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Abstract
Valsartan, losartan, and irbesartan, are widely used in the treatment strategies of cardiovascular medi-
cine diseases, including hypertension and heart failure. Recently, many formulations for the aforemen-
tioned diseases contained active pharmaceutical ingredients and had been abruptly recalled from the 
market due to safety concerns mainly associated with unwanted impurities — nitrosamines, which are 
highly carcinogenic substances accidentally produced during manufacturing. Along with cardiovascular 
medications, formulations containing ranitidine were also recalled from the market. This poses a par-
ticular threat to public health due to the non-prescription status of these drugs. Regulatory authorities,  
including the Food and Drug Administration and European Medicines Agency among others, have 
taken action to minimize patient risk and improve the manufacturing quality as well as re-checking 
current guidelines and recommendations. While these steps are necessary to avoid further recalls, au-
thorities should remember the growing concerns of patients regarding the safety and efficacy of pharma-
cotherapy. Apart from the genuine manufacturing mistakes mentioned above, falsified and counterfeit 
medications should be at the heart of global attention. The lack of a well-accepted definition of falsified/ 
/counterfeit medications has impeded political and scientific efforts to mitigate risk of this phenomenon. 
Falsified Medicines Directive should be considered the most pivotal legislation recently enacted to har-
monize international cooperation. In summary, one should remember that only international and direct 
collaboration between patients, stakeholders, and authorities be considered a remedy for a pandemic of 
falsified medicines and plague of unexpected recalls due to safety concerns. (Cardiol J)
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Introduction: The complexities  
of pharmaceutical policy 

One of the primary purposes of pharmaceuti-
cal policy is to ensure that patients have access to 
effective and safe medicines, safe not only in terms 
of acceptable risk associated with the treatment but 
also regarding the quality of drug formulation [1]. 
International differences, complex characteristics 
of the pharmaceutical market with sometimes 
conflicting objectives among stakeholders, and 
the rapid development of pharmaceutical and 
medical sciences have multiplied problems with 
good governance of the pharmaceutical market, 
and have constituted a significant challenge for 
contemporary authorities [2]. Moreover, any rea-
sonable and well-planned pharmaceutical policy 
should minimize drug shortages — an issue that 
is increasingly difficult to cope with [3]. Drug re-
importation in countries with a well-developed 
pharmaceutical market can, however, decrease the 
risk of drug shortages, and should be planned as 
part of pharmaceutical strategy authorized by gov-
ernments responsible for public health [4, 5]. On 
the other hand, re-importation and parallel import, 
the latter known commonly in the European Union, 
can introduce drugs of unknown and substandard 
quality into the market, not to mention falsified and 
counterfeit medications [6]. 

Due to the fact that medications should have 
the highest possible quality, both governments and 
scientific bodies have created a set of legal and 
ethical guidelines aimed at ensuring patient safety 
[7, 8]. From the perspective of clinical importance, 
clinical drug effectiveness is tested extensively 
during clinical evaluations, mostly randomized 
controlled trials [9, 10]. When drugs are introduced 
into the market, post-authorization safety studies 
are conducted to detect adverse events, which can-
not be noticed in pre-marketing phases, and must 
be established in epidemiological studies, predomi-
nantly in the field of pharmacoepidemiology [11]. 

While much is known about clinical signifi-
cance, less attention has been paid to drug for-
mulation, at least from the healthcare providers’ 
perspective [12]. However, recent unintended 
drug recalls have forced us to reframe drug quality 
mostly as an international problem connecting all 
parties involved in drug production and distribu-
tion. Nagaich and Sadhna [13] listed several causes 
behind drug recalls, inter alia, label error in terms 
of declared dose, non-satisfactory stability, and, in 
recent cases, unwanted and potentially harmful 
substances. As a consequence, drug recalls due to 

safety issues may be one of the many causes re-
sponsible, at least temporarily, for drug shortages. 

Thus, it is no surprise that effective mecha-
nisms aimed at recalling a drug from the market, 
whenever necessary to ensure patient safety, 
must be implemented in harmony with a legal 
framework, and  routine practice. The community 
pharmacy is importantly placed in this process and 
implies a core role of pharmacists in the protection 
of public health and patient safety [14]. Greater 
access to new media and the internet can facili-
tate this role significantly, on the other hand, and 
it may lead to an unwanted dissemination of false 
information and create unnecessary fear among 
chronically ill patients [15].

This paper aims to outline the recent drug recall 
events and their consequences for patient safety 
and global health and provide a brief commentary 
on the phenomenon of falsified medicines. Both is-
sues are discussed, whenever possible, in the light 
of medications used in cardiovascular medicine, 
the treatment of hypertension, and heart failure. 
What should be stressed here is that the societal 
perspective remains at the core of deliberations 
and to emphasize public health implications from  
a plague of unexpected drug recalls and the pandemic  
of falsified medications, particularly with respect 
to medication adherence when it comes to trust in 
the medical profession and conventional medicine.

What are SSFFC? Drug recall  
versus drug withdrawal

Before talking about drug recalls based on 
safety issues, the acronym ‘SSFFC’ should be 
mentioned here (S — substandard, S — spurious, 
F — falsely labeled, F — falsified, C — counter-
feit), as suggested by the World Health Organiza-
tion (WHO) (Table 1). Although this classification 
seems to be useful, there is still no universally 
agreed definition of falsified/counterfeit drugs; 
thus, scientific deliberation and discussion are 
significantly impeded, which has also affected the 
international cooperation necessary to eliminate 
this phenomenon from the market. 

