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ABSTRACT

Objective: It is to evaluate the drug interaction monitoring program as a pilot project to develop a pharmaceutical care model in a
medical intensive care unit and to analyze the influencing factors of drug interactions. Method: Electronic medical records were
retrospectively investigated for 116 patients who had been hospitalized in a medical intensive care unit from October to December
in 2014, The prevalence of adverse reaction with risk rating higher than ‘D’ was investigated by Lexi—-Comp® Online database, The
factors related with potential drug interaction and with treatment outcomes were analyzed. Results: The number of patients with a
potential interaction of drug combination was 92 (79.3%). Average ages, the length of stay in the intensive care unit and the
numbers of prescription drugs showed significant differences between drug interaction group and non—drug interaction group.
Opioids (14.4%), antibiotics (7.2%), and diuretics (7.2%) were most responsible drug classes for drug interactions and the individual
medications included furosemide (6,4%), tramadol (4,9%), and remifentanil (4,5%). There were 950 cases with a risk rating of ‘C’
(84.6%), 142 cases with a risk rating of ‘D’ (12,6%), and 31 cases with a risk rating of ‘X’ (avoid combination) (2,8%). The factors
affecting drug interactions were the number of drugs prescribed (p ( 0.0001) and the length of stay at intensive care unit
(p € 0.01). The patients in intensive care unit showed a high incidence of adverse reactions related to potential drug interaction,
Therefore, drug interaction monitoring program as a one of pharmaceutical care services was successfully piloted and it showed to
prevent adverse reaction and to improve therapeutic outcomes. Conclusion: Active participation of a pharmacist in the drug
management at the intensive care unit should be considered.
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Table 1. The basic characteristics of study patients.
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Drug-Drug Interaction

Non -Drug-Drug

Description group, N (%) Inferaction group, N (%) Total, N (%) P-value
Age, Mean = SD 63.8+15.4 57.3+138 62.5+153 <0.05*")
2
Shi e son
Total 92 (79.3) 4 (20.7) 116 (100.0)
Primary Department, n(%)  Gastroenterology 32 (34.8) 8 (75.0) 50 (43.1) <0.0543
Nephrology 23 (25.0) 3 (12.5) 26 (22.4)
Pulmonary 16 (17.4) 3 (12.5) 19 (16.4)
Hematology 10 (10.9) 0 (0.0) 10 (8.4)
Endocrinology 6 (6.5) 0 (0.0) 6 (5.2)
Infection 3 (3.3) 0 (0.0) 3 (2.4)
Rheumatology 2 (22) 0 (0.0) 2 (1.7)
Total 92 (79.3) 24 (20.7) 116 (100.0)
S:que;;: Tsrii(;rg’:iggmg 210129 8.4+39 18.4+12.7 <0.0001*"
ICU length of stay, Days + SD 7.0+89 25+1.1 60+8.1 <0.001*"
Mortality within 30days of  Yes 23 (25.0) 0 (0.0) 23 (19.8) <0.013
ICU discharge, n(%) No 69 (75.0) 24 (100.0) 93 (80.2)
Total 92 (79.3) 24 (20.7) 116 (100.0)

Statistical analysis was used with ') Wilcoxon rank-sum test, 2 Chi-square test and ® Fisher’s exact test
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Table 2. Most potential drug-drug interactions of category D.4

