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Calcium Signaling and
Transcriptional
Regulation in Cardiomyocytes

Circulation Research September 29, 2017

Given the central role of Ca.in controlling
EC coupling, a strict regulation of Ca..-
handling Is crucial for cardiac function.
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Del Calclio a la contraccion

VICIOIUDUIES In @ Deaung

cardiomyocyte

rafael.porcile@vaneduc.edu.ar



Troponin T
(~15%)

a-lropomyosin
(«<5%)
|

Troponn C

light chain

lroponin |

f-Myosin
heavy chain

Myosin-binding — . Actin
protein C | /
{~16%) '

Myosin
rod

rafael.porcile@vaneduc.edu.ar



Falcio se une a la unidad c de la
tropomina
La troponina se desplaza en sentido lateral

liberando el sitio de unidn de la actina
alabhiilar rafael.porcile@vaneduc.edu.ar
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Myteyte archilacture
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INOTROPORMO 'V MAX

MAXIMA VELOCIDAD DE CONTRACCION
CUANDO LA FIBRA NO ESTA EXPUESTA A
CARGA (CONTR ISOTONICA)

— NO PUEDE SER MEDIDA DIRECTAMENTE

— SE EVALUA LA dP/dT

LONGITUD MUSCULAR DE REPOSO
— LEY DE FRANK STARLING

MECANISMO BETA ADRENERGICO
— AUMENTO POR AUMENTO DEL INFLUJO DE CALCIO

rafael.porcile@vaneduc.edu.ar



Relacion df/dt

1\

Velocidad con la cual el ventriculo logra
desarrollar cambios de presion

La maxima dP/dtse logra al final de la CIS
antes de la apertura valvular aortica

Es el mejor indicador-de trabajo ventricular

Se retrasa con.el deterioro inotrépico pudiendo
producirse aun después de la apertura aortica
n gran perdidade (2% ficiencia contractil ;




Valoracion no irvasiva da la funcion vantricular izquiarda

dP/d T=32¢1000/60=533 mm Hg/seq
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http://www.anesthesia2000.com/cardiac/cardiac1.htm
http://www.anesthesia2000.com/cardiac/cardiac1.htm

CONTRACCION ISOVOLUMETRICA
SISTOLICA | [\ | t

. LAS VALVULAS V/A
0 o) 02 03 04 05 056 O CIERRAN CUANDO LA
on PRESION (ROJO ) SUPERA

" Confractigh ™\ LA PRESION EN LA
. ) AURICULA (AMARILLO).

« EL VENTRICULO SE
CONTRAE SIN CAMBIOS
DE VOLUMEN )
ACERCANDO LA PRESION
A LA ARTERIAL (VERDE ).
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http://en.wikipedia.org/wiki/File:Cardiac_Cycle_Left_Ventricle.PNG
http://en.wikipedia.org/wiki/File:Cardiac_Cycle_Left_Ventricle.PNG

Asi lo ve el doppler pulsado...

al reves y especular ...
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Y si1 lo enderezamos...
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http://www.anesthesia2000.com/cardiac/cardiac1.htm
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* Indice de
contractilidad
miocardica.

« Método de
Bargiggia (1a 3

m/sola4m/s).

* Diferenciade
presion.

1m/s
4m/s Normal> 1200
Limite 1000-
< 1200
dP=0,06 Baja < 1000

dP= 64-4= 60 = 1000
Dt 0,06 0,06
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Variables que modifican el volumen sistolico

PRECARGA POSCARGA CONTRACTIBILIDAD

J. Tamargo - E Delpdn; La funcidn de bomba del corazdn; En: ). Tresguerres. Fisiologla Humana, 4% Edicidn; pag. Ml.poreﬂe@vmeduc.eduar



* Volumen
PRECARGA  telediastolico del
ventriculo

 Tension de la
pared ventricular
durante la sistole
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POST CARGA

POSTCARGA

#Carga ulterior al inicio de la contraccion,
contra la cual el Ventriculo Izquierdo se
contrae durante la expulsion.




TIPOS DE CONTRACCION

« CONTRACCION ISOMETRICA

rafael.porcile@vaneduc.edu.ar
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Ley de Laplace -
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Ley de Laplace

#La tension de la pared es uno de los
aspectos determinantes principales de
la captacion miocardica de O,.