Similarly, the WHO approach is determined to 
distinguish medicinal products that are intentionally 
falsified from substandard products mainly introduced 
into the market as the result of an unintentional 
mistake [16]. In 2017, the WHO decided to push for 
greater transparency and simplification of terminol-
ogy. According to WHO, i) substandard medicinal 
products are those drugs manufactured ‘out of speci-
fication’; ii) unregistered/unlicensed products are 
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produced and distributed against national regulation, 
and iii) falsified products ‘intentionally’ misrepresent 
their identity, composition or source’ [17].

Additionally, drug recall should be recognized 
as a different concept from drug withdrawal, when 
drugs are removed from the market due to unwant-
ed drug events. Until new studies are provided,  
a particular medication which should no longer 
be used by patients. This procedure is illustrated by 
the cases of valdecoxib and rofecoxib, nonsteroidal 
anti-inflammatory drugs previously widely used in 
rheumatoid arthritis, withdrawn from the market due 
to increased cardiovascular risk among patients [18].

Falsified medications: A global challenge 
for the pharmaceutical policy

Although this paper aims not to describe falsi-
fied medications in great detail, some issues should 
be briefly highlighted with examples. As with 
recalled and withdrawn drugs, falsified medicines 
pose a challenge for pharmaceutical policy and 
international cooperation, and all actions aimed to 
mitigate the risk for patients are highly warranted 
[19]. One of the leading causes of this phenomenon 
has been the lack of international legislation; how-
ever, recently introduced Falsified Medicines Di-
rective (FMD) and acts enacted by Food and Drug 
Administration (FDA) has significantly improved 
the situation. One can hardly underestimate the 
role of the above-mentioned legal acts in the global 
fight against falsified and counterfeit medications. 
Corruption, the complexity of stakeholders in-
volved in drug distribution, high market prices, and 
many other factors have impacted globalization of 
the phenomenon. Considering this problem, there 
is also important financial and humanistic burden. 
On the one hand, this practice is associated with 
high income for parties involved in this crime. On 
the other hand, it may lead to a poorer prognosis, 

disability and, in some dramatic scenarios, death 
[20]. Finally, patient safety remains at significant 
risk whenever even a single falsified drug is made 
available on the market. Beyond reasonable doubt, 
it can be assumed that constant improvement 
in drug quality along with close and transparent 
cooperation between stakeholders can not only 
minimize the risk of the occurrence of unwanted 
falsified drugs in legal distribution but can also 
lead to better allocation of finite drug supplies [21]. 

It can be admitted here that there is a lit-
tle terminological discrepancy between falsified 
medications, which are deliberately falsified and 
introduced into the market as an imitation of non-
-falsified drugs, and those medications which are 
produced in violation of intellectual property rights. 
European legislation, particularly in the FMD, 
falsified medicines are accepted as the best way to 
describe deliberate misrepresentation. Borup et al. 
[22] have noticed that creating the legal framework 
in the pharmaceutical sector is a complex task 
requiring a multidimensional approach and harmo-
nization of national legislation with European legal 
acts, which was clearly seen in the FMD. At least 
in Europe, this act had started a broad discussion 
on the quality of drugs dispensed in legal distribu-
tion. According to the prior-mentioned study, legal 
purposes for instance; harmonization of definition 
were more established in the current European 
pharmaceutical policy than public health issues 
[22]. Moreover, the rigid approach authorized by 
the European Commission may not adequately 
respond to local needs [23, 24]. 

Falsified medications  
in cardiovascular medicine

Since cardiovascular diseases are highly preva-
lent in the population, cardiovascular medications 
are widely used, and due to the chronic nature of 

Table 1. Substandard and Falsified Medicinal Products according to World Health Organization (2011) 
— summary [54].

Term Definition

S — Substandard Medicines produced not in line with specifications, including intentional and  
negligent mistakes, not including genuine manufacturing errors

S — Spurious Products falsely labeled or intended to deceive; the term used mostly in South Asia

F — Falsely labelled Genuine products with false packaging

F — Falsified Products introduced into the market with deliberate intention to mimic original  
formulation and deceive stakeholders; definition widely used in European legal 
framework

C — Counterfeit Violation of intellectual property rights, mostly used in the United States
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cardiovascular diseases, in most cases, it is long- 
-term therapy, from the initial diagnosis to death [25,  
26]. In 2005, falsified atorvastatin was identified 
in the legal distribution in the United Kingdom 
[27]. Clopidogrel, an antiplatelet agent, was also 
falsified in the United Kingdom. It should be noted 
that falsified stocks were obtained via parallel 
distribution, and traceability was highly impeded 
in this case. It was eventually revealed that for-
mulation had not contained a sufficient amount of 
the active substance, which might have affected 
clinical efficacy [28, 29]. It is worth remember-
ing. One cannot forget the heparin adulteration, 
which occurred in the United States in 2008. As  
a consequence of this affair, 81 people were killed, 
and almost 800 patients were severely harmed. 
They have been living and will live with long-
-standing health problems for the rest of their lives 
[30]. Good Manufacturing Practice violations were 
also identified in the heparin-related case of 2016. 
However, it did not have direct severe repercus-
sions on patient health [31].