Drug class 1 Drug class 2 Interacting drug pair Frequency (%) Mechanism of action
. Fentanyl may enhance the adverse/toxic
Anal Fent l-Th | 11 (151 X
nolgesics entanyk-Tramado (151) effect of tramadol (serotonin syndrome)
. . Pethidine may enhance the adverse/toxic
Anal Peth -T | 10 (13. X
Opioids naigesics ethidine-romado 0 (137) effect of tframadol (serotonin syndrome)
. . Fentanyl may enhance the adverse/toxic
Opioids Fentanyl-Pethidine 6 (82) effect of pethidine(serotonin syndrome)
. . . Hal idol i th
Antipsychotic agents Fentanyl-Haloperidol 3 (4.1) cgr?cr;er:;?;iorgogf I?e?fijor?; © serum
S Colistimethate- Potential for additive nephrotoxicity between
Antibiot . 4 (5. - .
ntioiofics Vancomycin (53) colistimethate and vancomycin
. . - : iprofl i th taboli
Local anesthetics Ciprofloxacin-Lidocaine 4 (5.5) gplirgoz);ci‘ncem may decrease fhe metabolism
o S Meropenem- Meropenem may decrease the serum
Antibiotics Anti-epileptic agents . . 3 (4.1) . . .
Valporic acid concentration of valproic acid
Vasopressors Linezolid-Norepinephrine 2 (2.7) gggiﬁhgf ?S:/e;rr:zgzﬁsefhe hypertensive
. . . Tramadol may enhance the neuroexcitatory
Anal Li lid-T | 2 (2. . - I .
naigesics inezolid-Tramado (27) and/or seizure-potentiating effect of linezolid
Antibiotics Dopamine-Linezolid 4 (5.5) gfr;:i?"gf rggéoer:::uence fhe hypertensive
Vasopressors Beta-blockers Epinephrine-Esmolol 3 (4.1) i?n;iﬁiergﬁznznhonce the vasopressor effect
. . Esmolol h th ffect
Beta-blockers Norepinephrine-Esmolol 2 (27) O?T]Z;;::E]C;L(sgn:nce © vasopressor efiec
Neuromuscular blocking  Hydrocortisone- 4 (5.5) Vecuronium may enhance the adverse
Corficosteroids agents Vecuronium ' neuromuscular effect of hydrocortisone
Neuromuscular blocking  Methylprednisolone- 6 (82) Vecuronium may enhance the adverse
agents Vecuronium ’ neuromuscular effect of methylprednisolone
Potassium Potassium sals Spironolactone- 3(41) Potassium salts may enhance the
sparing diuretics Potassium chloride ' hyperkalemic effect of spironolactone
. s . Pant | -
Antiplatelets Proton pump inhibitors Clopidogrel-Pantoprazole 2 (2.7) Trggoonrs)rccjfz?hee Zcot?:/edrefer?s;iliigsmgc(I:oC;anizligrel
Calcium salts  Thyroid products Calcium gluconate- 4 (5.5) Calcium salts may diminish the therapeutic

Levothyroxine

effect of thyroid products
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Table 3. Potential drug-drug interactions of category X.4

WA F8A ok Al 919} ok ka8 BUE /141

Drug class 1 Drug class 2 Interacting drug pair  Frequency (%) Mechanism of action
Opioids Linezolic-Fentanyl 2 (65) lfenfor'wyl may enhor\ce the serotonergic effect of
linezolid (serotonin sydrome)
- . . . Li l h th toxic effect
Opioids Linezolid-Morphine 3(9.7) inezolid moy enhance the adverse/toxic effec
L of morphine.
Antibiotics T id h h ; i offect of
Opioids Linezolid-Pethidine 3 (9.7) |nezg I may-en qnce © serofonergic efiect o
pethidine (serotonin sydrome)
Opioids Linezolid-Remifentani 2 (6.5) Remifentanil may enhance the serotonergic
effect of linezolid (serotonin sydrome)
. Haloperidol- lpratropium (oral inhalation) may enhance the
R t | t . 9.7 . ) ) .
espiratory relaxants lpratropium 37 anticholinergic effect of haloperidol
Prokinetics Haloperidol- ' 2 (6.5) Mgfoclopromde may f-:-nhonce the adverse/
Metoclopramide toxic effect of haloperidol
. . s Quetiapine- Quetiapine may enhance the QTc-prolonging
Antipsychotic agents Prokinetics Domperidone 1 (3.2) effect of domperidone
Potassium salfs Quehqpme— . 1 (32) Quehoplr?e may er?honce the ulcerogenic effect
Potassium chloride of potassium chloride
Potassium salls Holopgndol- . 1 32) Holopend’ol may er_whonce the ulcerogenic effect
Potassium chloride of potassium chloride
. ‘ Antibiofics Armodoron(.e— 2 (6.5) C|prof|oxocm.mc|y enhance the QTc-prolonging
Anfiarrhythmic Ciprofloxacin effect of amiodarone
agents i - idi - i
9 Anfibiofics Amlodo.ro.ne 1 (32) Pentamidine .moy enhance the QTc-prolonging
Pentamidine effect of amiodarone
Antihistamines Potassium salts Chlorphenlromlqe— 1 (32) Chlorphenlromlng may en.honce the ulcerogenic
Potassium Chloride effect of potassium chloride
Anfihistamines Respiratory relaxants Chlorph'enlromlne- 1 32) Ipro.frop{um (.orol inhalation) may e.nho.nce the
lpratropium anticholinergic effect of chlorpheniramine
. . Escital - T h the QTc-prolongi
Antidepressants Antidepressants sciialopram 1 (3.2) razodone mgy enhance the Qre-prolonging
Trazodone effect of escitalopram
. iclovir- iclovi h th ffect of
Anfiviral agents Antibiofics ngacowr . . 1 (32) Qqnac ovir moy‘en cmce_ e odvgrse effect o
Imipenem/Cilastatin imipenem. May increase risk of seizures
. Proton pump Clopidogrel- Esomeprazole may decrease serum concen-
Antiplatelet: o 1 (3.2 . . ) .
nhiplatelets inhibitors Esomeprazole (32) trations of the active metabolites of clopidogrel
Anfitubercular agents 'Pro_tc?n pump Rifampin- 2 (6.9) Rifampin may decrease the serum concentration
inhibitors Esomeprazole of esomeprazole
Antiinflammatory Hyaluronidase- Hyaluronidase may enhance the
Vasopressors . 1 (3.2) L .
enzymes Phenylephrine vasoconstricting effect of phenylephrine
Potassium salls Respiratory relaxants Potassium chloride- 2 (65) lpratropium may enhance the ulcerogenic effect

