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Abstract 

Background  Cigarette smoking is a leading cause of death and disease, including those related to the cardiovascular 
system. Cytisine is a plant-based medication, which works in a similar mechanism to varenicline. It is safe, efficacious, 
and cost-effective for smoking cessation. While there are effective therapies such as nicotine replacement therapy, 
bupropion, varenicline, and cytisine for smoking cessation, relapse remains common. It is unclear how best to support 
these individuals. This study aims to assess the feasibility of randomizing patients who relapse to combination NRT 
or cytisine after admission to a cardiac hospital.

Study design  Randomized, two-group parallel feasibility trial.

Methods  This trial will recruit relapsed smokers from the University of Ottawa Heart Institute. Participants will be 
randomized 1:1 to receive cytisine or combination NRT, alongside counseling and follow-up support. Feasibility 
outcomes include recruitment rates and treatment completion. Secondary outcomes include smoking cessation rates 
and adverse events. A total of 60 participants will be recruited using stratified randomization by sex to ensure gender 
balance. Data will be analyzed descriptively, focusing on feasibility and efficacy measures to inform future trials.

Discussion  The primary aim of this study is to evaluate the feasibility of recruiting patients who were recently 
admitted to the hospital and have relapsed to smoking within 180 days post-discharge. This will inform future studies 
aimed at recruiting patients who have relapsed to understand how best to support them to quit smoking. This study 
will also compare the acceptability, efficacy, and safety of cytisine compared to combination NRT, as demonstrated 
in previous studies in other populations. Notably, cytisine’s shorter regimen and natural composition broaden its 
appeal, potentially supporting a wider spectrum of people who smoke. The study’s robust design, infrastructure, 
and expertise enhance its feasibility. Future research avenues, especially among cardiac patients and relapsed indi-
viduals, promise further insights, potentially transforming cessation strategies worldwide.

Trial registration  Registered at Clinicaltrials.gov (CT04286295) on 14 March 2022. https://​clini​caltr​ials.​gov/​study/​
NCT04​286295?​locStr=​Canad​a&​count​ry=​Canad​a&​intr=​Cytis​ine&​rank=3.
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Introduction
Cigarette smoking is a causative factor in the develop-
ment of cardiovascular disease (CVD) and is the most 
dangerous form of tobacco use [1]. There are effective 
treatments for smoking cessation but relapse to ciga-
rette smoking is common, principally due to nicotine 
addiction and related withdrawal symptoms [2]. Little 
is known about how best to support people who smoke 
who have relapsed in subsequent attempts to change 
their smoking behavior. Pharmacotherapy is effective 
in achieving smoking cessation and preventing relapse 
[3–5]. Three drugs are currently employed as first-line 
medications: combination nicotine replacement therapy 
(NRT), sustained-release bupropion hydrochloride, and 
varenicline tartrate [3]. Recent evidence suggests that 
cytisine is also effective as a cessation aid [6]. However, 
its efficacy has not been evaluated among patients who 
have relapsed after a previous quit attempt.

Cytisine is a plant-based smoking cessation medica-
tion with more than 50 years of use in central and eastern 
Europe [7]. It is a partial agonist of the nicotinic acetyl-
choline receptors (nAChRs), which is central to the effect 
of nicotine on the reward pathway [8, 9]. Cytisine acts by 
reducing the rewarding effect of nicotine thus attenuat-
ing nicotine withdrawal symptoms [10, 11]. Several stud-
ies have highlighted the promising future of cytisine as a 
smoking cessation treatment [12–14]. It is inexpensive to 
produce and is currently priced at a fraction of the cost of 
other first-line cessation medications [15]. It is well-tol-
erated by smokers [16] and requires a shorter treatment 
period (i.e., 25 days) than conventional treatments, which 
may be 12 or more weeks [17]. Because it is plant-based, 
cytisine may be attractive to smokers who prefer “natu-
ral” medicines [18].