Substandard and falsified medications are  
a serious problem for developing countries. An-
tignac et al. [32] investigated the quality of car-
diovascular drugs in 10 Sub-Saharan Countries 
(The Seven Study), and revealed that almost 20% 
of analyzed formulations had been classified to 
be of poor quality. The authors did not decide to 
conduct a forensic investigation and trace whether 
a particular formulation was falsified or was sub-
standard, which should be considered a significant 
limitation. According to available research, this 
paper is a unique study; since there is a lack of 
research aimed at a particular class of drugs used 
in a specialized field of medicine, as was stated in 
the original paper. The fake amlodipine was also 
distributed in Kenya in 2014. Patients were offi-
cially informed about the potential risks related to 
the use of this falsified medication. Moreover, the 
differences between the original and fake packages 
were provided in official communications [33].

The plague of ‘unwanted’ drug recalls

Valsartan recall has been widely discussed in 
international media [34–36]. The formulations con-
taining valsartan were recalled due to identified con-
tamination with N-nitroso dimethylamine (NDMA), 
a potentially cancerogenic substance, resulting from 
unintended changes in the manufacturing process 
in China. Since contamination was related to an 
active pharmaceutical ingredient production, more 
than one brand had to be removed from the market. 

Moreover, due to the chronic nature of both 
arterial hypertension and congestive heart failure 
— two of the most common indications for its 
use — valsartan is often prescribed for long-term 
therapy, which could potentially cause prolonged 
exposure to a cancerogenic substance, leading to 
substantial risk for developing malignancy [37, 38]. 
So far, studies have highlighted minimal short-term 
risk. Nevertheless, the real consequences should 
be a matter for further scientific and clinical discus-
sion, also in terms of preventive screening among 
those exposed to the contamination over a long 
period [39, 40]. 

Cable News Network provided a list of recom-
mendations to minimize the dissemination of false 
information among patients who used valsartan-
containing products. The first piece of advice em-
phasized that some formulations, still available on 
the market at that moment, were safe for patients 
and did not contain hazardous contaminants. The 
media corporation also suggested that there were 
safe alternatives for patients, mostly in terms of 
drug equivalents, e.g., drugs belonging to a differ-
ent therapeutic group with a similar hypotensive 
effect and toxicity profile, which can be a reason-
able alternative for valsartan. The next part of the 
article described the association between exposure 
to contamination and cancer growth. Finally, the 
last piece of advice explained that using drugs 
should not be understood as a substitute for a good 
lifestyle, which is generally true, and applied not 
only to valsartan recall [41]. European Medicines 
Agency (EMA) urged national regulatory agencies 
to take appropriate steps to monitor drugs contain-
ing valsartan, specifically those produced in China. 
Nevertheless, in an official press release, EMA 
emphasized that all actions taken by authorities 
were precautionary, and actual risk to patients 
remained under control [42]. 

The contamination with NDMA is also a key 
reason behind the recall of formulations contain-
ing ranitidine. The FDA announced that, though 
unintended contamination was detected, the risk 
to patients was minimal since the level of NDMA 
barely exceeded concentration in food eaten on  
a daily basis by the vast majority of people around 
the world [43]. FDA, in a set of official public re-
leases, revealed various aspects of valsartan and ra-
nitidine recalls. FDA emphasized that an essential 
part of the recall was to educate patients about pos-
sible alternatives for ranitidine, and that patients 
should not stop their treatment unless they receive 
personalized recommendations from healthcare 
professionals [44]. It is important to note that 
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press releases were highly reassuring, brought the 
emotional level down, and emphasized the role of 
patient-oriented education as a tool for securing 
safety [45]. In addition, the FDA also revealed 
unwanted deviations from Good Manufacturing 
Practice, e.g., lack of adequate written procedures 
and problems with cleaning equipment used in drug 
production. Canadian authorities indicated that the 
problem with drugs containing ranitidine shared 
many similarities with a previously-described case 
with valsartan; however, since ranitidine is avail-
able over-the-counter, practical implications may 
have more serious consequences [46]. 

In light of all cases, the EMA recommended 
taking a proactive role and to extend the experience 
gained in valsartan and ranitidine-related cases to 
all medications. All actions should be aimed at reas-
suring patients that medicines are safe, effective, 
and without potentially cancerogenic ingredients, 
at least from a clinically relevant point of view. 
A different set of regulations should be given to 
clarify how to prevent future contamination with 
the NMDA [47]. 

The unwanted contamination of medicinal 
products containing valsartan and ranitidine had 
multiple repercussions in less developed coun-
tries as well. Safety alerts and drug recalls were 
introduced in Pakistan, where seven products 
with valsartan had been recalled from the market 
immediately after an official statement was author-
ized by American and European agencies had been 
published [48]. On the other hand, Moldova does 
not have well-prepared procedures regarding drug 
recalls, and the current situation there remains 
unclear [49]. 

Losartan and irbesartan were also investigated 
in terms of nitrosamine impurities [50]. As a result 
of this investigation, formulations containing lo-
sartan and losartan with hydrochlorothiazide were 
also recalled from the market; however, it should 
be noted that some products were recalled volun-
tarily by manufacturers just after the first signals 
from the market [51]. The same procedure was also 
implemented in the case of products containing 
irbesartan. In both above-mentioned cases, media 
attention was less prominent compared with the 
‘plague’ of valsartan recalls [52, 53].  

