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Abstract Background: The smoking cessation medicine varenicline has been associated
with an increased risk of cardiovascular adverse events compared with pla-
cebo in clinical trials. Cases of cardiovascular events, including myocardial
infarction (MI) and cardiac dysrhythmias, have been noted from spontane-
ous reporting systems.

Objective: The aim of this study was to summarize and describe cardio-
vascular adverse reactions identified in a general population during intensive
postmarketing surveillance of varenicline in New Zealand.

Methods: Observational prospective cohort study using prescription event
monitoring methods. The patient cohort was established from pharmacy dis-
pensing data sent directly to the Intensive Medicines Monitoring Programme
(IMMP) for all New Zealand patients prescribed varenicline. Adverse
cardiovascular events were identified from follow-up questionnaires com-
pleted by doctors, spontaneous reports and by record linkage to national
datasets. Cardiovascular events were organized into clinical groupings for
further clinical assessment, and key cases were identified.

Results: All New Zealand patients dispensed a prescription for varenicline
from 1 April 2007 to 30 November 2010 were included in this study. At
31 January 2011, the IMMP varenicline events dataset included a total of
172 adverse events in the IMMP circulatory System Organ Class. There were
48 reports of myocardial ischaemia, including 12 reports of MI and 8 reports
of angina. Two key cases of myocardial ischaemia suggested that this may
have been induced by coronary artery spasm secondary to varenicline treat-
ment. There were 50 reports of hypotensive events, with two key cases having
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documented hypotension associated with chest pain/tightness, and a further
27 reports of dysrhythmia events, including two unexplained sudden deaths.
Conclusions: This paper presents a series of cases of cardiovascular events in
patients taking varenicline. Whilst there were multiple confounding factors in
some patients, key cases were identified that suggested a possible mechanism
of dysregulation of blood pressure leading to vasospasm or hypotension.

Background

Varenicline (Champix®, Pfizer Ltd), is a recent
addition to the group of drugs licensed to aid
smoking cessation. Varenicline is a partial ago-
nist at the a4B2 nicotinic acetylcholine receptor
(nAChR)'31 and has been demonstrated to be
beneficial for smoking cessation.”l The partial
agonist properties of varenicline at the o4p2
nAChR receptor stimulate the release of dopa-
mine, which may mimic the reward properties
of regular smoking. At the same time, varenicline
antagonizes the receptor system, which may re-
duce the psychostimulatory reward for cigarettes
smoked during varenicline therapy.*-]

Efficacy of varenicline has been demonstrated
in clinical trials.*® It has superior short-term
efficacy to other smoking cessation therapies
such as bupropion and nicotine replacement
therapy (NRT),”! although a longer-term study
showed varenicline had similar abstinence rates
to NRT at 52 weeks.['” Varenicline therapy has
been associated with adverse events; most com-
monly, headaches, nausea, abnormal dreams and
insomnia.l®!!1 Other psychiatric effects have also
been identified from postmarketing surveillance of
varenicline,['>!3 and the product information in-
cludes warnings about the risk of neuropsychiatric
effects.[1413]

Recently, the US FDA communicated find-
ings from its review of a clinical trial that included
approximately 700 patients with cardiovascular
disease,['®1 and reported an increased risk of
cardiovascular events in patients taking vareni-
cline compared with placebo.['”l Following this,
a systematic review and meta-analysis of the
risk of serious cardiovascular events associ-
ated with varenicline has been published.['®]
This systematic review included data from 14

© 2012 Adis Data Information BV. All rights reserved.

clinical trials and concluded that varenicline
was associated with an increased risk of serious
adverse cardiovascular events compared with
placebo.

In New Zealand, the postmarketing safety of
varenicline has been monitored by the New Zealand
Intensive Medicines Monitoring Programme
(IMMP)[1%:201 since 2007 when it was first mar-
keted in this country. Routine review of IMMP
adverse event reports for this medicine identified
a group of reports of cardiovascular adverse
events such as angina, myocardial infarction
(MI), hypotension and arrhythmias. In light of
recent concerns regarding the cardiovascular
safety of varenicline, this paper presents a case
series of these reports evaluated by the IMMP,
and discusses possible mechanisms to explain
these adverse events.