Several randomized controlled trials have demon-
strated that cytisine is more likely to result in smoking 
cessation compared to placebo [13] and combination 
NRT [14]. While there is a slight increase in any adverse 
events such as nausea, serious adverse events were 
uncommon and not significantly different between 
groups. A recent RCT comparing cytisine to varenicline 
did not meet the threshold for non-inferiority [17]. How-
ever, a Cochrane review comparing these medications 
did not show a significant difference in efficacy outcomes 
and highlighted lower rates of adverse events such as 
nausea and adverse dreams with cytisine compared to 
varenicline [8] Nonetheless, these trials do not evalu-
ate which medication is preferred in cases of relapse to 
smoking. In this pilot feasibility study, our long-term goal 
is to evaluate the efficacy of cytisine compared to con-
ventional treatment (i.e., combination NRT) for smoking 

cessation among smokers who have relapsed to smoking 
following hospitalization at a cardiac centre. Prior to con-
ducting a larger, definitive RCT there is a need to conduct 
a pilot study to better understand the potential feasibility 
of such a trial.

Methods
Design
A pilot, two-group parallel RCT will be conducted at the 
University of Ottawa Heart Institute (UOHI). Patients 
enrolled in UOHI’s in-patient smoking cessation pro-
gram who have relapsed to daily smoking within 180 days 
of hospital discharge will be recruited through the pro-
gram’s follow-up support services. Eligible participants 
will be randomized 1:1 to receive a 25-day supply of cyti-
sine capsules or combination NRT (patch and lozenge). 
All participants will receive counseling and follow-up 
support from a nurse specialist on days 3, 7, 14, and 21. 
See Fig. 1 for the flow diagram of the study.

The primary feasibility outcome is the ability to recruit 
10 patients per month over the course of recruitment. 
The secondary feasibility outcome includes a proportion 
of participants who complete the prescribed treatment 
course and attrition rate. Additional secondary outcomes 
include rates of smoking cessation, number of cigarettes 
smoked, and adverse events. See Table 1 for the primary 
and secondary objectives of this study.

Participants
A total of 60 participants (30 women, 30 men) will be 
recruited. We will use quota sampling to ensure our par-
ticipant sample is balanced based on sex after every 20 
participants. Eligibility criteria are presented in Table 2.

Feasibility of recruitment
All patients who smoke and are admitted to UOHI are 
systematically identified and offered treatment through 
the Institute’s in-patient smoking cessation program. 
Patients are visited at the bedside by nurse special-
ists who deliver counseling and initiate treatment with 
combination NRT (long-acting products such as nico-
tine patch and short acting products such as gum or 
lozenge) to reduce nicotine withdrawal symptoms. 
At hospital discharge, smokers are instructed to con-
tinue combination NRT and are enrolled in an auto-
mated telephone follow-up system. Calls to patients 
are placed 3, 14, 30, 90, and 180  days after hospital 
discharge. If the patient indicates during any call that 
they have relapsed from smoking or that their confi-
dence in remaining smoke-free is low, they receive 
a “live” telephone call from the nurse specialist who 
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provides additional support as necessary. Each month 
approximately 125 smokers receive treatment as part 
of the in-patient smoking cessation program. Approxi-
mately 30% of these individuals relapse to smoking 
within 180  days of hospital discharge (approximately 
30–40 patients per month). These relapsed patients 
(from calls on day 3 to 180 post-discharge) will form 
the pool from which the study sample will be drawn. 
Given the infrastructure, staffing, and patient volumes, 
recruiting 60 patients should be feasible. The key feasi-
bility outcomes and the associated progression criteria 
that will determine the feasibility of a larger study are 
presented in Table 3.

Procedures
Recruitment
Potential study participants will be identified from 
patients enrolled in the UOHI inpatient program, the 
Quit Smoking Program (QSP). When the nurse special-
ist contacts a patient who has relapsed, they will ask if 
they have returned to daily smoking. If yes, the nurse 
specialist (within the circle of care) will ask the patient 
if they are interested in participating in a research study 
concerning different treatments for smokers who have 
relapsed. If interested, a research coordinator will contact 
the patient by phone and conduct a preliminary screen-
ing of eligibility criteria. If they are eligible and willing to 

Fig. 1  Flow diagram of study
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participate, a baseline assessment will be scheduled. Prior 
to the baseline visit, all remaining QSP calls will be can-
celled so they do not conflict with the study phone calls.