Summary

Falsified and substandard medications are 
an important threat to patient safety and public 
health. The occurrence of falsified medications in 
legal distribution has been making this situation 

even worse, particularly since over-the-counter 
medications are among the most frequently falsi-
fied categories of medications. The examples of 
falsified cardiovascular medications have con-
firmed that this phenomenon is, however, not only 
limited to non-prescription drugs. The second 
problem described in the paper herein, refers 
to drug recalls due to safety concerns. In recent 
years, many formulations used in cardiovascular 
medicine have been recalled from the market due 
to unwanted impurities or potentially carcinogenic 
substances. Both phenomena may have an impact 
on a patients’ perspective on the safety and effec-
tiveness of pharmacotherapy, potentially including 
hard outcomes. In this field, further studies are 
strongly recommended. Similar situations of a 
mass drug recall, as well as drug counterfeiting, 
should not take place. Authorities and parties 
involved in creating pharmaceutical policy should 
focus on ensuring patient safety, both from a legal 
and a societal point of view.

Conflict of interest: None declared

References

1. Mogielnicki M, Swieczkowski D, Bachorski W, et al. The Food 
and Drug Administration (FDA) and the European Medicines 
Agency (EMA) perspective on cardiovascular Polypill: A multidi-
mensional concept. Cardiol J. 2016; 23(5): 515–517, doi: 10.5603/ 
/CJ.2016.0074, indexed in Pubmed: 27723064.

2. ISPE. 2013. Report on the ISPE Drug Shortages Survey. http://
ispe.org/ (Accessed 2 April 2020).

3. Vaida AJ. Drug shortages: A patient safety crisis that affects 
everyone. http://www.npsf.org/ (Accessed 2 April 2020).

4. Ornes L, Hendrix TJ. Prescription drug re-importation:  
a balanced look. J Gerontol Nurs. 2006; 32(8): 15–19, doi: 
10.3928/00989134-20060801-04, indexed in Pubmed: 16915742.

5. Mantovani A, Naghavi A. Parallel imports and innovation in an 
emerging economy: the case of Indian pharmaceuticals. Health 
Econ. 2012; 21(11): 1286–1299, doi: 10.1002/hec.1790, indexed 
in Pubmed: 23027711.

6. Bhosle MJ, Balkrishnan R. Drug reimportation practices in the 
United States. Ther Clin Risk Manag. 2007; 3(1): 41–46, doi: 
10.2147/tcrm.2007.3.1.41, indexed in Pubmed: 18360614.

7. Price R. EU: Falsified Medicines Directive ‚Delegated Act’ ac-
cepted by European Parliament. Eur J Hosp Pharm. 2016; 23(3): 
183–186, doi: 10.1136/ejhpharm-2016-000954, indexed in Pub-
med: 31156844.

8. Borup R, Traulsen J. Falsified medicines-bridging the gap be-
tween business and public health. Pharmacy (Basel). 2016; 
4(2): 16, doi: 10.3390/pharmacy4020016, indexed in Pubmed: 
28970389.

9. Sessler DI, Imrey PB. Clinical research methodology 3: ran-
domized controlled trials. Anesth Analg. 2015; 121(4): 1052– 
–1064, doi: 10.1213/ANE.0000000000000862, indexed in Pub-
med: 26378705.

www.cardiologyjournal.org 5

Damian Świeczkowski et al., Drug recalls and falsified medications in cardiovascular medicine: A brief review

http://dx.doi.org/10.5603/CJ.2016.0074
http://dx.doi.org/10.5603/CJ.2016.0074
https://www.ncbi.nlm.nih.gov/pubmed/27723064
http://ispe.org/
http://ispe.org/
http://www.npsf.org/
http://dx.doi.org/10.3928/00989134-20060801-04
https://www.ncbi.nlm.nih.gov/pubmed/16915742
http://dx.doi.org/10.1002/hec.1790
https://www.ncbi.nlm.nih.gov/pubmed/23027711
http://dx.doi.org/10.2147/tcrm.2007.3.1.41
https://www.ncbi.nlm.nih.gov/pubmed/18360614
http://dx.doi.org/10.1136/ejhpharm-2016-000954
https://www.ncbi.nlm.nih.gov/pubmed/31156844
http://dx.doi.org/10.3390/pharmacy4020016
https://www.ncbi.nlm.nih.gov/pubmed/28970389
http://dx.doi.org/10.1213/ANE.0000000000000862
https://www.ncbi.nlm.nih.gov/pubmed/26378705


10. Bhagat S, Kapatkar V, Katare S, et al. Potential risks and mitiga-
tion strategies during the conduct of a clinical trial: an industry 
perspective. Rev Recent Clin Trials. 2018; 13(1): 52–60, doi: 
10.2174/1574887112666171120100024, indexed in Pubmed: 
29165094.

11. Gavrielov-Yusim N, Bidollari I, Kaplan S, et al. Challenges of 
post-authorization safety studies: Lessons learned and results 
of a French study of fentanyl buccal tablet. Pharmacoepidemiol 
Drug Saf. 2018; 27(5): 457–463, doi: 10.1002/pds.4331, indexed 
in Pubmed: 29027301.

12. Mogielnicki M, Swieczkowski D, Bachorski W, et al. The Food 
and Drug Administration (FDA) and the European Medicines 
Agency (EMA) perspective on cardiovascular Polypill: A multidi-
mensional concept. Cardiol J. 2016; 23(5): 515–517, doi: 10.5603/
CJ.2016.0074, indexed in Pubmed: 27723064.