# La reduccion de la poscarga y la
precarga disminuye la demanda
miocardica de O, al disminuir el radio

del VI.
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Volumen sistélico (ml)

1l poscarga

B

\A

C

“

T poscarga

PTDVI (mm Hg)

rafael.porcile@vaneduc.edu.ar



AUMENTO POST CARGA AUMENTO INOTROPISMO

Presion

Presion
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Cardiac Ouwtput

. namnal range Marenal
g
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i LV dysfunction
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Left Ventricular End-Diastolic Pressura
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Joisitaio Explicacion ultraestructural de la Ley de Starling

MYOCARDIAL CONTRACTILITY
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Mecanismos de compensacion

1) Mecanismo de Frank-Starling
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Mecanismos de compensacion

1) Mecanismo de Frank-Starling
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Mecanismos de compensacion

1) Mecanismo de Frank-Starling

FUNCION VENTRICULAR: PRECARGA Y
POSCARGA
% H@sam length

Normal resting length
- 4 { |
Frank-Starling
cu L1 4
\ re—Sarcomere length —i
0.00 L : |/ \ /\

0 150 300
Ventricular end-diastolic volume (mL) (EDV)
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Nutricion miocardica
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hiperpolarizacion

Canal de K*



ATP
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ADP + P,

F F ATPase
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ISOmV

Ca’t et

ATP

ADP
Pl

NADH

CaDH

M it(g&%grgégeanedue&du.ar



D/ D/T

Lusitropismo

[notropismo

Volumen
Sistoélico

rafael.porcile@vaneduc.edu.ar



FRESSURE

Incresed inofropy

Solo podemeos incrementar
provechosamente el inotropismeo si no
incrementamos inapropiadamente la
rigidez ventricular y la presion de fin de

diastole
CE dlusit
/ creased lusitropy ARIAL

I'I.I'I[:]LI-_-I r'l.llllE rafael.porcile@vaneduc.edu.ar




FRESSURE

Incresed inofropy

Vaso dilatar hace la diferencia

cecreased lusiropy

/—___’_/
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Resistencia vascular

Es la oposicion al flujo de sangre
debido a la friccion entre la sangre y
las paredes de los vasos sanguineos

Tamano de la luz del La viscosidad de la El largo total del vaso
vaso sanguineo sangre

sanguineo

Relacion entre los

glébulos rojos y el A mayor longitud
volumen del mayor resistencia
liquido plasmatico (obesas)

(DHT-policitemia)

rafael.porcile@vaneduc.edu.ar



¢, Que parametro
fisiologico modificar para
Incrementar la fuerza de
contraccion miocardica?
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Classification of inotropes

Drugs that facilitates Drugs that affects
actin-myosin metabolism and
binding to Ca2+ endocrine functions

Drugs that
increase

intracellular
Ca2+

Newer drugs
in the
market

rafael.porcile@vaneduc.edu.ar ),



Classification of inotropes

Drugs that facilitates
actin-myosin

Newer drugs
in the
market
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Effect of dobutamine on mortality in heart failure (vs. placebo or standard care)

Events

Study OR (96% C1) Dobutamine Control % Weight

Leser 1882 1.64 (092, 1947) 21156 /11 268 :
Dias 1086 227 (0.75,6.89) 13/31 7129 10.83 '
Erwnuier 1902 1.00 (0.05, 1.57) 110 110 2.32

Elen 1998 1.12{0 06, 21.009) Q10 It 217

Sandione 159N Q14 (002, 1.086) 2126 N 10,02

Olva 1998 180 (0.3, 9.44) ons N8 570

Niominen 2000 6,62 (022, 144 . 45) 1720 N3G 0.87

CASIND 2004 1.84 (1.02,3.32) 42/100 28/)00 4210

Nanas 2004 035(007,1.76) 916 1114 1324 ‘
ACHMOopouies 2008 1.32(0.31,.671) 523 4/23 807

Bader 2010 3.35(0 .13, 84 .53) 1/43 AT 1.19 i
Liusng 115654 - 0 N7 0.00

Wirmmeor 19688 010 >v10 0.00

Overall
1724 5%, p=0.401 1.47 (098, 2.21) 90/3n 66/322 100.00 OR 1 .47
| T ) ) 1

.01 01 05 1+ 2 10 100
Dobutaming batlar Control battar

There are strong indications from this meta-analysis that dobutamine

worsens outcomes in patients with severe heart failure

Tacon et al (2011) /ntenc/vePeenosip@uanduaidv.as &0
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En 1nsuficiencia
cardiaca cronica



