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Indicator Mild Moderate Severe
Jet velocity (m/s) Less than 3.0 3.0-4.0 Greater than 4.0
Mean gradient (mm Hg) | Less than 25 25-40 Greater than 40
Valve area (cmz) Greater than 1.5 1.0-1.5 Less than 1.0
Valve area index (cm?/m?) Less than 0.6
@951 (b 6
Mild Moderate Severe
Qualitative
Angiographic grade 1+ 2+ 3-4+

Color Doppler jet width

Central jet, width
Less than 25% of LVOT

Greater than mild
but no signs of

Central jet, width
greater than 65%

severe AR LVOT

Doppler vena contracta Less than 0.3 0.3-0.6 Greater than 0.6
width (cm)
Quantitative
(cath or Echo)
Regurgitant Volume Less than 30 30-59 Greater than or
(ml/beat) equal to 60
Regurgitant fraction (%) | Less than 30 30-49 Greater than or

equal to 50
Regurgitant orifice Less than 0.10 0.10-0.29 Greater than or
area (sz) equal to 0.30
Additional Essential Criteria
Left Ventricular size Increased
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Indicator Mild Moderate Severe
Mean gradient (mm Hg) | Less than 5 5-10 Greater than 10
Pulmonary artery systolic | Less than 30 30-50 Greater than 50
pressure (mm Hg)
Valve area (Cm2) Greater than 1.5 1.0-1.5 Less than 1.0
Jlye (2 bw,b
Mild Moderate Severe
Qualitative
Angiographic grade 1+ 2+ 3-4+
Color Doppler jet area Small, Centeral jet Signs of MR Vena Contracta

(Less than 4 cm2 or
Less than 20% LA
area)

greater than mild
present, but no
criteria for severe
MR

width greater than
0.7 cm with large
central MR jet

(area greater than
40% of LA area)
or with a wall-

impinging jet of any
size, swirling in LA

Doppler vena contracta Less than 0.3 0.3-0.69 Greater than or
equal to 0.70

Quantitative (Cath or Echo)

Regurgitant Volume Less than 30 30-59 Greater than or

(ml/beat) equal to 60

Regurgitant fraction (%) | Less than 30 30-49 Greater than or
equal to 50

Regurgitant orifice Less than 0.20 0.2-0.39 Greater than or

area (cm2) equal to 0.40

Additional Essential Criteria

Left atrial size Enlarged

Left Ventricular size

Enlarged
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Severe tricuspid stenosis

Valve area Less than 1.0 cm?

Severe tricuspid

Regugitation

Vena Contracta width greater than 0.7 cm and Systolic flow

reversal in hepatic veins

Severe pulmonic stenosis

Jet veloaity greater than 4 m/s or maximum gradient greater
than 60 mm Hg

Severe pulmonic

Regurgitation

Color jet fills outflow tract

Dense continous wave doppler signal with a steep deceleration slope
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Severe Aortic Stenosis
Vmax greater than 4 m/s
AVA Less than 1.0 cm?
Undergoing Mean gradient > 40 mmHg

CABG or other
heart surgery? <—] l

Yes Equivocal NO
. LV ejection
Exercise test —{ Normal [— .
fraction
Symptoms
\|,Bp \L
Less than 0.50 Normal

l

Severe value Calcification,

Yes rapid progression, and / or
expected delays in Surgery

NO

Classl Classl Classllb  Classl  Classlib

L

Aortic Valve Replacement Clinical follow-up patient
education, risk factor

Preoperative coronary angiography
modification, annual echo

Preoperative coronary angiography should be performed routinely, as determined by
age, symptoms, and coronary risk factors. Cardiac catheterization and angiography
may also be helpful when there is discordance between clinical findings and
echocardiography (echo). Modified from Otto CM. Valvular aortic stenosis: disease
severity and timing of intervention. J AM Coll Cardiol 2006; 47:2141-51.

AVA= aortic valve area; BP = blood pressure; CABG = coronary artery bypass graft
surgery; LV = left ventricular; Vmax = maximal velocity across aortic valve by

Doppler echocardiography.
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Figure 3. Management Strategy for Patients with Chronic Severe
Aortic Regurgitation

‘ Chronic Severe Aortic Regurgitation

!

} Clinical evaluation +Echo

Reevaluation

Class 1

‘ No symptoms

‘ ClassI

{
‘ Normal EF EF borderline or uncertain EFof50 %orless

AVR

symptoms |- C/ass /-

RVG orMRI Class I1a
SD > 55mm or
DD > 75mm
ClassIIb

{ v {
SD < 45mm or SD45-50mm or SD50-55mm or
DD < 60mm DD 60-70 mm DD70-75 mm
@ Stable? Consider hemodyn_amic
| response toexercise
No, or No, or
initial study initial study Normal

l |

Clinical eval Reevaluate Clinical eval Reevaluate Clinical eval

every6-12mo and Echo every 6 mo and Echo every 6 mo

Echo every 3 mo Echo every 3 mo Echo every
12mo 12mo 6 mo

I | ! J

Cardiac catheterization and angiography may also be helpful when there is
discordance between clinical findings and echocardiography. “Stable" refers to stable
echocardiographic measurements. In some centers, serial follow-up may be performed
with RVG or MRI rather than echocardiography to assess LV volume and systolic
function.

AVR = aortic valve replacement; DD = end-diastolic dimension; Echo =
echocardiography; EF = ejection fraction; eval = evalutation; LV = left ventricular;
MRI = magnetic resonance imaging; RVG = radionuclide ventriculography; SD =
end-systolic dimension.
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Figure 4. Management Strategy for Patients with Mitral Stenosis

Mitral Stenosis

{
History, physical exam, CXR, ECG, 2D echo/Doppler

Comwem
L J

A i Symptomatic
symptomatic (see Figures 5 and 6)
Mild stenosis” Mild stenosis or
MVA > 1.5 cm? severe stenosis2
MVA < 1.5 cm

l

vearly Valve morphology
follow-up favorable for PMBV?
History,
physical exam,
CXR, ECG
No Yes*
I [
Exercise class |
l Consider PMBV
—>
Poor exercise tolerance Exclude LA clot,
or PASP > 60 mm Hg class | 3+ tod4+ MR
or PAWP = 25 mm Hg
class Ilb

* The writing committee recognizes that there may be variability in the measurement
of mitral valve area (MVA) and that the mean transmitral gradients, pulmonary
artery wedge pressure (PAWP), and pulmonary artery systolic pressure (PASP)
should also be taken into consideration.

