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7Fs7del &v (Kim 5, 2018). 2 572 4783 oA =diatollA ofe] 74x] vy dghe] Fuke
Q1% Tl A (polypharmacy) AHS W7k S745H Glek (Park 5, 2018). T AR YATA
BA A3}, 654 o]AF SAfol| A 57] oAkl o HEAUWES 86.4% (Kim 5, 2014), 67] o]A; <
WL ANES 65.2% (Nam 5, 2016) 2 ZHzb W u8pgith. 21} o] 04;”: o olz) TS o
ol Z1o 2 7L =] S84t YUsE =9l FAE gAtez Bud A7 Aot
Han 5 (2017)°] 2@ FuoA 324 A9 SxF = 704 oA+ =93zt vj&-L 20154
19.5%% AAFGom o] uEL 011ARE REFA F7183 k. SN E QgHoz F
TEL £ FAES o R FokEE R TRV vhsta, A A wistel wet W E
2 al0] AHg3A ek Zheng 5 (2018)L 20009 % H 2016714 Ao Fwd =EEY A
A FAE An, FEAA QA 359 67%1A pDDIE A@sH: 2oz Busignk. 22t
il 9 E=REELS &R T WY d7Ar) g2t
W AZRPATE 25T Qo) WAl A7 3 2Bl §IAE Tt Hbsated,
A2 E o] &3 BEAo HAo] Zrstn Yl o ekEAH R olElH|o|AE AR}AE
AeSe AR Hrlste] AT AdlolElmo]~ el 3% A2ALS o uEt
o, A s FE9) i%}i:i]- FEANTAL T4 AHE 23|53 252 Micromedex, Lex-
icomp, UpToDate S2] t}ekst glolejwo]Art &85 Q). o= zF Ughulth AR 758 oF
B9 57 5ol upg} ofFst pDDIS] FHES Rk 3121 (Rodrgues, 2017; Vanham, 2017), 5
2 dlojElH o) 20 W g B 2polx H1H ¥} 9t} (Fung S, 2017; Jankovic 5, 2018). zHzte]
SetEA R o e o)At A2 BN 4 she Ao stelE T Qo o9t tEe) 7}yl
A AH87Fse kgl 57} ther] b 2y lolelE BAsk o] Besith B dATeA: A
ARARTAEE BE], FUAA Q4 £ AANE Ao w o FEART o] Euols A F7] Ei
Z9) A3l E Austy = pDDIY AR Ay Q91 gotslua} stk

st 2018 AMEAl IEH AU FEAAEAAY 55, AF, A9 2Z 7tol=gkQd (Devlin
2018)9] trJrerq AAo]| A AAS AEo] RIS AT Ty AEAZ 23RN 7}
F $AFoz A= AFA ) 1&14 nlobd AEAS AR, AW, 5T AA), FeE AT = =
e dod £ Qo] ARRAl Y7t 2oEth & AFoME AFEPAFAEE ol st SR
oA ulerA AEAE AT Yt LIRSS oz A oA T g AFLH T Qe o
A= she] WeAE 87} nfekd AEASle] pDDI $HES BA3 12} shglck.

bu o fu

= 'E"ﬁu% Alggstict. P @A OTHAL id AFARE Uolet AR F3ste] 28 wE
2 ] 654 o)A = QlBkxke] oF 20%0] s BEtet.

P2 ol B S ARE-sto] 2016 197 129714 S84 1 84 5 wiehd A4S 13]
old A3t FAE AFUFLE St FEA Y9 AR+ S 99 A Z= (AJ100,
AJ200, AJ110, AJ120, AJ130, AJ150, AJ210, AJ220, AJ230, AJ240, AJ250, AJ260, AJ270, AJ280,
AJ290, AJO01, AJO03)E AMR3le] mfetslglal, 297 = A9y 24P 9S Ao g &)
Ak AL 13] o]} JAT FF7I=o] e A7 A WA ddve B4 23St 4
o 235 uleky JAFA= TR AW 49 571X < fentanyl, morphine, pethidine, remifentanil,
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Aged patients’ claim database(2016)

