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Hyperarousal:
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(Goosby 2013)
FQ 22 X0H(Major Depressive Disorder) X7 |&

)=y Alakek gl o A 7§73 DSM-5 Xd 7]+
A. 5714 o]} 23 A&, Aok sht= (1) =71
or (2) Zu|/EA34
< 1. oFF F i 1Al A9

EERESE
92712
L2.A9 Y, BT F RRE, Fut EAS
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Anterior insula, prefrontal cortex, anterior cin-
gulate cortex, & thalamus (Meerwijk et al.,
2013)
Amygdala and hippocampus (Giesecke et al.,
2005)

L 98%, B33 39 anE AR HLRY

Serotonin, norepinephrine, glutamate, and
GABA (Goesline et al., 2013)

Role of neuroinflammation (Panagiotis et al.,
2017)

7 55l A neuroinflammation< sensory
neuron®| damage®] 21}
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Sedating antipsychotics
Anticonvulsants (3o = a7}

Aol A E5] AFEE= A B A 8- oF Gabapentin, pregabalin
=]
E o T
Benzodiazepine Anticonvulsants for sleep
Nonbenzodiazepine (Z drug)
Prolonged release melatonin (circadin) - Gabapentin} pregabalin: 7-224 ©.2 GABAS} -F-AF
Sedating antidepressants - Alpha2-delta subunit of N-type voltage-gated
TCA (5359l= &3}, mirtazapine, trazodone calcium channels®l] -8, glutamate®} norepi-
Medications used for insomnia in Korea (1)
Medication Indication . Dosage for TMAX (h)  T1/2(h) Frequent side effects
insomnia (mg)
Benzodiazepine receptor agonists
(Non-benzodiazepine)
Zolpidem Insomnia 5 (ager65 yrs) 1.6 25 GE U, #UES, antero-
5-10 (age<65 yrs) grade amnesia, =2 2 0|4
Zolpidem extended release  Insomnia 6.250r 125 15 2.8 ds
Eszopiclone Insomnia -3 1 6
P 1-2 (agey65 yrs)
Benzodiazepine receptor agonists
(Benzodiazepine)
Lorazepam Anxiety 0.5-2 0.7-1 10-20
Clonazepam Anxiety, seizure, panic  0.25—1 1-2.5 20-40 SIE HE FUES, 2SEE,
anterograde amnesia, =zt
Triazolam Insomnia 0.125-0.25 1-2 2-6 2 0|AISlE, 55H|
Flurazepam(Z0ts) Insomnia 15-30 1.5-45  48-120
) Insomnia, anxiety, 0.5—1.5(age)65yrs) 3
Etizolam Zaem 0.5-3 (age(65 yre) 0.5-2 6.2
Medications used for insomnia in Korea (2)
Medication Indication Dosage for TMAX()  T1/2(h) Frequent side effects
Insomnia (mg)
Melatonin prolonged release  Insomnia (maintenance) 2 0.75 35-4 UEZ
Sedating antidepressants
Doxepin Insomnia, depression 3-6 1.5-6 10-50 FUES S
. FUES, 7 [HENEY,
Trazodone Depression 25-100 1-2 5-9 X271 (1/6000)
Mirtazapine Depression 7.5-30 0.25-2  20-40 RUEZAMEEILTE
Amitriptyline Depression 10-50 10-50 10-50 FUES, T4, H|
Sedating antipsychotics
Quetiapine Schizophrenia, bipolar disorder 25-200 1-2 7 FIES AMRZET| T[RRI
Olanzapine Schizophrenia, bipolar disorder 2.5-20 4-6  20-54 OV TE FARRASY

