[ Downloaded from journals.tums.ac.ir on 2026-06-28 |

o] s

mmmmm

S5 sk 1 oalikuol b (o )18,19 05 )5 59 waldld )3 (65l puenc whms Sy (2,1

oS>

. e

WWAY/ /Y S WYl WAV sl s

Ohles 53 0lays 5 Kiy (gl 48 ol STyt slinil ds gssls cp 55 08 5 s lyls idde g dis
Gl I Lol el eSS 555 Cusl candllan ol Cois 355 00 LS & (Thromboembolic) ) suel sue 5 5
(International Normalized Ratio, jlgz ol Jlo i Cod 53 ol slowyl YN Bl Cgar 3 55 o oo
55 INR)

AY ol o ol O g5 s g B Ol loy 3 YAY e B (53 51 SoansidS andllan (ol Sy B0
L bl s Sl essdoes 5 WTINR 555 ac Lol Oloys (6,50 Joolss 45 5615 0diS 520 las
Sl e sdmme 45 ke o bledls 33 Ole 31l ol andllas 31 sl Il o5l 555 45 Shiles
Sloos Glaes stoms 1 plUS o (gl s sl adde b3l sl 3 4w B 53 o 5 TIO B YO LT INR
A b e 50 Jde S oLl s, e

h e Sl A YO B YO WTINR Sloys 03 5dus 45 (olaw YV (gl (glgiig 535 Olse L3 claasil
Ut 53 ol Sl el ozt YIVA 5 VAR 5 53 sllast Slajo ks Sdr 5 e 58 :S0La 55,
sl YIAA VAV 5 5 s Ks g 4w B g3 Slays o35 53 45 (ol YA (4l

o b oS 355l s s 1y olsdeal cl 5 ol Lzl LB (36 Jae 5 )lS Sl el s mls g ST

58 o3lizal b arenal Slpl S Olpe 4 e ol 51 Ols el s 0 SKhes 53 35 5 e Slusr

S g (Gl olaal s glagls  Sler ol b G KIS Sladllas . outls” ilals”
656 ke (oL

sdas 5y b i 4S ol STy oslinl A (sls bl

osbiul I Pl a3 el s 5 51 68 5 6l
Palil e (Kien bole an Bl sl b Oles sk 350 s
International  jlg> Jlo ) ol o gs IS 55k a4 0650
Dlew 095 slanl ol S 555 0 J =S Normalized Ratio, INR)
Gda Jleys o3 3does 55 b Obles INR Sliie .ol 5SI1 & 5as 4
JoB Ol i e 5 S e o g ol b 53 o pd 4l

Tl el I e

Tehran Univ Med J (TUMJ) 2015 July;73(4):271-80

http://tumj.tums.ac.ir

TS e oligo B a3
' a5 Ol e
" lelejas Jodese

oSy o K gy Sl gl 09,5~ )

Dy g Sy pale oK St
Ol

Sl 5 S S Sl S e =T
Ol s Sl S sl oSS
il kel e s L Cled 50 T
Ol s il (S o 5l oSS

*
e SosliS LIk Ol 1 e iy 58
S5 Sl S n o) arplel Slislo
Sl s Ko
CYN=FFOMO#O 1pils
E-mail: arabalibeik@tums.ac.ir

PPN TR

s el ol Jule 055 anb U asd S J s
Shladg s 5 Laol & J=1s 55 (Thrombosis) oy b 2 03
Sl adyl 6,Kiy Gl T GISL 5 S e e e
i s L Ohlas 53 st Syl (55 Jpalgns 5
B Sl Al 6l s ey DDl b b B e e
T35 5 o pses Sy slial Ao slagls el oo

ly

YA+ G YV) slotaion oF s las VT o 00 NFUF i o5 (S posle ol o Sty 0aSitily dhao Il ”\/”


https://journals.tums.ac.ir/tumj/article-1-6737-fa.html

[ Downloaded from journals.tums.ac.ir on 2026-06-28 |

OllKas 5 slpaili a5 YVY

YA Sl 5 Y/O-Y/0 €503 YV (6l 5 INR Sloss o3 sioes b S 51 3
55 Slas w3 INR L massy gl piie 55 T-F 4500
By pgm 5 e sl SW3as Slp 5013 553 Ol 5 e oIS

