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BACKGROUND: The effect of nicotine withdrawal in smokers admitted to the ICU is not well
understood, so the role of nicotine replacement therapy (NRT) in those patients is controversial.
OBJECTIVE: To determine whether NRT in ICU patients affects the need for sedatives/analgesics,
ventilator days, and ICU stay. METHODS: In a 20-bed ICU, 40 subjects were randomized to either
a 21 mg nicotine patch or a placebo nicotine patch daily until either ICU discharge, transfer to a
medical floor, or 10 weeks in the ICU. We collected data on sedatives/analgesics use during ICU stay
and use and duration of mechanical ventilation . RESULTS: There were 27 male and 13 female
subjects. The mean age was 57.4 y in the intervention group and 52.5 y in the control group. The
mean Acute Physiology and Chronic Health Evaluation II score was 14.3 in the intervention group
and 13.8 in the control group. The mean ICU stay was 4.5 d in the intervention group and 7 d in
the control group. The mean number of days on ventilator was 1.9 in the intervention group and
3.5 in the control group. The number of days on sedation/analgesia was less in the intervention
group than in the control group. CONCLUSIONS: Although ICU stay and ventilator days de-
creased numerically in this pilot study, statistically there was no beneficial effect from NRT.
(International Standard Randomised Controlled Trial Register ISRCTN66928309) Key words: ICU;
nicotine addiction; nicotine replacement therapy; smoking status. [Respir Care 2013;58(10):1625–1629.
© 2013 Daedalus Enterprises]

Introduction

There is vast literature establishing nicotine addiction in
people who smoke, and when smokers are admitted to
ICUs they must cope with the effects of enforced nicotine

withdrawal.1,2 The effects of nicotine withdrawal in smok-
ers admitted to the ICU are not well understood.2 There are
limited available data on nicotine replacement therapy
(NRT) in hospitalized smokers,3 so the role of NRT in
smokers admitted to ICUs remains controversial.4 We con-
ducted a placebo-controlled, double-blind, randomized,
prospective pilot study to determine whether NRT in cig-
arette smokers in the ICU decreases the effects of nicotine
withdrawal, the use of sedatives and analgesics, the num-
ber of ventilator days, or ICU stay. We report the prelim-
inary results of our pilot study. We expect to complete the
study over the course of the next few years, and will then
report the complete study results.

Methods

Study Design and Subjects

This was a placebo-controlled, double-blind, random-
ized, pilot study done at St Barnabas Hospital, Bronx, New
York, in a 20-bed mixed medical/surgical ICU. Following
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approval by our institutional review board, 40 subjects
were enrolled: 20 in the intervention group, and 20 in the
control group. Table 1 shows the inclusion and exclusion
criteria. After providing informed consent, subjects were
randomized to either the intervention (NRT) or control
(placebo) group. Subjects in the intervention group had a
21 mg nicotine patch applied to the skin within 48 hours of
ICU admission. A new patch was applied daily until either
discharge from the ICU, transfer to a general medical floor,
or until 10 weeks had passed. If the subject was in the
ICU for 10 weeks or longer, the weaning of nicotine was
the same as in out-patient settings over 10 weeks. Subjects
in the control arm had a sham (no nicotine) patch applied
with the same frequency and duration. Subjects and their
care providers were unaware of which type of patch they
received.

Data Collection

Intake data regarding cigarette smoking, comorbidities,
and reason for ICU admission were collected upon enroll-
ment. We collected data on worst daily mean arterial pres-
sure, heart rate, and use of vasopressors, sedatives, and
analgesics during ICU stay, after the application of each
patch. Use and duration of mechanical ventilation and ICU
stay were also recorded. The investigators collecting the
data were blinded as to whether a subject had a nicotine or
placebo patch. The subjects were followed only through
their ICU stay.