Prediccion de la mortalidad a muy
corto plazo de los pacientes con
insuficiencia cardiaca cronica
agudizada: escala EAHFE-3D

http://dx.doi.org/10.1016/j.medin.2015.07.013

Odds ratio (Cl 95%) para mortalidad a 3 dias

OR (IC95%)

Edad = 75 anos B 3,1 (1,5-6,3)

Clase NYHAIlllo IV | ——— 1,6 (1,1-2,5)

Presion arterial sistdlica < 110 mmHg B 22 (1,3-3,8)

Saturacion de oxigeno < 90% e 3,2 (2,1-5,0)

Hiponatremia (< 135 mmol/L) - 1,9 (1,2-2,9)

Uso de inotropos o0 vasopresores - 2.9 (1,5-5,7)

Uso de ventilacion mecéanica no invasiva B 2.0 (1,2-3,5)
0 1 10

rafael.porcile@vaneduc.edu.ar



Aem Hean J 1989 Jut 138(1 7 1) 78.86

Continuous intravenous dobutamine is associated with an increased risk of death in patients with advanced
heart failure: insights from the Flolan International Randomized Survival Trial (FIRST).

O'Connor CM" Gattis WA Uretsky BF. Adams KF Jr, Mcully SE. Grossman SH, McKenna WJ. Zannad F Swedberg K. Gheorghiade M, Calli RM

+ Author information

Abstract
OBJECTIVE: To evaluate clinical characteristics and outcomes of patients with advanced heart failure receiving infravenous continuous
dobutaming in the FIRST Trial (Flolan Intemational Randomized Survival Trial),

METHODS: Four hundred seventy-one patients with class I1ib to IV heart failure who were enrolied in the FIRST trial were included. Eighty patients
treated with dobutamine at FIRST randomization were compared with 391 patients not freated with dobutamine at randomization. The occumrence
of worsening heart failure, need for vasoactive medications, resuscitated cardiac arrest. myocardial infarction, and total mortality were compared
between the 2 groups.

RESULTS: The dobutamine group had a higher occurrence of first event (85.3% vs 64. 5%; P =.0006) and a higher mortality rate (70.5% vs
37.1%; P =0001) compared with the no dobutamine group. Intravenous continuous dobutamine was an independent risk factor for death after

CONCLUSIONS: Dobutamine use at the time of randomization was associated with a higher 6-month mortality rate. This effect persisted after
adjustment for baseline differences. This analysis challenges the concept that continuous intravenous dobutamine is beneficial to advanced heart

falure patents with respect 1o survival,

INOTROPRPIC TUHERADY EOR UHEART EALLLIRE
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Add on sobre
terapia optima



@ CHF

A prospective, multicenter, double-blind, placebo-controlled
trial of IV milrinone in addition to best medical therapy

Patient with Exacerbation of Known Systolic Heart Failure

|

= No loading dose
» 0.5 mecg/kg/min RANDOMIZED

« Goal 24—72 hour within 48 hours of admission

infusion / \

48-hour Milrinone Infusion 48-hour Placebo Infusion

" il

60-day Follow-up

Cuffe MS et al. JAMA 2002



IV Milrinone During Hospitalization for
Decompensated HF—Not Low Output

OPTIME-CHF: In-hospital Adverse Events

Event Rate (%:)

20 »
P < 0.001 = pilrnene
15 - F<0.001 Placebo
12,6
10.7
10 4
P =0.004 P
F=0.18 46
5 4 22 | 2 as
2.1 1.5 15 '
e '
n || || 1 || 1
Treatment Failure  Sustained Acute M Afib tartaley
From Adverse Hypotension

Event 43 h)

Cuffe MS et al. JAMA 2002 2571341



TABLA 3
Resultados del estudio OPTIME*

ftem Placebo Milrincna
n=472) | m=4my | F
Hospitalizacion CV postinfusion idias) [ 125+ 14 | 123214 O/14
Iuerte CV infrahospitalaria (%) 2.3 3.8 0154
Muerte CV al dia 60 (%) 5.9 10,3 0,441
IMuerte u hospitalizacion al dia &0 (%) | 35,3 3,0 U915
1AM (%) 04 15 01/8
Mueva FA aguda () 1,3 46 0004
|aquicardia ventricular (%) 1,3 2! 010/
Fibrilzacian ventricular (%) 6 ) 012/
Hipotension mantenida () 3,7 100 (<0001