Slr oSl o Sl SUSTSG (556 Glae 1556 Glate
S 55 ke (6 S s 5 0Ll 83 6 ,S3L WUls B3k
Gk ol g ) el Al a5 e 5 Gredasls s
Sy cho g a B 1 0l 8 IVl 5 5L gle e
sl 0 5 b O Sl eslinal L 3 50 slagt
35 5 6yt 53l 5l 6 (gl l sl DG ) ol s o)
S o ol 3 5 3 pd ST 5 Ol O

Shegadias byl b 55 5 8 Gaeenal Cao 5 Gl ol o
1 oyl eI ST (slaakerr LB s S 8 6ol S b
o Slaptenw (al a5 0 D po LS (o B e Lapranal o
b byt 3 Gl 2 e 0l ) Gk S sl

ol i Sl Jols 530 gl e Lol el
Sl asbe b iy ol el

S e Jods SLs ol w1y e 83505 45 Gl ()
sy 8l 30 Vil il bt oS iz 75 (Y
5l ib s 2 a8 (s (F womul (3L s O3]
(ol oL (Y 5 uS e s e s 4 15 (556 sladVasl
S S S el (5B el B s Sy pede il s S
(ol 38 b Sl LUl Olalu 1l 53 oL 5 esls oL
(30 o e sla bl 5 Sl sla prne S pae w5
B 2 Sl Sl s i 4 plras 5 S 5 s LB
s

S 5oLl Slwasle a5 Sl easdoe s 5 e
3 ol s i S 553 e Sl sl Ll S
o=l s i s e 4 Bl s 5 el Sl s
G0 G 45 bl 5l pd e il ot OS5 Lo 5l
S35 B o 4 Sl S s 5 Dl B ns e o5l
22,5 o3y dadipn GOLI slaptonns 5o b 5l s 0l o
Aol 5l glae gaze B 53 15 il ol O G b 51 0l e
255 4 (55 el e S 3 5 025 (s

&Jﬁrﬂwo}x 6)L~JJ_A)\J€W)L9\)JJA J‘:‘iu

53INR Lia 5, 8 s sl L 0l L2503l 5 il
3 i 5 A 3 GS s Gl ek i pad Sl 02 e
3 sl 5 edgey SCES SLOb ol edle AL
e Sl S35 58 g ol b ol sl 651
s 595 L panien bLIT S ol (65 S b5l as e
Tl of

5l S 5 (Over-anticoagulation) > 31 io (gslassl Lo i
53 ool sdeS b ae Ol s (Under-anticoagulation) J-
dedds (olss st Olaa)s g ,m8) 553 Jolee 4y 55050 51700
a3l SN0 53 5 (nlial (o 25 5 20y pde 0l
Ko gulns Shss ol (olan oy dLagyls) La 510
el o 0315 e (USII 5 e

S sl oS dalin pasiie She 3l ge SHIYY (6l
33 i i 3l S U el i ssliail A1 (41,38
ol o e (gl 3l ALl Sdedl S &) 50
8 553 Al 51 o)l se cay s 5l 353 4 el 53 INR
Sl (8l Sle @3, 01080 555 b o pd 4 S o Sl ey
Sy S b L il 593 Co g (pl 358 Cu 5@ AU SS Ol
Y S50

Iy o 3l 3l a2 WS o aS 300 |y Cupe ol (650 Gl
Lyl b 5o st 5o 2l LS 5 05581 5 S (g3lede
"ol (5 S et ple L1

Lol o e 4SS gl (530 Jbe G ol anlllae o
O a3 4y S Jue ol 51 s Ll ol slgiiny o561
O P Y S PR NP VL I PCI PRRies S P I
el o3 035050 3 GTINR &

IR P9

b Oyl 53 AT e B 63 5 SoansdS anlllas ol

Lel INR aS 5,15 0diS 0o peme Sl AY 3 0,8 ol dugd
)\.L:Lnb a.L;)\.LéKJ BEE L U'JL‘“’:" A rbu\ 03 g vil.a‘)é 03 gdowe )
6\..5)‘.1.:\.3 a.b.)‘.l.@g BEE LE‘J"’ Q\)L«.:; L@J 9 ol il U’:'A}}i )‘