lpratropium

of potassium chloride
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Table 4. Multivariate logistic regression on the impact of study variables on the potential drug-drug interaction.

Variables Estimate  Standard error  Wald Chi-Square p-value Odds Ratio 95% ClI
Lower Upper
Number of prescription drug per patients  0.3258 0.0774 17.7049 <0.0001* 1.4 1.190 1.612
Intercept —-2.6431 0.8458 9.7665 0.0018
Variables Estimate  Standard error  Wald Chi-Square p-value Odds Ratio 95% ClI
Lower Upper
ICU length of stay 0.4985 0.1860 7.1847 <0.01* 1.6 1.143 2.370
Intercept -0.3583 0.5548 0.4172 0.5183
*Univariate regression 10% selection followed by backward elimination ; Age, ICU length of stay
Table 5. Multivariate regression on the impact of study variables on the ICU length of stay.
Variables Estimate Standard Error p-value 95% Cl
Lower Upper
Number of prescription drug per patients 0.6768 0.0635 <0.0001* 0.5510 0.8026
Number of potential drug interaction pairs -0.1658 0.0571 <0.01* -0.2789 -0.0526
Intercept -4.8235 0.8708 <0.0001 -6.5488 -3.0983

*Univariate regression 10% selection & backward elimination; Number of prescription drug per patients, Number of potential drug interaction

pairs

Table 6. Multivariate logistic regression on the impact of study variables on the mortality within 30days of ICU discharge.

Standard Wald Odds 95% ClI
Variables Estimate Error Chi-Square p-value Ratio Lower Upper
Number of prescription drug per patients  0.0350 0.0168 43275 <0.05* 1.036 1.002 1.070
Intercept -2.0952 0.4290 23.8485 <0.0001
*Univariate regression 10% selection followed by backward elimination
AN AB), thiE 2A2E SFRAME Aol R SEASER 5 0ANIS Whlo| oot 5T B4

STV A FEAEAE £f o] o TS
1.44(95% CI: 1.190-1.612), 842 AQLLd7} S
= A A 250l dofd ke de 1.ewl(95%
CI: 1.143-2.370) ¥ SkCH Table 4).

XA} ZAHA USAISEIR0| T M
A g AT A AL Aol
el HAES I SARMS AAIRE At ARl (p
<0.0001), FAA ke ag Z9te] EAl(p=0.02)9F =
& (p <0.00017} FAAOZ FJ3 295 HATHAR S
A A, o] T AYFAIT(p < 0.0001)2} F=ds g =
(<0017 AL F7bol] FFFe F= AR o
W 3] AR o)l A YEPSTH Table 5). 71831, $x}2] Apge]
AZFELA Al Al oiRig 2229 3984
% *—Mfﬂ 23} LA AgekAlaret oAl A (2
7} p < 0.05)S E3cHTable 6).

