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ABSTRACT

Background: Ischemic heart disease is the most common type of heart disease and an important cause of death in Korea, Among
marketed anti—anginal medications, molsidomine, nicorandil, and trimetazidine are approved in Korea with unique mechanism of
actions, As these drugs are not approved by the US Food and Drug Administration, the access to the up—to—dated and
comprehensive safety—related information has been less than optimal from drug information resources used by Korean pharmacists,
Methods: A systematic review was conducted using Embase and Korean manuscripts to compile safety updates for these
medications, Out of 418 articles from keyword searches, 52 studies were reviewed in full to compare adverse effects (AEs) with the
approved package inserts (Pl). Results: Molsidomine related adverse effects were mostly mild or moderate, but anxiety, palpitation,
epigastric pain, and sexual potency reduction were additional AEs found from the review not listed in PI. Although PI has included
ulceration in oral cavity and gastrointestinal tracts including anus by nicorandil, the Korea FDA recently recommended adding
corneal, genital, and skin ulcers to the approved PI, Trimetazidine induced Parkinsonism, worsening of the symptoms for patients
diagnosed with Parkinson's disease, gastrointestinal burning, and muscle cramps were additionally identified AEs not listed in Pl for
trimetazidine, Conclusion: Continuous evaluations of the safety profile of these agents are needed to balance the risks and benefits
to provide evidence—based safety counseling to the patients, In addition, more focused efforts on spontaneous reporting are
warranted by healthcare professionals to safeguard patients against AEs.
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Keyword search
from Embase(n=418)
Molsidomine=78
Nicorandil=209
Trimetazidine=131

Keyword search
of Korean manuscripts(n=0)

Exclusion from abstract review(n=358)
-Not related to drug safety
-No access to full articles

Full article review for
eligibility(n=60)
Molsidomine=8
Nicorandil=34
Trimetazidine=18

Exclusion from full review(n=8)

~Efficacy only

-Adverse effects not related to the
study drugs

Literature review (n=52)
Molsidomine=7
Nicorandil=31
Trimetazidine=14

Fig. 1. The PRISMA flow chart of the article selection process and
reasons for exclusions.
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Table 1. A summary on the adverse effects (%)* from molsidomine, nicorandil, and trimetazidine by study design.

Molsidomine Nicorandil Trimetazidine
Randomized control tial  headache(10.1),%%-32 headache(26.5),'1230:3337) gngail headache(1.6),¥40
(Adverse event, %) hypotension(1.5),%%0 dizziness(0.8), eczema(0.9),'? flushing(3), dizziness(7), gastrointestinal
syncope(0.4), palpitation(0.4), hypotension(1), nausea(5), sweating(4), burning(12.8),4"
tachycardia(0.2), nausea(0.5), backache(2), giddiness(1), itching(1), mostly gastrointestinal
epigastric pain(0.3), elevated lethargy(1), pallor(1), infusion site (nauseaq, epigastric pain,
aminotransferase(0.2), anxiety(0.2),  reaction(2),%% vomiting(1.6), abdominal other gastrointestinal side
skin allergy(0.2),%% abdominal pain(2.1)3537) effects) (6.8)*?

pain(2.6), sexual potency
reduction(2.6)3%

Quasi-experimental headache(25)%) not available nausea(0.4)44
Study (Adverse event, %)
Observational study not available headache, dizziness, flushing palpitation,  constipation, weakness
malaise, lassitude nausea, vomiting, abdominal pain)

heartburn diarrhea, pain abdomen
drowsiness, dyspnea, pain chest pain limb,
sweating, cramp dyspepsia, insomnia,
muscle weakness, edema, rash, fremor
angioneurotic edema photosensitivity

aphthous mouth ulcer,' diverticular fistula®?)