0 D) —r 34— Y-y 9 Y/0-Y/0 L@.J INR L;':L_A)J 63 gl >ws

FA- 6PV F oylass VIV 0,00 N FAF i3s3 hed K5 gl olitily o 5 0dSCiils aloeo


https://journals.tums.ac.ir/tumj/article-1-6737-fa.html

[ Downloaded from journals.tums.ac.ir on 2026-06-28 |

YvY ool sais g 50 auliii o (s bpsacal alscs asb

Mol g 5" S e (e 53 e s ol LY S
S5 0 a8 el Glakisd Sy e w5 L SLS e 2y Jels
el e o33 iled =Y

Jold s 3 o 3 e L sl 555 500 SLas gl prie
T oo gdoe (gl aS daes e g0 G\j: L pealas
SVYOVN/YO 5 V/YONY/D V/O-VY/O (lbes sdms 5> s 5
XIO-NYNO slnes sdome 53 s 5 as VO-Y/0 63 sdime (5l s
35 0 Slsran L (e S 1/YO-VV/YO 5 YOSV
Lol

Lo e & ol o s 5 Jol slasgy 550 T esgdee 6l
Y/O=Y/0 o3 3w (Gl el SL3 Slade Voo ol 355335 333 5
ol e 5093 Sladss 5a 5 S SR Ve Jels sl 55 50
330 Slm 393 Cepe g Wiped Ol ol SL5 R 4
Lot o3l il o =Y ISE 3 YOV o3 50me s U

LSS o Sl s 2 035 (3L b ke o
(Mamdani) gl es g 3l ety DS e e Lonl 0t eslinl
—poeSle Go b 3l 8 S 5 5 e O il 0506 &S
sl e

B s s e (L e o Sl
a5 LS ol 056 e Ol e 4ol el ) Jsr
el 3 Spe 4 s

535 Ol 5 ol YU ot s tiasOLis INR laie 310V 0055
F3 Jsl 555 8l 533 Ol cpl plo ol (il ot ol 1UgS
Ll T2 555 sl 5 ST e 3s
Sl 3 2050 53 sz o8 3 s Jas 0 Sl el S
INR) (53555 mslie & ey b ol ol ¥ IS5 53 555 4
(VIO MG 5 VP 5w Sl s eSS a3 s Llew S5
395 pale 5 4 ek Jled 2ia e (ol ey 050
pr 3 a3 WJsl slassy sle #/VY mg 5 V/OF mg V/AA mg
=37 (Quantization) o ses o 3518 31 e sl ool ey
Sle 7/Y0 Mg 5 VIO MG VO MG 553 p3lie oS 4 et
335 Olew (pl sl Sy Al o s oy 5 pss Il sl

gel gl Sy dw 5SS gl VO MY

Tehran Univ Med J (TUMJ) 2015 July;73(4):271-80

http://tumj.tums.ac.ir

il sy s amS A ol Ol Bl Sl s o
(MAE) U Gllas 505 ke 250l slasbns dnil 55 53 0
orlLlas S 15 eslial 55 50 (MSE) Uast Sl o ke L

s sl LU 5 Ll G b 5l Lalas

n

Pt
MAE =+ —
n

Uas llas 56 ke o) Wslas

n

2

2}

RMSE =2
n

e ol ye u,..(.,LA Y Wslas

Slas el gl g 5 Koy ey e sl N ol ol 5o
oMTW:@&ZﬁﬁﬁJWLSJL@Uﬁjj:)‘M PPy
RG]

355 B S (50 0 s Sl candllae ol 53 g 5luesly
Sl e ol 358 m o3l o5 a6, K0 ool sl ol
4 YT Sleys o3 gdome 5 V/O-Y/0 JSleys o3 5ds 53 s INR
(53 5 S oles sladie) coul ot b aBlus &) 50
333 5 0k G5 INR (gl eyl Lol 5 (a5 (63555 (lad
535 slde an Jold bt ol (r 5 5 A3l o slewy 00,106
(O JS8) ik e o5 U sl slass) Sl