Baseline assessment
Remote informed consent will be obtained by the 
Research Coordinator before any data is collected. 
Demographic information will be collected from each 
participant on a questionnaire. Medical history informa-
tion and current medications will be obtained from the 
electronic patient record. All participants will have an 
in-person or virtual consultation with a study doctor or 
the study nurse prior to randomization to assess their 
general cardiac and respiratory health. Participants will 
complete questionnaires concerning gender roles; alco-
hol and other drug use; smoking and quitting history, and 
nicotine craving and withdrawal. A breath sample will be 
obtained to determine carbon monoxide concentration. 
Participants will be provided with a log sheet to record all 
their cigarettes smoked over the 25-day treatment period 
along with the use of the assigned cessation product. 
Participants will be given a $40 gift card for completing 

the baseline assessment. We aim to perform an analysis 
to assess any differences in the effect across various sub-
groups, including different CVD severity groups, socio-
economic status (high and low SES), gender, and age.

Allocation to intervention groups and blinding
After baseline assessment, participants will be strati-
fied by sex and randomly allocated in a 1:1 ratio to a 
cytisine or combination NRT group. The randomization 
scheme will be computer-generated by the Cardiovascu-
lar Research Methods Centre at UOHI using a random 
sequence program with concealed allocation. A log will 
be maintained for all randomization encounters in RED-
Cap to ensure consecutive allocation. Participants will be 
immediately informed of their treatment group assign-
ment at the end of their baseline visit.

Trial interventions
The treatment period will last 25  days. Participants will 
be asked to choose a target quit date and to aim to be 
smoking zero cigarettes within 5  days of this date. All 
participants will receive telephone-based nurse coun-
seling calls on days 3, 7, 14, and 21 following their target 
quit date. During each counseling session, the nurse will 
ask about the use of the assigned medication or prod-
uct and will ask about side effects or adverse reactions, 
including cardiac symptoms and signs of acute respira-
tory illness. The nurse will also reinforce the proper use 
of the assigned medication and will remind all partici-
pants not to share or alter their medication in any way.

Cytisine  Cravv™ (Zpharm, Waterloo) is a natural health 
product licensed by Health Canada to assist with smok-
ing cessation; each oral capsule contains 1.5 mg of cyti-
sine. The dosing is as follows: 6 capsules daily for the first 
3  days; 5 capsules daily for days 4–12; 4 capsules daily 
for days 13–16; 3 capsules daily for days 17–20; and 1–2 
capsules daily for days 21–25. Cravv™ capsules will be 
ordered from the UOHI Pharmacy. All participants will 
follow this dosing schedule however, if a patient is not 
tolerating the medication, the number of capsules taken 
each day can be decreased based on the direction pro-
vided by the study nurse.

Combination NRT  The Nicoderm® patch plus 
Nicorette® gum or Thrive® Lozenge will be provided to 
participants in the combination NRT group. Participants 
smoking less than 15 cigarettes per day will be provided 
with 14 mg patches while those smoking 15 or more ciga-
rettes per day will receive 21 mg patches. Participants will 
be told to apply a new patch each morning. Participants 
will be instructed to use lozenges as needed (up to 15 per 

Table 1  Cytisine and smoking relapse trial objectives

Primary objective

  (a) To evaluate the feasibility of future randomized clinical trial 
about effect of cytisine for prevent smoking cessation relapse among car-
diovascular disease (CVD) patients who smoke daily

Secondary objectives

  (b) To recruit 10 relapsed smokers with CVD per month to a study 
of cytisine vs. combination NRT
  (c) To assess any differences in the effectiveness of the form of tobacco 
used (tobacco smoking only versus a combination of smoking 
and smokeless tobacco)
  (d) To assess any differences in the effect across different CVD severity 
groups, high and low socio-economic status (SES), gender, and age 
subgroups
  (f ) To assess possible adverse effects of cytisine in the target popula-
tion
  (g) To assess all relevant components of the design and delivery 
of the smoking cessation program as part of a process evaluation