N=1,327455
Inclusion:
ICU care in general or tertiary hospital
(reimbursement codes; AI100, AJ110, AJ120, AJ130, AJ150,
AJ200, AJ210, AJ220, AJ230, AJ240, AJ250, AJ260, AJ270,
ICU admission in general or tertiary hospital AJ280, AJ290, AJOD1, AJOO3)
N=34,560

Inclusion:

prescription of opiocids

(fentanyl, morphine, pethidine, remifentanil, tramadol)

Study population (prescription codes)

N=20,050

Figure 2.1 Flow diagram of patient selection. We selected elderly patients using opioids in ICU using
reimbursement codes and prescription codes. Patients who admitted in the general hospital or tertiary hospital
included.

2.2. WA ABAELE 3o
SEAANA THIEZ AHEE FEES FaH FAAA (antibiotics), FIFA (anti-fungal

agents), ZAA| (sedatives), H]u}eFA FFA| (non-opioid analgesics), A 7ZX A (neuromuscular
blocking agents), &4ZA| (vasopressor), F7FEA| (anti-epileptic drugs)® EHF3le] zF <FaF

oA thEZQ FEES EAo oYt BT 84719 oHEo] E3E ¢l ©]5 carbamazepined}
gabapentin2 Bu}erd Z5A 2} FHAA o] BF 3= it} (Table 2.1).
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EZAR R oW o] AR (Zheng 5, 2018; Fung 5, 2017), k= 7§ AEHe] zgoz AMES 3o
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Table 2.1 List of medications included in analysis

Drug class Drug names

Antibiotics amoxicillin, ampicillin, ampicillin/sulbactam, nafcillin,
piperacillin/tazobactam, cefazolin, cefuroxime, ceftriaxone,
cefotaxime, cefepime, ertapenem, imipenem/cilastatin,
meropenem, ciprofloxacin, levofloxacin, moxifloxacin, tigecycline,
azithromycin, gentamicin, tobramycin, azithromycin,
clarithromycin, clindamycin, trimethoprim/sulfamethoxazole,
metronidazole, colistin, vancomycin, teicoplanin, linezolid,
isoniazid, pyrazinamide, rifampin, ethambutol

Anti-fungal agents voriconazole, fluconazole, caspofungin, micafungin, anidulafungin,
amphotericin B, ambisome, nystatin

Sedatives midazolam, lorazepam, alprazolam, propofol, dexmedetomidine,
haloperidol(intravenous), olanzapine, risperidone, quetiapine,
chloral hydrate

Non-opioid ketamine(intravenous), acetaminophen,
analgesics ketorolac(intravenous/intramuscular), ibuprofen, gabapentin,
carbamazepine

Neuromuscular vecuronium, rocuronium bromide, cisatracurium, atracurium
blocking agents

Vasopressors dobutamine, dopamine, epinephrine, norepinephrine, isoproterenol,
phenylephrine, milrinone, vasopressin, labetalol

Anti-epileptic drugs carbamazepine, clobazam, divalproex sodium, fosphenytoin,
gabapentin, lacosamide, lamotrigine, levetiracetam, oxcarbazepine,
pentobarbital, phenobarbital, phenytoin, pregabalin, topiramate,
valproic acid, zonisamide

3 34 YA o)A F2 A ZHIYEIE ICD-10 =2 AFR-3te] HoJgith JFIEE AR
%W}*‘ ANA = ﬂ%—:éz%ﬂ Ag, T3 AL 71 zt, AP% o RE 40*6}3%}

a4y W 5 Yole ‘J‘é&%kﬂr AI%JW— /\FQLEPi’i 194«1 75‘-‘%0111~ z‘”%kﬂr W 27
(range) 22 ®7|59tt HEY Haye o) v (%) 271899k vole 65M ] 4~T75A4
k754 ow~85xﬂ ngk 854 olAo g Beslgrt B 23 kB A A 17 oAt
A7 JE AS 2T }2511 Az T FEo i3l o] W Aol e A WMoz A
3T pDDIE} FAE B2 A A4 H4 14 o] pDDIVE Sl B9E ZIA AL RE E
A2 npeky AFAITH 38 FE 7k pDDIE 7|E2 2 AAE A, ukebd FFAT W] pDDI+
ol Hx g Hg A AHE A A