Methods

The IMMP performs postmarketing observa-
tional cohort studies on selected medicines using
prescription event monitoring (PEM) methods,
which have been described in detail previously.[?!
In brief, the cohort of patients for each monitored
medicine is established from dispensing data
collected directly from community and hospital
pharmacies throughout New Zealand. Informa-
tion collected from these dispensing records
includes the name, address, National Health
Identification (NHI) number (a unique identifier
of healthcare users in New Zealand), sex and date
of birth of the patient, prescriber and dispensing
pharmacy information, and details of the mon-
itored medicine, including dispensing dates, dose
and quantity dispensed.

Patients dispensed the monitored medicines
are followed up by multiple ‘intensive’ methods.

Drug Saf 2012; 35 (1)



Cardiovascular Events in Patients taking Varenicline

35

Questionnaires requesting information on all new
clinical events since the patient started the mon-
itored medicine are sent to prescribing doctors,
usually the patient’s general practitioner (GP).
Additional follow-up information is obtained from
spontaneous reports (yellow cards) sent to the
New Zealand Pharmacovigilance Centre by health
professionals, pharmaceutical companies and pa-
tients.?!1 As a further measure to identify deaths
and adverse events resulting in hospitalization,
the IMMP also undertakes record linkage to the
New Zealand National Collections databases.

Varenicline Study

Monitoring of varenicline began in April 2007
when marketing of this medicine commenced in
New Zealand. Follow-up questionnaires for var-
enicline were first sent to doctors in June 2008
and were then sent out every 4 months. Ques-
tionnaires for this study were based on previous
IMMP questionnaires, with the primary aim
being for doctors to record new clinical events
since the patient started varenicline. Doctors
recorded clinical events in an open table (i.c. there
was no checklist of adverse events) that included
columns to record the date of each event and the
clinical outcome. Additional specific questions
were included, including past smoking history,
previous attempts at smoking cessation, past his-
tory of cardiovascular disease, and concomitant
medications. For every patient in the IMMP co-
hort with a valid NHI number, record linkage to
national datasets was performed to identify
deaths and hospital admission events occurring
from the time of starting varenicline to 1 month
after the last dose (the date of each patient’s last
dose was calculated from the IMMP dispensing
data records).

Returned questionnaires, record linkage data
and other follow-up information were assessed by
clinical staff at the IMMP. In line with routine
practice at the IMMP, all adverse events occurring
whilst the patient was taking the medicine, and for
1 month after the last dose, were coded using terms
from a specialized dictionary based on the WHO
Adverse Reaction Terminology (WHO-ART).>2!
Causality assessments were performed in line with
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standard methods!>®! used at the New Zealand
Pharmacovigilance Centre,?!! and adverse events
were grouped into System Organ Classes (SOCs)
for analysis.

Selection and Assessment of Cardiovascular
Event Cases

Varenicline event reports coded in the IMMP
circulatory (cardiovascular) SOC and entered
into the IMMP database by 31 January 2011 were
reviewed by clinical assessors. All reports in the
circulatory SOC were included if the patient
was taking varenicline at the time of the adverse
event or within 1 month of their last dose (as
determined from the IMMP dispensing data).
Events in other SOCs that may have indicated
a cardiovascular event (e.g. ‘chest pain’ initially
coded in the IMMP musculo-skeletal SOC) were
reviewed again by clinical assessors and further
information was sought from reporters where
necessary. If there was clinical evidence that the
adverse event was due to a cardiovascular cause,
reports were re-coded into the circulatory SOC.
Likewise, further information obtained on events
initially coded in the circulatory SOC that in-
dicated the event was not a cardiovascular event,
resulted in re-coding of the event into the appro-
priate SOC.

All event reports in the circulatory SOC were
organized into the following clinical subgroups:
myocardial ischaemia, heart failure, cerebrovas-
cular events, cardiac dysrhythmias, hypotensive
events, hypertensive events, thromboembolic events
and ‘other’. Further clinical assessment was un-
dertaken of the cases of myocardial ischaemia,
hypotensive and hypertensive events (in order to
identify possible mechanisms for the myocardial
ischaemic events) and cardiac dysrhythmias.
Specific cases of clinical interest were selected to
present as key/index cases.

Results

At 31 January 2011, the IMMP varenicline
events dataset included a total of 2813 adverse
events in all SOCs, with the highest proportion of
events (699 events, 24.8% of all events) in the
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IMMP alimentary SOC. In the circulatory SOC
there were 172 adverse events (6.1% of all events)
that occurred in 154 patients. The numbers of
cardiovascular events in each clinical subgroup
are shown in table I.