Case series not available tongue ulceration,'” oral ulceration, ¢! extrapyramidal side

/case report nasal dorsum ulcer,'® abnormal vision, effects, parkinsonism
conjunctival ulcer,? comeal ulcer,202" restless legs syndrome
corneal perforation, multiple ulcers,??) periodic limb movements
orolabial fistula, rectovaginal fistula, orthostatic tremor?!

diverticular sigmoidocaecal fistula,
peristomal ulceration, vulvar ulcers, groin
ulceration,® colonic ulceration,232447)
orocutaneous fistula,24) terminal leum
ulceration, terminal ileum perforation, anal
fissure anal fistula, 24 peri-oral ulceration, ¢!
anal ulcer,*4) perianal hemorrhage
diverticular fistula, para-stomal
ulcerations,*! perianal ulceration, fistula
perianal sepsis,*® penile skin ulceration,*!

Review not available headache,é7101317.19.51) jizziness, 67101351 gastrointestinal side effects,
Gl disturbance,®”'¥ nauseq, 101351 fatigue, dizziness muscle
malaise,®71951 oral ulceration,®!7) cramps,8 gastrointestinal

fatigue,”1% hypotension,'? vomiting flushing, ~ disturbances (vomiting,

palpitation,'%1) asthenia, gastralgia,'®'®  nausea), thrombocytopenia
widespread gastrointestinal ulcerations, agranulocytosis, liver
para-stomal ulceration,'”) anal dysfunction, Parkinson
ulceration,'”1°) buccal ulceration, syndrome or related

vulvovaginal ulceration, penile ulceration  tremor or worsening of the
colonic ulceration,'? chest pain anorexia,  symptoms for patients with
diarhea, abdominal distension, leg edema,  Parkinson’s disease,” drug
a sensation of thirst, tinnitus, sleep induced parkinsonism, gait
disturbances, paresthesia of the tongue,  disturbance, headache?%!
nuchal pain, diplopia, liver function

disturbances, skin eruption,®! aphthous

ulcer®?

*The rate of each adverse event was provided from the experimental studies such as RCT and quasi-experimental studies

ments), 7|84 E&(orthostatic tremor)0] B3 EQItHTable 2). 93 H-E QW31 dV|E, o|y 5 72417 38 SAbol &
Trimetazidine2 12} FF4AF ABAZ Ads] 2d=)A] 19 ek=o|th. th& P45 XEAIS] propranolol, nifedipine
AU, Hokdo] gle oY Fils Ao 44 X5E O] HladTelA trimetazidine 7 2Rl Blus) o vt
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Table 2. Adverse drug reactions listed in the approved label and additional findings from the literature review.

Molsidomine Nicorandil Trimetazidine
Approved 1) Central nervous system: headache 1) Central nervous system: headache, 1) Nervous system: dizziness, headache,
label* 2) Cardiovascular system: blood sometimes head feeling heaving, Parkinson's symptoms (tremor,
pressure lowering(hypotension, dizziness, rarely tinnitus, insomnia, akinesia, dystonia), gait disturbance,
orthostatic hypotension), rarely drowsiness, fongue paralysis, shoulder restless leg syndrome, other
ischemic state and shock, sometimes stiffness, hand and fooft tingling movements related disorders, sleep
orthostatic dysregulation, reflex 2) Circulatory system: sometimes disorders (insomnia, drowsiness)
fachycardia palpitation, ventricular tachycardia, 2) Cardiovascular system: palpitation,
3) Digestive system: rarely nauseaq, flushing, rarely general malaise, extrasystole, tachycardia, arterial
dyspepsia discomfort, chest pain, leg edema, hypotension, anxiety/drowsiness/
4) Immune system: rarely pruritus, excitement, hypotension orthostatic hypotension/flushing for
photosensitivity reaction, asthma, 3) Digestive system: stomatitis, patients on antihypertensives
very rarely anaphylactic shock sometimes nausea, vomiting, 3) Gastrointestinal system: abdominal
5) Results from the post-marketing anorexia rarely diarrhea, pain, diarrhea, dyspepsia, nauseq,
surveillance in Korea: dizziness, constipation, dyspepsia, stomach vomiting, constipation
pruritus, rash, hepatic dysfunction, discomfort, stomachache, 4) Skin and soft fissue: rash, pruritus,
hepatocyte damage, insomnia abdominal pain, abdominal urticarial, acute generalized
distention, dry mouth, angular erythematous pustulosis,
stomatitis, tongue ulcer, anal ulcer, angioedema
gastrointestinal ulceration 5) Systemic symptom: asthenia
4) Hypersensitivity, rash 6) Hematologic system: agranulocytosis,
5) Liver: increased bilirubin, ALT, AST, thrombocytopenia,
ALP, yv-GTP, LDH, bilirubin, hepatic thrombocytopenic purpura
dysfunction, jaundice 7) Hepatobiliary system: hepatitis
6) Kidney: increased creatfinine,
proteinuria
7) Hematologic system: anemia,
leukocytosis, thrombocytopenia
8) Eye: corneal ulcer, rarely diplopia
9) Genital system: genital ulcer
10) Skin: skin ulcer
11) Others: hyperkalemia, rarely neck
pain, sometimes decreased total
protfein, HDL-C, increased CK
Additional 1) Central nervous system: anxiety 1) Digestive system: heartoburn, para- 1) Nervous system: extrapyramidal side
findings 2) Cardiovascular system: palpitation, stomal ulcerations, peristomal ulcer, effects, worsening of the symptoms