Sl OBV (ol s Jde 5 0580 5 fonie Jsl Jobo
it Ul g e e SCB g il ) eslial U oS

o3 ek esls ioled by slie KGojled Jde 615 INR L5

XXOUXXXX

XX

) NR) L st i s

39 g o) s of o Jal 50
39y 4 gl

R

) oy g0 ot Gl 3
M o551 Dorrer s

(D) (e jo o L) ok hagR 550

) o, 2 0 o p3s 30,

-Y/0 "élﬁ‘;é 03 ghws JU,.JI;,_Q. (R4 J\.ﬂj S Ls‘ﬁ 6}5 BEVIR JS.:
Y/0


https://journals.tums.ac.ir/tumj/article-1-6737-fa.html

[ Downloaded from journals.tums.ac.ir on 2026-06-28 ]

Ollas 5 slyaili [ra; YV¥

L Cow LWL : — , .
Eand W s lrgie s oy s
. . . . . 1 12 14 16 8 2 22
30 40 50 60 70
- INR : & Jla i S
RN NPT O el Jor
() (&)}
i F2 F3 F4 F5 F6 F7 F8 F9 Fio
a2, 08
; 06
ki o.4r o
0.2- .
0
3 4 5 6 7 8 9 10 1 12 13
oy o psS ko) Jdl 59,
(=)

Y/0-Y/0 o3 gdows gl 5 Jgl 59,5 595 51480 5 5l 0,146 55 NR [rpe-re cbi X e

I
-
-

A et L s S (INR) =Y JFE aaslagSisga= YV Joliey = YIRA L pd 5, = VIOF

o —
.

1]

n|nia(NENEE

SEFRE ¢

i
EHE
HE

R
| B

N
ittt

(=]
0
=d
n

é
2
3

25 125 125 125 1.25 11.25

oy 01465 553 5 INR 4 455 b p g 5 293 o5l 555 81 20l 550 polie slgiiy 3 s 3 Shos ¥ IS0

FA- 6PV F oylass VIV 0,00 N FAF i3s3 hed K5 gl olitily o 5 0dSCiils aloeo



https://journals.tums.ac.ir/tumj/article-1-6737-fa.html

[ Downloaded from journals.tums.ac.ir on 2026-06-28 |

Yvo Coolils 0o ligSs g maliis oo (s lpsaal alss Lk

Y/0-Y/0 ‘;}L:): 03 gdows (6l 3] u:..l_,j u,\..ljb N Jgds

(INR) lg o o o

ol e b s Y s
F2,S1, T2 F2,82, T2 F3,S1, T2 ol ke 015 593
F2,S2, T2 F3,S2, T3 F3,S3, T3 Ji\"
F4,S4, T4 F5,S4,T5 F5, S5, TS L‘,jgﬁ
F6, S6, T6 F7,S6, T6 F7,S7,T9 YL
F8, S8, T9 F8, S8, T10 F10, S9, T10 L 21’
22 Oy S8 gl e 80 Sl enlial b (5 S el POTH N

583 =i Sl Jde pl i g )l 5Bl L Obe s g e
53 S SisSan 5 Wlson a5 e SLS e Hlan 006
om0 58 ey 3s e 2l b3S S s 1 S
2 aS Ul ale (5,8 el il 3 (6 SOl Lag, S
e 5 Ll 0l eSS 53 ek s (golr INR bl
S o asiie |y sdn INR (S0 6l Sl o3l

ot (sl L 5 S0 ol S sl Ol Ll aallas
Nielsen '™ tza sl imgs slacad o 5 4l slac 3l 5
Sie Jde cpl 5o dsls are 5 1 by s hey Je G O
Ol e el 03 58 Cosle 5 Aad INR (6515 5 520
Sie Juoe ol o 2 et e 4 S 53 (93455 Olsen
Tl A INR s i 5 ool b s

e 4 b guaid o) S 51O Ses s Wan axdlas s
gt 552 oS ol ot aslizal (5lSesls (S SLSS
03,5 Sl slaw (65,08 Dlasle 5 ey 4y el d ool
ol L blens eagdms 3 slay mul 45 A0S 0 Sty
5 s s ey Sl s S e 518 Oless 63 o
oS 0L LSan s Lenzini el sy Ol (s huaid
2l s g 555 3 e INR el (o s)ls J I gl
s e sl | ol 5 48 Llosls axweyi Ll (sla 55
a3 o oLaols Sl eslinad 3o e L 53 3l e o) S )
aallas ams TS e 5T 1 sl eSS S Ol &

