1990

600mg Theophylline
Erythromycin 400mg qid for 10 days
Theophylline  Erythromycin

- Theophylline

1990 Omnibus

Reconciliation of Act OBRA



Schmader, 1994
Polypharmacy

Jankle & Fitterman, 1993

Therapeutic

index TI Digoxin  Warfain Theophylline

Holford & Tett, 1997

Digoxin

Digoxin



Congestive heart failure CHF

aHoet d., 1993 90
20

New York Heart Association

NYHA 40-50 b-Ho et 4.,
1993

Reserve
capacity

1. Frank Starling mechanism

Filling pressure ( End- diastolic volume EDV
| solated papillary muscle strips
Strips

Frank —



Starling mechanism Stretching
Over—stretched

End—diastolic volume EDV

EDV
EDP End-diastolic pressure

Pulmonary wedge pressure PAWP

Deedwania & Carbgadl,

1999



Renin-Angiotensin

1
1. 3.
2.
4,
Paget
Natriuretic peptides, PGE, &
PGEI,, NO Packer, 1992
LV remodeling
( Douglas,
1999)

@




2 ©)) Necrosis

Apoptosis Figueredo et al., 1993
(1)
( Natriuretic peptides  Fetal contractile
proteins )
)
3

[ Epinephrine, Angiotensin 22, Endothelin, Transforming growth

factor TGF ] —



factor a ( TNFa)]

alterations in myocyte biology

!

[3 -receptor

!

myocardial changes

!

(Ghdi et dl., 1988)

Oncogene

a [Tumor necrosis

(Narula et d., 1996)

aterationsin LV geometry

!



Q) Pulmonary embolism

Pulmonary infarction

(2 Infection

3) Anemia

4) Thyrotoxicosis and pregnancy



5) Arrhythmias

a
Tachyarrhythmias b.
C.
d. Complete
atrioventricular block
(6) Rheumatic and other forms of

myocar ditis

@) | nfective endocar ditis



(8) Physical, dietary,

fluid, environmental, and emotional excesses

(9) Systemic hypertension

(120) Myocardial infarction

(1)

10



(2)

3

(4)

1



Renin — Angiotensin — Aldosterone system

(5)
Stroke volume

EDV

Dyspnea

Orthopnea



Frothy sputum

Gallop
Rde Poole-Wilson & Buller,
1988 2  Framingham 1971
Magor criteria
Minor criteria
1964
3
2
(Mgor criteria) ( Minor criteria)
1. 1.
2. 2.
3. 3.
4, 4.
B. 5.
6. S3 6.
7. 16 7. 120
8. 25
Q.

4.5

13




physical activity undue
fatigue palpitation dyspnea angina pectoris
: cardiac
insufficiency
A
B
C
D
E
1.

(Left ventricular gection fraction LVEF)
(Neurohumora factors) ( 4) NYHA

class |V 50 % 30%

Catecholamine (Atria natriureic peptide)

14



4

Functional Hemodynmic Arrhythmic Neur ohumoral
NYHA class S3gdlop VPB frequency PlasmaNE
MVO, Arterid pressure Lown class PRA
LVEDP, PAWP Nonsugtained VT Serum sodium
Cl PasmaAVP
Swi ANP
Exercise SWI
SVR
LVEF
RAP
RV Swi
PVR

RVEF

15



Digoxin
Digitalis glycosides 200
Digitdis
Whithering, 1941
Atria fibrillation; Af Digitalis glycosides

Whithering, 1941  Digitdis glycosides

Gheorghiade & Ferguson,
1991 Renin
Norepinephrine Baroreceptor
Ferguson et al., 1989

Digitds

Guyatt et al., 1988; Arnold et d., 1980
Digitalis glycosides Digoxin
Digitoxin Digitoxin
1000L 20

Steady dtate

Loading dose Digoxin t/2 36-48hr Vd

16



420L
Aronson,1983

clearance

Digoxin

Mooradian, 1988

35 %

Digoxin

Digoxin
Ejection fraction
et a., 1993
1.