tachycardia

3) Digestive system: epigastric or
abdominal pain

4) Others: sexual potency reduction

terminal ileum perforation, anal
fissure, perianal hemorrhage, anal
fistula, diverticular fistula,
orocutaneous fistula, orolabial fistula,
diverticular sigmoidocaecal fistula

2) Eye: abnormal vision, conjunctival
ulcer, corneal perforation

3) Genital system: rectovaginal fistula

4) Skin: itching, skin eruption, nasal
dorsum ulcer, anal eczema

5) Others: sweating, backache, pallor,
dyspneaq, pain limb, cramp, tremor,
angioneurotic edema,
photosensitivity, perianal sepsis,
infusion site reaction

for patients with Parkinson’s disease,
periodic limb movements, orthostatic
fremor

2) Gastrointestinal system:
gastrointestinal burning, epigastric
pain

3) Others: muscle cramps

*Adverse drug reactions include descriptions listed in the approved labels as of March 7, 2016 and they were translated in English using the

Korean-English Medical Terminology, 5™ Edition.>*

go] sl MEs} ATED) YA AF Ao AERE A, Ee
ofmE gelA Qlom YN QTR o SRS SEE o] E A gl
sk 718 Eal e PaE AuAd F1 24 A

Age] Amol HHH dato] gl ok
“placebo drug”x|® FF3la Ath= JAE A
A3t vt 200439) trimetazidineo] TS GAF
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Table 3. A summary of the literatures on drug safety outcomes for molsidomine, nicorandil, and trimetazidine.

Drug Reference Study design Study summary

Molsidomine  Messin et al. 2008%) RCT No difference in safety between molsidomine and placebo.
Messin et al. 20060 RCT A number of safety outcomes were reported with all adverse event rates of 14%.
Lehmann et al. 1998% RCT No report on adverse events by the patients
Lehmann et al. 1995% RCT No report on adverse events by the patients
Bertel et al.1988%) Clinical trial Headache in 20% of the patients and no severe adverse events.
Beaufils et al. 198837 RCT More adverse events with headache in molsidomine group.
Balakumaran et al.32 1983 Clinical trial Headache, abdominal pain, and sexual potency reduction was reported.

Nicorandil  Balakumar et al. 2015°? Review Reported aphthous ulcer

Shapey et al. 201524 Case series A number of Gl ulcerations and fistula was reported.
Salim et al. 2014'8 Case report Nasal dorsum ulcer was reported.
Fraunfelder et al. 2014%) Case series A total of 13 case reports on abnormal vision, comeal, and conjunctival ulcer.