C¥: por causas cardiovascularas; FA: fibmlacion auncular,

rafael.porcile@vaneduc.edu.ar



Asociacion con mortalidad

Short-term Intravenous Milrinone for

OPTIME CHF

Eventos adversos:

Acute Exacerbation of Chronic Heart Fallure

A Randomized Controlied Trial

JAMA 2002;287:15411547

Hipotension, arritmia

Heart Failure Etiology and Response to Milrinone in Decompensated Heart Failure

AL
Sub analisis

¥r \
45 0 Pacet |
40 [ [TT.
0

X

¥

20

(5

10
5
0 - —

Ischemic Non-tschemic

JAm Coll Cardiol 2003;41:997-1003

049 pacientes

Milrinone vs placebo 48-72h

Mayor mortalidad, rehospitalizacion o
dias hospitalizado etiologia
ISQUEMICA

rafael.porcile@vaneduc.edu.ar
.



The relationship between inotrope exposure, Six-
hour postoperative physiological variables, hospital
mortality and renal dysfunction in patients

undergoing cardiac surgery Critical Care 2011, 15:R162

Cohorte | Noexpuestosa | Expuestosa
: n=1314) | Inotropicos (n= | inotropicos (n =
+ Cohorte 1314 pacientes i ;83) | ;‘)
* Retrospectivo Inotrdpkco usado ()
: ' bosatbud Dobutaming 15(5.7) 0 75(14.1)
2 Ho§p|tales Universitarios e mET o T
+ Andlisis Desenlaces
multivariado, emparejamiento  [Motaldadni®) YI0GUA L1510 76 (143 |
; : B Fallarenal n{% [ 105(8.3) 15(3.2) 87 (16.8}
123 pacientes: persistieron EsancaenUCl | LILA) 10{09,16) 21(10A7)
desenlaces (0}
Estancia hospralara | £(6) 1.0(50,90| 1001(6.0,18.0)
promegio

rafael.porcile@vaneduc.edu.ar



Clinical Use of Inotropic
Therapy for Heart Fallure:
Looking Backward or

Forward?
Circulation. 2003:108:492-497

rafael.porcile@vaneduc.edu.ar



Figure 1. Mortality estimated from selection of experiences with intravenous inotropic (ino)

therapy.
100 ® m |/\ Placebo
80 . ° ¢ A Randomized IV ino
= :
o 60 ® Uncontrolled IV ino
< A 4 A A
c E] ® ®
2 40 o® [1 Oral milrinone
o Class IV
20 A € REMATCH-Ino dep
DA
0 . . , .| @ Oregon Series
0 3 6 9 12

Months on Inotropic Therapy

Inotropic infusions in end-stage heart
failure with 61% mortality at 6

Z American months and 79% mortality by 1 year

Heart
Association. Copyright © American Heart Association, Inc. All rights reserved.

Lynne Warner Stevenson Circulation. 2003;108:492-497




Effects of levosimendan on mortality and hospitalization.
A meta-analysis of randomized controlled studies™