Digoxin

Wier & Hess, 1984

34
Digitoxin Non — rena
Digoxin
Digitalis glycoside
/ / Digoxin
HYNA LVEF
Digoxin
Treadmill
Paker

Digoxin

17



( ) Digoxin

Digoxin Sodium pump

Na - K" ATPase

- Na' - Ca* exchange

Cacium pump
Peker, 1997
2.
1 Loading dose 10u gkg
Abernethy & Greenblatt, 1981
2 (Maintenance dose) = loading dosex % daily 10s5/100

Creatinine clearance (Ccr)
% Daily loss= 14 + Ccr/5
3.Digoxin

18



1 60 - 80 %

Hall & Doherty, 1971

Digoxin Huffman, 1976
80 % Ochset d., 1981
2 a 20-25%
b. Digoxin

Distribution volume Vd

Ewy et d., 1971
C. vd
vd Doherty & Perkins,
1966
d.
Digoxin  Vvd 50

% Chengeta., 1997 Andersoneta., 1976

3 16%  Digoxin
Digoxigenin bisdigitoxoside Digoxigenin  monodigito-
xoside glucuronicacid  sulfate

lisalo, 1977

19



4 a 57-80 % Digoxin
Digoxin
lisado, 1977
Dihydrodigoxin

Lindenbaum, 1981

b. Digoxin

Credtinine

C. 68 % 3-5%

Beerman et dl., 1972

(Therapeutic serum range)

1 Digoxin
Na'—K" ATPase 20 - 40
% Na'—K" ATPase
Digoxin
50 - 60 % Digoxin
2 0.8-20ng /ml



TDM  Therapeutic drug monitoring

5

Digoxin

TDM

Digoxin

Digoxin

Digoxin

Digoxin
Digoxin

Digoxin

Digoxin
Digoxin

Digoxin
Digoxin

Digoxin

21



6

Digoxin 6

Digoxin

Antacids, Cholestyramine, Cyclophosphamide, Kaolin-
pectin, Metoclopramide, Neomycin, Sulphasalazine,
Charcol

Antibiotics (by inhibiting gut flora), Propatheline
Clofibrate, Phenylbutazone, Warfarin, Sulfonamides,
Tolbutamide

Hydraazine, Levodopa, Nitroprusside

Quinidine, Spironolactone, Trimethoprine, Verapamil,
Diltiazem, Nifedipine,

Quinicine
Digoxin Propafenone, Nicardipine, Ibuprofen
( )
Digoxin
Digoxin Digoxin
Digoxin



Digoxin
Digoxin
Mortelmans, 1969

cardioconversion

ATPase Borron et a., 1997
Digoxin
Digoxin
omv
potentials
Digoxin

Haber, 1973

Digoxin

23

Na’
Surawics &
Electrical
Digoxin ~ Na'-K”
ca’
Akera & Brody, 1994

ca® Na K*

Oscillatory after

Purkinje

Purkinje
SA node

Smith &

Digoxin



Digoxin
Digoxin
Na'-K* ATPase M ahdyoon et

a., 1990

24



(A) (B)

Quinn &
Day, 1997
1. Phar macokinetic interactions

Q) Alteration of gastrointestinal absorption

pH Hansten, 1991
motility  Grieff & Rowbothan, 1994
Adsorption
Chdation
a Physical antagonism
Kaolin

Kaolin

25



Chemica antagonism

Quinolone
Quinolones
Chelating Quinolones
Quinolones
Quinolones Jones et al., 1997
pH Alteration of pH
Erythromycin
pH Erythromycin
Jones et al., 1997 Enteric-coated
tablets pH

Gugler

& Allgayer, 1990

Alteration of gastrointestinal motility

26



Anticholinergic drugs  Propantheline
Imipramine Metoclopramide
[mipramine Imamura et a.,
1991  Tricyclic antidepressants
Anticholinergic effect Dicoumarol
Pond et a., 1975

e. Alteration of complex transport system

llett, 1990 Penicillin
Tetracyclines Ethinylestradiol
Sheffidld, 1993
Penicillin Tetracyclines
Conjugase Folic acid
Megaoblastic anemia
2 Alteration of distribution and

concentration

(Active

27



receptor) . " (Storage Sites)

Free form

Sansom & Evans, 1995

—Tolbutamide
Dicumarol
Tolbutamide
Severe hypoglycemia
©)

transformation

Metabolites
Ribosome

endoplasmic reticulum

Breckenridge, 1981

28

—Dicumarol

Tolbutamide

Alteration of bio-

Smooth

Pak &



a Enzyme inducers

Drug metabolizing enzyme

Enzyme inducers

Phenobarbital  Pentobarbital Amobarbital  Secobarbital
Diphenylhydantoin  Meprobamate Chlorcyclizine Chlordane
Diddrin DDT Glutethimide Griseofulvin

b. Enzyme inhibitors

Enzyme inhibitors

Allopurinol
Bishydroxycoumarin Chlordiazepoxide Clofibrate Disulfiram
Furazolidone Malathion Parathion Pargyline Tranylcypromine

Alteration of excretion



Kosogloou & Vlasses, 1989

Furosemide Aspirin Sdicylate

Phar macodynamic inter actions

Aminoglycoside antibiotics  Ethacrynic acid

1 Receptor

a Potentiation

Digoxin
Loop diuretics Furosemide
Digoxin Digoxin Na'-K”