Table 2  Patient eligibility criteria

Inclusion criteria

  a. Patient is enrolled in the University of Ottawa Heart Institute (UOHI)’s 
Quit Smoking Program (QSP) post-discharge follow-up program
  b. Patient is currently smoking ≥ 5 cigarettes per day
  c. Within 180 days of discharge from UOHI

Exclusion criteria

  a. Patient has used cytisine, varenicline, bupropion, or a nicotine-con-
taining vaping device within the past 15 days
  b. Patient is unavailable to come on-site to UOHI for 2 assessments
  c. Patient is unable to provide informed consent
  d. Patient is unable to comprehend the intervention instructions (in 
the opinion of qualified investigators Pipe or Mir)
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day) to overcome nicotine cravings. All participants will 
be given the 2 mg or 4 mg lozenge dose.

Follow‑up assessment
All participants will return to the UOHI after the 25-day 
treatment period (within ± 2  weeks). Participants will 
complete questionnaires concerning alcohol and other 
drug use; and nicotine craving and withdrawal. Changes 
in medication will be recorded. A breath sample will be 
obtained to determine carbon monoxide concentration. 
Log sheets will be collected, and all unused capsules, 
patches, and lozenges will be counted. Participants will 
be given a $40 gift card for completing the follow-up 
assessment. Trial schedule of enrolment, interventions, 
and assessments are presented in Fig. 2.

Measures
Feasibility
The primary feasibility outcome will be the ability of 
the research team to recruit 10 patients who smoke 
per month. Secondary feasibility outcomes include the 
proportion of patients that complete the prescribed 
treatment, reach 25-day follow-up, keep a log of their cig-
arette use, and provide biochemical verification of smok-
ing status. Unused cytisine capsules, nicotine patches, 

and nicotine lozenges will be collected at follow-up and 
counted.

Smoking behavior (measured on days 3, 7, 14, 21, and 25)
Participants will be asked to self-report how many ciga-
rettes they smoked on each of the 3  days prior to each 
assessment. The mean number of cigarettes smoked will 
be recorded. Self-reported cigarette consumption will be 
checked against the number of cigarettes recorded on the 
log sheet returned at the day 25 visit. In addition, all par-
ticipants will be asked at baseline and follow-up to pro-
vide a carbon monoxide breath sample measured by the 
Bedfont Smokelyzer. CO concentrations of < 10  ppm at 
follow-up will confirm tobacco cessation. Smoking status 
will follow the Russell Standard (11). Self-reported and 
biochemically verified smoking cessation rates serve as 
the key efficacy outcomes.

Gender role (measured at baseline and follow‑up)
The BEM Sex Role Inventory questionnaire will be used 
to assess participants’ feelings towards their own gender 
role identity. Participants will rate themselves on a scale 
of 1–7 (never to always) for all 60- items and will be cat-
egorized as being masculine, feminine, androgynous, or 
undifferentiated.

Table 3  Key feasibility outcomes and the associated progression criteria

• 9 or more (75% +) “Go”—minor revisions prior to proceeding

• 6 to 8 (50–75%) “Go”—major revisions prior to proceeding

• 5 or fewer (Less than 50%) “Go”—stop proceeding

Go Amend Stop

Recruitment

  1. Screened/month 10 or more 5 to 9 4 or fewer

  2. Recruited/month 7 or more 4 to 6 3 or fewer

  3. % recruited of screened 70% or more 31% to 69% Less than 30%

Engagement

  4. Research visit (2 of 2) 70% or more 31% to 69% Less than 30%

  5. Nurse counselling visit (at least 3 of 4 attended) 70% or more 31% to 69% Less than 30%

Adherence

  6. Adherence to drug allocation assignment 80% or more 50% to 79% Less than 50%

  7. Adherence to cytisine taper 80% or more 50% to 79% Less than 50%

  8. Study surveys completed 80% or more 50% to 79% Less than 50%

  9. Log if cigarette use 80% or more 50% to 79% Less than 50%

  10. Biochemical verification of smoking status 80% or more 50% to 79% Less than 50%

Retention

  11. Loss to follow up Less than 20% 20% to 50% More than 50%

Intervention Assessment

  12. Feasibility of nurse counselling visit (at least 3 visits offered) 70% or more 31% to 69% Less than 30%
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Nicotine addiction and withdrawal (measured at baseline 
and follow‑up)
Cravings for nicotine will be measured using the Heavi-
ness of Smoking Index (HSI). This is a 2-item question-
naire that asks about the time to first cigarette and the 
number of cigarettes smoked per day. A score of 0–2 
indicates a low nicotine addiction, 3–4 indicates a mod-
erate addiction and 5–6 indicates a high addiction.