2.4. ZAA Aeg #FHQQ FHE J% ndy S 2 HJr)
s}

upebd AEAet #-AE pDDI G2 vA= 2dS BASH] S8 i 2229 A4S
Agdol BEedS BASNL, WA RARAE Eoo] FAALL §oI3 Ho|g Mol WED
@ AR T84 e A CCIE Sz sl A4 428 #d 8919
Fo Weg A A8 eSS (v AEA AlQ), dLAE (SF4), Charlson comorbid-
ity index, &, T84 AD7170-2 stk N 2QdE0l tiet i 2AXE A4S A
B, this 2A2E SRl 7 29 27kl vk 2 Jlolw g BT, w3 2 adle
ZE3} olglo] FEF 2 4B VL 2ALE AATYG] ], AT LET 28 ol E 3
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7F5+th. Hosmer and Lemeshow goodness-of-Fit Test ZA3}2} c-statistics ZH2 F5to] 23 FAg=
= ATt (Hosmer 5, 1997). p-value® F2+F 0.05 o]5t= 91| Q= A2z Hosigint. &
A2 SAS statistical package version 9.45 o]&3}o] AA|IAT

3. AdFZ3}

20163 a =Bt o E Al thAF B} 1,327,455 5 34,560 (2.6%)7F AFEETEHY == 23
4 SR dFsidth olE F S 99 71 F< 13] oA npekd XEA (fentanyl, mor-
phine, pethidine, remifentanil, tramadol)& ¥k 2= 20,0509 o] At} (Figure 3.1).

g B2t B AR 76,44 R FAT AY HEL vEth A= 3Y (F9R)
dhdar, [al v ol e A8E IS A 56.2%ATE AT Bl A wpeRy ZF
Aol AF AZE Table 3.19] AAE AT AW ¥1=+= tramadol, pethidine, fentanyl, remifentanil,
morphined] A& ol AUt tHIE X9 84F FEES HE AW d3S A5t JA
22 91.1%00A o= o] W& AWFH AL, AT vpokg AFAE =2FehA] k2 HE A
S e TR 37 (S 0-25) 0l 3ith R A ARTEE 854 o dollA ashe FAE
Bt

Table 3.1 Characteristics of critically ill elderly patients using opioids in ICU

Variables Total (N=20,050)
N (%) or (range)
Age (years, mean, SD) 76.4 (6.9)
65 < age < 75 8,629 (43.1)
75 < age < 85 8,769 (43.7)
85 < age 2,652 (13.2)
Sex
Male 10,074 (50.2)
Admission route (emergency) 11,242 (56.1)
Charlson comorbidity index 2 (1-4)
Surgery 11,261 (56.2)
Mechanical ventilator apply 5,549 (27.7)
ICU length of stay (days, median, range) 3 (1-365)
Hospital mortality 2,247 (11.2)
Prescription of opioid analgesics
Fentanyl 6,964 (34.7)
Morphine 3,593 (17.9)
Pethidine 7,202 (35.9)
Remifentanil 6,630 (33.1)
Tramadol 13,967 (69.7)
Number of co-prescribed drugs (median, range)* 3 (0-25)
<3 9,015 (45.0)
3-5 7,608 (37.9)
>5 3,427 (17.1)
Number of pDDIs per patient (median, range) 1 (0-25)

* Number of prescribed drug ingredients excluding opioid analgesics

234 THIEARE 84% 9] ¢FE = Micromedexol] &3] utekd XE A<} pDDIZ} Hud oFEx3
1087FA194aL, ukebd R5A 2 WollAl doljub= pDDI eFEx3h2 107HA1 At uhehd g4

3Z38E pDDI] R E2 68.0% 1, vhebd JFA] 2 Al€)sk pDDI9] 852 54.3% 31t} 3
2t pDDIE S 1702 iz 243 pDDIE 25030t ke d= ol A%d pDDI
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—
o
=
&2