*There is controversy as to whether patients with severe mitral stenosis (MVA < 1.0
cm“ and severe pulmonary hypertension (pulmonary artery pressure > 60 mm Hg)
should undergo percutaneous mitral balloon valvotomy (PMBV) or mitral valve
replacement to prevent right ventricular failure.

* Assuming no other cause for pulmonary hypertension is present.

AF = atrial fibrillation; CXR = chest X-ray; ECG = electrocardiogram; echo =
echocardiography; LA = left atrial;, MR = mitral regurgitation; 2D = 2-dimensional.



Figure 5. Management Strategy for Patients
with Mitral Stenosis and Mild Symptoms

Symptomatic Mitral Stenosis
NYHA Functional ClasslI

J

History, physical exam, CXR, ECG, 2D echo/Doppler

|
[ 1

Moderate or

Mild stenosis
MVA >1.5cm?”

l

Exercise

severe stenosis

MVA < 1.5cm?”

l Valve morphology

favorable for PMBV?

PASP> 60 mm Hg
PAWP = 25 mm Hg
MVG > 15 mm Hg

Yearly

No

Severe PH
PAP> 60 mm Hg

follow-up Valve morphology

favorable for PMBV?

No Yes class lla
| l 6 month
J, lassllb class| follow-up
class class Consider
6 month
commissurotomy
follow-up T
Consider PMBV or MVR

Exclude LA clot,

3+ tod+ MR
* The writing committee recognizes that there may be variability in the measurement
of mitral valve area (MVA) and that the mean transmitral gradients, pulmonary
artery wedge pressure (PAWP), and pulmonary artery systolic pressure (PASP)
should also be taken into consideration.
t There is controversy as to whether patients with severe mitral stenosis (MVA < 1.0
cmz) and severe pulmonary hypertension (PH; PASP > 60 mm Hg) should undergo
percutaneous mitral balloon valvotomy (PMBV) or mitral valve replacement (MVR)
to prevent right ventricular failure.
CXR = chest X-ray; ECG = electrocardiogram; echo = echocardiography; LA = left
atrial; MR = mitral regurgitation; MVG = mean mitral valve pressure gradient; PAP
= pulmonary artery pressure; 2D = 2-dimensional.



Figure 6. Management Strategy for Patients with
Mitral Stenosis and Moderate to Severe Symptoms

Symptomatic Mitral Stenosis
NYHA Functional ClasslII-IV

J

History, physical exam, CXR, ECG, 2 D echo/Doppler

|
l l

Moderate or

Mild stenosis
MVA > 1.5 cm?

l

Exercise

|

PASP > 60 mm Hg

severe stenosis

MVA < 1.5 cm?

PAWP = 25 mm Hg
MVG >15 mm Hg

Yes class Ilb

Look for

Valve morphology

favorable for PMBV?

other

etiologies

High-risk

class|

surgical candidate?

T .
Yes class lla Consider PMBV

Exclude LA clot,
class|
‘l 3+ to4+ MR
Mitral valve
repair
or MVR

* The writing committee recognizes that there may be variability in the measurement
of mitral valve area (MVA) and that the mean transmitral gradients, pulmonary
artery wedge pressure (PAWP), and pulmonary artery systolic pressure (PASP)
should also be taken into consideration.

t It is controversial as to which patients with less favorable valve morphology should
undergo percutaneous mitral balloon valvotomy (PMBYV) rather than mitral valve
surgery (see texy.

CXR = chest X-ray; ECG = electrocardiogram; echo = echocardiography; LA = left
atrial; MR = mitral regurgitation; MVG = mean mitral valve pressure gradient, MVR
= mitral valve replacement; NYHA = New York Heart Association; 2D =
2-dimensional.



Figure 7. Management Strategy for Patients with
Chronic Severe Mitral Regurgitation

‘Chronic Severe Mitral Regurgitation

!

‘ Clinical evaluation+Echo

Reevaluation w
No Yes|

Normal LV LV dysfunction

function EF < 0.60 EF > 030 B <d/ 00

EF >0.60 and/or ESD = 55mm Es[)an>5gr

ESD < 40 ESD = 40mm "
Pulmonary HT? Class | Class | Chordal preservatio:
New onset AF? likely?

MV repair
Class Ila if not possible, e Class Ila
MVR

[NoJ

MV repair likely?
Class //a Medical therapy

[Nol

Clinical eval.
every
6 months

Echo every
6 months

Mitral valve (MV) repair may be performed in asymptomatic patients with normal
left ventricular (LV) function if performed by an experienced surgical team and the
likelihood of successful MV repair is greater than 90%

AF = atrial fibrillation; Echo = echocardiography; EF = ejection fraction; ESD =
end-systolic dimension; HT = hypertension; MV = mitral valve; MVR = mitral valve
replacement.