Campolmi et al. 20142
Trechot et al. 20142"
Kapoor 20134

Trechot et al. 20132
Terai et al. 20129
Gayet et al. 2011

Horinaka et al. 20117)

Yap et al. 20114
McDaid et al. 2010%
Nishimura et al. 200933
Baker et al. 200749
Egred 2007")

Toquero et al. 2006%)
Blanc et al. 200134
Scully et al. 2001'¢
Markham et al. 20009

Dunn et al. 1999

Falase et al. 1999%)

Wolf et al. 1993%

Raftery et al. 1993%)
Roland 19930

Sasaki et al. 19921
Ulvenstam et al. 19923
Doring 1992%7)

Wagner 19922
Kinoshita et al. 1990°")

Krumenacker et al. 199213

Case report
Case report
Case series
Case series
Case series
Review

Review

Case series

Case control study

RCT
Case series
Review

Case series
RCT
Case series

Review

Cohort study

Case report

RCT

RCT
Review

RCT
RCT
RCT
RCT
Review

Review

Corneal perforation was reported.

Corneal ulceration

Gl ulcerations and fistula were reported.

A total of 8 cases of Gl fistula were reported.
Severe fongue ulceration was documented.

Headache and various sites with ulceration were reported including
buccal, anal, colonic, vulvovaginal, and penile lesions.

Adverse effects with headache, dizziness, Gl problems, malaise, and
fatigue were reported.

Penile skin ulcerations were reported.

Diverticular colonic fistulae was reported.

Mild headache associated with nicorandil disappeared within several days.
Severe perianal ulceration, fistula, perianal sepsis were described.

Mild to moderate headache appeared within a few days and Gl
ulcerations usually occurred with higher doses.

Anal ulcerations and its manifestations were described.
No other side effects were noticed except headache.
A total of 9 cases of oral ulceration was described.

A number of studies reporting adverse events were discussed as
compared to other drugs including propranolol, diltiazem, or amlodipine.
Frequently mentioned adverse events include headache.

A numerous side effects were reported including rare angioneurotic
edema and photosensitivity.

Vasodilation effect of nicorandil during cardiopulmonary bypass was
described.

Reported adverse effects included headache, dizziness, sweating,
abdominal pain, infusion site reaction, hypotension, itching and pallor, etc.

Headache was reported.

Mild-moderate headache, dizziness, malaise, fatigue, palpation, and
hypotension were reported.

Headache was reported.

Headache or miscellaneous events were reported.
Headache, vomiting and abdominal pain were described.
Anal eczema and headache were reported.

Various side effects were reviewed with the overall incidence rate of
5.1%-34%.

Safety outcomes were compared between nicorandil and propranolol or
diltiazem.
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Table 3. (Continued) A summary of the literatures on drug safety outcomes for molsidomine, nicorandil, and trimetazidine.

Study summary

Drug Reference Study design
Trimetazidine  Palaniappan et al. 2015%)  Observational
study
Chrusciel et al. 2014%) Review
Masmoudi et al. 2012%) Case series
Onay-Besikci et al. 2008%) Review

Di Napoli et al. 2005% RCT

Makolkin et al. 200444 Quasi-experimental

Constipation, weakness, and abdominal pain were the most frequent
adverse effects.

Generally well tolerated, but mainly Gl disturbances were reported.
Extrapyramidal side effects and parkinsonian symptoms are reported.
Parkinson’s disease and gait disturbance were reported.

No significant adverse drug reactions except headache were reported.
Most frequent adverse drug reaction was nausea.

The reported adverse effects were mostly Gl disturbances.
The study reported no discontinuation of the drug was needed due to

adverse drug reactions.

The most prevalent type of side effects was all gastrointestinal events as

compared to nifedipine.

study
Ruzyllo et al. 200442 RCT
Shiyakhto et al. 200240 RCT
Cross 20018 Review
McClellan et al. 19992 Review

The study indicated that the drug was well tolerated in general. Milder

adverse effects were mostly Gl disturbances.

Szwed et al. 199942 Quasi-experimental

Mostly Gl adverse events.

As compared to nifedipine, less frequent Gl disturbances in timetazidine

group were reported.

study
Dalla-Volta et al. 19904 RCT
Bricaud et al. 1990%8 RCT
Brottier et al. 199057 RCT

No reported adverse effects from the study.
No reported adverse effects from the study.

