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Abstract
Information on rare adverse effects is often limited when a medication is initially 
approved for marketing. Medicines regulators use safety advisories to warn health 
professionals and consumers about emerging harms. This study aimed to identify 
characteristics and advice provided in cardiac safety advisories released by regula-
tors	 in	Australia,	Canada,	 the	United	Kingdom,	 and	 the	United	 States.	 This	was	 a	
retrospective study of safety advisories about cardiac-related adverse events issued 
by these four international medicines regulators between 2010 and 2016. A descrip-
tive overview was followed by a more detailed content analysis, focusing on recom-
mended	actions	for	health	professionals,	including	monitoring	advice.	For	the	latter,	
we	applied	the	systematic	information	for	monitoring	(SIM)	scale	to	assess	adequacy.	
Over this period, 164 safety advisories about cardiac harms were issued by the four 
regulators.	 There	were	 61	 drugs	with	 advisories	 of	 cardiac	 risk,	 only	 9	 (14.7%)	 of	
which had advisories from all regulators in countries where the drug was approved. 
The most common adverse events were cardiac arrhythmias (n =	97,	59.1%)	and	coro-
nary artery disorders (n =	39,	23.8%).	The	most	frequent	advice	to	prescribers	was	to	
monitor patients (n =	74,	45.1%),	although	only	41.2%	of	these	advisories	provided	
detailed advice on how monitoring should occur. We found many differences in the 
decision	to	warn	and	the	advice	provided.	Patient	monitoring	was	most	often	recom-
mended,	but	key	information	such	as	frequency	or	thresholds	for	action	was	often	
lacking.	Healthcare	professionals	and	consumers	need	consistent	information	about	
rare serious harms so that they can make informed decisions.
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1  | INTRODUC TION

Decisions to approve new drugs by medicines regulators are often 
made based on limited information about safety collected during 
clinical trials. Longer-term or rare adverse events are often detected 
only once a drug is on the market.1	 Post-market	 safety	 advisories	
are issued by national medicines regulators when new information 
about a drug's effects become known after regulatory approval, for 
a drug already on the market. They are one key means with which 
safety messages can be communicated to healthcare professionals 
and consumers. Regulators use various forms of safety advisories to 
communicate about emerging risks, including letters (direct health 
professional	communications	or	DHPCs),	website	alert	notices,	and	
drug safety bulletins. Advisories may be accompanied by other regu-
latory actions such as updates to product information or prescribing 
guidelines	and	inclusion	of	black	box	warnings.

Our team previously compiled all the post-market safety advisories 
issued	by	the	US	United	States	(US)	Food	and	Drug	Administration	(FDA),	
Health	Canada	(HC),	the	Australian	Therapeutic	Goods	Administration	
(TGA),	 and	 the	 UK	 Medicines	 and	 Healthcare	 products	 Regulatory	
Agency	(MHRA),	between	1	January	2007	and	31	December	2016.	A	
previous publication from our group identified a low level of concor-
dance between these four regulators in their decisions to warn health-
care professionals and the public, with all regulators issuing warnings 
about	an	approved	medicine	in	only	10%	of	cases.2

A number of commonly prescribed drugs are associated with 
increased risks of cardiac adverse events.3 These include non-ste-
roidal	 anti-inflammatories	 (NSAIDs),	 antihyperglycaemics,	 and	 an-
tiemetics.3	For	example,	 in	observational	studies	domperidone	has	
been found to increase the risk of ventricular arrhythmia and sud-
den cardiac death.4-7	NSAIDs	have	also	been	extensively	studied	for	
their increased risk of ischemic heart disease,8-14 and those which 
are	 more	 selective	 for	 cyclooxygenase	 type	 2	 receptors	 (COX-2)	
have been shown to be associated with an increased risk.15

This study aims to provide an overview of safety advisories 
about cardiac-related adverse events (referred to from here on as 
cardiac	advisories)	 issued	by	four	 international	regulators	between	
2010 and 2016, investigating:

• Which regulators issued advisories about which drugs?
•	 How	 often	 did	 all	 countries	 where	 a	 drug	 was	 marketed	 issue	

warnings?
• Which types of cardiac adverse effects featured most often?

We further aimed to investigate the content of these advisories 
and where these regulators concurred or differed in the information 
provided, specifically detailing:

• The advice provided to health professionals.
• Whether patient monitoring advice was provided, and whether 

it included key information elements needed for effective 
implementation.