A glamm 53 slas e V¥

Jlre (K5 Cqa PMBV (5hg) 4 by sbrdog

(ol | oS

23 3141 e (50 arash b o gie (S5 4 e o Lass

s 585wl o PMBY (S5 (ghyal caralin (gdamy0 JS3

Salan 5o g aiies Jiiie (gdas 0 wad B s gie sl )0 Hlag

14S8T sk 4wl ,),8 PMBY C_\ASJ&L}JJ‘JSJJ.}JML@_}T;{\%

clg,_m) (NYHA functional Class II, I1I, 1V) sadl s Slaiedl e A
(A SSJJA

320 Obd YL G a HLas 4 s wisl Gl sedle SIB
O-mmHg 5yl (509 Gl Sal g HLEd) wiiiua Wis
o) (U505 Jlss @ F mmHg ) i b cal il el 5o
(C SSJJA

:J.nLXZ:“a Q»BU

oS € Yo (seau,0 wad b b gie (S5 4 Yise ) len

ST ala sl s ol IV G o LT JuNYHA (oo Slace

S ecneal olpan YU S LT 5o alya Jac ghal b wiloas

b[SuT Al sad C_\S_).su_s 9 uihT Jise 4,9 slacd ;‘

(C Soue o) sy o0 Hla3s JBlate PMBV SiSS (51)a]

1ol 11b s

03 a ST by d 4 Yy e (S5 4 e olhlans JoPMBY (gl

‘).B_}_)de‘_.i 4.}.:1[-)0..\.&13)\%4%4—11‘:'.]04.“\93& w‘-'-“‘)u“-.‘l-éi’i

245 U:‘BJ 4\9.4.:& 4::.5;

Slanlo J<a sl Al glaclas gsas ohlas A

- .



3 5N dliee (40,50 (S5 5 adl (b gl sl (545050
5Bl sk 00 (el ik b s i (1S 50,8 S
(C SHue phows) wuils 80 Af Al Hlan ohles (SOB

s L (IV, 111, 1 NYHA 50 Slae (uS) Hlatedle ollass-B
Lo o Jue (Soue LS A5em® B Jidas (sag—)0
Gy sgas e a0 (S8 4o s LB Saeli sen
obas #emmHg 51 5YL (5505 oL Sl g HLas) wils
HLalL,S bu gt o L YOMMHg 51 jidis g g0y Gl slo S
S ks (25,5 a8 g0 Bub g (o LS
(C Sy plaws) (YOmmHg

sa=zod slacl 4 wa i bl s Jline (S5 L GlhlesC
canid g 5o Gl Sl 5l g asl sad culs 5 (SaT T Y
Ot as o g il a8 S L3IV 5 1IENYHA (g Slac
ch) 95S (a b Jae 50 sMause olan o ) L]
(C S,

:Jols 111 SIS

35 a3 s 53 PMBV aladl e ciidd (S8 L olass 5a-)
(C Syue o)

Gal oa alas oS wad g b gie Jae (SS L Glolas oY
(C Sy prais) S Lal LPMBY (3 95 wslis w3



L ead) Jlyise gaauys S35 2l glag saulsanl
(142,98 o2 925

ol | oS

Ololass Lo (pre 3 OISl &) s Ha) Ui (sg200 (Al -A
O Wise Ghlaw Lo (NYHA 1V (g0 Slae (uIS) Hlaiedle
= sha Gl b Ui sgos wad b b gie (S

S_SPMBV ) g3

JJ@#J&J&%)&MJJJMJ\P}Q&QPMBV ‘st_a‘_V
U lhasios ol b e ale b ddadus sla gl
2l g sias o Jlyine (sda0 50 wad

J.I.ZIL\_i E_u.ut\_o PMBV L)':':'JJ Ls‘_)A‘ Ls‘.)—.' 64.%_:‘)4 Ju.:.l_‘.u Ay

18 &S Jlyise (sdas 0 wad b b gl (S03 4 Wik (), lass B
wad U hagie ola,l e oo aual Sl cuedle



oo sl plia 50 4SST 580 i yS S8 Jie segu0
(C Soue o) 0 S ane 3 1) Hlass (g4 0 Ol sl (ol
ol Ha oS
YL a Ll «S St (s wad (S5 40 Wine olhlens Lo
6320 Ol Sl Sl HLad) Wil Gdils (5535 Ol wad
shal gl S NYHA -1 o Slae IS L (£ mmHg ) jid
il pad slie e (s4au 9 pre 5 (alba b SPMBV iy,
(C S o) a5 0 B3 4 Jilaie I e (40 50 (29 525
: ol 11 oS
a0 a5 e sie (S5 4 e ciodle 6 g lolans 5o
sladala L Galas glagyls SIS G yms al pule «S e
shan 5 SBALL SIS S pais o 5 0 g o Hlas Sl sael 5 e
o3 el (Siae Jlyine (g0 59 pae 5 bl o caeslie ae 5 (51
(C Sute phacs) o g 438 S i
ol 11 S

pre s 4wl Jlise (s4gu,0 Bda (S5 4 Wise olhlen Ho-A
(O S ) S Al i (st

a3 4S ols aladl (Shlas (sl Bl 1) Gy o 55 55 500eS B
ol © Ol e Lol wasldas S 518 Jlise (549250 pre S
(C S o) il 5y 5l (0 55 5 sduseS

J‘J:.:.ﬁ 6%)3 &LAJU—)
©MWe phlas sl (aba Jae @l y AT o 556 sladele



A glamm 53 slas e YA

o Ol stewres sl alasl LVEF ¢ Al sladslis 5 9 0
(V JS2) 520 Ol YL Goa HLas 5 (s oalan ¢ saedls s
Chso Olsie o Jae (sham,0 pre 3 W)l se el Ho il e
oL S s pe G35 IS 5o Phlen sl (BT 2l
ol Gl Sl medle Hlase A L e (gaam 0
@2 Ok 9 Slae PEAT G S wodle G oas Ghlan 5o (orines
OLL alasl 577 GYY. ol EF) wload Hlao b sie B caia
3 o (steanes 0Ll olasl 5+ /T 51 368 BF) o Olas wa
chordal S Lol carinls o Yo Hlhs Sy 1,10 (0mMM
I8 e Jae cad el (Sae adls Gl o 5 preservation
58
s ola, W (hlas ala ghal o) s
il Sl sladilas «S Gy ol oands o Slae b s
L Ui (a9 a3 shoad IS 581051 pmn s Sla3 C3EAN
= 50 o sl 5 all Blls o a5 Vb Bl se (40
380 O oS sbie 4 alia are 5 wal Gl Hlen
IS Oal s a0 GBI @ Jlie i Olay (b, LS
pro S Cull pe (542,53 4S WS o D geo (A0S e o i
¥l SIS (g st dal g 0 Jl e