13. Nagaich U, Sadhna D. Drug recall: An incubus for pharmaceutical 
companies and most serious drug recall of history. Int J Pharm 
Investig. 2015; 5(1): 13–19, doi: 10.4103/2230-973X.147222, in-
dexed in Pubmed: 25599028.

14. Willborn RJ. Pharmacy’s influence and opportunity in public 
health. Am J Health Syst Pharm. 2016; 73(12): 868–871, doi: 
10.2146/ajhp150671, indexed in Pubmed: 27261236.

15. Moorhead SA, Hazlett DE, Harrison L, et al. A new dimen-
sion of health care: systematic review of the uses, benefits, 
and limitations of social media for health communication. J Med 
Internet Res. 2013; 15(4): e85, doi: 10.2196/jmir.1933, indexed 
in Pubmed: 23615206.

16. Working Definitions Document approved by the Seventieth 
World Health Assembly. https://www.who.int/medicines/regula-
tion/ssffc/definitions/en/ (Accessed 2 April 2020).

17. World Health Organization. WHO Global Surveillance and Moni-
toring System for substandard and falsified medical products. 
2017, WHO, Geneva, Switzerland.

18. Krumholz HM, Ross JS, Presler AH, et al. What have we learnt 
from Vioxx? BMJ. 2007; 334(7585): 120–123, doi: 10.1136/
bmj.39024.487720.68, indexed in Pubmed: 17235089.

19. World Health Organization (WHO). Counterfeit Drugs: Guide-
lines for the Development of Measures to Combat Counterfeit 
Drugs. 2009; 15–17. Geneva, Switzerland.

20. Seiter A. Health and economic consequences of counterfeit 
drugs. Clin Pharmacol Ther. 2009; 85(6): 576–578, doi: 10.1038/
clpt.2009.47, indexed in Pubmed: 19451909.

21. Mackey T, Liang B. The global counterfeit drug trade: Patient 
safety and public health risks. J Pharmaceutical Scien. 2011; 
100(11): 4571–4579, doi: 10.1002/jps.22679.

22. Borup R, Kaae S, Minssen T, et al. Fighting falsified medicines 
with paperwork — a historic review of Danish legislation govern-
ing distribution of medicines. J Pharm Policy Pract. 2016; 9: 30, 
doi: 10.1186/s40545-016-0078-2, indexed in Pubmed: 27713830.

23. Kagan R. Editor’s Introduction: Understanding Regulatory En-
forcement. Law Policy. 1989; 11(2): 89–119, doi: 10.1111/j.1467-
9930.1989.tb00022.x.

24. Bogaert PBC. The mysteries of the Falsified Medicines Direc-
tive- where is the logic on safety features? Script Regulatory 
Affairs, London 2015: 1–3.

25. Howell EH, Cameron SJ. Neprilysin inhibition: A brief review of 
past pharmacological strategies for heart failure treatment and 
future directions. Cardiol J. 2016; 23(6): 591–598, doi: 10.5603/
CJ.a2016.0063, indexed in Pubmed: 27665860.

26. Jankowski P, Czarnecka D, Wolfshaut-Wolak R, et al. Second-
ary prevention of coronary artery disease in contemporary 

clinical practice. Cardiol J. 2015; 22(2): 219–226, doi: 10.5603/
CJ.a2014.0066, indexed in Pubmed: 25299500.

27. MHRA. Drug alert. Class 2 medicines recall (action within 
48 hours): Counterfeit product: Lipitor Tablets 20mg. EL(05)
A/11. www.mhra.gov.uk/home/idcplg?IdcService= GET_
FILE&dID=12253&noSaveAs=0& (Accessed 2 April 2020).

28. MHRA. Class 1 drug alert (action now – including out of 
hours): Counterfeit parallel distributed product – Waymade plc 
– Plavix tablets 75mg film coated tablets (clopidogrel). www.
mhra.gov.uk/home/idcplg?IdcService=SS_GET_PAGE&ssDoc 
Name=CON2031345&ssSourceNodeId =387&ssTargetNo-
deId=364 (Accessed 2 April 2020).

29. Chaplin S. Counterfeit medicines: a cause for concern in the 
UK? https://onlinelibrary.wiley.com/doi/pdf/10.1002/psb.106  
(Accessed 2 April 2020).

30. Heparin’s Deadly Side Effects. https://web.archive.org/
web/20081121194220/http://www.time.com/time/magazine/
article/0%2C9171%2C1858870%2C00.html (Accessed 2 April 2020).

31. Chinese Heparin Manufacturer again involved in Falsification 
and GMP Non-Compliance. https://www.gmp-compliance.org/
gmp-news/chinese-heparin-manufacturer-again-involved-in-
falsification-and-gmp-non-compliance (Accessed 2 April 2020).

32. Antignac M, Diop BI, Do B, et al. Quality assessment of 7 car-
diovascular drugs in 10 sub-saharan countries: the SEVEN 
study. JAMA Cardiol. 2017; 2(2): 223–225, doi: 10.1001/jamacar-
dio.2016.3851, indexed in Pubmed: 27760238.

33. Fake cardiovascular medicine in Kenya. https://www.gphf.org/
en/minilab/hintergrund_cardiovascular_kenya.htm (Accessed  
2 April 2020).

34. Valsartan concerns: Experts warn of risks of stopping blood-
pressure medication. https://timesofmalta.com/articles/view/
valsartan-concerns-experts-warn-of-risks-of-stopping-blood-
pressure.684166 (Accessed 2 April 2020).