ATPase Quinn & Day, 1997



Sulfonylureas Pandit et 4.,

1993
Antagonism
Antagonism
Naloxone Morphine
Stellaet ., 1984
Neostigmine
Edrophonium Cholinesterase
Acetylcholine Tubocurarine,
Atracurium, Pancuronium Donati et a., 1989
Dose addition
B -
MAOIs

Crooks & Nies, 1978

31



a Supra-addition

Supra-addition

b Infra-addition

Infra-addition

Sulfonylurea
Thiazide
Pandit et al., 1993
Antibiotics
antagonism
Bacteriostatic antibiotics
Bactericidal antibiotics
Penicillin  Streptomycin  Bacitracin
Aminoglycoside Polymyxins Chloram-

phenicol Tetracyclines Erythromycin  Sulfonamides

32



Guanethidine Uptake
Tricyclic antidepressants TCAs

Crooks & Nies, 1978

Digitalis glycosides

Steiness & Olesen, 1976



3000 4000 meq

110-150
meq /|

150meq /| Leeand Fozzard, 1975

v
Acetazdamide ACE inhibitors
Amphotericine B -
B -agonists Cyclosporine
Cigplatin Digitdis
Corticosteriods
Insulin with glucose Heparin
Penidllins, K penidillins
Piperacicillin,

Ticadllin NSAIDs
Thiazide and loop diuretics Pentamidine
Succinylchaline




1 - -
2 ECF
A
° pH B
Insulin B 2
B2 C
A
3 - B
4
sdt-wasting nephropathy
polyuria RTA
5 E
6
Na'-K" pump ATP 3 Na




Poole — Wilson, 1984

Nernst equation
3.0meq /| -86 mV
100 meq / | 101 meq / |
-86.2 mV

Poole — Wilson, 1984

Nernst equation
Background inward sodium current
1979

Automaticity Diastolic depolarization

Vasdle, 1965

One way block

Re-entry ventricular tachycardia

4.0 meq / |
-4 mvV

-86 mV

Noble,

Langer



and Brandy, 1966

2. Fisch, 1994
1 T ST U ORS
a 25-35meq/ | U ST
b. 15-25meq/| T U
C. 15meq/| T U
QRS
2 T ST P QRS
T
a 55-6.5meq/| T
b. 6.0-70meq/l T Tent
type P-R
C. 7.0-8.0meq/ | T ST
QRS
d. 80meq/| QRS T
P

Sin wave pattern

37



Tannen, 1991

Renin

Aldosterone



Insulin

110~ 120 meq / |
3~14%

Baroreceptor

Crania N.

Glucagon



Jankle & Speedi, 1990

1976

4~5%

Strom, 1994 Mok

22 % 19 %

5~10 %

Karch & Lasagna, 1975

1992

1991

Tinawi Alguire

37 %

23 %

17 %

Anonymous



1972 9 Mills, 1993

4% 16 ~ 20

54% May, 1977

Schneider 1992 463
143 31%

97 21 % 107

(Multiple chronic conditions)
(Multiple medicetions)
(Femde s=x)

(Previous adverse drug reaction)
(Very young or old age)
(Obesity)

(Dehydration)
(Hypoproteinemia)
(Hypotension)
(Postresuscitation)
(Congestive heart failure)
(Liver dysfunction)

(Slow acetylators phenotype)
(Rend dysfunction)
(Hypothyroidism)
(Hypothermia)

a4



OTC Over-the-counter

Beyth & Shorr, 1999

The Boston Collaborative Drug

Survelllance Program, 1992 83,000 3,600
(4.3 %) 22 %
6.9 %
1991 20 %
8% Leape
et al., 1991 Mok 1991 150
8 % 99
% 21.2%

Grymonpre et a., 1988

(Guwitz & Avorn, 1991)

42



Smith et d.,1996  Davidsen 1988

271 %

Ostrom, 1985

Classen 1997

Morbidity Mortality



Digoxin
wasting diuretics

(Gilman et al., 1990)

3-21% Smith
Hurwitz Wade 1969 144
24 % Digoxin
Digoxin 9
25 19

Tawakkol et d., 1967

Digoxin
Digoxin
K* K*
Digoxin
Digoxin  Na'
Digoxin
5.0 meg/l

Patassum-

Loop diuretics, Thiazide diuretics

8-35%

Haber, 1973 Gerbino, 1973

Digoxin
53
Soffer 1961
75 %

40 %

Digoxin



Digoxin

Smith et al., 1984 K*
Digoxin K*
Sampson et al., 1943
Digoxin AV node
Purkinje ca”
K*
Sinus K* Na Digoxin
Na'-K*ATPase K*
Digoxin
3.5-5.0 mey/l
Sderno et a., 1982
14-60 % Wise & Young, 1988 2397
Furosemide 3.6 % 3%