A4S FERTE Marti Mass69t 97-719] Hx Hal o]F,
200530l B 337gol(gait disorder), B (tremor)®] I
Al oS S| S-S of A I H T A
W 227 Masmoudi 52 HEAQ s =4
(akinesia, rigidity, rest, tremor)¥} H3§7o) (gait disorder), 3}
A BQES F (restless leg syndrome)S Rugch2® o]zish
__I_X_}—_Q_ 0]:/\]-
disorders)= -f-23}= flunarizine, fluphenazine, perphenazine
59| o=} o] piperazine TEE Z¥al 101 ©|= piper-
azine 33} D,-receptorete] Z+g-0] FA|2NE FEgITH
= Axel AAL xo] Aty Y2 w3 trimetazidine
H-Q ZxJof| A SR &S T T (restless leg syndrome)o] HHAY
3 AL striatum ©]2]2] dopaminergic pathwayell trim-
etazidineo] Z-&3HS AAKSITIAL B 18l Th2®) E3] 754 o]
A} 327} trimetazidineS A7 17t B85 7Sl A9z
Foe] ol 24T 4 qlov, TS oE AL B
#po] 24 Aghs 2 S lrkar Baus k)

71 52t nicorandil®] A% LAY $1 3} trimetazidine®] A
Aol S A AP BelA vlwA 2 A A &F
0}x]?®) o] oFZo] Eﬁa G A BRI E i W F
;51—,9.0]] EHU]— ﬁ‘d/ﬂ S ‘é‘] ]—VJ—fﬂ 7]..__)\-] o] }J\Q-J_ ,\J—]—E]—Q
= Aﬂl}oLﬁ T T ARRE ZloE Bl
o 291728 o] RLuo] t)3h X|&2]Q] A} Ao Fak-g
Aol thalf thAlsh= 2lo] Fashy ghxtoll A Ade BofA e

“ 11

trimetazidine®| A <| Z 7l (extrapyramidal

:hl

el &) A& Afdska BEad o HEAE
A B 87t ok =3 nicorandil®] H|YO = 1s)
A7 5o thE S EAe) BeliA A& B
A77F D ash ook o] dRkg-o] HS2Q ApA B
A8t A7) A AP R E QU0 E st =Y
831tk Trimetazidine®] #1313} o]<jell gk w7}l
H7} Fash, 53] =RISdAIN 5ole 4 H9
ke o1 4141 o) 1 selstoleh
Q_al:qz_ﬂo o]—x{/ﬂ,] J_;d—o] _,‘5@}4;(] 3l
Z3} randomized controlled trial¥} 7S AN == 4
apo] @A) erobd skl 9 Ehebel i =2l el
Agdo] EAlskaL, 5HAQ] bias H7REAS F6kA]
X3} 3AMES Embase ©]9]e] 2 AMRIE, FAFIT9
manual pullings 53 & 0 X222l E3HMNS 28314
2o F publication biasd] 7FsAE EAgc). 12} &
HollA A F2g3 " W8-S Blaste] AE7Eo]
7] A bR RS R F o8 BEsal FAKE
T BoAS A7 AR o7t Jlvkar AztEn

oz (o mlru
ofr N
T g

i S

ko

o
2 B
fE
m&lr m]I.
rlo

ko

g B

TU oA ARE-E = PSS A EA| T H|= FDA 51%A]
&2 371A] 2FE(molsidomine, nicorandil, trimetazidine)ol] T
st FHRALE FelslR Al A AR E HESF 7F o=



Molsidomine, Nicorandil, Trimetazidine®] SFAA B4

91a7VF?ﬂ%-@Eﬂ]ﬂﬂﬁlmB¢}m AES A=
o g F7be FAE S a9kt =EE A
AE7Feel A Az 374??} gxte] g} BRI R E 4
e wf T5o] & Aolztar AYZkgitt. 53] nicorandile] #l%
o)L} trimetazidine®] FA| Q)20 F4F WA Soll B
A 2 DA U] ot o= AREA] el tigk A E A&
3] s}7] fvka A zhdoh