35. Available from: https://www.chemistryworld.com/news/nitrosa-
mine-contamination-withdrawals-spread-to-new-drugs/4010505. 
(Accessed 2 April 2020).

36. Nitrosamine contamination withdrawals spread to new drugs. 
https://www.thetimes.co.uk/article/widely-taken-blood-pres-
sure-drug-valsartan-recalled-m2cd37s9x (Accessed 2 April 
2020).

37. Huang QF, Li Y, Wang JG. Overview of clinical use and side effect 
profile of valsartan in Chinese hypertensive patients. Drug Des 
Devel Ther. 2013; 8: 79–86, doi: 10.2147/DDDT.S38617, indexed 
in Pubmed: 24403822.

38. Al-Salmi Z, Al-Raisi F, Al-Harbi A, et al. A study of prescribing 
valsartan in Out-patient Clinics at the Royal Hospital, Muscat, 
Oman. Oman Med J. 2009; 24(1): 17–21, doi: 10.5001/omj.2009.5, 
indexed in Pubmed: 22303503.

39. Recall Of Valsartan Due To Contamination. https://www.naf-
dac.gov.ng/recall-of-valsartan-due-to-contamination/ (Accessed  
2 April 2020).

40. Pottegård A, Kristensen KB, Ernst MT, et al. Use of N-nitros-
odimethylamine (NDMA) contaminated valsartan products and 
risk of cancer: Danish nationwide cohort study. BMJ. 2018; 362: 
k3851, doi: 10.1136/bmj.k3851, indexed in Pubmed: 30209057.

41. Valsartan recall: 4 things patients should know. https://edition.
cnn.com/2018/07/19/health/valsartan-recall-explainer/index.html 
(Accessed 2 April 2020).

42. Update on medicines containing valsartan from Zhejiang Tianyu: 
company no longer authorised to manufacture valsartan active 
substance for EU medicines due to presence of NDMA. https://

6 www.cardiologyjournal.org

Cardiology Journal 20XX, Vol. XX, No. X

http://dx.doi.org/10.2174/1574887112666171120100024
https://www.ncbi.nlm.nih.gov/pubmed/29165094
http://dx.doi.org/10.1002/pds.4331
https://www.ncbi.nlm.nih.gov/pubmed/29027301
http://dx.doi.org/10.5603/CJ.2016.0074
http://dx.doi.org/10.5603/CJ.2016.0074
https://www.ncbi.nlm.nih.gov/pubmed/27723064
http://dx.doi.org/10.4103/2230-973X.147222
https://www.ncbi.nlm.nih.gov/pubmed/25599028
http://dx.doi.org/10.2146/ajhp150671
https://www.ncbi.nlm.nih.gov/pubmed/27261236
http://dx.doi.org/10.2196/jmir.1933
https://www.ncbi.nlm.nih.gov/pubmed/23615206
https://www.who.int/medicines/regulation/ssffc/definitions/en/
https://www.who.int/medicines/regulation/ssffc/definitions/en/
http://dx.doi.org/10.1136/bmj.39024.487720.68
http://dx.doi.org/10.1136/bmj.39024.487720.68
https://www.ncbi.nlm.nih.gov/pubmed/17235089
http://dx.doi.org/10.1038/clpt.2009.47
http://dx.doi.org/10.1038/clpt.2009.47
https://www.ncbi.nlm.nih.gov/pubmed/19451909
http://dx.doi.org/10.1002/jps.22679
http://dx.doi.org/10.1186/s40545-016-0078-2
https://www.ncbi.nlm.nih.gov/pubmed/27713830
http://dx.doi.org/10.1111/j.1467-9930.1989.tb00022.x
http://dx.doi.org/10.1111/j.1467-9930.1989.tb00022.x
http://dx.doi.org/10.5603/CJ.a2016.0063
http://dx.doi.org/10.5603/CJ.a2016.0063
https://www.ncbi.nlm.nih.gov/pubmed/27665860
http://dx.doi.org/10.5603/CJ.a2014.0066
http://dx.doi.org/10.5603/CJ.a2014.0066
https://www.ncbi.nlm.nih.gov/pubmed/25299500
https://journals.viamedica.pl/cardiology_journal/editor/submissionCitations/www.mhra.gov.uk/home/idcplg?IdcService=%20GET_FILE&dID=12253&noSaveAs=0&
https://journals.viamedica.pl/cardiology_journal/editor/submissionCitations/www.mhra.gov.uk/home/idcplg?IdcService=%20GET_FILE&dID=12253&noSaveAs=0&
https://journals.viamedica.pl/cardiology_journal/editor/submissionCitations/www.mhra.gov.uk/home/idcplg?IdcService=SS_GET_PAGE&ssDoc%20Name=CON2031345&ssSourceNodeId%20=387&ssTargetNodeId=364
https://journals.viamedica.pl/cardiology_journal/editor/submissionCitations/www.mhra.gov.uk/home/idcplg?IdcService=SS_GET_PAGE&ssDoc%20Name=CON2031345&ssSourceNodeId%20=387&ssTargetNodeId=364
https://journals.viamedica.pl/cardiology_journal/editor/submissionCitations/www.mhra.gov.uk/home/idcplg?IdcService=SS_GET_PAGE&ssDoc%20Name=CON2031345&ssSourceNodeId%20=387&ssTargetNodeId=364
https://journals.viamedica.pl/cardiology_journal/editor/submissionCitations/www.mhra.gov.uk/home/idcplg?IdcService=SS_GET_PAGE&ssDoc%20Name=CON2031345&ssSourceNodeId%20=387&ssTargetNodeId=364
https://onlinelibrary.wiley.com/doi/pdf/10.1002/psb.106
https://web.archive.org/web/20081121194220/http:/www.time.com/time/magazine/article/0%2C9171%2C1858870%2C00.html
https://web.archive.org/web/20081121194220/http:/www.time.com/time/magazine/article/0%2C9171%2C1858870%2C00.html
https://web.archive.org/web/20081121194220/http:/www.time.com/time/magazine/article/0%2C9171%2C1858870%2C00.html
https://www.gmp-compliance.org/gmp-news/chinese-heparin-manufacturer-again-involved-in-falsification-and-gmp-non-compliance
https://www.gmp-compliance.org/gmp-news/chinese-heparin-manufacturer-again-involved-in-falsification-and-gmp-non-compliance
https://www.gmp-compliance.org/gmp-news/chinese-heparin-manufacturer-again-involved-in-falsification-and-gmp-non-compliance
http://dx.doi.org/10.1001/jamacardio.2016.3851
http://dx.doi.org/10.1001/jamacardio.2016.3851
https://www.ncbi.nlm.nih.gov/pubmed/27760238
https://www.gphf.org/en/minilab/hintergrund_cardiovascular_kenya.htm
https://www.gphf.org/en/minilab/hintergrund_cardiovascular_kenya.htm
https://timesofmalta.com/articles/view/valsartan-concerns-experts-warn-of-risks-of-stopping-blood-pressure.684166
https://timesofmalta.com/articles/view/valsartan-concerns-experts-warn-of-risks-of-stopping-blood-pressure.684166
https://timesofmalta.com/articles/view/valsartan-concerns-experts-warn-of-risks-of-stopping-blood-pressure.684166
https://journals.viamedica.pl/cardiology_journal/editor/submissionCitations/Available%20from:%20https:/www.chemistryworld.com/news/nitrosamine-contamination-withdrawals-spread-to-new-drugs/4010505.
https://journals.viamedica.pl/cardiology_journal/editor/submissionCitations/Available%20from:%20https:/www.chemistryworld.com/news/nitrosamine-contamination-withdrawals-spread-to-new-drugs/4010505.
https://www.thetimes.co.uk/article/widely-taken-blood-pressure-drug-valsartan-recalled-m2cd37s9x
https://www.thetimes.co.uk/article/widely-taken-blood-pressure-drug-valsartan-recalled-m2cd37s9x
http://dx.doi.org/10.2147/DDDT.S38617
https://www.ncbi.nlm.nih.gov/pubmed/24403822
http://dx.doi.org/10.5001/omj.2009.5
https://www.ncbi.nlm.nih.gov/pubmed/22303503
https://www.nafdac.gov.ng/recall-of-valsartan-due-to-contamination/
https://www.nafdac.gov.ng/recall-of-valsartan-due-to-contamination/
http://dx.doi.org/10.1136/bmj.k3851
https://www.ncbi.nlm.nih.gov/pubmed/30209057
https://edition.cnn.com/2018/07/19/health/valsartan-recall-explainer/index.html
https://edition.cnn.com/2018/07/19/health/valsartan-recall-explainer/index.html
https://www.ema.europa.eu/en/news/update-medicines-containing-valsartan-zhejiang-tianyu-company-no-longer-authorised-manufacture