At 31 January 2011, the varenicline cohort in-
cluded 15847 New Zealand patients who had been
dispensed varenicline between 1 April 2007 and
30 November 2010. At the time this study of car-
diovascular events was conducted, IMMP follow-
up questionnaires had been sent for 13 716 patients
and a review of responses was ongoing, but in-
complete. Full follow-up (review of responses to
questionnaires and linkage to national datasets for
all patients, including non-responders) had been
completed for 8446 patients.

Case Reports of Myocardial Ischaemia

Of the 48 event reports clinically assessed as
indicating myocardial ischaemia, 12 reports were
confirmed as MI and a further 8 were confirmed
as angina from the details on the case reports and
follow-up information. One patient experienced
angina followed by an MI; therefore, these 20
events occurred in 19 patients. These cases are
summarized in table II.

One of the 12 cases of MI had documented
evidence of coronary artery spasm as the likely
cause of the infarction. This patient, a 48-year-
old man with no significant medical history, had
been taking varenicline for 22 days when he was
hospitalized with chest pain described in the re-
port as “ischaemic sounding”. Investigations re-
vealed ECG changes and a raised troponin level
of 1.83ng/mL; a diagnosis of non-ST elevation
MI was made. Angiography reported occlusion
of the right coronary artery caused by spasm ra-
ther than atherosclerosis and a normal left cor-
onary arterial system. A stent was inserted and
the patient recovered.

In addition to the cases of MI, there was a
further interesting case of newly diagnosed
ischaemic heart disease (IHD). A 62-year-old
man with no past history of IHD presented to his
GP with severe epigastric pain, nausea and
headache on the 53rd day of taking varenicline.
His doctor reported that the patient’s symptoms
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Table I. Cardiovascular events in the Intensive Medicines Monitor-
ing Programme (IMMP) varenicline cohort

Cardiovascular adverse No. of events

event

Clinical subgroup

Myocardial
ischaemia

Angina 8
Chest pain 14
Chest heaviness
Chest tightness
Chest pain worse?

—_
- A N a2 N NN

Myocardial infarction
Ischaemic heart disease
Myocardial re-infarction

Coronary insufficiency
worse®

Subgroup total 48

Heart failure Heart failure
Heart valve disorder
Oedema

Subgroup total

Hypotensive events  Dizziness 36
Faintness

Hypotension

Syncope

Circulatory collapse 1

Subgroup total 50
Hypertensive events  Elevated blood pressure 5
Hypertension 8

Hypertension worse® 3

-
(&}

Subgroup total

N

Cardiac
dysrhythmias

Tachycardia
Palpitations

—_
N

Palpitations worse®
Irregular pulse

Atrial fibrillation
Arrhythmia

Heart block
Prolonged QT interval
Ventricular tachycardia
Ventricular fibrillation
Cardiac arrest
Sudden death
Subgroup total
Stroke

Subarachnoid
haemorrhage

[ | NGO . SO

SN

Cerebrovascular
events

—_

Subgroup total 3

Continued next page
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Table I. Contd

Clinical subgroup Cardiovascular adverse No. of events
event

Thromboembolism Thrombophlebitis

Venous thrombosis
Pulmonary embolism
Arterial thromboembolism

- a4 a4 a4

Mesenteric artery

thrombosis

Subgroup total 5
Other Cardiomyopathy 1

Unspecified cardiac 1

disease

Pericardial effusion 1

Flushing 1

Intermittent claudication 1

worse?

Peripheral vascular 4

disease

Atherosclerosis 1

Vascular occlusion 2

Arterial aneurysm 1

Aortic aneurysm 2

Aortic stenosis 1

Other total 16
Total 172

a ‘Worse’ is the IMMP term applied to events that the patient may
have experienced prior to starting the monitored medicine, but
which recurred with increased frequency or intensity after starting
the medicine.

were relieved on withdrawal of varenicline (posi-
tive dechallenge) and recurred on taking one var-
enicline tablet 1 week later (positive rechallenge).
The patient was referred for investigations and a
positive exercise stress confirmed a diagnosis of
IHD. A stent was inserted the following month
and the patient recovered. Clinical presentation of
this case was not typical, but it was clearly docu-
mented that there was sufficient concern about the
nature of the symptoms after starting varenicline
for cardiac investigations to be requested.