86



4&Z: Common Comorbidities of Chronic Pain Patients, Depression & Insomnia

nephrine?] 2| &4

- I oF B% geizure?} A7

- %9I8ke indication§!
seizure)o| = ALY EHFOlA eE 4 itk

- wHE, SHAES T, I AARA T, =
J7gofof

- F7HA ofA| B dAd EHSl dieiA = ookt
H| ek SA S Atoll Al B3t 95 x

- SHAlECESOlU YA E N7 Sl wHE
of| Al §-&5tA AHEE S AUt (Foix)

ol
ox
of
olN
=2
S
=
ol
ro,

Opioid
A7 AREE BAEA] o o T A
FES, el 57}
SHel AL oo}, FURTES ot

Psychosocial intervention for insomnia

- Cognitive behavior therapy for insomnia (CBT-1)
Sleep hygiene education
Wik 5], 1A 7N, A9/ 5
A
Stimulus control: ZFo] 9™ A& 7}17]
Sleep restriction: A A= A7
o171
Relaxation: ©|¢ 8 W, 55, L8014 EdH
Cognitive therapy: 9, 7o tigt of=tH Al
Tk

CBT-PI (CBT for insomnia and pain)

- 6 3]7] 9084 (Pigeon et al., 2012; Castel et al.,
2012)

- CBT-P
Pain education, physical activation, goal setting,
relaxation
activity pacing, guided imagery, cognitive re-
structuring

- CBT-PI
CBT-P +
Sleep hygiene education, daily sleep monitoring
stimulus control, sleep restriction

CBT-I, CBT-P Bt} £2WZ 74| &34 (Pigeon
et al., 2012; Vitiello et al., 2013)

Self directed approaches (PPM) for depression

- Natural lighting

- Increasing activity levels

- Physical exercise (aerobic exercise)

- Avoid chemical depressants such as alcohol

- Wellness toolbox (57 & & U= B HAE)

Hobby

Positive people to talk with
Favorite movies, books, or shows
Resources for emergencies
Guided imagery

2230| ofgx|2

. 3ro.97

o =

SSRI: escitalopram, fluoxetine, sertraline, par-
oxetine

SNRI: duloxetine, milnacipran, venlafaxine,
desvenlafaxine

TCA: amitriptyline, imipramine, clomipramine
Mirtazapine, bupropion, vortioxetine, agomela-
tine, trazodone

92 A 2-4F o)A Aok Uektht 5o

et A= o] Ko W= yehd
SSRI for depression with pain
- Fluoxetine

Low back pain¥ whiplash-associated cervical
pain €8} (Schreiber et al., 2001)

Improve the overall quality of chronic pain (Ci-
aramella et al., 2000)

- Citalopram

Moderate analgesic effect in patients with pain
(Aragona et al., 2005)

- Fluvoxamine

Control of central post-stroke pain (Shimodo-
zono et al., 2002)
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- Sertraline

Improvement in men with chronic pelvic pain
syndrome (Lee et al., 2005)

SNRI for depression with pain

- Duloxetine

Effect on Neuropathic pain such as diabetic
neuropathy and chronic musculoskeletal pain
(Hossain et al., 2016; Smith et al., 2012)

Also indicated in fibromyalgia & osteoarthritis

- Venlafaxine

Effect on the modulation of spinal nociceptive
transmission

Change in balance between descending inhibi-
tion and descending facilitation (Lelic et al.,
2016)

- Milnacipran

Fibromyalgia

Other antidepressants

- TCA

Cancer pain, fibromyalgia, central neuropathic
pain, and peripheral neuropathic painef &3}
(Magni et al., 1987; Kreisberg, 1988; Godfrey
1996; Panerai et al., 1990; Liu et al., 2014)

- Mirtazapine Increase the pain tolerance in

healthy people (Arnold et al., 2008)

- Trazodone

88

Efficacious to amitriptyline to cancer pain and
fibromyalgia (Ventafridda et al., 1987; Calandre
etal., 2011)

- A=

Brain activation is more related to the intensity
of expected pain than to the real intensity of
the noxious stimuli (Torta et al., 2010)

Cognitive behavioral therapy

Benefit for depression and chronic pain (Karlin
et al., 2012; Gould et al., 2012)

554 Techniques: learning to pace activities,
reinforcement of adaptive responses, reframing
cognitive responses, learning coping, and prob-
lem-solving skills, and relaxation techniques
(Williams et al., 2012; Butler et al., 2006)
Acceptance and commitment therapy