22 SF 58 Slpend Slagiaw oS 5l DL 0L, 5 Vadher

Tehran Univ Med J (TUMJ) 2015 July;73(4):271-80

http://tumj.tums.ac.ir

-

oSl sl 5 Uast s 518 50l U e 3 Shas
e Sloalial i 81,5 Lol s Uat Sl o
i S s Sy b Sl e bt et ool
(Y Jadr) Ll o (1/2YO MQ) 0 3
Slgdg slasss o Glamlie 0 5 F e IS glasla e 5o
oralas Sl baslasad cpl 5o A ) (36 0 ot s 5 S5
o Sy hw g eolgiiog 59 Ol Ll bajles =B e

Lles an LSJJM CJ‘)‘}'J

b G o2l 5 Js e O Sl ok

A Lagols ol e a0 Llad (STt slasil ds slag)ls
Lgl_a_,)l;_gdlﬁﬁj)gébjnﬁvkﬁumﬁo\ﬁ?ﬁ
La s cpl o das s | (ST slisil ws Ju'l}:dajiis
quﬁﬁgils‘j&f.é‘)\ééﬁﬁs}ﬁf‘éu‘rﬁw'ja‘
Ohlagt INR (T 55 boasy ool 3 el ol 5l ol oy
)JL@JT@L)U&)}JJauéj_:faj\xleu)\jawdjm
)}Jéo)lﬁjbﬁu.zﬂmﬁigu)bebjw)'] C)J} Sy g
o ol s e Sl Solge 5 4 a4 atenls Sl (0l
03 gdma dy SKes Oloj o Fol S 55 Jla U s gd Oy pie 2wy

g%w&iQIJL&m}Yet.nJﬁﬂrﬁjbjﬁ sles


https://journals.tums.ac.ir/tumj/article-1-6737-fa.html

[ Downloaded from journals.tums.ac.ir on 2026-06-28 ]

Ollas 5 slyaili [ra; Yv#

G Je 53 5l p 8 s oy Uas Sl o il S 5 Gl 55 S0k oY g

(MSE) Uas Sl po 5 Kbs i (MAE) W s ;3 0 Kike Laosls sldas 656 Ju
[Eaas 300 £33 350 BEISTY S ST £33 390 Jsl 5ss
YIVA (AN V/Y /a8 V/AQ VA /Y /%) \n% S oyled Jde
Y/AA AVAR \/ ¥ \VAYd \VANS v /AN VY +/94 YA 9 UL;.J. Ja
MAE: Mean Absolute Error, MSE: Mean squared Error
3924 sl 590 Cugdl
T-¥ ey egame
, 14 ; : :
2 12 Jalser sl Sy las ead it 390 —am -
£ sl as gl il gl i lasd el Gapad Ga0 e
a2 10f -
s B o o - —p—o—p b
] 6} s ] aree’  med’ i
qj 4l i/ __.' -
"1, _,;-
s 2 i i
4] 5 10 15 20 = 25 30 35 40

T

[EERTTRT P LR Set

 SEG bnesT ead 3iaaS j90 —a—

s b F oAl 31255 330 aees

Benanee

el e e

(psF shoe o ) 200 adliy, 5o
m
“,
"
L]
H
o :
‘l
'y

UO 5 10 15 20 )L,,__l 25 30 35 40
";‘ 12 T T T T T T T
'-;;’i 10 o 3o Slr S5y bt ool Siea 390 —e— s
a P das gl sl gltal pr e ba T eat SieaT 5a0 aea
T el ES AN i
] e o
qi'l 4
2 - -
2
- 0 1 L 1 1 L 1 L
0 5 10 15 20 25 30 35 40
e :
§; Gap ot gl Sl daugT et Saea et pramme g
:‘:40 Jas sl el e e JagT ot a2 G2 retee o
-y
1 30t 4
b
.
-
= 20
_ﬁ; 10 4
i,
0 1 | | i | i L
4] 5 10 15 20 25 30 a5 40
sbes

(Y=Y Sloys eagdone 51 2) 595 aw oz 5 oo B Jil Slad) 53 (e 5 S 529205 il it S5

FA- 6PV F oylass VIV 0,00 N FAF i3s3 hed K5 gl olitily o 5 0dSCiils aloeo



https://journals.tums.ac.ir/tumj/article-1-6737-fa.html

[ Downloaded from journals.tums.ac.ir on 2026-06-28 ]

YV Cooliols 0o lugSs g i o (s )bpracal alwis b

38y 4 812 590 g

ey
]