by @ (b 0 Jlyie gazm 50 (> plnil cuar bao s
SooSoms [y Jlyo a0l
ol | oS
18 S oo dma 53 ) hlas Lo dlie 49 2l
chos) Jlise stamosola s wad olu, B L Hlaidle Glhlas-A
(B SSJJ-O
S 4SS Jlise (s4au,0 (oo 9 wad (ole sl 4 e oLess B
DLEINYHA (gu Slac IV, 1L 1T QS 5o Sulls glaaalas ks
aslea s JL%J 2> UJ':" LSJJS"""C' Jf.hi J)t\;l Lo Al“l:\s;
LVEF 4S 3 g oo A8 o808 Ciny Gyhas o Slae wads JHl3A)
(el 00mm 5 i (st OLL alasl b < /7 51 3aS
e edme g waad (ol sl 0 Mo wedle (50 Ohlans C
Omle EF ) o ol bacs 516 B caida o Slae PBAIL ol yon
(F M 5 slasca b icdon I s LG alaal L 5+ GZY -
Jlie sda200 o225 5l i Jhee ala pae 5Y
o 5 e Gede g el (plesB L glhlay S 58 (MVR)
23S 0 b ohlas Wb s ol Sl abs G S u sl o
5l (SIS (g a0 Jliae (sauu pne S (g4 5o 4S wli
J.al.w lla Q»B{S
Ol 03 (S g3 S (olaS s Ho Jliiue (s4au 0 pae -
Suad plu,b M s oedle §aas Ghlan cga wiplo ey
swile (3b oanbs LT G s 0 Slae 4S Jlie (545059 S e



B gl 53 slacgslen A

o Frmm 515 st LG sl 5+ /F 4 5) jid BF ) cul
sl 74 5 A MR Gaile (Bl ¢ g Jae 0l g <GT bt
(B Soue prhas) sy o SIS 4 Alae
B i Jid ghlass 5o Jise gdau s ala slal-Y
w0
Ghazod wad 5 (oo (bl 4 Wie adle G Ohlan-A
S s
load e wyas (5 5a0a0 ¢ sred 5ad 45
Sl s 5Lad) 505 OLd YL G HLE L b lan Y
Sloidn baeal il adla a0 -mmHg 5 yidus g9 oL s
(C Soae hacs) (G555 JUbs 44 #-mmHg
ale 4 Jlie giamos mad 5 Gede (le,b L Ohlens B
Laslis S Jisie stam o olanla gadsl gladal
2l aals JLENYHA (g0 Slae IV G I LIS L] ol
9/ 3 ASEF ) adbisad Jids sadd oy Gl o Slae
axe 5 ST (adl 0omm 5 s gt oLk sl b
(C S peba) oy oo 5l 4 Ao LaT o Jiae (54500
: ol 1 eSS
S Jhe e wadi 5 Gede (olel 4 e Glhlas 5o
O (/7 ) S BF) o Gl 0 Slae yads MRS 4 43 56
ob5 ol hlas Sl sladlas  ails 00,5 550 (ol
328018 Gless (psidin agsale NYHA IV IS 5o (g0 Slae
G885 (2B plesb pless cga ) (Sl 5o Sl b
(C S o) a5 30 Jline aae 53 cacal (Sas s



Jolis 111 WS

S e gdauo9 (@bl 0 e cedle G as ohlas Hu-A
olasl 5+ /8 5l Sidas BF ) cul ek L] Ca Sy o Slae
4229 B ane 5 Jlaial o (Femm 51 A8 gt LG
>oa e st 55 2 1l o&T il s oS Jliie
(C oo hacs) wla alas!

B Il stamos b sie B ds ola,lb 4 obdae 0B
Joe cas ) Ohlas Jie iamss ala sbla 4 L
(C Sy pais) Wla 518 (2l



AY

auoJepoIwe
JO uonenunuodsip Buimoljoy syow o) dn

jsisiad 03 pue Adelsy) suosepolwe Jo UoNeRIul

Jaye sAep 9 01 ¥ Ul Inooo 03 pauodal uonenusiod g asealou| auosepolly <<
v asealou| salejAoljesouIwy
g asealou| joundo|ly <<

SISOYIID onjeday

paoueApe ul a|qissod AJIAIOR paseasoul ‘I8ASMOH 2 aseal29Q (asnge 21u0Iy2)
PanjoAul aq 10yoo|v
os[e Aew JaAl] 9yl UO |OYOde JO SI0aYa ande JaYlo g asealou| | (uoneaixol ande)
uaydoulwelade jo Aep Jad swelb g uey) ssa (abesn asop-ybiy o1u0IYyd)
JO 8sn 21uoJyd 10 asn [euolseddo 0} Ajdde jou ssoQ v asealou| usydoulwelady
UONEBWIOJU| [BUCILIPPY [,S1981T | | WISIUBYIBIN Aanoy Bniqg
pElhile) jue|nBeoINUY
uo 10943

“*leunsajulonsed 1o ‘eluadoifooquiodyl  ‘elwsuiqwolyloidodAey asned uo uonebalbibe
19181e1d NqIyul Aew eyl suonedlpaw Aue Jo asn juainduod Aq pasealoul ag Aew abeyliowsay
JO XSl 8y} eyl paiapisuod aq pinoys Aujigissod syl ‘suonoessul palsl] syl 0} UORIppe U] 90N

:(@oueonyIubis eatuld Jofew = <<) sAISN|oUl AJlJeSS8I8U
j0U W (e1enidosdde assym  sasayuated ul wsiueydaw ajqissod) souediyubis [eatund  enusjod
11941 JO SISeq 8y} Uo pPaldsas Uaaq aAey swajqold pajejas Jo/pue  suonoesdul Bnup Buimojjoy syl