AT FAb T B2 B e oAk B
Ay IS UiFo g 3 FAHZ B E £ )]
are] 22 7hdstal B2 a3 o8 HI RIS s Vo=
AL A T83F AT T sholtt. B3 ook PR
o] 2 efAk= 1A ool thal] X&2Q1 AH S A =3t

n] 1

e

o noh 234 02 A A gNnE Sk Zo] F4
Sria Bk,
A2

1. The average life expectancy (0 years life expectancy) and healthy life.
Available from http://www.index.go.kr/potal/main/EachDtIPageDetail.
do?idx_cd=2758. Accessed March 25, 2016.

2. Mortality trends by cause of death. Available from http:/www.
index.go.kr/potal/main/EachDtIPageDetail.do?idx_cd=1012. Accessed
March 25, 2016.

3. Overview of Korean healthcare system based on the Korea Healthcare
Panel (2008-2012). Available from https://www.khp.re kr:444/ver 2/
04 _study/studyO1.jsp. Accessed March 25, 2016.

4. Vital Statistics in 2014 on Cause of Death. Available from http://
kostat.go.kr/portal/korea/kor nw/2/6/2/index.board?bmode=read&aSeq
=348539. Accessed April 14, 2016.

5. RedenJ. Molsidomine. Blood Vessels 1990;27(2-5):282-94.

6. Markham A, Plosker GL, Goa KL. Nicorandil: An updated review of
its use in ischaemic heart disease with emphasis on its cardioprotective
effects. Drugs 2000;60(4):955-74.

7. Horinaka S. Use of nicorandil in cardiovascular disease and its optimi-
zation. Drugs 2011;71(9):1105-19.

8. Cross HR. Trimetazidine for stable angina pectoris. Expert Opin on
Pharmacother 2001;2(5):857-75.

9. Chrusciel P, Rysz J, Banach M. Defining the role of trimetazidine in the
treatment of cardiovascular disorders: Some insights on its role in heart
failure and peripheral artery disease. Drugs 2014;74(9):971-80.

10. Roland E. Safety profile of an anti-anginal agent with potassium chan-
nel opening activity: An overview. Eur Heart J 1993;14(suppl. B):48-
52.

11. SasakiJ, Sacki Y, Kawasaki K, ef al. A multicenter comparison of nic-
orandil and diltiazem on serum lipid, apolipoprotein, and lipoprotein
levels in patients with ischemic heart disease. Cardiovac Drugs Ther
1992;6(5):471-4.

12. Wagner G. Selected issues from an overview on nicorandil: Tolerance,
duration of action, and long-term efficacy. J Cardiovasc Pharmacol
1992;20(suppl. 3):S86-92.

13. Krumenacker M, Roland E. Clinical profile of nicorandil: An overview
of its hemodynamic properties and therapeutic efficacy. J Cardiovasc
Pharmacol 1992;20(suppl. 3):S93-102.

14. Dunn N, Freemantle S, Pearce G et al. Safety profile of nicorandil -

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

3s.

36.

AAA 12 /179

Prescription-event monitoring (PEM) study. Pharmacoepidemiol Drug
Saf 1999;8(3):197-205.

Terai H, Yamanishi H, Shimahara M. Nicorandil-induced tongue ulcer-
ation with or without fungal infection. Odontology 2012;100(1):100-3.
Scully C, Azul AM, Crighton A, et al. Nicorandil can induce severe
oral ulceration. Oral Surg Oral Med Oral Pathol Oral Radiol Endod
2001;91(2):189-93.

Egred M. Nicorandil-associated ulcerations. Eur J Gastroenterol Hepa-
tol 2007;19(5):395-8.

Salim F, Joshi A, Hopkins C. Ulceration of the nasal dorsum: a rare
cause? J Laryngol Otology 2014;128(3):289-91.

Gayet JL, Paganelli F, Cohen-Solal A. Update on the medical treatment
of stable angina. Arch Cardiovas Dis 2011;104(10):536-44.
Fraunfelder FW, Fraunfelder FT. Conjunctival and corneal ulceration
associated with nicorandil. Cutan Ocul Toxicol 2014;33(2):120-1.
Trechot F, Batta B, Petitpain N, ef al. A case of nicorandil-induced uni-
lateral corneal ulceration. Int Wound J 2014;11(3):238-9.