1548 Hyun Joo Lee - Dan-Bi Yoon - Sohyeon Park - Sun-Young Jung

FEZ2 %I Micromedexo| Al Algdhe A=t TARIEE A3} (Table 3.2). wekgd JAFA
S} pDDIZ} 71 @2 Fad2 JAAZAR 48.8% A &&= Aot 71 w@o] X%H pDDI ¢HEx%
2 propofol-remifentanil@ AA] #=}e] 22.3%0A W= Q3L ©]o] propofol-fentanyl, midazolam-
fentanyl®] <=4 it}

Table 3.2 Prevalence and most frequent drug pairs of potential drug-drug interaction with opioid analgesics

Drug classes / Prescriptions of pDDI Evidence of pDDI

Most frequent drug-drug pairs N (%) Severity Documentation
Total

Including opioid analgesics 13,642 (68.0)

Excluding opioid analgesics 10,888 (54.3)
Antibiotics 1,178 (5.9)

Ciprofloxacin - Tramadol 432 (2.2) Major Fair

Clarithromycin - Tramadol 223 (1.1) Major Fair

Ciprofloxacin - Pethidine 189 (0.9) Major Fair
Anti-fungal agents 565 (2.8)

Fluconazole - Tramadol 442 (2.2) Major Fair

Fluconazole - Pethidine 250 (1.2) Major Fair

Fluconazole - Fentanyl 243 (1.2) Major Excellent
Sedatives 9,776 (48.8)

Propofol - Remifentanil 4,468 (22.3) Major Fair

Propofol - Fentanyl 3,413 (17.0) Major Fair

Midazolam - Fentanyl 3,071 (15.3) Major Fair

Propofol - Pethidine 2,793 (13.9) Major Fair

Midazolam - Morphine 1,453 (7.2) Major Fair
Non-opioids analgesics 532 (2.7)

Ketamine - Tramadol 210 (1.0) Major Fair

Ketamine - Fentanyl 197 (1.0) Major Fair

Ketamine - Remifentanil 167 (0.8) Major Fair
Anti-epileptic drugs 339 (1.7)

Phenytoin - Tramadol 88 (0.4) Major Fair

Topiramate - Tramadol 88 (0.4) Major Fair

Topiramate - Pethidine 45 (0.2) Major Fair
Opioid analgesics 10,826 (54.0)

Pethidine - Tramadol 4,658 (23.2) Major Fair

Fentanyl - Tramadol 4,505 (22.5) Major Fair

Remifentanil - Tramadol 4,034 (20.1) Major Fair

A% pDDIE THA| Micromedexol| Al Al &she AZt=9F B
o] £ pDDIZ} iAoz Azl 22|71 23 F (contraindicated or major)oll <3+
AWE AR B FH] ZA $Fo] Yol (fair), TFEEE £ EIRIEE £2 pDDI (contraindi-
cated/major + excellent/good)& AA] 22 2.9%°] 2t} (Table 3.3).

pDDIS} #H& Q& 892 24317] f8) this 2X2Y IAREAS AASAT HE 2y A4
2 95ted, WA A, A8, HEoHA, Jd9AE, Q3T E7] AR, Charlson comorbidity score, 4~
&, T34 QY717 w2 pDDI Aol thet R xREA It 2 AE 3RS AT
o] wj A& é —T—% ALYy 127+ A EFE o] 831, Charlson comorbidity score2] 3¢ 71 &

1 BAY 2A fEo wet BRSS

W ENeIRE BUSE 5 E 2h9) R9E 2550 89 Sl BE n8 SelE BrAs
t}. Hosmer and Lemeshow Goodness-of-Fit Test 2 3}-2} c-statistics = F3lo] 28 A= % 7|9

& At £E R Y3 4HABAE VA HA B JdEE Ee AFTET] A2 Al
)3}, T3 Charlson comorbidity score®] 78 A& A A|Q3tgon, 3td AR =9
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Table 3.3 Prevalence of potential drug-drug interaction according to severity and level of documentation based
on Micromedex