•	 Evidence	cited	in	the	advisories.

2  | MATERIAL S AND METHODS

2.1 | Sample selection

All	 advisories	 issued	 by	 the	 TGA,	 FDA,	 HC,	 or	 MHRA	 between	
2007	 and	2016	had	 been	previously	 compiled	 into	 a	 database,	 as	
described	by	Perry	et	al2,16	Safety	advisories	were	defined	as	com-
munications to prescribers and/or the public about potential or 
confirmed drug safety risks due to the medicine itself, not problems 
with	manufacturing	or	 improper	use.	These	were	 categorized	 into	
four	types:	Alerts,	Investigations,	DHPCs,	and	Bulletins.	Advisories	
were downloaded from regulators’ websites and were coded by 
drug	 (using	Anatomical	Therapeutic	Chemical	classifications)17 and 
type of harm (using the Medical Dictionary for Regulatory Activities 
[MedDRA	version	19.1]).

From	 this	 database,	 a	 subset	 of	 advisories	was	 selected	 for	 in-
clusion.	 Only	 advisories	 released	 between	 1	 January	 2010	 and	 31	
December 2016 were included. Cardiac advisories were selected by 
filtering listed adverse events using MedDRA higher-level group terms 
(HLGTs)	within	the	system	order	class	grouping	of	“cardiac	disorders”.	
Early	warning	advisories	and	notices	about	investigations	of	possible	
adverse	events	were	excluded	as	these	described	unconfirmed	risks.

2.2 | Data collection and coding

A	 data	 extraction	 tool	 was	 created	 using	 REDCap	 (Research	
Electronic	Data	Capture).18	Key	areas	of	interest	included:

• Nature of the safety concern and outcomes (adverse events, risk 
of	death)

What is already known about this subject

• Medicines safety advisories are one way in which new 
information about adverse drug reactions are communi-
cated to healthcare professionals and the public.

•	 Efficacy	of	these	warnings	has	previously	been	shown	to	
be variable.

• Many drugs are associated with cardiac adverse effects 
which may have a high mortality and morbidity burden.

What this study adds

•	 Between	2010	and	2016,	there	were	few	cases	where	
regulators	from	Australia,	the	United	Kingdom,	Canada,	
and	 the	 United	 States	 all	 issued	 advisories	 about	 the	
same drug.

•	 The	most	frequent	advice	for	health	professionals	was	
to monitor for adverse effects although often this ad-
vice was too limited to provide useful clinical guidance
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•	 Source	 of	 evidence	 of	 harms	 (eg,	 randomized	 controlled	 trials,	
case	reports,	etc)

• Advice to health professionals (eg, dosage advice, patients who 
should	not	receive	the	medication,	monitoring,	etc)

Five	 rounds	 of	 pilot	 testing	 the	 data	 extraction	 tool	 preceded	
data	collection.	 In	order	 to	 test	 reliability	of	data	coding,	49	advi-
sories were double coded. Reliability was calculated using the in-
traclass	 correlation	 coefficient	 (ICC).19	A	 threshold	of	 ≥0.7519 was 
pre-specified as indicating sufficient reliability to support single cod-
ing of advisory content.

2.3 | Analysis

Descriptive	 statistics	were	 calculated	 for	 advisory	 frequencies	 by	
country,	year,	communication	method(s),	drug,	and	safety	concern,	
with differences between regulators compared using the χ2 statistic. 
Data	analysis	was	performed	using	SPSS	(Version	24).

As warnings about cardiac risks often mention monitoring, we used 
the	systematic	information	for	monitoring	(SIM)	score	to	assess	the	use-
fulness	of	the	monitoring	advice	(Table	1).20-23	The	SIM	score	has	previ-
ously	been	used	to	assess	advice	in	Summaries	of	Product	Characteristics.	
The	scoring	system	focuses	on	the	quality	of	monitoring	advice	provided	
for	six	criteria:	what	to	monitor,	when	to	start	monitoring,	when	to	stop	
monitoring,	 how	 frequently	 to	monitor,	 a	 “critical	 value,”	 and	 how	 to	
respond.	Each	of	these	components	were	scored	0	or	1,	depending	on	
whether	the	advice	was	specified	and	sufficient.	(Table	1).