Kerns et al., 2011; McCracken et al., 1998

- Acupuncture: adjunctive approach (MacPherson

et al., 2017)

- Hypnotherapy, physical exercise, relaxation

techniques =<2 +%
Elkims et al., 2007; Brosse et al., 2002
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Drug Induced Hepatic & Renal Problems

=g
Ht
Learning Objectives

1. A% 715 d|4] A, Serum creatinines ©]-&35t 3
7F R SAE A T

2. NSAIDs £ A] F4 Al&=AHacute kidney injury)
o AEA8S P

3. 55 A= AR 2 7 &S 8T 5 2= ¢
At

4. o] Al &4 7142 oFE FolF T §l= 1Y
Hh-S-(idiosyncratic reaction)®] 9% &7| wfjZof,
oFs Fol A YastA ZlsfoF gt

5. ThE A= B8 FoA= Qlof d7]4] 3t 728
o HMS 4= Qla= A AAIY T

T WA= 4l

1. Drug-induced kidney injury

(1) Introduction - definition of acute kidney injury
(AKID)

SERIC
Ytk odkA

=2 v

Drug-induced kidney injurys= F& &
£AHkidney injury)S 9gt

2 29

© & acute kidney injury (AKD<] definition$} staging
2 KDIGO®] acute kidney injury guideline w27
Hyrh

Table 2 | Staging of AKI

1) Increase in serum creatinine >0.3 mg/dL with-
in 48 hours; or

2) Increase in serum creatinine >1.5 times base-
line, which is known or presumed to have oc-
curred within the prior 7 days; or

3) urine volume <0.5 mg/kg/h for 6 hours

2t 79 AW (urine vol-
5o A ol & F=s| 3
HF serum creatinine
A &2 A7) (renal function)S H7FsH Eytt. kATt
ol A =R AKIS] HOf= 48A17F o]y (48A]%F o]
0. Smg/dL o9l ) &2 1740FY ol 1.54] ©]

Aholek= Al7te] allA Qlssuth drb el of=f ARt
of Al o] 4 I F7|oh= Aol 7} A5y T
AKI ek 7]20] o] g7 HEol A o]f+=, £9] stage

= 4ol
27of wrdste] 2]
A 915

1014 48A17F o]} 0.3 mg/dL ©]A+e] Aol
7F A8 ol 7Fe AKTE

o 25 B AAE A 52

Ut AKIoll= 5988 A 57k ¢lar, 9l WaA W

alo] 271291 414 &4 (renal msult) TA o= 740]
Sash7] gyt o] Ak 7122 QoA &85l
o= ARt o] Bs] Wsuth 59| ediolA 2~371¢Y

Stage

Serum creatinine

Urine output

1

1.5-1.9 times baseline
OR
203 mg/dl (=26.5 umol/l) increase

2.0-2.9 times baseline

3.0 times baseline
OR

Increase in serum creatinine to =4.0 mg/dl (= 353.6 pmol/l)

OR
Initiation of renal replacement therapy

<0.5 ml/kg/h for 6-12 hours

<05 ml/kg/h for =12 hours

<0.3 ml/kg/h for =24 hours
OR
Anuria for =12 hours

OR, In patients <18 years, decrease in eGFR to <35ml/min per 1.73 m?

{Kidney International Supplements (2012) 2, 1-138 )
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A f/u = A9 o]w AL Q| creatinine Aol 5-2]0]
S A QIA] ofA] A7) Bt Ay o

AA el A mhEA = = o E5Uth

584 o3z} g4}, 1513 ] DM, HTN #4712 (+), ARB A
Al (valsartan 160mg), lasix 0.5T 2§ % 3719 A 2
A JEB W} labA creatinine 0.9 mg/dL, eGFR
(CKD-EPI equation) 71 ml/min per 1.73 m’.