O -

AerA| T 1% D o] AN oFEFExd 17370
= D 23 147, 8= XT3 HEFo £
Z- 89 SAtlAIA 10319 o) dukgo] A AT Al e
32}ol| 4] meropenemol] 2] 3} valproic acid®] FHFEFE 7+
27t A= o, °] z 3 9 = Aunkgo] #Ey
o] valproic acid & Z319 T} Rifampinol] 23} valproic
acide} meropenem«] %33%5_«] Aot I AT W=
23k EHALa A A3A|Q) fluconazoled® amiodarone
Z}Z} warfarin o] 3 INRe] 112k~¥ S7HCTCAE 5=
Grade 2)5 B3 cyclosporine] &-&7tafo] @ 41&7|= &}
&I}, T3} spironolactoned} potassium chloride H-8-of 2]k
potassium=%]9] Z7P} FEEJUIL(CTCAE $5% Grade
3), fentanyl¥} pethidine H-8 A| A2 B 5570 2 lorazepam
o] Tyt g7d AT #EHJY Aminophylline
midazolam¥} & A] &S] T4 midazolam®| S
o] 97U WEFH FH7]] Esk=  haloperidol}

metoclopramide®] &l 2J3F AubAlEo] FRIFN o



adenosine®] FA & FITHCTCAE 55 Grade 3).

n% Y EE
2 dFe oY e B ARt miRigh AdselA
d oFEAHIz] EQlHgo R oAt T A | AHIA
AIA R At on, T2 T3 Sl Bagh 71EA}
£ A= HollA oJnlE 7HIt
ST HEeRate] AR S mlsolut fHY B
AAE RS T et FEA s xle] <AL
o] As)E wkFsle] ARl H4sie AAkE ok
TUoNE F7FHoR ARl fHEE AT B
7] FAIZF 5& gskar ©]E W93 DUR (drug utilization
review)s @kl Ak 2t dF FEF S E 2
I HEF7|E AGE oA 2SS AA A A A
e oHAle] TR B2 Alo|7} qlo] oy Aoy A7)
B3 59 o] 9 F3A A e8] AAE 1=
g3l W Fel7h whett. gk afelollA A Ak
AA AL A]2<H] CDSS (clinical decision supporting system ]|
et 53159 vhE-S A7 Ao mEd, oJF5zlo] @
3] o] AlZElS EEadt o= Adsle A EEg Bol
HpAE 3 QIk®) CDSSY] 29w} S T8l A DAl
A = e FAE A8 5 Atk S o, 7 g
Al Al G& A8 Al SHAI7F EAI8E7] Wi, Alalg B27t
Last T84 R X F FobollA] ofale] HEA AT o
A3 FastaL AlsHTh
2 A4 Holguo|=E Fall A A3E A S
o] JF7IENX HEAIA L] oWy MAYLS T
SHHaL st o, 10719 o duhgwt #Eshk= el 13l
A 3 T8} oFe |57} 7 oY 543 Bo]
I AR o dNkE-e] o] S Tl EofEE Y
7R A, 32 AL Y] EA9f o] oFTIE Ao
2 237} 7FssA] ¢ar, Bk Bt ] Sb, 7Ezt
o} B9 S7b T o] A FAtolv 54 5 o
=
k|

o e

S

o

Zlo] FHA o E FAds|jo} = 5= wWeker 53], o]
735 A F715 7155 o] UA] AL BEx}e] o2 tE| 7t
F3}A] o} o] Rk S FE 4= gle ARIE AT
5528 3 T pantoprazole@} clopidogrele] H-8-5%
o] A] pantoprazole©] clopidogrel®] &4 tirlAe] FFEE
N A Fart 7Aaste] o o) dt-go] Yehe A0
= 4R Aot 284, clopidogrel®] 7% A71%F Foi71 2
83l Bslar B A7 Y st AFE st
7o) ~'E H2} 53} 32 o) S A o BE uletshe
AL E7FsA. o] 2ol A% ‘D= vehd = dE A
% F 7R =8 A fFA AR EE A AR