SWIa|qoad palejey Jo/pue uonoedsiul Bniqg ‘T 9|qel




Effect on

Anticoagulant Other
Drug Activity Mechanism® | Effects?| Additional Information
>>  Anabolic steroids Increase D, E Especially with 17-alpha-alkylated compounds
>>  Androgens Increase D, E
Anesthetics, inhalation3 Increase Unknown
Antacids Decrease F May be avoided in medications given several hours
apart
Antibiotics3 Increase G Significant potentiation very rare if dietary intake
of vitamin K adequate See also separate table en-
tries for azlocillin, carbenicillin, cefamandole
cefoperazone, chloramphenicol, erythromycins,
mezlocillin, piperacillin, rifampin, and ticarcillin
>> Antidiabetic agents, oral | Increase H Initial effect
Decrease | With continued concurrent use Hepatic me-
tabolism of antidiabetic agent may be decreased,
leading to increased plasma concentration and
half-life, hypoglycemic effect, and risk of tox-
icity of antidiabetic agent, especially wih dicumarol
Ascorbic acid Decrease
>>  Aspinin Increase A (with large a, b With large doses of ascorbic acid
doses), H Decreased platelet aggregation may occur with single
doses as low as 40 mg
>>  Azlocillin a
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Effect on

Anticoagulant Other
Drug Activity Mechanism* | Effects?| Additional Information
Colchicine May also cause thrombocytopenia (with chronic
use) and coagulation defects including dis-
seminated intravascular coagulation (with
overdose)
>>  Colestipol Decrease F May be avoided if medications given 6 hours apart
Increase K Not avoided if medications given 6 hours apart
>> Contraceptives, oral Decrease L
Increase Unknown
Corticotropin Increase Unknown b, c
Decrease Unknown
Cyclophosphamide Increase A d
Decrease Unknown
>> Danazol Increase A
>>  Dextran a
>> Dextrothyroxine Increase D, E Effect may depend on thyroid status of patient
Diazoxide Increase H
>> Diflunisal Increase H ab Decreased platelet aggregation occurs only with
greater-than-recommended  daily doses
>> Dipyridamole a With doses greater than 400 mg per day
Disopyramide 3 Decrease Unknown
Increase Unknown
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Effect on

Anticoagulant Other
Drug Activity Mechanism ! | Effects?| Additional Information
Haparin Increase N e May prolong prothrombin time used to monitor
therapy, especially when given as an intravenous
bolus or if full therapeutic doses given
subcutaneously; to minimize problems, draw
blood for test just prior to, or at least 5 hours
after, the intravenous bolus dose or 24 hours after
subcutaneous injection of a full therapeutic dose
Ibuprofen a, b
>> Indomethacin Increase H a, b
Influenza vaccine Increase B
Isoniazid Increase B
Ketoconazole Increase Unkown
Ketoprofen a, b
Laxatives, bulk-foming Decrease F May be avoided if medication given several hours spart
Meclofenamate Increase H b
>>  Mefenamic acid Increase H b
Meperidine Increase Unknown
Mercaptopurine Increase A d
Decrease o)
>> Methimazole Increase A Effect may also depend upon dosage and sub-

sequent thyroid status of patient
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Effect on

Anticoagulant Other
Drug Activity Mechanism * | Effects?| Additional Information
Decrease C With continued concurrent use Hepatic metabolism
of hydatoin anticonvulsants, especially phen-
ytoin, may be decreased, leading to increased
anticonvulsant plasma concentration, half-life,
and risk of toxicity, especially with dicumarol
>> Piperacilin a
Piroxicam a b Possibility that anticoagulant activity may be in-
creased because of displacement from protein-
binding sites should be considered; however,
has not been demonstrated
>>  Plicamycin Increase A d
>>  Primidone Decrease C Effect caused by barbiturate metabolite
Propoxyphen 3 Increase Unknown
>>  Propylthiouracil Increase A Effect may also depend upon dosage and sub-
sequent thyroid status of patient
>>  Quinidine Increase D, E
Quinine Increase A
Radioactive compounds Increase Unkown
>> Rifampin Decrease C
>> Salicylates Increase A (with large b See also separate table entries for aspirin and di-
doses), H flunisal
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Effect on
Anticoagulant Other
Drug Activity Mechanism ! | Effects?| Additional Information
Verapamil Increase H a Verapamil may also be displaced from protein
binding sites, leading to increased plasma con-
centrations of free [unbound] medication and
risk of toxicity
Vitamin A Increase Unknown With high doses of vitamin
Viramin E° Increase Unknown With high doses of vitamin
>>  Vitamin K Decrease L

1 Mechanisms leading to increase or decrease in anticoagulant activity as shown by measurement of prothrombin time:
(A) Decreased hepatic sysnthesis of procoagulant factors. (B) Inhibition of enzymatic metabolism of anticoagulant. (C)
Accelerated metabolism of anticogulant secondary to stimulation of hepatic microsomal enzyme activity. (D) Altera-
tion of procoagulant factor synthesis or catabolism. (E) Increased receptor affinity for anticoagulant. (F) Decreased ab-
sorption of anticoagulant from gastrointestinal tract. (G) Decreased vitamin K synthesis secondary to alteration in in-
testinal flora. (H) Displacement of anticoagulant from protein-binding sites. (I) Increased metabolism of anticoagulant.
(J) Interference with enterohepatic cirulation of anticoagulant. (K) Decreased vitamin K absorption or synthesis. (L) In-
creased hepatic synthesis of procoagulant factors. (M) Reduction of plasma volume leading to concentration of pro-
coagulant factors in the blood; diuretic-induced improvement of hepatic congestion may lead to improved hepatic func-
tion resulting in increased procoagulant factor synthesis. (N) Severe factor 1X deficiency (with coumarin derivatives.
(O) Increased prothrombin synthesis or activation.

2 Effects resulting in increased risk of hemorrhage in patients receiving anticoagulants; cannot be shown by measurement
of prothrombin time: (a) Inhibition of platelet aggregation. (b) Potential occurrence of gastrointesttinal ulceration or
hemorrhage during therapy. (c) Adverse effect on vascular integrity. (d) Interference with platelet formation. (e) Anti-
coagulant activity of heparin. (f) Thrombolytic activity may lead to hemorrhage.