OAR QIgt F-5 §Fo] %lof celecoxib 200 mg bid=
E2-835}H %, general weakness BHAsHe] 354 W

a4 lab 4 creatinine 2.58 mg/dL, potassium 6.6
mEq/L

o] A= AF A ¢l AKI caseJUth. T35+ NSAIDs &
oz Qlgt AKI?Q‘/}E}. T WJ}E}_L o]—E‘]E}-E_ 7] 11 A7

ﬂ%ﬁﬂ SIS A7 Banch of 2ol
H A 7V A, oA Sl Tefdlet oz A

A71sol=k F-SljlAlell disf oJokr] shlssy T
o] U5 Tt 7P gEF AL oy B
AeFE(filtration) ol A 8. R H O R =

T

o o
Mo rlo rx

o

Efferent
arteriole

RPF Afferent
arteriole

(625 ml/min)

Glomerular
capillaries

Bowman's
capsule

GFR
(125 mi/min)

REAB

(124 ml/min) Peritubular

capillaries

Renal
vein

Urinary excretion
(1 ml/min)

Amount filtered = Amount excreted

AFEA A Dojuhr] wjiof|, glomerular filtration rate
(GFR)°]2}al gy th, GFRS &3 51= W 9f creat-
inines &9l 41715 B7ISt=A] Yot a5 sHalsY
=

Glomerular filtration rate & 1t 2, glomerulus
(AFEAD) A filtration (0] 2P E= rateS L), w2
off GFR& o171 oAz, ZF AtAloll Al dojub= At
T4 o T-&-(single nephron GFR)< t} &sfiof gt
shube] A4S oF 10097 2] AFEAI= o] o] A ikl
oA o], AARE E7Fs Yt Al Ao s
2+ 2l clearances GFRE] surrogate marker=
Asl7] AlAsFAAL, i34 © & inulin clearance”} Q4

=
=

Py
H

iﬁb“ﬁ*ﬁ
140 bl abial

g 588
£ 100
£
& 80
O 60 Actual GFR

40

20

0 Normal sCr domain
100 50 0
Total renal mass (%)
{Nephron Clin Pract 2014;127:94 )
Pinuin = 1 mg/ml

GFR x Pinyiin = Ujnuiin % \%

Uinutin % V
GFR = inulin %

pmulln

GFR = 125 ml/min

4
Y

Uinuiin = 125 mg/ml
V =1 ml/min

{ Guytong and Hall, 13" )
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t}. Z Lo+ iothalamate ('), ”"TC-DTPA 53} 2
WA FoJYU4E 085t GFRE A4 S458taL o]
measured GFR (mGFR)o|2tal gt B 927t
-3 eGFR estimated GFR& &alw, CKD-EPI
Alolahs A4S Bofl 4% AYyth o™ Serum
creatinine¥ o5 5o 3t eGFR2 AHAAL A17]%
(GFR)®] surrogate marker® #¢juc},

U
o
=
=
=

S~

(3) Normal eGFR = normal renal function?
Case®] SHAF& Hole} A H o] 8112 creatinine

level#} eGFRE Ao & RAYch, sHAE, 9o A A
BH%ol creatinine GFRE 40| UetfiA] 53t

Afferent
arteriole

pressure

Net filtration Glomerulgr

pressure — hydrostatic _
pressure

(10 mm Hg) P o o)

Glomerular Glomerular
hydrostatic colloid osmotic

(60 mm Hg) (32 mm Hg)

Bowman's
capsule
pressure

(18 mm Hg)

F7H o= dlEdljoF & Ao] S5yt A
1 9= glomerulus? ALYk $oflA
GFRolgH= A2 single nephron stuste] GFRS &
31 Aolgt sk yth
% nephron 47} 50~602 & JEE HAshA] o=

TA 23 Yt} - 7} 40~50%2 HBIAA] ¢k oAb,
creatinine levelo] Z7Fo}A] ¢r=ttal ABZIgH . o] ¢
2] 7L 714 A17]%0] creatinine 0.9 mg/dL, eGFR
71 ml/min per 1.73 m’2 A4 & AZE, 1599
HTN, DM®| ¥AE, Z12]al vo7} oju] 584181 4 5=
u]go], o]u] 40~5032ZF 7}7+9] kidney fibrosis7} 213