Statistical Analysis

Each subject’s Acute Physiology and Chronic Health
Evaluation (APACHE II) score was used as a matching
variable between the treatment group and the control
group. Discrete clinical characteristics (eg, history of ac-
quired immunodeficiency syndrome, coronary artery dis-
ease, and cancers) were compared between the treatment
and control groups with the McNemar test for paired data.
Continuous clinical characteristics (eg, ICU stay, packs of

cigarettes smoked per day, and number of days on seda-
tion) were compared with the Wilcoxon signed-rank test
for paired data. Discrete variables are presented as num-
ber and percent. Continuous variables are presented as
mean � SD or median. A P value of � .05 was taken as
a statistically significant difference. The analyses were
carried out with statistics software (SAS, SAS Institute,
Cary, North Carolina).

Results

We followed 40 subjects (20 intervention, 20 control)
over a 6-month period (Table 2). Twenty subjects received
mechanical ventilation (10 intervention, 10 control), and
20 did not (10 intervention, 10 control). There were 27
male and 13 female subjects; 20 subjects were Hispanic,
10 were African-American, and 10 were white. The mean
age was 57.4 years in the intervention group and 52.5 years
in the control group. The severity of illness was equivalent
in the groups: the mean APACHE II score was 14.3 in the
intervention group and 13.8 in the control group. The mean
number of cigarette packs smoked per day was 1.2 in the
intervention group and 1.0 in the control group. The du-
ration of smoking was equivalent in the groups: 24.4 y in
the intervention group and 23.3 y in the control group. All
the subjects were admitted to the ICU from either a gen-
eral medical floor or the emergency room. There was no
cutoff as to when a subject from a general medical floor
could join the study. Interestingly, all subjects but one
were admitted from the emergency room. This subject
(from the general medical floor), however, was admitted
to the ICU within an hour of being on the general medical
floor.

We verified that the subject transferred to the ICU from
the general medical floor was not already using NRT.
Subjects were admitted with various diagnoses in both

QUICK LOOK

Current knowledge

The effects of nicotine withdrawal in smokers admitted
to intensive care are not well described, and the use
of nicotine replacement therapy in those patients is
controversial.

What this paper contributes to our knowledge

In this small pilot study, nicotine replacement therapy
was associated with shorter duration of mechanical
ventilation, shorter ICU stay, and reduced use of anal-
gesics, but the differences were not statistically signif-
icant, and larger studies are required.

Table 1. Inclusion and Exclusion Criteria

Inclusion criteria
Subject admitted to intensive care unit
With or without ventilator
Informed consent from subject or delegate
Smoked � 1 pack of cigarettes per day
No contradiction to nicotine use

Exclusion criteria
Myocardial infarction in last 2 weeks
Unstable angina
Uncontrolled or serious arrhythmia
Severe allergic reaction
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groups, and there was no significant difference in the ad-
mission diagnoses between the 2 groups. There were no
differences in the reasons for intubation between the 2
groups; the reasons ranged from respiratory failure to air-
way protection to sepsis. The mean number of days on
analgesics was 1.1 d in the intervention group and 2.1 d in
the control group. The mean number of days on vasopres-
sors was almost equal: 0.7 d in the intervention group and
0.5 d in the control group. The mean number of days on
sedation was nearly double in the control group (2.7 d),
compared to the intervention group (1.4 d). The mean ICU
stay decreased by 2.5 days with NRT. In the intervention
group the mean ICU stay was 4.5 d, versus 7 d in the
control group (Table 3). The mean ventilator days also
decreased by 1.6 days with NRT use (1.9 d vs 3.5 d). None
of the subjects died while in the study.

Discussion

This study sought to preliminarily address the critical
factors in an ICU setting (ie, need for sedative and anal-
gesics, number of days on the ventilator, and ICU stay) by
using nicotine replacement patches in the ICU setting with
smokers. Nicotine replacement patches have been shown
to be the most consistently effective NRT, when it is not
coupled with adjuvant behavioral therapy, which is not
feasible in the ICU. Importantly, NRT has been shown to
be effective in hospitalized subjects in a meta-analysis of
17 double-blind, placebo-controlled studies.5 The nicotine
patch delivers a constant rate of nicotine transdermally,
which will not interfere with other ICU procedures (ie,
sedation and/or ventilation procedures).