Greenblatt et al., 1979
Morgan and Davidson, 1980 Thiazide

50 % 3.5 mey/l 3.0 mey/l



7% Thiazide

3.0 meg/l Siscorick et d., 1994
Potassium-sparing diuretics
Whiting et al., 1978; Wan Lye, 1980

Amiloride 10 %

Amiloride Thiazide 1-2%

( Abramset d., 1998)



Digoxin

Digoxin ~ Thiazide  Loop

Digoxin
Angiotensin converting enzyme inhibitors ACEIls

Digoxin

Digoxin Digoxin
ACEls
Digoxin
Digoxin
Digoxin

Digoxin

47



Digoxin



Descriptive study

D 1 Digoxin 440
Digoxin
(Angiotensin
converting Enzyme inhibitors, ACEIS) (@)

Digoxin  (2) Digoxin + Furosemide  (3) Digoxin + Furosemide + K*
(4) Digoxin + Furosemide + ACEls (5 Digoxin + Moduretic®
Amiloride/ Hydrochlorothiazide (6) Digoxin + Trichlormethiazide

7 Digoxin + ACEls Retrospective
case control study
Digoxin

Digoxin

49



150

Digoxin

Tetracycline

Case - control study

Digoxin

Digoxin
ACEls

BUN (Urea Nitrogen)

50

Credtinine



BUN 22mg/d  Creatinine 1.3 mg/d

51



Severity

Documentation 10
10
1 Major
Suspected
2 Moderate
Suspected
3 Minor
I Suspected
4 / Major/Moderate Possible
5 Minor Possible
~ Magjor~ Minor Unlikey
10

(suspected) (Probable)
(Established)
B=
(Suspected) (Probable)
(Established)

52



[B]

ol

(Suspected)

Possible

(Unlikdy)

(Severity)

(Mgor)

(Moderate)

(Minor)

(Documentation)

(Established)

Probable

(Probable)

(Established)



Suspected

Possible

Unlikely




Digoxin

Spearman correlation

one way ANOVA 7

LSD Least significancedifference  test



440 30231
4.36 %
2.84 % 228 51.8 %
% ()
60 - 79 256
80 93 21.2 %
60 80
40 60-79
268 60.9 %
%
12 16.4 %
14.1 % 10 %

Digoxin
212 482
58.2 %
A 21.4
62



20070

1800
1600
1319
1400 4.36%
1 461
1200 1.59%

1000

80

60

40

20

digoxindigoxin tot al

57




()
1-19 8 (18)7 4.63
20-39 13 (30) 5.46
40-59 70 (159) 6.36
60-79 256 (58.2)° 6.96
80-100 93 (211) 7.41
a %
N =440
*  80-100 ,P<0.05
60-79 ,P<0.05
%
261 59.3
oY 21.4
35 8.0
21 4.8
1 25
7 16
6 14
5 11
N =440



%
1 4 0.9
2 9 2.0
3 28 6.4
4 a4 10.0
) A 12.3
6 59 13.4
7 72 16.4
8 62 14.1
9 44 10.0
10 27 6.1
11 13 3.0
12 15 34
13 1 0.2
14 ) 1.1
15 3 0.7
r 0593, P 0.01
r=0.091 P=0.021 P>0.05

59




0.091 0.021*
0.049 0.15
0.593 0.000**
N 440
*P 0.05
** P 0.01




Digoxin

1. Digoxin Digoxin
2.32 % 701
411 1.36 %
440 Digoxin
19 452 % 197 44.8 %
Digoxin
%
0 199 45.2
1 197 44.8
2 40 9.1
3 3 0.7
4 1 0.2
N =440
2. Digoxin
371 52.9 %
Digoxin
%
1 40 (57) 0.13
2 371 (529)* 121
4 290 (41.0)% 0.90

61




3. Digoxin
Digoxin 260 Furosemide
201 Thiazide
Trichlormethiazide Indapamide Benzyldihydrochlorthiazide
Digoxin 40 Digoxin
123 Digoxin [ -
Carvedilol Atenolol Labetalol Propranolol Satalol