Efferent
arteriole

pressure

Bowman's Glomerular
capsule oncotic
pressure pressure
(18 mm Hg) (32 mm Hg)

{ Guytong and Hall, 13" )

Normal perfusion pressure

Arteriolar resistances

Afferent
arteriole

Efferent
arteriole

Glomerulus

Tubule

A Normal GFR

Decreased perfusion pressure

Increased
vasodilatory Increased
prostaglandins angiotensin Il

B Normal GFR maintained
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H S 7ol AU 1% 7] 2ol fA4 AKIF &
S efet Aol Hyrt, o] &gt Ae=, YR}l labora-
tory test= &7|7F oJF G YT} E3L creatinineo] 22
A= GAATE, A% go] EAst= 4 $-(subclinical
AKDeof| il 2 @2 IS 7]&0]al F Y

(4) The effect of other drugs

GFRZ fA5l= 912, glomerulus® S90] 2= affer-
ent arterioled} W7}= efferent arteriole Afo]o] BAY o}
+ pressure gradientd YT}, ©]& net filtration pres-
surezkal 3ttt normal glomerular perfusion= -4
5}7] o]#]& |, afferent arteriole prostaglandin®]
9J3] vasodilation®], efferent arteriole< angiotensin
1191 ]38l vasoconstriction®] HuUt}.

NSAIDs+= 32 ¢l 454 oF=dyth. NSAIDs+=
prostaglandin g&/d-& HA5t] afferent arterioles
vasoconstriction A¥JYtt. ARB/ACEIS} 2 SFaes
angiotensin 1I& 9 A|5l3L, efferent arterioleE vaso-
dilatation AU}, o] et 282 A17%9] autoregula-
tion& Wliotal, GFRO| #HasH gyt 1% 7] o
o, NSAIDs®} ARB/ACEL %8 Foli= AKI7} 2 Ao}
A Y.

Case®] 2HAt= ARB AIAIE Zo] E8& TdUth d&
o NSAIDsE o] Al, AKI Y|@4o] S7kytt. o] ¢
of, Thl 7} Wb d #] serum albumin levele] Wrld
A, DM 5 55 919 A&yt wfjZof A% 7]-5©]
/dolet st ek, ol 2gt FRE Ag o] BE gelsto]

Decreased perfusion pressure in the presence of NSAIDs

vasodilatory
prostaglandins

angiotensin |l

vasodilatory
prostaglandins

st Aol Za gyt
(5) Pathogenesis of drug-induced kidney injury

J9thd ofdl b0 Al NSAIDsE #15] Fofd 4
=712 18 A= U o] 2|3k NSAIDs 9| 4l=4]
(renal toxicity)= dose-dependent@tyth. wj&of oF
Aol &5FS Aot AR 717HS Hadtehs S
ARgsto] AKTE oS 4= A5yt &8 dose-in-

dependent 3F renal toxicity® 54T}

A o] gt A 7| A A direct / indirect® &
o & JASFUT ol e B W2 %3 hepatic
toxicityo | A = AR-EHYT}. Direct injury+ dose-de-
pendentstH, S5 Ao E AAHE 4 ¢, ofe|t
= O R oS 7het A97 Byt qRAow
NSAIDsY aminoglycosides, vancomycin, colistin &
I e A o] SFY (oF 2] EolA type A
reaction®]Ztalle 7|&E QAL oFE Folds S0l A

ol o &7t AFYHh.