YIO-TD Gy esgame )
T :

-y
o
T

sl ey asle Selizg bnos? ead jaaad je0 8-
Jal 3o csle o3l plismal e bniseT o0l Jasmd 533 wesee

o
T

(pF ohee o 2 5 00 adl3g; 3e0
o

45 i
2 1 1 1 1 1 1 1
4] ] 10 15 20 l 25 30 35 40
I
12 T 1 T T T T T
&
2 #2518l SS5g Lot el 5aaaf 5p0 =
,-_;4 108 | ags 55, ol o35 At LA LT TTE ) PR i 1
] - -
-1 1y i
L =t r
% PR §
1 - LT T R e T )
Y,
& 1 1 1 L 1 1
10 15 20 |, 25 30 35 40
F R
"
3 Praes Jas g Beiig baad eal Guged Gp0 —E—
,—.‘3 Bl | paem Say 8l co3l8 ol piemes JasT el s a0 Ll .
P
) -
% © i
,] o F Y 3
g '
‘2: . 1 1 L 1 L L
- 10 15 20 | 25 30 35 40
o) 58y 4 (sl BB Jagd aat ool Sa0 prazs —@=
" )
A agl | sl sl el e JaT e et 520 framme .
£l
%
2
-
=
£
A 5 1 1 1 Il 1 1 1

20 25 30 35 40

(Y/0-Y/0 L;'La)a 03 gdows 6‘3)‘3})4“@’:}(}"“‘-)3‘ (5“5JJJ°(';""‘:“J‘S":},}.J’.J 4y 20 20 Jﬁ\:

oIS 553 5 poler s INR (s (558 bLsl sl s Lol s
W N

215 55 bl
Salys S,/ e S Syl Jae S 2K 5 Vadher

Tehran Univ Med J (TUMJ) 2015 July;73(4):271-80

http://tumj.tums.ac.ir

03 s d e il Fse s el (sl L 0Ly Ly e
JJ_ZSJ OL_A): ij_.& 417-]&‘):‘}}«1)5 QL{J}{ LSL&&;N
SO L ksl g OLLSan s Le Gal s e bl b oleys

W"J"’ﬂ Q;."L.'.J"“ le.o.:..n)) \) O._uu)b b.L?)U.@KJJ’}J m)Lwd}AJE


https://journals.tums.ac.ir/tumj/article-1-6737-fa.html

[ Downloaded from journals.tums.ac.ir on 2026-06-28 |

Qaempanah Z. et al YVA

e oS e Sl Shash (pl S S
S i bl L Oleys Sy pde 4SS (gl (550 Glate
(eI )15 53 5 b 5,550 INR i S50 L) odeels S
52 0beys o s gl il oo e pl s a3 Zisles
2 esde b axe 5 (o1 55 5 Oloys 3 ,) Al e 53 s
Al Gua INR (slaes gime 05 o e 6l Jle ol 0yl
JONPRNCH TS 7

53 ol 5o S Gl 1 5L dis 53 el
lrosly b g (Jds 93 8 eew . Cosl o3 g0d b Ddeols S
o el 5 1,5 Ll sy Obles Sl el 505158
ol Jlo 5 S b oS (ke TV (6l (o0l 550 Ol 2150
s £ o Sl 5 Y0 5 YO oy Sleys esgdoee 53 Ml
VAL o 5 a3 sl Sla e psdiome 5 llae 505 1 SSle 5
5545 (olan YA (gl o Uast g3 ol s el s Y/VA
Sl YA G VAY S 5w L Y 5 Y o Sloys 63 gdoms

= ool 5l adllas (sl 4B S s asn Sl w s L
o AT e B 4 Sl sdel ez s
s s a Wl g B S S8 500,08 0S5 4 Ll e
A Some |y 555 el 5 S

ST 5 P10 Sl e ey s OB i 55 i il
At s Ol sl PT 28 oS0l s (ki o 5115 555
Sen Laosls (slma 53 S kS5 bt SIS 5 06 ol
Lls e oSl Llals

References

1. White RH. The epidemiology of venous thromboembolism.
Circulation 2003;107(23 Suppl 1):14-8.

2. Lip GY, Tse HF. Management of atrial fibrillation. Lancet
2007;370(9587):604-18.

3. Mannucci PM, Franchini M. Old and new anticoagulant drugs: a
minireview. Ann Med 2011;43(2):116-23.

4. Ansell J, Hirsh J, Hylek E, Jacobson A, Crowther M, Palareti G;
American College of Chest Physicians. Pharmacology and
management of the vitamin K antagonists: American College of
Chest Physicians Evidence-Based Clinical Practice Guidelines
(8th Edition). Chest 2008;133(6 Suppl):160S-98S.