Hypotension and Collapse

There were 50 event reports classified as hy-
potensive events (see table I), and the most com-
monly reported event in this group was dizziness.
For these 36 cases, time to onset of event was
reported for 32 patients, 22 (69%) of whom ex-
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perienced dizziness within 14 days of starting
varenicline.

In the hypotensive events group only four
patients had confirmed hypotension (i.e. re-
corded by a medical practitioner). One of these
cases was a 62-year-old man who presented to
his GP with hypotension 1 day after starting
varenicline. Two days later he complained of se-
vere substernal chest pain, sweating associated
with rigors and intense fatigue, which kept him
away from work for 4 days. The following day
varenicline was discontinued and he recovered
(positive dechallenge). Another female patient
(age not reported) experienced hypotension,
dizziness, nausea and abnormal dreams after
about 8 weeks of varenicline. Reducing the dose
of varenicline to 0.5mg daily was followed by
some improvement.

There was also a report of circulatory collapse
in a 56-year-old male patient with a history of
hypertension who collapsed after consuming two
bottles of beer. He had been taking varenicline
0.5mg daily for 4 days; the report indicated that
prior to taking varenicline this patient had not
previously collapsed after drinking this amount
of alcohol. The collapse was reported as ‘severe’,
but the patient recovered after cessation of var-
enicline. In another case report, a S1-year-old
woman taking varenicline 1 mg daily experienced
chest tightness associated with feeling hot,
sweating and neck/back pain shortly after con-
suming a small amount of alcohol and ‘one puff’
of marijuana. She had restarted varenicline
12 hours before this episode after stopping it for
3—4 days. The patient’s symptoms were relieved
by oxygen, and after admission to hospital
she recovered quickly and was discharged the
following day.

Hypertension

There were eight reports of documented new-
onset hypertension, a further five of elevated
blood pressure and three reports of worsening of
hypertension in patients known to have had hy-
pertension prior to starting varenicline. There
was little data on dechallenge as some patients
were treated for their hypertension and some

Drug Saf 2012; 35 (1)



Harrison-Woolrych et al.

38

"a|qeoldde 10U = yN ‘UoedIPaW = paw ‘ajew = [\ ‘9SeasIp Ueay JIWoryDSI = H| ‘9[eWwa) =4 ‘JUspIOde JB[NOSBA0IQaI8d = YAD PONUUOD = JU0d

uololeUI-a)

uoljew.oul oN "JUOD JBA "PaIBN02aY oN paw uQ po [elpJeooAp 1IN shoinald 4/19
IIN paisnooey VN p6 pee IN 8j0u JO |IN IN/9S
uofew.ojul oN paianodoey VN pPS p 1ot IN uoljewlojul oN N/OS
AjJUB11N2UOD JBOUBD UBLIBAO YlIM
unelseAws ‘jojoisdojaw pasoubelp pue ||\ 0} Joud p G YAD
‘apizelyjolo|yoolpAy/udeuinb 1890UBed UBLIBAO ‘elwae|olaisajoyoladAy
‘auldipojo woly |IN Jeye p Gz pala VN pS pey IN ‘uoisuspadAn 4/29
uoljew.oul oN paJanoday VN pe polL IN uoljewJojul oN /LS
uuidse
‘l@1Bopido|o ‘sjozeidojued ‘|ojoidojow (aunpaooud auelbiw ‘elwaepidiiadAy
‘unelseaws ‘eulfidunou ‘ludezepn 'JUOD JBA ‘PBION0DDY ON paw uQ peo wels Buunp) | ‘uoisuapadAy ‘gHI N/8Y
(8s4n00
puooas)
Uo[JEW.OUl ON paJanoday SOA paw uQ pey IN uoljew.ojul oN N/8Y
uolewloul oN "JUOD JBA PaIan02aY OoN paw up pge IN uolewlojul oN N/1L9
(8s4n0d
puooas)
IIN "JUOD JBA "PaISA02aY OoN paw uQ pze 1IN sisoia|osolayye [esoyduad IN/8S
pauesul
IIN JUS]S "PaIeA0OSY SOA psw uo pee IN IIN N/8Y
aurexonyy (8s4n00
‘apuojyo wnissejod ‘auidipojwe puooas)
‘aplzelyiawnijoipuag ‘uIsozexoq paJanooay SOA paw up pol IN uoisuapadAy 4/1G
aloyeq XYM | eulbue
unelseAwls sanuIW UlyIm paiq VN pez pgs  19SUO-mau pue | Juswaoe|dal aAjeA DILOE B|gelS IN/SS
uoljew.oul oN paJanooay SOA paw up peg eulbue a|qeisun SISOUB)S JIHOY 479
Jen
Buiddoys Jeye ow g [N
uuidse ‘uieiseAwls padojanaq ‘palonoday OoN paw uQ pege euibue a|qeisun sisoJajosolayye [esayduad N/OY
Judeze|1o ‘uneiseAwls papjasul
‘lojoidolaw ‘uisozexop ‘uuidsy 1U81S ‘pPalanoday SOA paw uQ P02 euibue a|qeisun aHl N/09
|ojosdolow ‘(pioe olholesiAieoe) uuidsy paJanooay SOA paw up ps eulbue a|qeisun aHl 4/0S
uoljewlojul oN paJanoday VN pse poL eulbuy uoissaidaQg 4/95
uonew.ojul oN paianodey VN pLL poe eulbuy IIN snholaald N/6S
uoljewlojul oN "JUOD JBA "PaIBN02aY oN paw up pPy. eulbuy 1IN shoinald NS
umelpypum asop isg| 19suUo0 x8s/(A)
IpOW JUBHWODUOD awooINO  auldluUdIeA woJj awi| 0] awi| ey Aoisiy [eoipay aby
HOY09 (Jen) aulplualen swwelboid Bulojuop Sauldipal 8AISUSU| 8y} Ul (J|\) uonoJeul [eipJedsoAw pue euibue Jo sase) || ajgeL