www.ema.europa.eu/en/news/update-medicines-containing-val-
sartan-zhejiang-tianyu-company-no-longer-authorised-manufac-
ture (Accessed 2 April 2020).

43. Statement alerting patients and health care professionals of 
NDMA found in samples of ranitidine. https://www.fda.gov/
news-events/press-announcements/statement-alerting-patients-
and-health-care-professionals-ndma-found-samples-ranitidine 
(Accessed 2 April 2020).

44. Questions and Answers: NDMA impurities in ranitidine (com-
monly known as Zantac). https://www.fda.gov/drugs/drug-safety-
and-availability/questions-and-answers-ndma-impurities-raniti-
dine-commonly-known-zantac (Accessed 2 April 2020).

45. FDA Updates and Press Announcements on Angiotensin II Re-
ceptor Blocker (ARB) Recalls (Valsartan, Losartan, and Irbe-
sartan). https://www.fda.gov/drugs/drug-safety-and-availability/
fda-updates-and-press-announcements-angiotensin-ii-receptor-
blocker-arb-recalls-valsartan-losartan (Accessed 2 April 2020).

46. Health Canada assessing NDMA in ranitidine. https://healthyca-
nadians.gc.ca/recall-alert-rappel-avis/hc-sc/2019/70989a-eng.php 
(Accessed 2 April 2020).

47. EMA to provide guidance on avoiding nitrosamines in human medi-
cines. https://www.ema.europa.eu/en/news/ema-provide-guidance-
avoiding-nitrosamines-human-medicines (Accessed 2 April 2020).

48. Rasheed H, Hoellein L, Bukhari KS, et al. Regulatory framework 
in Pakistan: situation analysis of medicine quality and future rec-
ommendations. J Pharm Policy Pract. 2019; 12: 23, doi: 10.1186/
s40545-019-0184-z, indexed in Pubmed: 31528352.

49. Ferrario A, Sautenkova N, Bezverhni Z, et al. An in-depth analy-
sis of pharmaceutical regulation in the Republic of Moldova. 
J Pharm Policy Pract. 2014; 7: 4, doi: 10.1186/2052-3211-7-4, 
indexed in Pubmed: 25848544.