2.4 | Case study

An illustrative case study of citalopram and escitalopram was used 
in order to compare the content of advisories between regulators. 
This	example	was	chosen	because	all	regulators	had	issued	warnings	
about cardiac arrhythmia risks with citalopram and/or escitalopram, 

and these closely related antidepressants are commonly used in pri-
mary care.24

3  | RESULTS

3.1 | Reliability testing

Based	on	 the	49	double-coded	advisories,	 the	 calculated	 ICC	was	
0.878	 (95%	CI	0.784-0.931).	This	was	well	 above	 the	 threshold	of	
0.75	for	reliability	and	was	considered	adequate	for	single	coding	of	
the remaining advisories.19

3.2 | Overview of cardiac advisories

A	total	of	164	advisories	were	identified	about	cardiac	risks	(Figures	1	
and	2).	Of	these,	57	(34.8%)	were	issued	by	the	MHRA,	40	(24.4%)	
by	the	FDA,	35	(21.3%)	by	the	TGA,	and	32	(19.5%)	by	HC	(Table	2).	
There was a significant difference between the number of advisories 

issued by each country over this timeframe (χ2 =	9.12,	P =	.028).
The regulators varied in the types of communication used 

(χ2 =	91.22,	P <	.001),	with	the	FDA	using	mostly	alerts,	HC	using	
DHPCs,	and	the	TGA	using	bulletin	articles	(Table	2).	For	Canada,	
the	US,	and	the	UK,	we	were	able	to	access	DHPCs	from	the	reg-
ulators.	In	Australia,	however,	DHPCs	are	not	made	publicly	avail-
able and our team was unable to obtain a comprehensive set via 
requests	to	companies	or	a	freedom	of	information	request	to	the	
TGA.25	Therefore,	DHPCs	 from	Australia	have	not	been	 included	
in this study.

The most commonly reported adverse events based on MedDRA 
HLGT	classification	were	cardiac	arrhythmias	(n	=	97,	59.1%),	coro-
nary artery disorders (n =	39,	23.8%),	and	cardiac	disorders,	signs,	
and symptoms (n =	21,	12.8%;	Table	2).	Cardiac	arrhythmias	included	
adverse events such as increased heart rate, QT prolongation, and 

SIM Criteria
Examples of adequate advice 
(scored 1)

Examples of inadequate 
advice (scored 0)

What to monitor ECG,	heart	rate,	blood	
pressure, electrolytes

Cardiac monitoring (no 
additional	detail)

When to start monitoring At the beginning of treatment, 
before treatment

Not stated

When to stop monitoring After 12 hours, when ceasing 
medication, 6 weeks after 
ceasing

Not stated

How	frequently	to	
monitor

Every	2	weeks,	every	month Frequent	monitoring

Critical	Value QT interval >470	milliseconds,	
heart rate <45	bpm

QT prolongation, bradycardia

How	to	respond Cease medication, reduce 
dose,	extended/increased	
monitoring

Not stated

TA B L E  1  SIM	criteria	and	examples
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cardiac arrest. Coronary artery disorders primarily consisted of myo-
cardial infarction, while cardiac disorders, signs, and symptoms in-
cluded a large range of cardiac symptoms.

There were 61 drugs in total with advisories on cardiac risks, only 
nine	(14.7%)	of	which	had	advisories	from	all	regulators	in	countries	
where the drug was approved.

3.3 | Common drugs featuring in cardiac advisories

Table	 3	 describes	 the	 top	 11	 drugs	 featuring	 in	 cardiac	 adviso-
ries. The aim was to describe the top 10 drugs; 11 are included 

as	 four	drugs	had	equal	 numbers	of	 advisories.	 In	 total,	 87/149	
(58.4%)	 cardiac	 advisories	 were	 about	 these	 drugs.	 Four	 have	
been	 removed	 from	the	market	 in	 some	countries,	 rosiglitazone	
in	the	UK,	dextropropoxyphene	in	all	countries,	ondansetron	(in	
certain	formulations)	in	the	US,	and	strontium	ranelate	in	the	UK	
and	 Australia.	 Dextropropoxyphene	 had	 already	 been	 removed	
from	 the	market	 in	 all	 of	 the	 countries	 except	 Australia	 by	 the	
time of the first advisory.26 Domperidone was never approved in 
the	US,	while	 strontium	 ranelate	was	never	approved	 in	 the	US	
or Canada.