Alcohol and substance use (measured at baseline and follow‑up)
Participants will be given a single questionnaire to assess 
the use of alcohol and various forms of illicit substances. 

Responses to the questions include yes/no and frequency 
of use.

Safety
All adverse events will be assessed by the study physi-
cian who will determine whether the event is serious in 
nature. Any adverse event that is life-threatening, per-
sistent, or causes significant disability, or that requires 
hospitalization or leads to death will be recorded as a 
serious adverse event. The study physician will determine 
whether the participant can remain in the trial and what 
medical treatment they may require as a result of the 

Fig. 2  Cytisine vs. NRT trial schedule of enrolment, interventions, and assessments
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adverse event. A Data Safety Monitoring Board (DSMB) 
will be established and will meet before study recruit-
ment begins. The Board will meet at specific time points 
based on recruitment and will review all adverse events, 
side effects, toxicities, and issues related to participant 
safety. The board will consist of 3 members with exper-
tise in cardiac health and tobacco addiction. During each 
meeting, any new literature or emerging evidence related 
to the products used within this project will be reviewed. 
If there is evidence that indicates that one of the prod-
ucts used within this study is no longer safe for use, the 
treatment will be discontinued. All participants will 
be notified, and a subsequent medical assessment will 
be completed by the study physician to assess potential 
adverse reactions and a side-effect report will be sent to 
Health Canada via their online reporting portal.

Sample size and justification
The purpose of this pilot is not to prove the superiority of 
one treatment over another, but rather to test the feasibil-
ity of a larger trial. As pilot trials do not have the same 
objectives as a main trial, setting the sample size in the 
same way—using formal power considerations—is usu-
ally not necessary. The primary outcome of this study is 
feasibility. However, efficacy and safety outcomes are also 
measured and can help inform future sample size calcu-
lations. As such, we have used approximation rules for 
estimating sample size for pilot randomized trials with 
continuous outcome measures; power = 90% and α = 0.05 
[19]. Given the efficacy of NRT is 30% and the efficacy of 
cytisine is 40%, we expect a small effect size of cytisine 
over NRT. Accordingly, we aimed to have at least 25 par-
ticipants in each arm. To account for a 15% loss to fol-
low-up rate, we increased the sample size from 50 to 60 
participants (30 in each group).

Data analysis plan
The number of months required to recruit the entire 
sample will be recorded. Treatment completion in the 
group will be calculated from the amount of medication 
provided and returned at the end of treatment. The attri-
tion rate will be calculated from the number of partici-
pants failing to return for follow-up. Descriptive statistics 
will be used to compare cigarettes per day 25 days after 
treatment initiation between groups and measures of 
arterial stiffness. The proportion of participants report-
ing zero cigarettes per day will also be compared between 
groups. Feasibility will be determined by comparing 
observed recruitment, treatment completion, attrition, 
and quit rates with our proposed progression criteria. 
See Table  3 for the key feasibility outcomes and associ-
ated progression criteria.

Registration and ethics approval
The trial was granted full ethics approval by the Ottawa 
Health Science Network Research Ethics Board (OHSN-
REB) (Reference number 20190720-01H) and it is regis-
tered to Clinicaltrials.gov (CT04286295).

Protocol revisions
Since drafting the original study protocol, a few revi-
sions were required. Due to the COVID-19 pandemic, 
we enabled virtual means of obtaining informed consent 
and conducting medical assessments. Initial recruitment 
has been lower than expected and therefore the eligibil-
ity criteria were adjusted to augment recruitment. This 
included the removal of patients needing to have coro-
nary heart disease, reducing the number of cigarettes per 
day (from 10 to 5), extending the time from discharge 
from UOHI (from 90 to 180  days), and the removal of 
an exclusion criteria for those using NRT at the time of 
eligibility assessment. Arterial stiffness testing and inter-
pretation are no longer available and 4 mg lozenges were 
also unavailable, thus revisions were made accordingly. 
The adjustments made to the initial protocol were also 
updated on clinicaltrials.gov and summarized in Table 4.