Though not statistically significant, our preliminary re-
sults demonstrate a trend toward decreased ICU stay with
NRT. Although our data indicate that neither ventilator
days nor days using analgesics, vasopressors, or sedation
were significantly different between the NRT-treated and
placebo groups, more subjects are needed to better evalu-
ate whether the subjects’ agitation levels contributed to
their ICU stays.

In the general population, NRT is highly effective for
smoking cessation, by limiting the side effects, including
agitation, associated with smoking cessation. However,
there are limited studies addressing its use in hospitalized
subjects.1,6-8 Mayer and colleagues9 reported 5 cases of
agitated delirium in smokers hospitalized for brain injury.
The delirium developed 2–10 days after smoking cessa-
tion, and either completely resolved or substantially im-
proved following NRT. In another report, Tran-Van et al10

described a subject with restlessness and difficulty being
weaned from mechanical ventilation, which was attributed
to nicotine withdrawal. The patient’s condition improved
following NRT.

Although most studies assess NRT as having a positive
correlation with death, the literature reveals that the more
pertinent outcome to measure is the need for additional
sedatives and/or analgesics, and then correlating this need
to measured agitation and the occurrence of adverse events.
According to Woods et al,11 in a 2004 study, reducing ICU
agitation not only benefits the patient by reducing the need
for sedatives and decreasing the time on the ventilator, but
also lowers treatment cost by minimizing the need for
additional medications associated with minimizing patient
agitation. Downstream consequences of these sedatives
include lowered breathing frequency and increased chance
of ICU-associated pneumonia.11-13

Additionally, studies have shown that younger patients
are more likely to become agitated in the ICU.11 The me-
dian age in the present study was 57.4 y in the NRT group
and 52.3 y in the no-NRT group. This age population is
not noted for increased risk of agitation when in the ICU
and on mechanical ventilation. Therefore, performing a
focused study on NRT in a younger ICU population with
the focus on preventing agitation and associated adverse
events may reveal a greater benefit in the ICU.

Studies have demonstrated that the patients who sit up,
ambulate, and interact with their support network have a
lower mortality rate in the ICU.12,13 NRT is potentially
another means to facilitate this active behavior in the ICU
and to lessen the need for agitation-induced sedation. Our
results indicate a trend in reducing ICU stay and decreas-
ing the duration of mechanical ventilation.

Lucidarme and colleagues2 described the impact of nic-
otine abstinence on the clinical course of critically ill pa-
tients receiving mechanical ventilation for at least 48 hours.
Their study included 144 subjects (44 smokers and 100
non-smokers) and showed active smoking to be an inde-
pendent risk factor for agitation. However, a prospective
randomized clinical trial of hospitalized smokers by Lewis
and colleagues14 did not show any difference in mortality
between the nicotine patch versus placebo. Because of the
paucity of clinical trials demonstrating the benefit of NRT
for smoking cessation in ICU patients, NRT is generally

Table 2. Characteristics of Subjects by Nicotine Replacement
Therapy Status

Nicotine Replacement Therapy,
no. (%)

Yes No

Ethnicity
Hispanic 10 (50) 10 (50)
African American 5 (25) 5 (25)
White 5 (25) 5 (25)

Ventilator
Yes 10 (50) 10 (50)
No 10 (50) 10 (50)
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used exclusively by intensivists, to ease or prevent with-
drawal symptoms.

Cartin-Ceba et al15 completed a prospective observa-
tional study of smokers admitted to the ICU, in which they
sought to investigate the impact of NRT on critically ill
subjects, including hospital mortality (primary outcome),
delirium, and cumulative doses of sedation and analgesia
(secondary outcomes). A total of 330 active smokers (older
than 18 years of age) were evaluated, and 174 received
NRT upon admission to the ICU. A total of 14 subjects
from the group receiving NRT (7.8%) died, as did 10
subjects from the non-NRT group (6.3%): a difference that
was not statistically significant (P � .60). However, the
NRT group did experience significantly more delirium than
the non-NRT group (average ICU days 169 d [23%] vs
75 d [13.1%], P � .001). Their results showed that NRT
was not associated with increased hospital mortality after
adjustment for severity of disease, pack-years of smoking,
and do-not-resuscitate status upon ICU admission (odds
ratio 1.6, 95% CI 0.6–4.1, P � .35). They noted that a
randomized controlled trial was needed to really evaluate
these risks and benefits.