It is important to note that these numbers do not necessarily re-
flect the risk of the medication but can also reflect how much regu-
latory	activity	occurred	during	the	timeframe.	Dextropropoxyphene	
is	a	good	example	of	this,	as	the	TGA	attempted	to	remove	it	from	
the market several times but the manufacturer appealed these at-
tempts.26 This led to a series of advisories that provided updates 
on the regulatory status, rather than new safety information about 
the drug.

3.4 | Advice provided to health professionals

Most advisories (n =	 149,	 90.9%)	 provided	 information	 for	 health	
professionals	 (Table	 4).	 Of	 these	 advisories,	 109	 (73.2%)	 advised	
prescribers	 to	 take	 specific	 actions,	 while	 39	 (26.2%)	 provided	
awareness information only (ie, provided information about the ad-
verse	event	without	any	actions	for	health	professionals).

The	FDA	provided	the	most	advice	to	educate,	counsel,	or	advise	
patients	 (FDA	=	18	 (54.5%),	HC	=	7	 (24.1%),	MHRA	=	14	 (25.9%),	
TGA	=	9	(27.3%),	χ2 =	9.749,	P =	.021).

Australian advisories were most likely to inform prescribers to 
follow	the	product	 information	 (FDA	=	8	 (24.2%),	HC	=	8	 (27.6%),	
MHRA	=	10	(18.5%),	TGA	=	19	(57.6%),	χ2 =	15.877,	P =	.001).

F I G U R E  1  Flow	chart	of	study	sample	selection	from	the	full	
advisories database

Total advisories
database (n=1441)

Cardiac advisories
(n=253)

Final dataset (n=164)

Advisories excluded:
Outside date range (n=66)

Investigations (n=23)

F I G U R E  2   Number of advisories on cardiac harms issued per year by each regulator
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The	MHRA	was	most	likely	to	recommend	that	a	medication	be	
stopped	 in	patients	on	therapy	 (FDA	=	5	 (15.2%),	HC	=	4	 (13.7%),	
MHRA	=	16	(29.6%),	TGA	=	2	(6.1%),	χ2 = 8.618, P =	.035).

3.5 | Monitoring advice

Of	the	109	(73.2%)	advisories	that	advised	prescribers	to	take	
action,	 74	 (67.9%)	 provided	 advice	 about	 testing	 or	 monitor-
ing,	but	six	were	only	about	assessing	suitability	for	treatment.	
Monitoring advice was assessed for the remaining 68 advi-
sories	 using	 the	 SIM	 score	 (n	=	 68,	 45.6%;	 Table	 5).20-23 The 
type of monitoring varied depending on the adverse event, but 
included clinical investigations such as electrocardiographs 
(ECGs)	 (60.8%),	 signs	 and	 symptoms	 (43.2%),	 and	 blood	 tests	
(17.6%).

The	average	total	SIM	score	for	advisories	which	provided	mon-
itoring	 advice	 was	 2.57/6	 (95%	 CI	 2.17-2.95).	 In	 total,	 28	 (41.2%)	
of	 the	 advisories	 had	 a	 score	 ≥3,	 which	 has	 been	 considered	 by	
other studies to represent a minimum threshold for actionable ad-
vice.20,21,23 Only two of the information items were provided in over 
half	of	advisories;	what	to	monitor	(75.0%)	and	when	to	start	mon-
itoring	(55.9%).

Four	advisories	(5.9%)	recommended	monitoring	without	provid-
ing any details of what to monitor. There was no statistically signif-
icant	difference	between	countries.	However,	 there	may	not	have	
been	adequate	power	to	detect	a	difference.

3.6 | Information about sources of evidence

Regulators reported a range of types of evidence for the harm, from 
systematic	reviews	to	case	studies	(Table	6).	While	there	was	no	sta-
tistically significant difference between the regulators on the types 
of	cited	evidence,	 the	FDA	was	 the	only	 regulator	 that	always	 re-
ported the evidence used in decision-making.

3.7 | Case study: citalopram/escitalopram

Advisories	 for	 racemic	 citalopram	 and	 its	 S-enantiomer	 escitalo-
pram, which belong to the selective serotonin reuptake inhibitor 
class	 of	 antidepressants	 and	 are	 widely	 used,	 were	 examined	 as	
an illustrative case study.24 They present the highest risk for QT-
prolongation	 and	 Torsades	 de	 Pointes	 among	 the	 drugs	 of	 this	
class.27

Between	 the	 four	 regulators,	 seven	advisories	were	 issued	 for	
citalopram	and	escitalopram	between	2011	and	2012	(File	S2).	The	
FDA	was	the	first	regulator	to	issue	a	safety	warning.	The	four	regu-
lators provided very similar information on risks of QT prolongation 
and on a change in recommended dose.