Discussion
Cytisine presents a promising alternative to traditional 
nicotine replacement therapy (NRT) for smoking cessa-
tion and preventing relapse. It is more efficacious, has a 
similar side effect profile, and is significantly less expen-
sive when compared to a combination of NRT and other 
cessation aids. It will have major implications as a cost-
effective cessation aid with global implications. Despite 
significant strides in reducing smoking rates in Canada 
over the past two decades, a substantial portion of the 
population continues to smoke daily, highlighting the 
ongoing need for effective cessation interventions [20]. 
Moreover, the rise in nicotine dependency and the use 
of alternative nicotine delivery systems pose additional 
challenges for healthcare systems [21], further high-
lighting the importance of accessible interventions like 
cytisine. With its shorter treatment regimen and natural 
composition, cytisine could appeal to a broader spectrum 
of smokers seeking to quit, potentially leading to even 
greater reductions in smoking rates and relapse instances 
[22]. By providing evidence of its efficacy, this study 
stands to influence policy decisions, potentially saving 
millions of lives worldwide annually.

There are several strengths to this study. To the best of 
our knowledge, this is the first pragmatic RCT to compre-
hensively assess the safety, effectiveness, and cost-effec-
tiveness of cytisine in this patient population. The study 
design is strong, comparing the currently approved and 
available dose of cytisine in Canada with combination 
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NRT. By using combination NRT (as opposed to sin-
gle NRT), this study strengthens the control group and 
ensures that cytisine is being compared to the standard of 
care NRT dosing. Multi-pronged efforts have been made 
to maximize feasibility. There is a strong infrastructure, 
staffing, expertise, and patient volumes at UOHI. The 
study team has research expertise in conducting large, 
impactful research related to smoking cessation [23–25]. 
Further, there is adequate access to funding, medications, 
and staff (clinical and research) to complete the study.

The findings from this innovative trial will inform 
future studies evaluating cytisine for smoking cessation, 
especially among cardiac patients and those who have 
relapsed. These studies will have the potential to revolu-
tionize smoking cessation strategies, offering healthcare 
systems a natural, safe, efficacious, and cost-effective tool 
to improve cessation rates and overall health outcomes 
for millions of people who smoke in Canada and across 
the World.

Conclusion
This pilot feasibility study will be the first randomized 
controlled trial evaluating the efficacy and safety of cyti-
sine compared to combination nicotine replacement 
therapy for patients who relapse to smoking. The find-
ings will inform the design of a larger study to assess 
the optimal approach to support patients who relapse to 
smoking.
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Table 4  Revisions made to the original protocol

Revision 
number

Date of revision Revision Reason

1 October 21, 2021 Medical assessments may be conducted virtually 
at the baseline visit

Lockdowns and social distancing due to the COVID-19 
pandemic affected on-site visits

2 April 1, 2022 Removed the criteria that the patient must have coronary 
heart disease

More inclusive of other forms of heart disease seen at UOHI

3 May 30, 2022 4 mg lozenges were removed so all patients in the NRT 
arm only received 2 mg lozenges

4 mg lozenges were no longer available

“Thrive” brand of lozenges was added in addition 
to Nicorette

Ensure adequate medication availability and choice 
for patients

4 July 6, 2022 Inclusion criteria changed:
Daily smoking of 5 cpd (rather than 10 cpd)
Within 180 days of discharge from UOHI (rather 
than 90 days)

Expand eligibility criteria to help augment recruitment 
given lower-than-expected recruitment

5 March 22, 2023 Study objective change: removed measure of arterial 
stiffness

Testing and interpretation are no longer available at UOHI

Removed NRT as an exclusion criterion
Added remote means of obtaining informed consent

Expand eligibility criteria to help augment recruitment 
given lower-than-expected recruitment

Added in study windows (i.e., follow-ups to be done 
within 2 weeks of finishing 25-day treatment)

Clarity for participants and study staff
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