5. Hirsh J, Fuster V, Ansell J, Halperin JL; American Heart
Association/American  College of Cardiology Foundation.
American Heart Association/American College of Cardiology

593 5 INR (Jus sl iles sas =1 b 5Ll L Obe s gt
B NP e PR P PE PR DS PSSR RIPIRPLE
Pl ol LB Ga INR 1 (glos soms

O3 VL a4 (ool 555 oS (sl S T )
Silmdds @l 6l Sl o o 5 0ly 53 5 Sl 5L Jaasne
0 55y (eadd Ll 5 L Sinlis 5o 2omel LB 50) Slilgl
sl ol Sl (550 e 31 eslazal

s s e sl Sl ool Cowsay glaal olul
30553 (YO ME) o5 e slgar Gl aeS et Slay e o SSLe
ol S VYO MY (Ll Ol s ot OIS 5 s 5142k e
o Joo 03 5 Gl el et LB 5, 0o (o3
R w2 sl e Sl pdn 3 )ls Ay LB gl
U g P e R S T I B1 SIS
53 Sulsis 4 Gy lane OIS 5 iles 51 3L Lacslas
2S5y O3 o i O 55 5 el (5] mer
G 5 Sl el e 355 ke ol Ole 6 553
@l i 2 pd e ol slen a5 5 4S5 5 Olley slaesls
eslial 1B La b ot s el b s s 4 Lassls |
Lol 51 —ab jblas glacidlestl & bl (gl il
s et Ao B L gt canl e sy 50 Oy (i S
Al el (el sl ool 4B S esliza
bz ills B a5 s 01505 i S0 G b 5l aoes

LS Uﬁ_ oals

Foundation guide to warfarin therapy. J Am Coll Cardiol
2003;41(9):1633-52.

Oden A, Fahlen M. Oral anticoagulation and risk of death: a medical
record linkage study. BMJ 2002;325(7372):1073-5.

Wittkowsky AK, Devine EB. Frequency and causes of
overanticoagulation and underanticoagulation in patients treated with
warfarin. Pharmacotherapy 2004;24(10):1311-6.

Zadeh LA. Fuzzy sets. Inf Control 1965;8(3):338-53.

Yager RR, Zadeh LA. Fuzzy Sets, Neural Networks, and Soft
Computing. New York, NY: Van Nostrand Reinhold; 1994.

10. Ryan F, Byrne S, O'Shea S. Managing oral anticoagulation therapy:

improving clinical outcomes. A review. J Clin Pharm Ther
2008;33(6):581-90.

FA- 6PV F oylass VIV 0,00 N FAF i3s3 hed K5 gl olitily o 5 0dSCiils aloeo


https://journals.tums.ac.ir/tumj/article-1-6737-fa.html

[ Downloaded from journals.tums.ac.ir on 2026-06-28 |

yYva A decision support system for boosting warfarin maintenance dose using fuzzy logic

11. Yet B, Bastani K, Raharjo H, Lifvergrenb S, Marshc W,
Bergman B. Decision support system for Warfarin therapy
management using Bayesian networks. Decis Support Sys
2013;55(2):488-98.

12. Wilson SE, Costantini L, Crowther MA. Paper-based dosing
algorithms for maintenance of warfarin anticoagulation. J
Thromb Thrombolysis 2007;23(3):195-8.

13. Nielsen PB, Lundbye-Christensen S, Larsen TB, Kristensen SR,
Hejlesen OK. Monitoring of anticoagulant therapy applying a
dynamic statistical model. Comput Methods Programs Biomed
2013;110(3):380-8.

14. Wan C, Biktasheva IV, Lane S. The application of a perceptron
model to classify an individual’s response to a proposed loading
dose regimen of Warfarin. [Internet] 2012 [cited 2015 May 19].