Indirect injury+ idiosyncratico|2tilx E2]9-0,
dose-independent, 95 E7Fss FA-8- YUY, type
B reaction®]2tal = k3L, direct injury®.th Alo| A7} A
SUTeE AE BA GO IEEA] 4l oFE F
& 4 F 5 US| = 8k immune response W H

:_'6___
o s dHA sy

Decreased perfusion pressure in the presence of ACE-| or ARB

Decreased
angiotensin I

92

D Low GFR



HrAM: Drug Induced Hepatic & Renal Problems

Table 2 |Drug toxicity mechanism and timing for AKI and glomerular phenotypes

AKI Glomerular

Drug Time course Genetic mechanism
Type A Type B Type A Type B

Abacavir X Acute HLA

Aminoglycosides X Acute/SA Megalin/cathepsins/caspases

Amoxicillin X SA HLA

Ampicillin X SA HLA

Amphotericin X Acute/SA

Bevacizumab X SA VEGF

Cefazolin X SA HLA

Ceftazidime X SA HLA

Cidofovir X Acute OAT

Ciprofloxacin X SA HLA

Colistin X SA ocT

Cyclosporine X X Acute/SA CYP 3A/PGP

Foscarnet X Acute/SA

Hydralazine X SA/chronic HLA

Levofloxacin X SA HLA

Lithium X SA/chronic VA receptors

Nafcillin X SA HLA

NSAIDs X X Acute/SA HLA

Oxacillin X SA HLA

Pamidronate X X SA

Penicillin X SA HLA

Piperacillin/tazobactam X Acute/SA HLA

Propylthiouracil X SA/chronic HLA

Rifampin X X SA HLA

SMX/TMP X Acute/SA HLA

Tacrolimus X X Acute/SA CYP 3A

Vancomycin X X Acute/SA Oxidative stress, HLA

Abbreviations: Acute, within 7 days of drug initiation; chronic, injury persisting beyond 90 days; CYP, cytochrome P450; HLA, human leukocyte antigen; NSAIDs, nonsteroidal
anti-inflammatory drugs; OAT, organic anion transporter; PGP, p-glycoprotein; SA, subacute, occurs within 4 weeks of drug exposure and may take up to 90 days to resolve;

type A, dose-dependent toxicity; type B, idiosyncratic.

{Kindey International (2015) 88, 226-234 )

(6) Treatment

30
rir
12
é
fr
fijo
S
2,
©
II._?l"
i
=)
g

irect injury (dose-de-
pendent, type A) & 7351, ‘%k%e 1 3 EETE 7
e & 4= Q)& UT) AT, BE o4 EL indirect in-
jury (i.e., idiosyncratic or type B) &4+ 7] & o] 7155}
a1, oFE Fol7t LA H AU 2 IHgFo] Fo{E S
7§—r, intrinsic AKI=Z Z8e &= Gyt oA H$-
S| Y, A 2AHARE Aldcts 9% U5
o}, AR 22 AAFA] acute interstitial nephritis (
2 acute tubulo-intestinal nephritis)so] 470 K
73%-¢ll, steroidE AH&al&E 4= l5 YTt

A e AZE A= ] lof, E4o] WAst=
AIZ7F ol 1A o wheh Lttt T2 ¢l(neph-
ron)= AHEA (glomerulus), Al (tubule), 7H4 (in-
terstitium) 2.2 FE3Uth Tubule} interstitium-=
7ol Q7Fet= 73—?—7} Yol glomerulus®] £4+214] tu-
bule(+interstitium)e] SARIAIE FHEsHA Ut ¢
O] oA AKI= & tubuleS 9JU|s}H, glomerular+

AEA] - glomerulus®] 42 oJu|tHt, o] & phe-
notype< clinical manifestation®] 27t thigytt. ol &
Eo] A O T, NSAIDs®| % AKI Fe|= vebdy
t} (Z, tubular injury). ARB/ACEI A|A| & o] A (thi-
azide, furosemide) 5% 98 JAJY T}, E3F aldac-
tone?} &2 potassium sparing agent2] 7Z-$-, NSAIDs
9} Zro] AH&- A] hyperkalemiaZ sl 44Ut
< @ofO & SGLT2 inhibitor 7} ARE-== RIE7} &
7Fstal Ql=dl, o] A E3F AKIE & f+dst= 208
A A qlo] F=o7F d /vt