Bisoprolol 59 Digoxin ~ Amiodarone 28

62



Digoxin

Digoxin-Trichlormethiazide 1 25
Digoxin-Indapamide 1 1
Digoxin-Benzyldihydrochlorthiazide 1 4
Digoxin-Furosemide 2 201
Digoxin-Diltiazem 2 44
Digoxin-Carvedilol 2 33
Digoxin-Amiodarone 2 28
Digoxin-Spironolactone 2 14
Digoxin-Propranol ol 2 11
Digoxin-Nifedipine 2 7
Digoxin-Labetalol 2 7
Digoxin-Metoclopramide 2 6
Digoxin-Atenolol 2 6
Digoxin-Acetazolamide 2 5
Digoxin-Vergpamil 2 5
Digoxin-Warfarin 2 1
Digoxin-Satalol 2 1
Digoxin-Bisoprolol 2 1
Digoxin-Lorazepam 2 1
Digoxin-Antacids 4 123
DigoxinrMgO 4 70
Digoxin-Metformin 4 48
Digoxin- Smvadatin 4 10
Digoxin-Diazepam 4 9
Digoxin-Diclofenac 4 8
Digoxin-Hudiazepam 4 7
Digoxin-Alprazolam 4 5
Digoxin-Felodipine 4 4
Digoxin-Trimethoprim 4 2
Digoxin-Omeprazole 4 2
Digoxin-Sucrdfate 4 1
Digoxin-Cdcium (ord) 4 1




Digoxin

1. Digoxin
Digoxin
155 (35.2 %)
(26.6 %)
Digoxin
%

0 155 35.2
1 117 26.6
2 63 14.3
3 45 10.2
4 32 7.3
5 12 2.7
6 3 0.7
7 7 1.6
8 1 0.2
9 1 0.2
10 2 0.5
1 2 0.5

2. Digoxin

423 (60.1%)

117



3. Digoxin
Aspirin
Ticlopidine Ginkgo biloba extract
6 5 Warfarin
4 ACEls — Enadapril Captopril Perindopril
Spironolactone 5 ACEls
4 Furosemide  Aspirin - Digoxin
62 Aspirin
56 34
Loop Thiazide ACEls 98 Aspirin
21
Digoxin
%
1 34 (55)° 0.11
2 366 (59.2)° 1.21
3 47 (76)° 0.16
4 145 (235)° 0.47
5 26 (42)° 0.09

%




Digoxin

Aspirin-Tidopidine

Agpirin-Ginkgo biloba extract

Agpirin-Warfarin

Carvediol- Amiodarone

Captopril- Spironolactone

Endapril- Spironolactone

Lisnopril-K Cl

Spironolactone-K Cl

Ramipril-Amiloride

Lisinopril-Benzyldihydrochlorthiazide

Lignopril- Spironolactone

Monopril-K Cl

Perindopril-K Cl

Pravagtatin-Gefibrozl

Smvedtatin-Gamfibozil

Theophylline-Ciprofloxacin

Warfarin-Ginkgo biloba extract

RlRr(Rr|RPr|RP[R|R|R|R|IMIN|INMIV W w|o|o

Furosemide-Aspirin

N
N

Aspirin-Antacids

I
by

Agpirin-MgO

w
N

Glyburide-Aspirin

=
©

Furosemide- Perindopril

=
(o]

Furosemide-Lisnopril

18

Furosemide- Endgpril

Furosemide- Capotopril

Furosemide- Fosinopril

Theophylline- Etazolam

Warfain-Amiodarone

Carvedilol-Metformin

Trichlormethiazide- Lisnopril

Glyburide-Hydrochlorothiazide

Lisgnopril-Indagpamide

NN (N[NNI NN NN N RIRIRIRIRIRIRIRIRIRPIRIRPIRIRIR|R]|PF




Carvedilol-Glyburide

Theophylline-Lorazepam

Theophylline-Oxazolam

Theophylline-Phenytoin

Warfain-Glyburide

Allopurinal- Antacids

Endapril-Aspirin

Furosemide-Didofenac

Furosemide- Ramipril

Glidazide-Atenolol

Trichlormethiazide- End april

Tidopidine-Antacids

Insulin-Aspirin

Aspirin-Meoxicam

Carbamazepine-Imipramine

Carvediol-Glimepiride

Furosemide-Médoxicam

Glyburide-Labetalol

Hydrochlorothiazide- Prednisolone

Metformin-L abetalol

Phenytoin-Lamitrigine

Phenytoin-Midazolam

Phenytoin-Tidopidine

Prednisolone-Phenytoin

Ramipril-Moduretic®

Theophylline-Diltiazem

Trichlormethiazide- Perindopril

Warfain-Carbamazepine

Warfain-Imipramine

Warfarin-Phenytoin

Warfarin- Sufamethoxazole

Amlodipine- Propranol ol

Glidazide-Antacids

Captopril-Moduretic®

NINININININININININININININININININININININININININININININDINININIDN
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Carvediol-Amlodipine