Despite all four regulators warning of the risk of Torsades de 
Pointes,	only	the	FDA	and	HC	mentioned	the	risk	of	death	in	their	
advisories. In all four countries, regulatory warnings were accompa-
nied by a change to the product information advising prescribers to 
use	lower	doses.	In	their	second	advisory,	the	FDA	mentioned	more	

FDA HC MHRA TGA Total

Total 40	(24.4%) 32	(19.5%) 57	(34.8%) 35	(21.3%) 164	(100%)

Adverse	event	type	(percentages	are	of	country	total)

Cardiac 
arrhythmias

18	(45%) 23	(71.9%) 34	(59.6%) 22	(62.9%) 97	(59.1%)

Coronary 
artery 
disorders

16	(40%) 6	(18.8%) 6	(10.5%) 11	(31.4%) 39	(23.8%)

Cardiac 
disorders, 
signs, and 
symptoms

5	(12.5%) 2	(6.3%) 11	(19.3%) 3	(8.6%) 21	(12.8%)

Heart	failures 6	(15%) 3	(9.4%) 6	(10.5%) 2	(5.7%) 17	(10.4%)

Cardiac valve 
disorders

1	(2.5%) 2	(6.3%) 3	(5.3%) 1	(2.9%) 7	(4.3%)

Myocardial 
disorders

1	(2.5%) 0 1	(1.8%) 1	(2.9%) 3	(1.8%)

Congenital 
cardiac 
disorders

0 0 1	(1.8%) 0 1	(0.6%)

Communication type

Alert 30	(75%) 10	(31.3%) 29	(50.9%) 19	(54.3%) 88	(53.7%)

DHPC 10	(25%) 22	(68.8%) 28	(49.1%) 0a 	(0%) 60	(36.6%)

Bulletin 0	(0%) 0	(0%) 0	(0%) 16	(45.7%) 16	(9.8%)

aWe	were	unable	to	access	Australian	DHPCs.	

TA B L E  2   Characteristics of cardiac 
advisories
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types of patients who should not receive the drug, in addition to 
patients who had congenital QT prolongation.28

Of	the	seven	advisories,	six	mentioned	the	results	of	Thorough	
QT	(TQT)	studies	as	evidence	to	support	the	cardiac	risks	of	citalo-
pram and escitalopram.29-33	One	advisory	by	HC	cites	only	‘clinical	
trial data’ without further detail.34	 In	 2004,	 the	 FDA	 published	 a	
guidance including standard language to describe cardiac risks iden-
tified	in	TQT	studies,	which	is	reflected	within	the	FDA	advisories,	
such as incorporation of a precautionary statement about the risk 
and recommendations for patient dosage and monitoring.35 Other 
regulators	differed	 in	 the	amount	of	detail	provided.	For	example,	
although	the	TGA	advisory	did	not	mention	a	TQT	study,	the	cited	
results	were	the	same	as	those	in	a	MHRA	advisory	citing	TQT	study	
results.29,31

Four	of	the	six	advisories	about	citalopram	and	escitalopram	ad-
vised health professionals to monitor patients, although they varied 
in	 their	 recommendations.	 All	 regulators	 advised	 ECG	monitoring,	
but	while	 the	TGA,	MHRA,	 and	FDA	advised	health	professionals	
to	monitor	electrolytes,	HC	only	mentioned	that	“Hypokalemia	and	
hypomagnesemia	should	be	corrected	before	administering	Celexa”.	
The	regulators	also	differed	in	their	advice	on	when	ECGs	should	be	
done.	The	MHRA	recommended	only	performing	ECGs	in	patients	
with cardiac disease before initiation of treatment, and in patients 
who	 experience	 cardiovascular	 symptoms,	 while	 other	 regulators	
advised	 “more	 frequent”	ECG	monitoring	 in	patients	 at	 risk	of	QT	

prolongation,	without	further	specifying	the	frequency.	SIM	scores	
for	the	four	advisories	ranged	from	1/6	to	5/6,	with	two	regulators	
only	telling	health	professionals	what	to	monitor	 (ie,	ECG	monitor-
ing)	but	providing	no	further	advice.