Dose dependent ¢+ A% ¢ %, idiosyncraticst 73
0] dHUt oA AL 2AHAF AL acute in-
terstitial nephritis (22 acute tubulo-interstitiali ne-
phritis) FE|= UetA Ut A9 tiFE9] o=l
ol24 WA hs g tht, it E3t oFA| 2= o]
FGAYA (penicillin A, cephalosporin 7, ciprofloxacin
Al &), NSAIDsA| (aceclofenac, diclofenac, naproxen
), carbamazepine, phenytoins-2| @74 A, proton
pump inhibitor (PPD) F°] ¥eA U5HT

FL‘-L r_?ﬂ
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H 71t etESste| statlsl

old 1nd1osyncrat1c reacction®] ¢ 2% acutedt
74 Hrh= subacute (%2 chronic)?l 471 ¥

t}. Rash, fever, eosinophilia 5°] S5 E F$EL

W71 sk, gl A9 Byt wiZell drug history
£ AAl5] wkotstar, o4 sk Ao 7HE S8 gty of
A9 Agol] HEE" Zi‘i‘“ﬂ ol & E7Hs5H7] wel,
SHAA] o] 3t I F/do]

= FUSZ43
—- =
WAPELA] b %}010} Aol F Rk

1o 1

Development
qualifying /-\ .

7 \ Severity
criteria \ threshold
‘Drug exgiosire Recovery
I pad \ threshold

I Drug exposure >

Acute Subacute Chronic
1-7 days 8-90 days > 90 days

{ Kindey International (2015) 88, 226-234 )

2. Drug-induced liver injury

(1) Introduction - definition of drug-induced liver
injury

Expert panel opiniono.& o} ¢} Zo] A ol5t%5Y

o

1) alanine transferase (ALT) <=7} upper limit of
normal (ULN)9] 58} o] 57t

2) alkaline phosphatase (ALP) <=*|7} ULN<] 21} o]
A 571 (B0 g-GTP 44| 4 A

3) ALT =27} 38f o4 57+ 2, bilirubin <=7} 4
7&e] 2u) o} 57t
{ Clin Pharmacol Ther 2011;89(6):806-15 »

Ao Al F ot o4 WET g2 GO EH =T
(level of evidence 2b), ¥yt& ol AJ7tH E‘r ULN9] 5uf
2= A A7 F FEol o8& 4 AdHYrt ULNS
SufEbd, 200 TU/L A= YY) Ztofl= 71%1011 fatty
liverZ %‘ﬂo}— AEo] gt By, 100 == <kt
7kt @atEo] YA WHyrh. E3h AT QMI o

& o
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S =St liver enzyme A5l tis A% retrospec-
tive study gl A 54l glo] ALT7} ULN2| 5Hf o]5te]
A= FAlE A E0lA] gote tfFat o 57} a3

7] f gyt ofelgt oA Fo] & LFT7} A<sste 2t
T, AR AR 7§-°r‘§ “adaptation”o|2h= 7 o
2 A™slA|ut, o}& S 7| M T A A= ok Ab

o o

oyt Q& 7ke] 2o 15 A& 5= Q7] w&oll, AST/

ALT7} 3~4¥) BLe 571 %, vle] mtofsto] 2o
AZE oFmol SIAl= (Al B fHE st Aol T8
A dEUch 9] 23oF 52 YA T & 2T o
i 257 55 £28& SI%t A E Foisit LFTVG
5T 4, oFE dose® FolaL 4 W oh= Ao] &
A Aoz Azgdych

oFE o] & AST/ALTSO] A5 l, 74 UA ¢
ofgh ok ARg-of it historyE EHlsk= AUyt &

3 Hzole oA o8t B A% 1& 4% el o
drug-induced liver injury= A*} &7}skal, polyphar-
macy®] H5 %= S7Fskal 7] Hﬂ—roﬂ off gt history
£ shoraks Zlo] Fast g