Campolmi N, Guy C, Cinotti E, er al. Corneal perforation: Another side
effect of nicorandil. Cutan Ocul Toxicol 2014;33(2):96-8.

Trechot P, Petitpain N, Guy C, ef al. Nicorandil: From ulcer to fistula
into adjacent organs. Int Wound J 2013;10(2):210-3.

Shapey IM, Agbamu D, Newall N, ef al. Nicorandil-associated ulcer-
ation of the gastrointestinal tract: side effects requiring surgical inter-
vention. Int J of Colorectal Dis 2015;30(8):1143-5.

McClellan KJ, Plosker GL. Trimetazidine: A review of its use in stable
angina pectoris and other coronary conditions. Drugs 1999;58(1):143-
57.

Marti Masso JF, Marti I, Carrera N, et al. Trimetazidine induces parkin-
sonism, gait disorders and tremor. Therapie 2005;60(4):419-22.

Marti Masso JF. Trimetazidine-induced parkinsonism. Neurologia
2004;19(7):392-5.

Masmoudi K, Masson H, Gras V, ef al. Extrapyramidal adverse drug
reactions associated with trimetazidine: A series of 21 cases. Fundam
Clin Pharmacol 2012;26(2):198-203.

Messin R, Dubois C, Famaey JP. Comparative effects of once-daily
molsidomine in coronary patients from two distinct European ethnici-
ties. Adv Ther 2008;25(11):1200-14.

Messin R, Carreer-Bruhwyler F, Dubois C, ef al. Efficacy and safety of
once- and twice-daily formulations of molsidomine in patients with sta-
ble angina pectoris: Double-blind and open-label studies. Adv Ther
2006;23(1):107-30.

Beaufils P, Kolsky H, Haiat R, e al. The influence of molsidomine on
infarct size: An acute post-infarction pilot study with 303 patients. Car-
diovasc Drugs Ther 1988;2(1):127-32.

Balakumaran K, Hugenholtz PG, Tijssen JGP, ef al. Molsidomine, an
effective long-acting anti-anginal drug. Eur Heart J 1983;4(9):655-61.
Nishimura M, Tokoro T, Nishida M, et al. Oral Nicorandil to reduce
cardiac death after coronary revascularization in hemodialysis patients:
A randomized trial. Am J Kidney Dis 2009;54(2):307-17.

Blanc P, Aouifi A, Bouvier H, et al. Safety of oral nicorandil before cor-
onary artery bypass graft surgery. Br J Anaesth 2001;87(6):848-54.
Wolf DL, Hearron AE, Metzler CM, et al. The pharmacokinetics and
haemodynamic effects of continuous nicorandil infusion in healthy
volunteers. Eur J Clin Pharmacol 1993;45(5):437-43.

Ulvenstam G, Diderholm E, Frithz G ef al. Antianginal and anti-
ischemic efficacy of nicorandil compared with nifedipine in patients
with angina pectoris and coronary heart disease: a double-blind, ran-
domized, multicenter study. J Cardiovasc Pharmacol 1992;20(suppl.
3):S67-73.



180 / Korean J Clin Pharm, Vol. 26, No. 2, 2016

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

Doring G. Antianginal and anti-ischemic efficacy of nicorandil in com-
parison with isosorbide-5-mononitrate and isosorbide dinitrate: Results
from two multicenter, double-blind, randomized studies with stable
coronary heart disease patients. J Cardiovasc Pharmacol 1992;
20(suppl. 3):S74-81.

Raftery EB, Lahiri A, Hughes LO, ef al. A double-blind comparison of
a beta-blocker and a potassium channel opener in exercise induced
angina. Eur Heart J 1993;14(suppl. B):35-9.

Di Napoli P, Taccardi AA, Barsotti A. Long term cardioprotective
action of trimetazidine and potential effect on the inflammatory process
in patients with ischaemic dilated cardiomyopathy. Heart 2005;91(2):
161-5.