3. Clinical significance has not been determined.

1)












Seventh ACCP consensus conference summary: Antithrombotic therapy in patients
with mechanical heart valves

Grade 1- This is a strong recommendation since experts are certain that the
benefits of antithrombotic therapy outweigh the risks and burdens in patient
with mechanical heart valves in the following settings

o Warfarin (or other vitamin K antagonist) to achieve a goal INR of 2.5 (range 2.0 to 3.0)
after:

1. Aortic valve replacement (AVR) with St Jude Medical bileaflet valve

2. AVR with a CarboMedics bileaflet valve or Medtronic Hall tilting disk valve with
normal left atrial size and normal sinus rhythm.

o Warfarin to achieve a goal INR of 3.0 (range 2.5 to 3.5) after:

1. Mitral valve replacement (MVR) with tilting disk and bileaflet valves.

2. In combination with aspirin (75 to 100 mg/day) in patients with AVR or MVR and
additional risk factors, such as atrial fibrillation, myocardial infarction, endocardial
damage, or a low left ventricular ejection fraction.

3. In combination with aspirin (75 to 100 mg/day) in patients with systemic embolism
despite a therapeutic INR on warfarin therapy.

o Low molecular weight heparin when warfarin must be discontinued.

Grade 2- This is a weaker recommendation since experts are less certain of the
magnitude of the benefits and the risks and burdens of antithrombotic therapy
in patients with mechanical heart valves in the following settings

In patients with caged ball or caged disk valves, warfarin to achieve a goal INR of 3.0
(range 2.5 to 3.5) plus aspirin (75 to 100 mg/day).

Data from Salem, DN, Stein, PD, Al-Ahmaad, A, et al. Antithrombotic therapy in valvular heart
disease--native and prosthetic. the Seventh ACCP Conference on Antithrombotic and
Thrombolytic Therapy. Chest 2004, 126:457s.
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ACC/AHA guideline summary: Antithrombotic therapy in patients with
bioprosthetic heart valves

Class | - There is evidence and / or general agreement that antithrombotic
therapy in indicated in patients with bioprosthetic heart valves in the following
settings

o Warfarin to achieve a goal INR of 2.5 after:
1. Aortic valve replacement (AVR) if risk factors " are present.
o Warfarin to achieve a goal INR of 2.5 to 3.5 after:
1. MVR with a bioprosthesis if risk factors " are present.
o Role of aspirin:
1. After AVR or MVR with no risk factors™ at a dose of 75 to 100 mg/day
2. After AVR or MVR in patients who cannot take warfarin, at a dose of 75 to 325 mg/day.
3. In addition to warfarin, in patients with risk factors” at a dose of 75 to 100 mg/day.

Class lla- The weight of evidence or opinion is in favor of the usefulness of
antithrombotic therapy in patients with bioprosthetic heart valves in the
following settings

o In the first three montsh after AVR or MVR in patients with no risk factors*, warfarin to
achieve a goal INR of 2.0 to 3.0.

* Risk factors include atrial fibrillation, prior thromboembolism, left ventricular dysfunction,
and a hypercoagulable state.

Data from Bonow, RO, Carabello, BA, Chatterjee, K, et al. ACC/AHA 2006 guidelines for the
management of patients with valvular heart disease. A report of the American College of
Cardiology/American Heart Association Task Force on Practice Guidelines (Writing committee
to revise the 1998 guidelines for the management of patients with valvular heart disease). J Am
Coll Cardiol 2006; 48:¢ 1.



ACC/AHA guideline summary: Antithrombotic therapy in patients with mechanical
heart valves

Class | - There is evidence and / or general agreement that antithrombotic
therapy in indicated in patients with mechanical heart valves in the following
settings

o Warfarin to achieve a goal INR of 2.5 after:

1. Aortic valve replacement (AVR) with bileaflet mechanical or Medtronic Hall valves
if no risk factors” are present.
o Warfarin to achieve a goal INR of 2.5 to 3.5 after:

1. AVR with bileaflet mechanical or Medtronic Hall valves if risk factors " are present.

2. AVR with Starr-Edwards or disc valves other than Medtronic Hall if no risk factors”
are present.

3. Mitral valve replacement (MVR) with any mechanical valve.
o Role of aspirin:

1. After AVR or MVR in patients who cannot take warfarin, at a dose of 75 to 325
mg/day.

2. In addition to warfarin, in all patients with at a dose of 75 to 100 mg/day.

Class lla- The weight of evidence or opinion is in favor of the usefulness of
antithrombotic therapy in patients with mechanical heart valves in the
following settings

e In the first three months after AVR, warfarin to achieve a goal INR of 2.5 to 3.5.

Class Ilb- The weight of evidence or opinion is less well established for the
usefulness of antithrombotic therapy in patients with mechanical heart valves
in the following settings

o In high-risk patients in whom aspirin cannot be used, clopidogrel (75 mg/day) or warfarin
to attain a goal INR of 3.5 to 4.5.

* Risk factors include atrial fibrillation, prior thromboembolism, left ventricular dysfunction,
and a hypercoagulable state.

Data from Bonow, RO, Carabello, BA, Chatterjee, K, et al. ACC/AHA 2006 guidelines for the
management of patients with valvular heart disease. A report of the American College of
Cardiology/American Heart Association Task Force on Practice Guidelines (Writing committee
o revise the 1998 guidelines for the management of patients with valvular heart disease). J Am
Coll Cardiol 2006, 48:¢ 1.




S gl 5s g slen

ACC/AHA guideline summary: Treatment of prosthetic heart valve thrombosis

Class lla - The weight of evidence or opinion is in favor of the usefulness of
the following modalities in patients with prosthetic heart valve thrombosis

e Emergency surgery for thrombosis in a left-sided prosthetic heart valve in patients with
New York Heart Association (NYHA) class IlI-1V symptoms.

o Emergency surgery for thrombosis in a left-sided prosthetic heart valve with a large clot
burden.

o Fibriolytic therapy for thrombosis in a right-sided prosthetic heart valve in patients with
New York Heart Association (NYHA) class IlI-1V symptoms and/or a large clot burden.