4  | DISCUSSION

In	this	analysis	of	regulatory	advisories	on	cardiac	risks	by	the	TGA,	
FDA,	HC,	and	MHRA	from	2007	to	2016,	we	found	inconsistencies	
between regulators in which safety issues they provided warnings 
about and how many advisories each regulator published. This sup-
ports the findings of other studies.2,36 Of the 61 different drugs for 
which advisories were issued on cardiac risks, only nine had warn-
ings issued in all of the countries in which they were approved.

While some safety issues lead to the drug being removed from 
the	market,	as	with	dextropropoxyphene,	for	others,	the	regulators	
decided that updating health professionals on the risk, and providing 
mitigation strategies, was sufficient to ensure that the benefits of 
the	drug	continued	to	outweigh	these	risks.	An	example	is	domper-
idone, where use at low doses for short periods of time in low-risk 
patients was decided to be reasonably safe.37 Instead of removing 
this drug from the market, each of the regulators changed dosing 
recommendations and contraindicated it in patients with underlying 
cardiac conditions.

TA B L E  3   Top 11 drugsa by number of advisories

Indication FDA (n = 40) HC (n = 32) HC (n = 32) TGA (n = 35)
Total 
(n = 164)

Rosiglitazone Type 2 Diabetes 5	(12.5%) 4	(12.5%) 2	(3.5%) 1	(2.8%) 12	(7.3%)

Withdrawal No No 2010 Noc 

Dextropropoxyphene Mild-to-moderate pain 0 0 1	(1.8%)d  9	(25.7%) 10	(6.1%)

Withdrawalb  2010 2010 2012e 

Fingolimod Multiple sclerosis 3	(7.5%) 3	(9.4%) 3	(5.3%) 1	(2.8%) 10	(6.1%)

Domperidone Nausea N/A 2	(6.3%) 6	(10.5%) 1	(2.8%) 9	(5.5%)

Denosumab Osteoporosis 2	(5.0%) 1	(3.1%) 3	(5.3%) 2	(5.7%) 8	(4.8%)

Dronedarone Cardiac arrhythmias 3	(7.5%) 2	(6.3%) 2	(3.5%) 0 7	(4.3%)

Ondansetron Nausea 2	(5.0%) 2	(6.3%) 2	(3.5%) 1	(2.8%) 7	(4.3%)

Withdrawalb  2012f  No No No

Citalopram Depression 2	(5.0%) 1	(3.1%) 2	(3.5%) 1	(2.8%) 6	(3.7%)

Dabigatran Venous	thromboembolism 1	(2.5%) 2	(6.3%) 2	(3.5%) 1	(2.8%) 6	(3.7%)

Saquinavir HIV	infection 1	(2.5%) 2	(6.3%) 3	(5.3%) 0 6	(3.7%)

Strontium	ranelate Osteoporosis N/A N/A 3g 	(5.3%) 3g 	(8.6%) 6	(3.7%)

Note: N/A—not applicable as the drug was never marketed in that country or was not on the market between 2010 and 2016.
aThe	aim	was	to	describe	the	top	10;	11	are	included	as	4	had	equal	numbers	of	advisories.	
bYear	of	market	withdrawal	if	withdrawn	during	the	study	period	(2010-2016);	the	UK	issued	an	advisory	on	dextropropoxyphene,	despite	its	2005	
withdrawal. 
cRosiglitazone	was	later	withdrawn	in	2019	post-study	period.	
dWithdrawn	in	2005	prestudy	period.	
eDextropropoxyphene	was	withdrawn	in	2012	in	Australia	but	reintroduced	in	2013	and	later	withdrawn	again.	
f32	mg	single-IV	dose	withdrawn.	
gWithdrawn	in	2017	post-study	period.	
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Monitoring advice, where provided, was fairly limited. 
Information about the critical value (the threshold representing a 
potential	risk	to	the	patient)	and	when	to	stop	monitoring	was	usu-
ally	 absent	 (only	 provided	 in	 26.5%	 of	 advisories	 each).	 This	may	
create ambiguity for prescribers in clinical decision making as to 

when therapy should be changed or ceased. A 2020 study of Danish 
DHPCs	also	found	that	key	needed	detail	was	often	lacking	in	these	
communications:	only	16%	of	DHPCs	stated	the	critical	value	and	
only	20%	provided	information	about	how	often	monitoring	should	
occur.23

FDA 
(n = 33)