Drug Saf 2012; 35 (1)

© 2012 Adis Data Information BV. All rights reserved.



Cardiovascular Events in Patients taking Varenicline

39

continued varenicline. There were no reports of
new-onset or aggravated hypertension in asso-
ciation with serious events.

Cardiac Dysrhythmias and Sudden Death

The clinical subgroup ‘cardiac dysrhythmias’
included 27 event reports, which occurred in
23 patients (four patients had two dysrhythmia
events each). There were 12 reports of new-onset
palpitations, but none of these patients had a
documented arrhythmia. A 40-year-old male pa-
tient with known non-obstructive hypertrophic
cardiomyopathy and receiving long-term treatment
with metoprolol for palpitations, complained of
worsening palpitations 21 days after starting var-
enicline. Holter monitoring detected episodes of
ventricular tachycardia associated with the patient’s
palpitations. The patient discontinued varenicline
and the dose of metoprolol was increased from
47.5mg to 95mg daily. About 5 months later he
restarted varenicline and 1 month later was ad-
mitted to hospital with chest pain, but no further
information was available regarding this hospital
admission.

Two patients in the cardiac dysrhythmia sub-
group had a fatal outcome and their case reports
are described below:

Case I: A 39-year-old man taking varenicline
for 22 days was hospitalized with ventricular fi-
brillation and a cardiac arrest. He had no history
of cardiac disease or any family history of pre-
mature heart disease. His only concomitant
medicine was celecoxib 200 mg taken ‘occasion-
ally’ for the treatment of ankylosing spondylitis.
Following admission to hospital he died with no
definitive underlying cause identified for his fatal
cardiac arrest.

Case 2: A 49-year-old man who had been
taking varenicline for 32 days was found dead at
his home. He had a history of hypertension and
hyperlipidaemia and was taking lipid-lowering
medication. One month before his death he was
treated for ‘pleurodynia of probable viral origin’
with amoxicillin 500 mg three times daily and
naproxen 550 mg twice daily. Post-mortem exam-
ination revealed left ventricular hypertrophy and
severe focal coronary artery disease with 75%
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stenosis of the left anterior descending and right
coronary arteries. However, no thrombosis was
noted and it was reported that the stomach con-
tents smelled strongly of alcohol.

Discussion

This intensive postmarketing surveillance study
has identified a number of cardiovascular adverse
events in New Zealand patients taking the smok-
ing cessation medicine varenicline. At first review,
the observation of reports of myocardial ischaemia
and other types of cardiovascular event was not
unexpected in the varenicline IMMP cohort. Cig-
arette smoking is a major risk factor for cardio-
vascular disease, which is the leading cause of
death in smokers.** Smokers have a background
risk of cardiovascular disease that is greater
than non-smokers for men from age 35 years and
for women from age 45 years, even in the absence
of other risk factors. The 5-year absolute cardio-
vascular risk can increase to over 20% as hyper-
tension and dyslipidaemia develop, and may be
even higher if the patient becomes diabetic.[>”