50. FDA: New Nitrosamine Impurity Detected in Certain Losar-
tan Lots. https://www.pharmacytimes.com/resource-centers/
cardiovascular-health/fda-new-nitrosamine-impurity-detected-
in-certain-losartan-lots (Accessed 2 April 2020).

51. More blood pressure medicines recalled over possible can-
cer-causing impurity. https://eu.usatoday.com/story/news/
health/2019/09/23/losartan-recall-fda-says-more-blood-pressure-
medicine-has-cancer-risk/2418140001/ (Accessed 2 April 2020).

52. Valsartan, Losartan & Other BP Med Recalls 2018-19. https://
www.webmd.com/hypertension-high-blood-pressure/valsartan-
losatran-bp-med-recalls-2018-19 (Accessed 2 April 2020).

53. Losartan FDA Alerts. https://www.drugs.com/fda-alerts/1489-0.
html (Accessed 2 April 2020).

54. SSFFC medical products. https://www.youtube.com/watch?v=5 
B85z7Y2KNM (Accessed 2 April 2020).

www.cardiologyjournal.org 7

Damian Świeczkowski et al., Drug recalls and falsified medications in cardiovascular medicine: A brief review

https://www.ema.europa.eu/en/news/update-medicines-containing-valsartan-zhejiang-tianyu-company-no-longer-authorised-manufacture
https://www.ema.europa.eu/en/news/update-medicines-containing-valsartan-zhejiang-tianyu-company-no-longer-authorised-manufacture
https://www.ema.europa.eu/en/news/update-medicines-containing-valsartan-zhejiang-tianyu-company-no-longer-authorised-manufacture
https://www.fda.gov/news-events/press-announcements/statement-alerting-patients-and-health-care-professionals-ndma-found-samples-ranitidine
https://www.fda.gov/news-events/press-announcements/statement-alerting-patients-and-health-care-professionals-ndma-found-samples-ranitidine
https://www.fda.gov/news-events/press-announcements/statement-alerting-patients-and-health-care-professionals-ndma-found-samples-ranitidine
https://www.fda.gov/drugs/drug-safety-and-availability/questions-and-answers-ndma-impurities-ranitidine-commonly-known-zantac
https://www.fda.gov/drugs/drug-safety-and-availability/questions-and-answers-ndma-impurities-ranitidine-commonly-known-zantac
https://www.fda.gov/drugs/drug-safety-and-availability/questions-and-answers-ndma-impurities-ranitidine-commonly-known-zantac
https://www.fda.gov/drugs/drug-safety-and-availability/fda-updates-and-press-announcements-angiotensin-ii-receptor-blocker-arb-recalls-valsartan-losartan
https://www.fda.gov/drugs/drug-safety-and-availability/fda-updates-and-press-announcements-angiotensin-ii-receptor-blocker-arb-recalls-valsartan-losartan
https://www.fda.gov/drugs/drug-safety-and-availability/fda-updates-and-press-announcements-angiotensin-ii-receptor-blocker-arb-recalls-valsartan-losartan
https://healthycanadians.gc.ca/recall-alert-rappel-avis/hc-sc/2019/70989a-eng.php
https://healthycanadians.gc.ca/recall-alert-rappel-avis/hc-sc/2019/70989a-eng.php
https://www.ema.europa.eu/en/news/ema-provide-guidance-avoiding-nitrosamines-human-medicines
https://www.ema.europa.eu/en/news/ema-provide-guidance-avoiding-nitrosamines-human-medicines
http://dx.doi.org/10.1186/s40545-019-0184-z
http://dx.doi.org/10.1186/s40545-019-0184-z
https://www.ncbi.nlm.nih.gov/pubmed/31528352
http://dx.doi.org/10.1186/2052-3211-7-4
https://www.ncbi.nlm.nih.gov/pubmed/25848544
https://www.pharmacytimes.com/resource-centers/cardiovascular-health/fda-new-nitrosamine-impurity-detected-in-certain-losartan-lots
https://www.pharmacytimes.com/resource-centers/cardiovascular-health/fda-new-nitrosamine-impurity-detected-in-certain-losartan-lots
https://www.pharmacytimes.com/resource-centers/cardiovascular-health/fda-new-nitrosamine-impurity-detected-in-certain-losartan-lots
https://eu.usatoday.com/story/news/health/2019/09/23/losartan-recall-fda-says-more-blood-pressure-medicine-has-cancer-risk/2418140001/
https://eu.usatoday.com/story/news/health/2019/09/23/losartan-recall-fda-says-more-blood-pressure-medicine-has-cancer-risk/2418140001/
https://eu.usatoday.com/story/news/health/2019/09/23/losartan-recall-fda-says-more-blood-pressure-medicine-has-cancer-risk/2418140001/
https://www.webmd.com/hypertension-high-blood-pressure/valsartan-losatran-bp-med-recalls-2018-19
https://www.webmd.com/hypertension-high-blood-pressure/valsartan-losatran-bp-med-recalls-2018-19
https://www.webmd.com/hypertension-high-blood-pressure/valsartan-losatran-bp-med-recalls-2018-19
https://www.drugs.com/fda-alerts/1489-0.html
https://www.drugs.com/fda-alerts/1489-0.html
https://www.youtube.com/watch?v=5B85z7Y2KNM
https://www.youtube.com/watch?v=5B85z7Y2KNM