Class Ilb- The weight of evidence or opinion is less well established for the
usefulness of the following modalities in patients with prosthetic heart valve
thrombosis

o Fibrinolytic therapy as a first-line approach for thrombosis in a left-sided prosthetic heart
valve in patients with NYHA class I-1l symptoms and a small clot burden.
o If surgery is either high risk or not avaliable:

1. Fibrinolystic therapy as a first-line approach for thrombosis in a left-sided prosthetic
heart valve in patients with NYHA class IlI-IV symptoms and a small clot burden.

2. Fibrinolytic therapy in patients with a obstructed, thrombosed left-sided prosthetic
heart vale, class 1I-1V symptoms and, a large clot burden.
o Unfractionated heparin as an alternative to fibrinolytic therapy in patients with NYHA
class I-1I symptoms and a small clot burden.

Data from Bonow, RO, Carabello, BA, Chatterjee, K, et al. ACC/AHA 2006 guidelines for the
management of patients with valvular heart disease. A report of the American College of
Cardiology/American Heart Association Task Force on Practice Guidelines (Writing committee
to revise the 1998 guidelines for the management of patients with valvular heart disease). J Am
Coll Cardiol 2006, 48:¢ 1.
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European Society of Cardiology guideline summary: Bridging therapy in patients
with mechanical valves who require interruption of warfarin therapy for
noncardiac surgery or other procedure

Risk stratification for thromboembolism risk is essential. High risk is defined
as one or more of the following; the risk increases with the number of risk
factors present

o Risk factors for thromboembolism, especially if multiple. Risk factors include:

1. Artial fibrillation

2. A prior history of thromboembolism

3. Heart failure or a left ventricular ejection fraction < 30 percent

4. A hypercoagulable state
o A mechanical valve in the mitral position.
o Mechanical valves known to be associated with a high risk of valve thrombosis if the INR
is low (Lillehei Kaster, Omniscience, Starr Edwards).
e Surgery for cancer or an infection, both of which can be associated with a
hypercoagulable state.

The following approach is recommended based upon risk stratification for
both thromboembolism and the risk of bleeding, which varies with the site of
surgery

o For very high-risk patients, anticoagulation should not be interrupted if possible.

o Interruption of anticoagulation is not necessary for many minor surgical procedures,
including dental extraction, and for procedures where bleeding can be easily controlled. In
such patients, the INR should be lowered to a goal of 2.0 and surgical homeostasis should
be meticulous.

o In anticoagulation must be interrupted:
1. The patient should be admitted to the hospital and warfarin discontinued
2. Intravenous unfractionated heparin (goal aPTT 1.5 to 2.0) should be started as the INR gradually
falls. The safety of subcutaneous low molecular weight heparin started at home has not been
established.
3. Heparin and warfarin should be resumed as soon as possible after surgery; heparin is continued
until the INR is within the goal therapeutic range.

Data from Butchart, EG, Gohlke-Barwolf, C, Antunes, MJ, et al.
Recommendations for the management of patfents after heart valve surgery.
Eur Heart J 2005, 26:2463.
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ACC/AHA Guideline summary: Bridging therapy in patients with mechanical
valves who require interruption of warfarin therapy for noncardiac surgery,
invasive procedures, or dental care

Class | - There is evidence and / or general agreement that the following
approach to bridging therapy is effective in patients with mechanical valves

e Among patients who are at low risk for thrombosis, which is defined as a bileaflet aortic
valve with no risk factors "

1. Warfarin should be withheld 48 to 72 hours before the procedure to allow the INR
to fall below 1.5.

2. Warfarin is restarted 24 hours after the procedure.

3. Heparin is usually not necessary.
e Among patients who are at high risk for thrombosis, which is defined as a mechanical
aortic valve with any risk factor " or any mechanical mitral valve.

1. Warfarin should be withheld more than 72 hours before the procedure.

2. Therapecutic doses of intravenous unfractionated heparin should be started when the
INR falls below 2.0 (usually 48 hours before the procedure).

3. Heparin is stopped four to six hours before the procedure.

4. Heparin and warfarin are restarted as soon after surgery as bleeding stability
permits.

5. Heparin is discontinued when the INR reaches therapeutic levels.

Class lla- The weight of evidence or opinion is in favor of the usefulness of the
following approach to bridging therapy in patients with mechanical valves

e The administration of fresh frozen plasma when an emergency procedure is necessary.
Fresh frozen plasma is preferred in this setting to high dose vitamin K1.

Class Ilb- The weight of evidence or opinion is less well established for the
following approach to bridging therapy in patients with mechanical valves

e Among patients at high risk for thrombosis as defined above, therapeutic doses of
unfractionated heparin (15,000 units every 12 hours) or low molecular weight heparin (100
U/kg every 12 hours) during the period when the INR is subtherapecuti.

Class Ill- There is evidence and/ or general agreement that the following
approach to bridging therapy is NOT useful in patients with mechanical valves

o Routine high dose vitamin K1, which can cause a hypercoagulable state.

* Risk factors include atrial fibrillation, prior thromboembolism, left ventricular dysfunction, a
hypercoagulable state, older generation thrombogenic valves, a mechanical tricuspid valve, or
multiple valves.

Data from Bonow, RO, Carabello, BA, Chatterjee, K, et al. ACC/AHA 2006 guidelines for the
management of patients with valvular heart disease. A report of the American College of
Cardiology/American Heart Association Task Force on Practice Guidelines (Writing committee
to revise the 1998 guidelines for the management of patients with valvular heart disease). J Am
Coll Cardiol 2006; 48:¢ 1.