N
Nof
ol
_H

(2) Pathogenesis of drug-induced liver injury

Unchanged ﬁ Acetaminophen

i \ g
3

Glucuronide conjugate

0 OH

/‘j'\./ e

Acetylcysteine Gl Reactive
restores glutathione metabolite
(NAPQI)
HN— C —CH,

({NEJM 2008;359:285-92 >

Cytochrome
P450 2E1

Drug-induced liver injury®] 7] A% A% &A1) 7]
A3 vls5HA|, A 27k 2 W = 5yt Direct
liver injury+ dose-dependent, predictables}™,
pharmacologic evidences 7FA 1L Qi F& EE oA
XHT@%] T AFUTH 2 s AHA o o &4 Bt
=, oFZo] 7ol A djAtE & AAH toxic metabolited]
940}04 o] WS HuUth HEH 0= acetamin-
ophen intoxication®] 1721554t} acetaminophen
g EoJA] liverol A cytochrome P4500] 2J5}o]
N-acteyl-p-benzoquinone imine (NAPQI)©o]2}=
toxic metabolites® WA} EH, o]+ glutathione]l



HrAM: Drug Induced Hepatic & Renal Problems

Table 1. Drug-Induced Liver Injury According to Type.*
Variable Direct Hepatotoxicity Idiosyncratic Hepatotoxicity Indirect Hepatotoxicity
Frequency Common Rare Intermediate
Dose-related Yes No No
Predictable Yes No Partially
Reproducible in animal Yes No Not usually
models
Latency (time to onset) Typically rapid (days) Variable (days to years) Delayed (months)
Phenotypes Acute hepatic necrosis, serum Acute hepatocellular hepatitis, Acute hepatitis, immune-mediated
enzyme elevations, sinusoidal mixed or cholestatic hepatitis, hepatitis, fatty liver, chronic
obstruction, acute fatty liver, bland cholestasis, chronic hepatitis
nodular regeneration hepatitis
Most commonly impli-  High doses of acetaminophen, Amoxicillin—clavulanate, cephalo-  Antineoplastic agents, glucocorticoids,
cated agents niacin, aspirin, cocaine, IV sporins, isoniazid, nitrofuran- monoclonal antibodies (against tumor
amiodarone, IV methotrexate, toin, minocycline, fluoroquino- necrosis factor, CD20, checkpoint
cancer chemotherapy lones, macrolide antibiotics proteins), protein kinase inhibitors
Cause Intrinsic hepatotoxicity when Idiosyncratic metabolic orimmu-  Indirect action of agent on liver or
agent given in high doses nologic reaction immune system

{NEJM 2019;381:264-73 )

9l5}e] non-toxic metabolite® AFE YT} ©]&= ac- Ao Ao deA Gy Il o] U oF &
etaminophen intoxication®] 4l N-acetylcysteine= %] o, duloxetineo] ¢F7F ¥M1E 7} ot delA] 9l
54 5H 07 Abgol= A EUT Yt shA|ut, ol2fgt oFEo] AWk P4 Wl WE

o] £]o] idiosyncratic/indirec hepatotoxicity7} &4 of, Sl 7} ot 4= vhofl glsu ot wfZof o3t oF
sk, A% &4 rEOIA AigE A} vt 71 YY) ol Y otrtar Q1Al5t7] B, Wol Aol ofoltt
ok A AlGY A N =5yt B 24 HU B3 QlE7F & 4 ghof gltkal ofsfisforzlssy
B2 07 AMREL= ok 2o diclofenac, carbamaz- o}, 3R] EAE Sash QxR Agsh=r|, e 11
epine, phenytoin®] 79~ A7} Ko} 2= gty o}, 2 2O A7F Wrpal g A 9lar, FTofli= HLAS #d
ol U2 e oFE9] A9 olegt FAg9 HIETt o A4 Aelo] el Al Q5.
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0|Z=3l: Gl Trouble during Medication

Aol A ofAl] Fof 125 - ALY EC] celecoxib
ol Al 9%= naproxent-2] 41%°l B]5Fo] 51Tt
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