Careful and repeated clinical assessment of
the case reports in this study identified a series of
new-onset cardiovascular events, some of which
appeared to have a causal association with var-
enicline. Three of four patients who developed
unstable angina after starting varenicline recov-
ered after varenicline was withdrawn, and this
observation of positive dechallenge (and the tem-
poral association with varenicline administra-
tion) supported a causal association. However,
assessment of one of these cases was confounded
by the treatment of the unstable angina by pla-
cement of a stent, and this may have been the
reason for the patient’s recovery, rather than the
withdrawal of varenicline. In addition to this is-
sue, dechallenge assessment was not always
appropriate for completed cardiovascular events
such as MI, or terminal events such as cardiac
arrest/sudden death.

This study identified 48 reports of symptoms
of myocardial ischaemia in patients taking var-
enicline (or within 1 month of stopping vareni-
cline treatment). This number is likely to be an
underestimate due to underreporting, which is a

Drug Saf 2012; 35 (1)
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recognized limitation of spontaneous reporting
programmes and, to a lesser extent, PEM stud-
ies.[>l However, the multiple methods of follow-
up used by the IMMP should reduce the effect of
underreporting. A further limitation of our study
was that the IMMP clinical assessments were
based on information provided by the reporters.
As a national reporting centre, the IMMP re-
ceives secondary information from reporting
doctors and clinical detail about some of the cases
was limited, even after attempts to follow up
cases further.

Awareness of the multiple confounding issues
in many of the patients included in this series was
an important consideration during the clinical
assessments and causality assessments performed
in this study. All patients in the IMMP vareni-
cline cohort had a history of smoking and some
had other documented history of cardiovascular
disease. It is also possible that patients with no
reported evidence of previous cardiovascular
disease did in fact have pre-existing disease, pos-
sibly undiagnosed at the time they started var-
enicline. The IMMP cohort of patients taking
varenicline represented ‘real-life’ postmarketing
use of this medicine and there were no exclusion
criteria as in pre-licensing clinical trials. In this
general population, our study identified patients
with no known history of cardiovascular disease
who experienced cardiovascular events for the
first time after starting varenicline. This prompt-
ed further clinical assessment of the event reports
in the IMMP datasets and identification of some
key cases that suggested a causal association with
varenicline.

Other Evidence Regarding Varenicline and
Cardiovascular Events

Regulatory authorities in other countries using
spontaneous reporting systems have identified re-
ports of cardiovascular events, including MI and
arrhythmias in patients taking varenicline.?” In
2010, the results of a multicentre, randomized
clinical trial of varenicline in patients with pre-
existing cardiovascular disease were published.[®]
This Pfizer-sponsored study showed that 7.1% and
5.7% of patients in the varenicline and placebo
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groups, respectively, experienced a cardiovascular
event.'%] This increased risk with varenicline led
the US FDA to release a safety alert for varenicline
regarding the risk of cardiovascular events.!'”]

More recently, a meta-analysis of 14 double-
blind, placebo-controlled trials demonstrated a
significantly increased risk of serious cardio-
vascular adverse events in patients prescribed
varenicline compared with placebo.['8! In this
meta-analysis, the risk of serious cardiovascular
adverse events was 1.06% (52/4908) in varenicline
patients compared with 0.82% (27/3308) in patients
given placebo. The primary outcome measure in all
the studies included in this meta-analysis was effi-
cacy of varenicline, and the trials excluded patients
with a recent history (in the last 6 months) of
cardiovascular disease (eight studies), unstable
cardiovascular disease (two studies) or any history
of cardiovascular disease (four studies).

The evidence from these clinical trials, which
have the advantage of including a randomized,
placebo-controlled group of patients, suggests
that varenicline increases the likelihood of cardio-
vascular events, both in patients with known
cardiovascular disease and those without such a
history. These results are consistent with the find-
ings of our postmarketing observational study, but
it is not clear how varenicline may induce these ef-
fects. There is some evidence that MI may be in-
duced by various triggers in susceptible patients,®!
and it is possible that varenicline acts as another
trigger for cardiovascular events in patients already
at risk because of their smoking history and be-
cause of their already compromised cardiovascular
systems.

Possible Mechanisms

In order to consider our observations further,
the cardiovascular events identified in this study
were separated into clinical groups based on the
type of event experienced (recognizing that one
patient may have experienced more than one
event) and the possible mechanisms that might
explain the cardiovascular adverse event.

