-free days 0 [0–14] 0 [0–12] 0 [− 2; 7]

Day 1–28 vasopressor-free days 9 [0–18] 8 [0–16] 2 [− 6; 9]

Day 1–28 renal failure-free days 1 [0–15] 0 [0–12] 1 [− 3; 5]

Prone position—no. 87 (82%) 87 (78%) 1.32 [0.68; 2.59]

iNO or prostacyclin—no. 25 (24%) 32 (29%) 0.77 [0.42; 1.41]

ECMO—no. (%) 14 (13%) 14 (13%) 1.07 [0.40; 2.37]
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to severe forms of the disease. Pertinently, the effect 
of remdesivir [45] administered very early after symp-
toms onset was associated with a larger clinical benefit 
than if given to patients already hospitalized for severe 
forms. Fourth, although transdermal nicotine has been 
used successfully in other populations of ICU patients 
[44, 46], we cannot exclude inconstant absorption of 
the drug, especially in septic patients treated with vaso-
pressors and having subcutaneous vasoconstriction and 
oedema. Inhalation of nicotine or its administration 
through an oral or nasal spray may potentially be more 
effective. Lastly, further research is urgently needed to 
find drugs or strategies for patients who have developed 
the most severe forms of COVID-19 requiring mechan-
ically ventilation, since, as of today, only corticosteroids 
[47, 48] administered after hospitalization significantly 
improved the survival of these patients.

In conclusion, this randomized trial showed that 
transdermal nicotine did not significantly improve the 
outcomes of patients having developed severe COVID-
19 pneumonia requiring invasive mechanical ventila-
tion. Therefore, there is no indication to use nicotine in 
this situation.

Fig. 2  Kaplan–Meier survival estimates in the intention-to-treat 
population during the first 28 study days

Fig. 3  Subgroup analysis
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Table 3  Adverse events potentially related to nicotine and other events

*  The width of confidence intervals have not been adjusted for multiplicity and should not be used to infer definitive treatment differences
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VAP ventilator-associated pneumonia, ICU intensive care unit

Variable Nicotine Placebo Difference (95% CI)*

Adverse events potentially related to trial treatment† n = 106 n = 111

 Nausea or vomiting 1 (1%) 1 (1%) 0.03 (− 2.65; 2.71)
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