Carvediol-Doxazosn

Carvediol-Glidazide

Carvediol-Inaulin

Carvediol-Nifedipine

Diltiazem+Atenolol

Furosemide-Naproxen

Glyburide-Moclobemide

Metformin-Atenolol

M oduretic®-Ramipril

Monopril-Indapamide

Monopril-Moduretic®

Nifedipine-Atenolal

Perindaopril-Indapamide

Trichlormethiazide- Captopril

Warfarin-Propylthiouracil

RPlRr|lkr[Rr(R|P|[RP[RP|RP|RP|RP|R|R|R|[R]|R

Furosemide-Theophylline

N
»

Furosemide- Phenytoin

[ron-Antacids

Perindopril-Diclofenac

Diltiazem Amiodarone

Ramipril-Diclofenac

Theophylline-Nifedipine

Trichlormethiazide-Naproxen

Carvediol-Diclofenac

Carvediol-Naproxen

Iron-CaCO3

Meé oxicam- Captopril

Trichlormethiazide-Diclofenac

RPIRP|IRP|IRP|IERPINININININ[W|[W

Lignopril-Aspirin

=
O

Aspirin-Diltiazem

=Y
(o]

Perindopril-Apirin

[y

Tidopidine-MgO

=
o

Agpirin-Nitroglycerin (N.T.G)

AR [RP([W[W|WWIWIW[W[WWWIWIW[I[W[INININININ[INININININININI[NINDIN|DN
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Spironolactone-Aspirin

Metformin-Amiloride

Captopril-Agpirin

Fosinopril-Aspirin

Warfarin-Amiodipine

Captopril-MgO

Captopril-Antacids

Feodipine-Antacids

Agpirin-Diclofenac

Allopurinal- Theophylline

Warfarin-Vergoamil

Allopurinal-Lignogpril

Propranolol-Antacids

Ramipril-Agpirin

Furosemide-Propranolol

Glyburide-Genfibrozil

Warfarin-Propranolol

Wafain-Smvagatin

Warfarin- Spironolactone

Allopurinol- Ramipril

Monopril-Agpirin

Captopril-Allopurinal

Fenoterol-Moclobemide

Furosemide-L eucovorin

Glidazide-Mdoxicam

Glidazide-Monopril

Glimepiride-Metformin

Me oxicam Spironolactone

Phenytoin-Chlorpheniramine

Phenytoin-Diazepam

Phenytoin-Sertraine

Phenytoin-Tizanidine

Propranolol- Sertrdine

Warfarin-Allopurinol

N R R N N N R N N R N N N N N N I T - I 1 I - - S [N S SN S N
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Warfarin-Diltiazem

Warfarin-Tramadol

Furosemide-Hydrdazine

Glyburide-MgO

Meformin- Endapril

Atenolol-Antacids

Theophylline-Felodipine

Theophylline- Terbutaine

Allopurinol- Fognopril

Carvediol-Antacids

Ascorbic-Antacid

Agpirin-Phenytoin

Diclofenac-Diltiazem

Diclofenac-Felodipine

Meoxicam Amiodipine

(@2 T & 2 I 6 2 I @ 2 @ @ I I 2 I I 2 2 1@ 2 @ 2 I @ I R~ N R o

RlRr|Rr|Rr[R|R|R[NM|INMIMVw| OO |R R
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one way ANOVA

P =0.018 LSD
95 % meqy/
me q /||
Digoxin 34 4.06 3.92 4.20
Digoxin + Furosemide 28 3.93 3.72 4.13
Digoxin + Furosemide 26 3.80 3.58 4.02
+ K"
Digoxin + Furosemide 31 415 - 3.92 4.37
+ ACEls
Digoxin + Moduretic® 13 4.15 3.92 4.39
Digoxin
+ Trichlormethiazide 4 3.35 1.68 4.02
Digoxin + ACEls 15 411 3.82 4.39
*  DigoxintTrichlormethiazide ,P<0.05

Digoxin+Furosemide+K Cl , P<0.05
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21 (13.9 %)

3.5meg/ | 50meq/|
2.6%
Digoxin 1 (29)? 0
Digoxin+Furosemide 5 (17.9)° 0
Digoxin Furosemide+K” 8 (308)° 0
Digoxin+Furosemide+ACEls 3 (9.7)0° 4(12.9)%
Digoxin+Moduretic® 0 0
Digoxin+Trichlormethiazide 3 (75.0)° 0
Digoxin+ACEls 1 (6.7)° 0
a: %
3.5meg/l