The clinical histories of two key cases of
myocardial ischaemia in this series suggested that
varenicline may have induced spasm of the cor-
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onary arteries. Coronary spasm is a temporary
narrowing of the coronary artery, which can in-
duce an ML’ Furthermore, coronary spasm
may also lead to sudden death, syncope and
life-threatening arrhythmias such as ventricular
fibrillation, ventricular tachycardia or atrioven-
tricular block.?%32 Thus, this mechanism might
also explain some of the cases of dysrhythmias
and sudden death in the IMMP cohort. Smoking
is an independent risk factor for developing cor-
onary spasm!®3-3# and it is possible that vareni-
cline, via its action on the o334 receptors in the
peripheral ganglia®*! leading to release of acetyl-
choline, may add to this risk or trigger coronary
spasm in susceptible individuals. Acetylcholine is
used clinically to provoke coronary artery spasm
(acetylcholine provocation test);1*®! hence, acetyl-
choline release induced by varenicline may in-
crease the risk of coronary spasm. Interestingly,
two cases of cerebral vasospasm associated with
varenicline have been presented at a recent neu-
rology meeting,*”l with both patients having
formal angiography to demonstrate the vaso-
spasm. It is possible that, by a common mechan-
ism, varenicline may induce vasospasm in different
regions of the cardiovascular system.

An alternative (or additional) mechanism to
explain the cases of cardiac arrhythmias and
sudden death in this series (and other reportsi?”))
may be via varenicline-induced release of ca-
techolamines. Nicotine produces a significant
increase in plasma levels of dysrhythmogenic
catecholamines.[®¥! Varenicline, by its action
on nicotinic receptors partially agonizing the
release of dopamine, may also induce release
of arrhythmogenic catecholamines. In addition,
patients may continue to smoke cigarettes during
treatment with varenicline, and this dual en-
hancement of catecholamine release may lead to
cardiac arrhythmias.

Whilst it is recognized that chronic hyperten-
sion is a risk factor for cardiovascular events,
including MI and stroke,3%#! our case-series
study produced only a weak signal of increased
blood pressure with varenicline use and did not
identify a signal of cases of new-onset hyperten-
sion associated with cardiovascular events.
However, the Champix® product information

© 2012 Adis Data Information BV. All rights reserved.

indicates that blood pressure was elevated in
clinical trials of varenicline more often than with
placebo,!!* and this is supported by animal
studies of increased renal sympathetic activity
with an o7-agonist.[*?l Small-to-moderate in-
creases in blood pressure may not be relevant to
the onset of serious cardiovascular events with
varenicline as courses of treatment are usually
3—6 months or less.

In contrast, the observation of a cluster of cases
suggesting hypotension associated with varenicline
(mainly during the first 2 weeks of treatment), and
key cases in which patients who experienced hy-
potension followed by (or associated with) chest
pain, led us to consider whether this might be a
mechanism to explain cardiovascular events such
as myocardial ischaemia, especially in susceptible
patients. Such a mechanism may also explain the
large number of reports in the US FDA datasets
of ‘sudden loss of consciousness’ in patients tak-
ing varenicline.?”l When varenicline (1 mg twice
daily) and NRT (transdermal 21 mg/day) were
coadministered to smokers (n=24) for 12 days,
there was a statistically significant decrease in
average systolic blood pressure.l'¥ Thus, it is pos-
sible that patients continuing to smoke at the start
of varenicline therapy (the product informa-
tion advises patients to stop smoking on day 8
of treatment!!#l), or at other times when taking
varenicline, may be at higher risk of hypotensive
events.

Studies have demonstrated that nAChRs are
present in key areas of the CNS that regulate
blood pressure. The brainstem, nucleus tractus
solitarius, rostral ventrolateral medulla and cau-
dal ventrolateral medulla express functional o432
and o7 nAChR receptors.*34 Studies have
demonstrated that pharmacological manipula-
tion with 04p2 and o7 nAChR agonists and an-
tagonists significantly affected arterial blood
pressure and heart rate in an animal model.*? In
the mammalian brain, the brainstem plays a vital
role in peripheral cardiovascular autonomic
function>471 and therefore it can be hypothe-
sized that varenicline, with its partial and full
agonist properties at a4p2 and o7 nAChRs, re-
spectively, may centrally influence blood pressure
homeostasis.
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