Drug-drug interaction by Micromedex Prevalence of pDDI (N=20,050)
N (%)

Severity
Contraindicated 36 (0.2)
Major 10,669 (53.2)
Moderate 183 (0.9)
Minor NA

Level of documentation
Excellent 744 3.7)
Good 12 (0.1)
Fair 10,132 (50.5)
Unknown NA

Severity and level of documentation
Contraindicated/major + Excellent/good 573 (2.9)
Contraindicated/major + Fair 10,132 (50.5)

e Ad FASRESE H T Y TSIt YAF O R AT AR TRl AS AL
2 135 &84} ‘Charlson comorbidity score’, 18|11 W& kA 49} ‘S3x}A YA 7|1 7P
7+ A AL mEEtg o), §o8kEo] 7Ht 0.1059) 0.8650] Q1 THE WLEe] Aghel 2 3
= FA got B 7oe 7t 37 ¢k 2o g dAdsigitt. wets] A, d87, BE A, d9AE,
Charlson comorbidity score, &, S Q7|7+ £33 thiE X 2H RIS TH3A

on HE 2L o2} Zon o] uff c-statistics= 0.873 ©] Tk

logit(p) = — 2.90 — 0.15 (agegoupl) — 0.20 (age group2) + 0.01 (sex) + 0.54 (number of drugs)
— 0.01 (Charlson score) + 1.42 (surgery) — 0.02 (icu days) — 0.49 (emergency).

N

uebd FFAe} ke FaTe] WEGE Ato] pDDIS AW 4l "l 3} e B AL
(OR=4.15, 95% CI: 3.85-4.47), wteFd ZGA| o]&]e] HE&FES 7} F718+E (OR=1.72, 95%
CI: 1.69-1.75) #AA o] Z71etgich vk A7 B 65<age<7h BAR] H]S] 75<age<85A]
9] gz} (OR=0.86, 95% CI- 0.79-0.93)3} 854 ©o]A4+e] Ak (OR=0.82, 95% CI: 0.73-0.92)
pDDIS] X¥-go] folatA W 2R Yeigth E3 JHARTT $34E B8 A9 pDDI A4S
A7) gkt (OR=0.61, 95% CI: 0.57-0.66) (Table 3.4).

Table 3.4 Result of logistic regression: risk factors for potential drug-drug interaction (c-statistics=0.873)

Variables Beta s.e. Odds (95% CI) p-value
ratio

Age: 75< <85 (vs. 65< <75) -0.153 0.041 0.86 (0.79-0.93)  <0.001
Age: 85 years or more (vs. 65< <75) -0.199 0.059 0.82 (0.73-0.92) <0.001
Sex (male) 0.008 0.038 1.01 (0.94-1.09) 0.835
Number of prescribed drugs 0.543 0.0097 1.72 (1.69-1.75) <0.001
Surgery 1.423 0.038 4.15 (3.85-4.47) <0.001
Charlson comorbidity score -0.008 0.008 0.99 (0.98-1.01) 0.333
Length of ICU stay -0.025 0.002 0.98 (0.97-0.98) <0.001

Admission (emergency) -0.489 0.039 0.61 (0.57-0.66) <0.001
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4. 4 4 A

B Q7o) THBAY O EAL ol §3te] F) FHAMCIAN 654 o]4ke] A hAom vjoh
ABA A BB SN TR ALgH S ThE opilsle] g A @%@ pDDI §
2 RSttt nlopy AEAE AT kB Wg A St BAY S 3 (range, 0-25)0]3)