Tehran Univ Med J (TUMJ) 2015 July;73(4):271-80

http://tumj.tums.ac.ir

15.

16.

17.

18.

Auvailable from: http://arxiv.org/ftp/arxiv/papers/1211/1211.2945.pdf
Lenzini PA, Grice GR, Milligan PE, Gatchel SK, Deych E, Eby CS,
et al. Optimal initial dose adjustment of Warfarin in orthopedic
patients. Ann Pharmacother 2007;41(11):1798-804.

Vadher B, Patterson DL, Leaning M. Evaluation of a decision
support system for initiation and control of oral anticoagulation in a
randomised trial. BMJ 1997;314(7089):1252-6.

Le Gal G, Carrier M, Tierney S, Majeed H, Rodger M, Wells PS.
Prediction of the warfarin maintenance dose after completion of the
10 mg initiation nomogram: do we really need genotyping? J
Thromb Haemost 2010;8(1):90-4.

Vadher B, Patterson DL, Leaning M. Prediction of the international
normalized ratio and maintenance dose during the initiation of
warfarin therapy. Br J Clin Pharmacol 1999;48(1):63-70. Erratum
in: Br J Clin Pharmacol 1999;48(3):469.


https://journals.tums.ac.ir/tumj/article-1-6737-fa.html

[ Downloaded from journals.tums.ac.ir on 2026-06-28 |

mmmmm

I ( ] I\/ I | Tehran University Medical Journal, July 2015; Vol. 73, No. 4: 271-280

Original Article

A decision support system for boosting warfarin maintenance

Zahra Qaempanah M.Sc.
Hossein Arab-Alibeik Ph.D.2"
Marjan Ghazi Saeedi Ph.D.*
Mohammad Ali Sadr-Ameli
M.D.?

1- School of Allied Medical
Sciences, Tehran University of
Medical Sciences, Tehran, Iran.
2- Research Center for Biomedical
Technologies and Robotics
(RCBTR), Tehran University of
Medical Sciences, Tehran, Iran.
3- Department of Cardiology,
Rajaei Cardiovascular, Medical
and Research Center, Iran
University of Medical Sciences,
Tehran, Iran.

*

Corresponding author: Research Center
for Biomedical Technologies and
Robotics (RCBTR), Imam Khomeini
Hospital Complex, Keshavarz Blvd.,
Tehran, Iran.

Tel: +98- 21- 66581505
E-mail: arabalibeik@tums.ac.ir

dose using fuzzy logic

Abstract Received: 27 Jan. 2015 Accepted: 19 Apr. 2015  Available online: 10 Jun. 2015
Background: Warfarin is the most common oral anticoagulant. This drug is used for
the prevention and treatment of thromboembolic patients. It is difficult for physician to
predict the results of warfarin prescriptions because there is narrow boundary between
therapeutic range and complications of warfarin. Therefore drug dose adjustment is
normally performed by an expert physician. Decision support systems that use extracted
knowledge from experts in the field of drug dose adjustment would be useful in
reducing medical errors, especially in the clinics with limited access to experts. The aim
of this study was to propose a method for boosting the maintenance dose of warfarin for
a maximum period of three days to eliminate disruptions in International Normalized
Ratio (INR).

Methods: In a retrospective study, from December 2013 to February 2014 in Shahid
Rajaee Heart Center, Tehran, Iran, 84 patients with International Normalized Ratio
below (INR) the therapeutic range was selected who was undergone a boosting dose
during three days. Patients with unstable maintenance dose were excluded from the
study. In this study, data from 75 patients receiving warfarin therapy were used for
developing and evaluation of the proposed model. The INR target range for 37 patients
out of remaining 75 cases was between 2.5 and 3.5, while for 38 patients the intended
INR range was between 2 and 3. A separate fuzzy model was designed for each of the
above-mentioned therapeutic ranges.

Results: The recommended dose for 37 patients having INR therapeutic range of 2.5 to
3.5 has mean absolute error and root mean squared error of 1.89 and 2.78 respectively
for three days. These error rates are 1.97 and 2.88 respectively for 38 patients who are
in therapeutic range 2 to 3.

Conclusion: The results are promising and encourage one to consider this system for
more study with the aim of possible use as a decision support system in the future.

Keywords: anticoagulants, clinical decision support system, fuzzy logic, international
normalized ratio, retrospective studies, warfarin.
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