A double-blind, placebo-controlled clinical trial by War-
ner et al16 reported that routine NRT was not beneficial in
the management of perioperative nicotine withdrawal in
smokers who underwent elective surgery. Lee and Afessa17

conducted a retrospective case-control study in which they
identified 90 cases (smokers who received nicotine re-
placement in the first 24 h of their medical ICU admission)
and 90 controls (smokers who did not receive nicotine
replacement), matched for APACHE III score and age.
Unadjusted mortality was 20% in those who received nic-
otine replacement, and 7% in those who did not. When
adjusted for severity of illness and mechanical ventilation,
those who received NRT still had significantly higher mor-

tality (odds ratio 24.6, CI 3.6–167.6). They concluded that
NRT was associated with increased hospital mortality in
critically ill subjects. Although their findings are striking,
it was a single-center, retrospective study.

Paciullo et al18 studied the impact of NRT on in-hospital
mortality following coronary artery bypass graft surgery.
Sixty-seven subjects who received NRT were matched with
67 current smokers in terms of baseline demographics and
surgical procedures. Mortality was nonsignificantly higher
in the NRT group versus the non-NRT smoker group
(4.5% vs 0%, P � .08). In a follow-up commentary to
Lucidarme et al,2 Afessa and Keegan19 affirmed that, due
to the paucity of data describing nicotine withdrawal in
the critically ill, prospective studies are needed to address
the issues of mortality, as well as prevention and treatment
options.

Although this was a pilot study with a small sample
size, the positive-trending results indicate further studies
should be performed on a larger scale at this and other
institutions, to broaden the population of this study. De-
spite having a broad protocol in which patients from the
emergency department or the general medical floor could
be included in the study, the majority of subjects in this
study were admitted to the ICU from the emergency room;
the one subject who was not admitted through the emer-
gency room spent � 1 hour on the general medical floor.
In future studies we aim to evaluate the patient population
admitted from the general medical floor to the ICU to
compare the results to our present study.

Conclusions

Data supporting the safety or harm of NRT in prevent-
ing nicotine withdrawal syndrome in patients admitted to
the ICU are very limited. Although ICU stay and ventilator

Table 3. Effect of Nicotine Replacement Therapy in ICU Subjects

Nicotine Replacement Therapy

Yes No Difference
P*

n Mean � SD Median n Mean � SD Median n Mean � SD Median

Age, y 20 57.4 � 12.0 58.0 20 52.3 � 13.3 52.5 20 5.1 � 14.6 2.0 .12
APACHE II score 20 14.3 � 9.7 11.5 20 13.8 � 9.4 12.0 20 0.5 � 1.1 0 .07
ICU stay, d 20 4.5 � 3.8 3.0 20 7.0 � 5.8 5.5 20 –2.5 � 6.6 –1.0 .08
Packs of cigarettes per day 20 1.2 � 0.5 1.0 20 1.0 � 0.4 1.0 20 0.1 � 0.7 0 .50
Days on ventilator 20 1.9 � 3.7 0 20 3.5 � 5.3 1.0 20 –1.6 � 6.3 0 .47
Days on analgesia 20 1.1 � 2.6 0 20 2.1 � 3.8 0.5 20 –1.1 � 4.5 0 .26
Days on vasopressors 20 0.7 � 1.6 0 20 0.5 � 1.3 0 20 0.2 � 1.9 0 .78
Days on sedation 20 1.4 � 2.5 0 20 2.7 � 4.6 0.5 20 –1.4 � 5.3 0 .41
Years of smoking 20 24.4 � 10.2 25.0 20 23.3 � 10.7 20.0 20 1.1 � 10.8 0 .79

* P via signed-rank test for paired data.
APACHE � Acute Physiology and Chronic Health Evaluation
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days decreased in subjects receiving NRT, statistically the
preliminary data demonstrated no significant benefit. En-
rolling more subjects and increasing the study’s power
could help better define the role of NRT in smokers ad-
mitted to the ICU.
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