HC 
(n = 29)

MHRA 
(n = 54)

TGA 
(n = 33)

Total 
(n = 149)

General	advice

Recommended 
actions

24	(72.7%) 22	(75.9%) 45	(83.3%) 18	(54.5%) 109	(73.2%)

Awareness raising 9	(27.3%) 7	(24.1%) 9	(16.7%) 14	(42.4%) 39	(26.2%)

No 
recommendations

0 0 0 1	(3.0%) 1	(0.7%)

Focus	of	advice

Avoid use in certain 
patients

15	(45.5%) 15	(51.7%) 31	(57.4%) 13	(39.4%) 74	(49.7%)

Test/monitor 
patients

16	(48.5%) 16	(55.2%) 30	(55.6%) 12	(36.4%) 74	(49.7%)

Educate/counsel/
advise patients

18	(54.5%) 7	(24.1%) 14	(25.9%) 9	(27.3%) 48	(32.2%)

Follow	the	product	
information/label

8	(24.2%) 8	(27.6%) 10	(18.5%) 19	(57.6%) 45	(30.2%)

Changes in dose 5	(15.2%) 8	(27.6%) 19	(35.2%) 5	(15.2%) 37	(24.8%)

Drug interactions 5	(15.2%) 10	(34.5%) 13	(24.1%) 5	(15.2%) 33	(22.1%)

Stop	use	in	certain	
patients

5	(15.2%) 4	(13.7%) 16	(29.6%) 2	(6.1%) 27	(18.1%)

Change duration 
of use

2	(6.1%) 2	(6.9%) 9	(16.7%) 2	(6.1%) 15	(10.1%)

Switch	to	another	
medicine

2	(6.1%) 0 2	(3.7%) 2	(6.1%) 6	(4.0%)

Formulation	change 1	(3.0%) 1	(3.4%) 2	(37.0%) 0 4	(2.7%)

Discontinue and 
restart	as	required

1	(3.0%) 0 0 1	(3.0%) 2	(1.3%)

Do not start new 
patients on 
therapy

1	(3.0%) 0 1	(1.9%) 0 2	(1.3%)

TA B L E  4   Advice provided to health 
professionals

Items of information
FDA 
(n = 15) HC (n = 15)

MHRA 
(n = 30)

TGA 
(n = 8)

Total 
(n = 68)

What to monitor 12	(80%) 13	(86.7%) 18	(60%) 8	(100%) 51	(75.0%)

When to start 
monitoring

8	(53.3%) 8	(53.3%) 18	(60%) 4	(50.0%) 38	(55.9%)

When to stop 
monitoring

5	(33.3%) 6	(40%) 7	(23.3%) 0 18	(26.5%)

How	frequently	to	
monitor

8	(53.3%) 5	(33.3%) 9	(30%) 4	(50.0%) 26	(38.2%)

Critical value 5	(33.3%) 4	(26.7%) 8	(26.7%) 1	(12.5%) 18	(26.5%)

How	to	respond 5	(33.3%) 5	(33.3%) 13	(43.3%) 1	(12.5%) 24	(35.3%)

Average total score 2.87 2.73 2.43 2.25 2.57

aSIM	score	calculated	based	on	papers	by	Ferner	et	al	(2005),	Geerts	et	al	(2012),	Nederlof	et	al	
(2015),	and	Højer	et	al	(2020).	

TA B L E  5   Monitoring advice for 
prescribers:	Systematic	information	for	
monitoring	(SIM)	scoresa
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The	FDA	generally	provided	more	information	in	their	advisories	
than other regulators. This is reflected in the format of the adviso-
ries.	Advisories	from	the	FDA	contained	four	sections:	nature	of	the	
concern, advice for patients, advice for health professionals, and a 
data summary. In this sample, a more structured approach tended to 
result in more details being provided.

The case study of citalopram and escitalopram showed that all 
four regulators provided fairly similar advice, although there were dif-
ferences in the amount of detail provided, especially on monitoring. 
Advisories from all four countries referred to clinical trial evidence 
but did not cite a specific reference to a published or unpublished trial 
report.	 However,	 all	 of	 the	 regulators	 provided	 broadly	 similar	 rec-
ommendations. One important difference was the mention of risk of 
death	in	the	advisories.	The	FDA	and	HC	both	mentioned	that	there	
was	a	risk	of	death,	while	the	TGA	and	MHRA	did	not.