ACC/AHA Guideline summary: Anticoagulation regimens in pregnant women with
mechanical prosthetic heart valves

Class | - There is evidence and / or general agreement that the following
approach to anticoagulation therapy are indicated in pregnant women with
mechanical prosthetic heart valves

e For women who are attempting to become pregnancy, aticoagulation options during
pregnancy discussed so that anticoagulation can be uninterrupted once pregnancy is
achieved. Because of the risk of warfarin embryopathy between 6 and 12 weeks of gestation
pregnancy tests should be monitored.

o During pregnancy, continous therapeutic anticoagulation with frequent monitoring.

o Women who elect to stop warfarin between 6 and 12 weeks of gestation should be treated
with dose-adjusted continous intravenous unfractionated heparin (UFH), subcutaneous
UFH, or low molecular weight heparin (LMWH).
e Between 12 and 36 weeks, the patient can be treated with dose-adjusted continuous
intravenous UFH, subcutaneous UFH, or LMWH, or warfarin. With Warfarin compared to
the different heparin regimens, the fetal risk is higher but the maternal risk appears to be
lower for prosthetic valve thrombosis and systemic embolization. Hepartin therapy,
particularly UFH, also carries the risks of heparin-indued thrombocytopenia and
osteoporosis.

1. Dose-adjusted LMWH should be given twice daily subcutaneously to maintain the anti-Xa level

between 0.7 and 1.2 U/mL at four hours afer dosing. LMWH should NOT be given if such

monitoring cannot be performed.

2. With dose-adjusted UFH, the aPTT should be at least twice control.

3. With warfarin, the goal INR is 3.0 (range 2.5 to 3.5). Warfarin should be discontinued and

continuous intravenous UFH started beginning two to three weeks before planned delivery.

Class lla- The weight of evidence or opinion is in favor of the usefulness of the
following approach to anticoagulation therapy in pregnant women with
mechanical prosthetic heart valves

o Avoidance of warfarin between 6 and 12 weeks of gestation due to the high risk of fetal
defects.

o In the absence of significant bleeding, continuous intravenous heparin should be resumed
and oral warfarin should be begun four to six hours after delivery.

e In the second and third trimesters, low-dose aspirin (75 to 100 mg/day) can be given in
addition to warfarin or heparin. Dipyridamole is NOT an alternative to aspirin because of
its adverse effects on the fetus.

Data from Bonow, RO, Carabello, BA, Chatterjee, K, et al. ACC/AHA 2006 guidelines for the
management of patients with valvular heart disease. A report of the American College of
Cardiology/American Heart Association Task Force on Practice Guidelines (Writing committee
o revise the 1998 guidelines for the management of patients with valvular heart disease). J Am
Coll Cardiol 2006, 48:¢ 1.
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Formula for reversal of vitamin K antagonist-related bleeding

Step 1. Decide of target INR

Clinical situation Target INR
Moderate bleeding, high risk of thrombosis 2.0-2.1
Serious bleeding, moderate risk of thrombosis 15
Serious or life-threatening bleeding, low risk of thrombosis 1.0

Step 2. Convert INR to prothrombin complex (expressed as a percentage of
normal plasma concentration)

INR Approximate percentage
Over anticoagulation > 5 5
4.0-4.9 10
Therapeutic range 2.6-3.2 15
2.2-25 20
1.9-2.1 25
Subtherapeutic range 1.7-1.8 30
1.4-1.6 40
Complete reversal to normal 1.0 100

Step 3. Calculate the dose

Formula for calculating the dose:
(target level as a percentage - present level as a percentage) X
body-weight in kg = mL of plasma or IU of prothrombin-complex concentrate (PCC) needed
Example: a patient with pulmonary embolism 3 months ago now has major intestinal bleeding:
present INR - 7.5, target INR - 1.5, body weight - 80 kg:
(40-5) X 80 = 2800. Therefore, needed dose is 2800 mL of FFP or 2800 IU of PCC.

Calculation of the volume of plasma (in milliliters) or the dose of prothrombin-complex

concentrate (in international units) required for the reversal of the effects of a vitamin K
antagonist in case of bleeding. Reproduced with permission from: Schulman, S. Care of
patients receiving long-term anticoagulant therapy. N Eng J Med 2003, 349:675. Copyright @
2003 Massachusetts Medical Society.




European College of Cardiology guideline summary: Antithrombotic therapy in
patients with mechanical heart valves

General principles

Thromboembolic risk is related to two factors:

Thrombogenicity of the mechanical valve
1. Low-Medtronic Hall, St Jude Medical (without Silzone), CarboMedics AVR
2. Medium - Bileaflet valves with insufficient data, Bjork-Shiley
3. High - Lillehei Kaster, Omnisciience, Starr Edwards

Presence or absence of risk factors: atrial fibrillation, left atrial dimension > 50 mm, mitral
valve gradient, left ventricular ejection fraction > 35 percent, spontaneous echo contrast,
mitral, tricuspid, or pulmonary valve replacement, or a hypercoagulable state.

Recommendations for anticoagulation

e Until the INR is stable, intravenous unfractionated heparin (to achieve an activated
partial thromboplastin  time of 15 to 2.0) is probably safer than subcutaneous
unfractionated heparin or low molecular weight heparin which, is used, should be
accompanied by anti-factor Xa monitoring, particularly in patients with renal failure or
obesity.

o For low thrombogenicity valves, warfarin (or other vitamin K antagonist) to achieve a
goal INR of 3.0 if no risk factors and 3.5 if risk factors.

o For high thrombogenicity valves, warfarin (or other vitamin K antagonist) to achieve a
goal INR of 3.5 if no risk factors and 4.0 if risk factors.

Addition of antiplatelet therapy
o Relative indications
1. Concurrent arterial disease
2. Coronary artery stenting
3. Recurrent embolism, but only after treatment of risk factors and optimization of anticoagulation
fail to abolish the problem
4. With caged ball valves, with dipyridamole being preferred to aspirin
e Relative contraindications
1. History of gastrointestinal bleeding, particularly associated with ulcer disease or angiodysplasia.
2. hyperresponders to aspirin, with excessively prolonged bleeding time.
3. poorly controlled hypertension, because of the risk of intracerebral hemorrhage.
4
5

. Elderly patients, particularly women over age 75.
. Patients who take multiple medications, require frequent courses of antibiotics, or have erratic INR
control.

Data from Butchart, EG, Gohlke-Barwolf, C, Antunes, MJ, et al.
Recommendations for the management of patfents after heart valve surgery.
Eur Heart J 2005, 26:2463.
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