WA S2bAb of 5 Al =919 of= g 52418 BUHY /143

vecuronium¥} Z~H|Zo]= ZFA}R] hydrocortisone®] -85
Al vecuronium®] 59 B3}t AEEHHEA 25 2 AAE
5 e 9o TRl Ao® 4 A k0 ey,
7HA] oHEE WE8Fo] W Sxfe diREe] IBAEE
A|staL Qlo] BAke] 55 AEE IS 7155 o759
5 7 gle A, B4 T5 Hs AR S vetee A2
E7Fs ottt S8k 54374 thAl oFEo] gle A% A
A YA AP =AW Fslal AR ¢ R
e A= B2 o AU o A i, A ofA7}
AgHE] 3, SRl A FFoFe] ARgo] WIS 97} gon
2 3x}o] RUE ol Ffstefof gt

T A F A9 DdelR] ke, ol dAEA|
F2A}e] ofg Afu] 2ol oFALe] ZIZo] o} W HIghS YERA
o} 571# PN E 18 F AFAR] 5, AAZ A
A B3 &40 A5 oA, 1E]al B o9fo] FEE
A ZE A Fo= I Aot - Fjoll A5HY 4 v
of sl 12}, 57} =a1 X 57t B S8k A
379 ARg YeHE T Bole) AEIEo] Bl
gate] A5A4HE FIATN7] AT =8-S 7o shal i
W gate] kS a1 g HEA S E Agslor & H et ok

@ 71N idolete 9kt Bt g 3 ATt
2, & dojguolant AN =77 ARSItE SIS
7ML e}, SRR, dloEHo] 2~ Bk AR 17|
21, 7|5 HEE T3l AA| Sxje] oduhg-S wEst
Rom, 53] 2 AN A8 AlAl T AT
28-S dov)e FAAE FRIT 5 AT S 7HA
1 9tk

B AT Ay EATAE RUEAY P4 AEs)
AL oFF AMIE 2O TR Fag ARE vk
T AR A=57IHY] AEH] BAH oAb HFF
pow FaA) AR} Aol rsle] AR 2
ol EYE &gy Al Tk

X 2o 4 o

oft alk Sk rfr

o2
rok

2

1. Hasan SS, Lim KN, Anwar M, ef al. Impact of pharmacists' interven-
tion on identification and management of drug-drug interactions in an
intensive care setting. Singapore Med J 2012;53(8):526-31.

2. Smithburger PL, Kane-Gill SL, Seybert AL. Drug-drug interactions in
the medical intensive care unit: an assessment of frequency, severity
and the medications involved. Int J Pharm Pract 2012;20(6):402-8.

3. LeBlanc JM, Seoane-Vazquez EC, Arbo TC, et al. International critical
care hospital pharmacist activities. Intensive Care Med 2008;34(3):
538-42.

4. Kim HA. A Study on the Improvement of Drug Safety for Pharmaceu-
tical Care Disparities in Korea. In: Fall Symposium of Korean Acad-
emy of Social & Managed Care Pharmacy, Seoul, Republic of Korea,
Nov 6,2014.



144 / Korean J Clin Pharm, Vol. 25, No. 3, 2015

. Lexi-interact™ Online. http://www.uptodate.com/crlsql/interact/frame-
set.jsp (accessed February 1,2015).

. National Cancer Institute. Common terminology criteria for adverse
events v4.0 (CTCAE). http://evs.nci.nih.gov/ftpl/CTCAE/CTCAE_
4.03 2010-06-14_QuickReference 5x7.pdf(accessed February 1,2015).
. Rivkin A, Yin H. Evaluation of the role of the critical care pharmacist in
identifying and avoiding or minimizing significant drug-drug interac-
tions in medical intensive care patients. J Crit Care 2011; 26(1):104.e1-6.
. Cash JJ. Alert fatigue. Am J Health-Syst Pharm 2009;66(23):2098-

10.

101.

. Kreutz RP, Stanek EJ, Aubert R, ef al. Impact of proton pump inhibitors

on the effectiveness of clopidogrel after coronary stent placement: The
Clopidogrel Medco Outcomes Study. Pharmacotherapy 2010;30(8):
787-96.

Fischer JR, Baer RK. Acute myopathy associated with combined use of
corticosteroids and neuromuscular blocking agents. Ann Pharmacother
1996;30(12):1437-45.