5.0meg/l
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Digoxin Digoxin

Smith et &., 1996
r = 0.593
p=0021 r 0.091

60-79

60 793 %
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4.36 %
2.84 %
Simborg, 1976; Mok, 1991; Tinawi

& Alguire, 1992; Mills, 1993

Digoxin
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Digoxin

Digoxin
199 45.2 %
197 44.8 % Digoxin
260 Furosemide 201

Digoxin
Furosemide, Trichlormethiazdie,
Indapamide, Benzyldihydrochlorthiazide, Acetazolamide
Digoxin

Gilman et dl., 1990; Smith et d., 1984; Salerno et al., 1982

--Spironolactone Digoxin
Spironolactone Digoxin Hedmanetd., 1992 Fenster
etd., 1984 Spironolactone Digoxin

Digoxin Digoxin
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Waddroff et a., 1978

Moduretic® Amiloride  Hydrochlorothiazide
Amiloride Thiazide
Thiazide Digoxin
Amiloride Digoxin  Moduretic®
Digoxin
Digoxin B - Beta- blocking
agents 87 B - B
receptor A-V deay
Digoxin AV conduction
Bradycardia Singh et a.,1991
Digoxin Esmolol  Carvendilol Digoxin
Bioavailability 9% 20 %

Wermding et d., 1994 Lowentha et al., 1985 Amiodarone

Amiodarone

Amiodarone a b
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Digoxin Asystole Torsades de

pointes Bajg et a., 1991 Amiodarone Digoxin
Digoxin Klein et a., 1987
Koren, 1985 Digoxin Amiodarone
Amiodarone
Digoxin

Cacium channd blockers

60 70 %

Digoxin Felodipine 4

Nifedipine, Diltiazem, Verapamil

Digoxin Digoxin
Digoxin Clarkeet dl.,
1993 Digoxin
Digoxin
Digoxin
123



Digoxin

1
Aspirin Cyclo-oxygenase TXA
Aspirin Collagen
Ticlopidin ( Adenosin diphosphate) (6 )
Ginkgo hiloba extract Platelet
activiating factor PAF antagonist 5
Rosenblatt & Mindel, 1997
Thebaultet a., 1977  Aspirin  Warfarin 3
Aspirin Warfarin
Albumin O Rallly, 1987 Aspirin = Warfarin
Warfarin
1
Subdural  hematomas
Spontaneous hyphema Matthews, 1998

Prothrombin time (PT)
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2 Angiotensin converting enzyme

inhibitors ACEIls Potassium-sparing diuretics
ACEls  spironolactone 5 ACEls
Aldosterone Spironolactone  Aldosterone
ACEls 1.0 1.5

meg/l ( Armayor & Lopez, 1988 Lakhani, 1986) ACEIls

4 Chan & Ciritchley,
1992
3 Theophylline  Ciprofloxacin 1 Theophylline
Ciprofloaxcin Cyto P-450 Theophyline
Demethylation Gillum et al., 1996
Theophylline

4 Carvedilol  Amiodarone 3

B - AV-
conduction

Amiodarone B -receptor

I



Kadish et d., 1990

5 HMG-CoA reductase inhibitors ~ Gemfibrozil 2
HMG CoA reductase inhibitors Myositis
Creatine phosphokinase CPK Mevadtatin ~ Pravastatin
50 % Cytochrome P-450 3A4
Mevadtatin ~ Pravastatin -~ Gemfibrozil Gemfibrozil
Albumin Cytochrome P-450 3A4
Backman et al., 2000 Myopathy
Rhabdomyolysis
CPK 2.5 Feussner et a., 1992
HMG-CoA
reductase inhibitors CPK

1 Furosemide Aspirin Digoxin
62 Aspirin Furosemide
Furosemide Aspirin
Bartali et d., 1980

2 Aspirin 56 A



pH Aspirin
pH Aspirin

Feldman & Carlstadt,

1974 Shastri, 1985 47 Aspirin
32
Allopurinol 3 4 CaCO;
Allopurinal
Allopurinol

Wessman & Krivoy, 1987

O’ Nel-Cutting & Crosby, 1986

3 Potassiumrwasting diuretics ACEls
98 Loop Thiazide ACEls
Postural hypotension
Hypovolemia
ACEls
Atkinson et a., 1979 ACEls

Nilsen et al., 1989 ACEls
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4  Aspirin 21 Glyburide 19
Insulin 2 Insulin Insulin
Aspirin Glyburide
Baron,
1982 B -
Glycogenolysis
B - 22
B -
B - B -
B 1
(O’ Byrne & Fedy, 1990 Shorr et ., 1997)
5 Non-steroidal anti-inflammatory drugs NSAIDs ACEls
Prostaglandins Sturrock & Struther,1993
50 Aspirin - Enalapril
6 B - 5
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Renin