The	extent	to	which	differences	in	content	of	advisories	may	affect	
their impact in clinical practice is not certain. Current research on the ef-
fectiveness	of	advisories	is	mixed	and	has	mostly	focused	on	individual	
advisories and regulators. There have been a small number of systematic 
reviews which have investigated the effects of these advisories on rates 
of prescribing.38-42 These have generally found that the current evidence 
is	mixed,	as	advisories	may	have	intended	or	unintended	effects,	to	vary-
ing	degrees,	emphasizing	that	more	research	is	required	to	understand	
why these effects are seen. One review which looked into papers on 
FDA	advisories	found	that	there	was	a	mixed	impact	depending	on	the	
type of advisory.38 Advisories which recommended patient monitoring 
had a minimal impact on prescribing and some advisories may have had 
unintended effects such as deceased use in patients not targeted by the 
advisory.	Another	review	looking	at	papers	on	MHRA	advisories	found	
that	the	communication	type	made	a	difference,	as	DHPCs	had	more	of	
an impact on prescribing than other types of advisories.39

Several	 studies	 have	 investigated	 the	 effectiveness	 of	 rosigli-
tazone	advisories	 in	a	number	of	 countries.43-49 All of these stud-
ies found that there was a decrease in use following an advisory. 
Interestingly, an Australian study found that a decrease in use oc-
curred	after	the	initial	European	Medicines	Agency	and	FDA	warn-
ings,	 but	 that	 there	 was	 no	 significant	 decline	 after	 a	 later	 TGA	
advisory	or	subsequent	warnings.46

While it may appear beneficial to issue more advisories, 
there has been some research into the effects of public health 
communications	 and	 the	 risk	 of	 “alert	 fatigue”.	 A	 2013	 study	
found an inverse relationship between number of communica-
tions and the ability to recall specific information.50 Regulators 
need to balance the need to provide enough information to 
health professionals against oversaturating them with too much 
information.

Further	 research	 is	 needed	 to	 compare	 the	 effects	 of	 these	
advisories on prescribing, as well as how they affect doctors’ and 
consumers’ awareness of cardiac risks. A comparison of changes in 
prescribing between these countries might show how differences 
in advisory content may or may not have an effect. It would also be 
helpful to understand how regulators decide when to issue safety 
warnings, as in this study, we observed that regulators did not al-
ways issue the same warnings.

4.1 | Limitations

Our	study	has	several	limitations.	Firstly,	we	used	an	otherwise	com-
prehensive dataset of all advisories issued by the four included coun-
tries	within	a	specified	period,	but	we	were	unable	to	access	DHPCs	
from	Australia.	This	might	explain	some	of	the	differences	between	
the	TGA	and	other	regulators.	Secondly,	we	were	limited	to	only	four	
regulators. Thirdly, we did not consider advisories outside the cho-
sen time frame, and warnings may have been issued shortly before 
or after this time frame.

5  | CONCLUSIONS

In this overview of cardiac safety advisories, there was a low level of 
concordance between regulators in the decision to warn clinicians, 
leading to potential differences in knowledge and care between pa-
tients in different countries. Monitoring information was also often 
inadequate.	 This	 is	 particularly	 concerning	 considering	 the	 poten-
tially fatal nature of many cardiac adverse effects.

FDA 
(n = 40) HC (n = 32)

MHRA 
(n = 57)

TGA 
(n = 35)

Total 
(n = 164)

Any evidence 
cited

40	(100%) 26	(81.3%) 47	(82.5%) 30	(85.7%) 143	(87.2%)

Systematic	review 3	(7.5%) 1	(3.1%) 4	(7.0%) 1	(2.9%) 9	(5.5%)

Clinical trials 20	(50%) 11	(34.4%) 25	(43.9%) 11	(31.4%) 68	(41.5%)

Observational 
studies

3	(7.5%) 5	(15.6%) 5	(8.8%) 3	(8.6%) 16	(9.8)

Case reports 8	(20%) 11	(34.4%) 18	(31.6%) 12	(34.4%) 49	(29.9%)

Literature 
(unspecified)

1	(2.5%) 2	(6.3%) 1	(1.8%) 2	(5.7%) 6	(3.7%)

Post-market	data	
(unspecified)

1	(2.5%) 1	(3.1%) 4	(7.0%) 1	(2.9%) 7	(4.3%)

TA B L E  6   Information on supporting 
evidence
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