, AA|S] 54.3% FAp7} niepy 59 pDDIZ} Q= e Andgton] fayEE A7} nf
3 AEAL VT w2 pDDI% dozitt. pDDIC S5 =+ major ©]/Fe] AA| pDDIS| 98% A
P 2HZAEANA 93.1%7F W5 (fair)e FASch this 2AXE JARYS 088t pDDIE
o7& whepg e ALt D} “““k% Z3ol Wg #dedle JJr° d = ek S E,
AT SollAE A o FEoif, BEAREE G2 5, W2 dFd, 54 o9l ﬁiﬁ
3 A 492 pDDI At 723 Ad o] AL, ’“%ﬂr SR e Fovd ¥

o ohglct. ol @FEoIA AAA Aol Mvf Fuk Al pDDIS FHEo| AV BT
gont, & AROIH olF AR et B4 A Fol BARE HolAE
g A 7 BRSY AR 7S AE So] BT FTH A= ko, wAPEA 2EE (non-differential
misclassification) 2 <15 2 ##AA o] gl WEFOZ (toward null) b]—E]—‘;%—% 7FsAde] ok Ed E
A2 hoby REA| AR F AT FET) SHES AT AR oo B HEel, 2
EAo14¢] pDDI #HEF #d 2952 T 442 @A dAel EH??_]' pDDI & % #da<
e Aol7k 98 4 gonz a4 Al felalof T Aol

pDDIG] Tt AT75e thah Beh ik obAl, o kg relcleimlol ol Wb 38l Aol
HolT eiole A8 5w kel S5 R, B 324 LI8AE GASE pDDIE ¥
Aakgirke dolA] 2 2] o)z} YTk w, BE pDDIg ehgol 4o s olojAli Ao] ohixm
2 pDDI} 47| okgolubgel gl k] ABAlol tjat 371 A7/l Dash wa, A7ARE o
g0 tigol BB Tl APE 4 rke Fo) AUA, AA F7H oFAI7} Fok sl Als)
Eoko] AIZHA AT J/PZ]]— ;4—01'6]-7] o] th= Algd o] 9t} (Park 5, 2017; Hwang 5, 2017). & <
TE 53 AN A, AT, A% 2E 7lol=gel (Barr 5, 2013; Devlin 5, 2018)0f =34
SEAe T A TBAE £ en e R pDDI stete] 7hs e Shelsel, o
S Ett od 717 AA FEE st SR 2AdgAEolA B THsE el ik @]é
£ £80) @ 5 98 Zolth. daHozE BAuiT the Ff ke WUdA AR S0l
S a1 7100 pDPIE o1 sharme, S A S e T ATE EAote ol UL
2 H43k5p7) Aol sk Ao) AR IAG,

—HirEOHﬂrEmQrﬂngﬂﬂrlmoi

oo;OQL'
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Appendix

Table A.1 Definition of severity and level of documentation of drug-drug interactions based on Micromedex

Definition
Grade of severity
Contraindicated the drugs are contraindicated for concurrent use
Major the interaction may be life-threatening and/or require medical

intervention to minimize or prevent serious adverse effect
Moderate the interaction may result in an exacerbation of the patient’s
condition and/or require an alteration in therapy
Minor the interaction would have limited clinical effects. Manifestations
may include an increase in the frequency or severity of side
effects but generally would not require a major alteration in

therapy
Level of documentation
Excellent controlled studies have clearly established the existence of the
interaction
Good documentation strongly suggests the interactions exists, but

well-controlled studies are lacking

Fair available documentation is poor, but pharmacologic considerations
lead clinicians to suspect the interaction exists; or, documentation
is good for a pharmacologically similar drug

Unknown unknown
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Abstract

A drug-drug interaction occurs when two or more drugs interact with each other;
this can clinically result in adverse drug events with changes in drug effects. This study
aimed to analyze prevalence of polypharmacy and potential drug-drug interactions
(pDDI) with opioid analgesics in geriatric patients in the intensive care unit using
claims data. We used the aged patients’ sample for 2016 and Micromedex as the drug
information database in this analysis. Among 1,327,455 patients, we selected 20,050
patients who were prescribed opioids in the intensive care unit. Mean age was 76.4
years and median ICU stay was 3 days. Among the 20,050 patients, prevalence of co-
prescription was 91.1%; median number of drugs prescribed per patient was 3 (range,
0-25). The prevalence of pDDI between opioids and other drugs was 54.3%. Multiple
logistic regression showed that pDDI was related to surgery, number of drugs prescribed,

age, and admission through emergency room.

Keywords: Aged, drug-drug interactions, intensive care unit, logistic regression model,
opioid analgesics.
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