Shlyakhto EV, Almazov VVA, Nifontov EM, et al. Antianginal effects
of trimetazidine and left ventricular function improvement in patients
with stable angina pectoris. Am J Cardiovasc Drugs 2002;2(2):119-24.
Dalla-Volta S, Maraglino G, Della-Valentina P, et al. Comparison of tri-
metazidine with nifedipine in effort angina: A double-blind, crossover
study. Cardiovasc Drugs Ther 1990;4(suppl. 4):853-9.

Ruzyllo W, Szwed H, Sadowski Z, ef al. Efficacy of trimetazidine in
patients with recurrent angina: A subgroup analysis of the TRIMPOL I1
study. Curr Med Res Opin 2004;20(9):1447-54.

Bertel O, Noll G. Additional molsidomine in refractory unstable angina
pectoris. Cardiovasc Drugs Ther 1988;2(1):107-11.

Makolkin VI, Osadchiy KK. Trimetazidine modified release in the
treatment of stable angina: TRIUMPH Study. Clin Drug Investig 2004;
24(12):731-8.

Palaniappan M, Selvarajan S, George M, et al. Pattern of adverse drug
reactions reported with cardiovascular drugs in a tertiary care teaching
hospital. J Clin Diagn Res 2015;9(11):FC01-4.

Toquero L, Briggs CD, Bassuini MM, et al. Anal ulceration associated
with nicorandil: Case series and review of the literature. Colorectal Dis-
ease 2006;8(8):717-20.

Kapoor S. Nicorandil and its associated gastrointestinal side effects.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

Pacing Clin Electrophysiol 2013;36(5):662.

Baker RP, Al-Kubati W, Atuf M, et al. Nicorandil-induced severe peri-
anal ulceration. Tech Coloproctol 2007;11(4):343-5.

Yap T, Philippou P, Perry M, et al. Nicorandil-induced penile ulcer-
ations: A case series. BJU Int 2011;107(2):268-71.

McDaid J, Reichl C, Hamzah I, ef al. Diverticular fistulation is associ-
ated with nicorandil usage. Ann R Coll Surg Engl 2010;92(6):463-5.
Kinoshita M, Sakai K. Pharmacology and therapeutic effects of nic-
orandil. Cardiovasc Drugs Ther 1990;4(4):1075-88.

Balakumar P, Kavitha M, Nanditha S. Cardiovascular drugs-induced
oral toxicities: A murky area to be revisited and illuminated. Pharmacol
Res 2015;102:81-9.

Onay-Besikci A, Ozkan SA. Trimetazidine revisited: A comprehensive
review of the pharmacological effects and analytical techniques for the
determination of trimetazidine. Cardiovas Ther 2008;26(2):147-65.
The Korean-English Medical Terminology, 5th Edition, Korean Medi-
cal Association. Available from http:/term.kma.org/. Accessed April
14,2016.

Lehmann G, Reiniger G, Beyerle A, et al. Clinical comparison of antiis-
chemic efficacy of isosorbide dinitrate and molsidomine. J Cardiovasc
Pharmacol 1998;31(1):25-30.

Lehmann G, Reiniger G, Beyerle A, et al. Haemodynamic evaluation of
two regimens of molsidomine in patients with chronic congestive heart
failure. Eur J Clin Pharmacol 1995;48(2):109-14.

Falase BA, Bajaj BS, Wall TJ, et al. Nicorandil-induced peripheral
vasodilatation during cardiopulmonary bypass. Ann Thorac Surg 1999;
67(4):1158-9.

Bricaud H, Brottier L, Barat JL, et al. Cardioprotective effect of tri-
metazidine in severe ischemic cardiomyopathy. Cardiovasc Drugs
Ther 1990;4 Suppl 4:861-5.

Brottier L, Barat JL., Combe C, ef al. Therapeutic value of a cardiopro-
tective agent in patients with severe ischaemic cardiomyopathy. Eur
Heart J 1990;11(3):207-12.