Diphenylalkylamines
Verapamil Benzothiazepines Diltiazem
Dihydropyridines (  Nifedipine) Vaghy, 1994
B - Vergpamil  Diltiazem
Brouwer et al.,
1985 Veragpamil  Diltiazem B -

Propranolol Metoprolol

Atenolol Schwarz et al., 1999 Tateishi et al., 1989
Verapamil B -
7 Theophylline Benzodiazepines 15
Theophylline Adenosine receptor Benzodiazepines
Psychomotor
Benzodiazepines Theophylline
Benzodiazepines Theophylline



Benzodiazepines Benzodiazepines
Bonfiglio & Dasta, 1991
8 Phenytoin  Theophylline 4
Theophylline 4 Phenytoin
/ Theophylline Sklar & Wagner,
1985 Smithetal., 1989 Theophylline

10- 20 gl

9 Phenytoin Phenytoin Midazolam Lamotrigine
Prednisolone 2

Backman et d., 1996 Spina et a., 1996 Petereit & Meikle,

1977  Ticlopidine  Phenytoin 2 Ticlopidine
Cyto P-450 2C19 Phenytoin Donahue et
a., 1999 Phenytoin 10
20 mg/I Ticlopidine Phenytoin
10 Carvedilol Doxazocin o ;-blocker
First dose effect 1
a Elliott et



al., 1981

11 Moclobemide Glyburide 1
Moclobemide = Monoamine oxidase MAOIs B -
Insulin

Cooper & Ashcroft, 1967

12 Carbamzepine Imipramine 2
Wafain 2 Carbamzepine
Imipramine  Warfarin Hansen
etd., 1971 Brownetal., 1990 Warfain

Carbamzepine

13  Phenytoin  Warfain 2
Phenytoin Warfain
Phenytoin Warfarin

Warfain Taylor et ., 1980

14 Warfarin  Propylthiouracil 1
Vitamin K

Propylthiouracil Vitamin K

Warfarin Hanten, 1980

15 Imipramine Warfarin 2



Warfarin Warfain

Pond et d., 1975 Amiodarone

Warfain 7 Amiodarone
Thyroxine T4 Tri-iodothyronine T3
Vitamin K Kerin et d.,
1986
16 Sulfamethoxazole Warfain 2
Sulfamethoxazole a. Warfain b. Warfain
C. Vitamin K
Wafain Richmond et al., 1988
Sulfamethoxazole PT

17 NSAIDs Prostaglandin Loop

5 Thiazide 3 Favre
etal., 1983 Loop NSAIDs Thiazide
18 Glyburide Warfarin 4

Helne et d., 1974



Glyburide Warfain Albumin

Brown & Crooks, 1976 Wafain
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Digoxin + Trichlormethiazide
3.35meg/l 95% Cl 1.68- 0.02 meg/I

Digoxin + Furosemide + KCl

P <0.05
75 % < 3.5 meg/l
Digoxin + Furosemide 3.93
meg/l 95% Cl 3.72 - 4.13 meqg/I 17.8%

Digoxin + Moduretic® Amiloride + Thiazide

Tannen (1985)

Loop diuretics 3.0 meg/l
Okusa (1990) Loop
Thiazide
Moduretic® Amiloride Hydrochlorothiazide
Amiloride
Sodium pump
Thiazide
Kohavakka, 1988



Digoxin + Furosemide + KCI

3.80 meg/l, 95 % Cl: 3.58 - 4.02 meg/| Digoxin + Furosemide +

ACEls Digoxin + Moduretic® P <0.05
30.8 %
(Anand & Francesco, 1993; Byaitt et al., 1990) 12
Digoxin + Furosemide +KCl Digoxin +
Furosemide Kohavakka
(1988) Triamterene,  Spironolactone
Amiloride
Dyckner et a.,
1988
ACEls Angiotensin B
Adlosterone Digoxin
+ Furosemide + ACEls Digoxin +ACEls



Digoxin + Furosemide + ACEls 9.7 %

12.9% Digoxin +ACEls
6.7 % Benazepril, Enalapril, Ramipril
1 % > 5.7meg/| Lisinopril
Fosinopril 22% 26% Lisinopril
4.0 % Abramset al., 1998
ACEI D costa 1990
21 ACEls Takata
1992 ACEls
ACEls
ACEls



Trichlormethiazide

Digoxin
Thiazi de Furosemi de
Thiagi de
Digoxin
Thiazides  Loop ACEI

Furosemide

30.8 %

(2.84 %)
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