Study °*
[ ] RA (85% CI) Weeght
Adamopoulos S 2006 - : 0.44 (0.10, 1.89) o.s3
Al-Shawat E 2006 T 1.14 (0.08, 16.63) 0.16
Alhasherni JA 2000 e 0.77 (0.44, 1.35) ass
Alvarez J 2005 = 2.00 (0.07, 55.24) 0.10
Alvarez J 2006 : 1.00 (0.07, 15.12) o.15
Barisin S 2004 — 0.48 (0.01, 22.31) o.08
Berger R 2007 —_—————— 0.79 (0.29, 2.13) 1.13
Bergh CH 2010 : 2. 14 (0.20, 22 34) 020
De Hont SG 2007 e T 0.25 (0.01, 5.10) 0.12
De Heort SG 2008 < - 0.13 (0.01, 1.05) o=2s
Duygu H 2008 e —— 1.54 (0.77,. 3.07) 2.as
Duygu H 2008 —.—:—- 0.50 (0.21, 1.20) 1.45
Ernksson HI 2009 - T 0.25 (0.01, 5.32) 0.12
Flovari P 2006 - 1.50 (0.17, 13.23) o2a
Foliath F 2002 ——— 0.80 (0.48, 1.04) & e
Fublrmann JT 2008 —*—'- 0.50 (0.22_ 1.14) 1.66
Garcia-Gonzalez M.J 2006 - 3.00 (0.37, 74.58) o>s
Husedzinowvic | 2005 +—- 1.08 (0.02, S0.43) o.08
Bconomedis | 2007 < : 0.17 (0.01, 3.13) 0.13
Jarvels K 2008 T 3,00 (038, 24 a2) o=s
Kleber FX 2000 = + 0.28 (0.01, 7.57) 0.10
Lahtinen P 2009 —i 1.01 (0.48, Z.14) 197
Leppikangas H 2008 : — 1.10 (0.37, 3.27) o84
Levin R 2008 —_————— 0.35 (0.15, 0.83) 1.48
Levin R 2008 - + 0.22 (0.0S, 0.93) o=
Levin R 2008 -2 - 0.12 (0.02, 0.93) o027
Levin R 2009 —’—i- 0.45 (0.21, 0.94) 2.00
Levin R 2009 —_—— 0.32 (0.14, 0.71) 172
Lillebarg J 2007 +o 1.00 (0.02, 46.05) o.o8
Mavrogeni S 2007 - 0.25 (0.06, 1.06) o.53
Mebazaa A 2007 —— 0.93 (0.78, 1.11) a5 55
Moiseyev VS 2002 — 0.72 (051, 1.01) 2.0
Morelli A 2005 —_— 0.78 (0.39, 1.54) 2.41
Neominem M 2000 < : 0.56 (0.04, 9.24) o.1s
Nighawan N 1999 " 0.50 (0.01, 22 25) o.08
Packer M 2003 o 0.77 (0.22, 2.70) o7
Packer M 2005 —— 1.10 (O.84, 1. 44) 1567
Parissis JT 2007 > 0.50 (0.01, 24.33) 0.07
Slawsky MT 2000 1 0.49 {(0.10, 2.34) o.a6
Trikas A 2006 ~o- + 0.33 (0.08, 1.42) o.s3
Tritapepe L 2006 : 1.00 (0.02, 46.40) o.08
Tritapepe L 2009 T 1.00 (002, 49.47) 007
Tziakas DN 2005 - 1.00 (0.02, 48.77) 0.07
Zairis MIN 2004 — o.51 (032, 0.81) 5.30
Zemijc G 2007 L 1.00 (0.02, 47.97) o.or
Overall (I-squared = 15.4%.,. p = 0.191) 6 0.80 (0.72, 0.89) 100.00
.
1 1

NNT: 17

-

113

Crit CarfeMqub 20¢@ Voledi@, eo.a@



Positive Inotropic agents

* The largest database demonstrating increased mortality with
inotropes is the ADHERE (Acute Decompensated Heart Failure
National Registry),where short-term inotropic therapy was
associated with increased in-hospital mortality

* Despite clear evidence that inotropic therapy increases
mortality, there are clinical settings where inotropic support
with dopamine, dobutamine, milrinone, or norepinephrine may
be life-saving measures.

* short-term use of intravenous positive inotropic drugs may have
a clear therapeutic role in patients hospitalized with acute
systolic heart failure, where hypoperfusion of vital organs is
obvious and the need for improved perfusion is immediate.

INOTROPIC THERAPY FOR HEART FAILURE
rafael.porcile@vaneduc.edu.ar



Infusion of Positive Inotropic Drugs
TR OPTIME-CHF, etc.

Routine intermittent infusions of vasoactive and positive inotropic agents are
not recommended for patients with refractory end-stage HF.

Modified

ol

[i\

Use of parenteral inotropes in normotensive patients with acute decompensated
HF without evidence of decreased organ perfusion is not recommended.

- ) New
ADHF not requiring inotrope
Milrinone (500 mcg/kg/min) vs. Placebo
I e S ——)
'Table 4. Primary Outcome and Hospitalization
Placebo Milrinone Table 6. Adverse Events and Mortality”
Outcome (n=472) (n=477) P Value
nospitaizat dovascuar Placebo Milrinone
ety oy com S Adverse Event, No. (%) (n = 472) (n = 477) P Value
Median (I0R)* 7(4,14) 6(4,13) g1 Treatment fallure cause at 48 hours 437466 19.2) 97/470 (20.6) <.001
Mean (SD) 12.5(14.0) 12.3 (14.1) MWO'M&M&UG 6.8 7.9 54
Days of hospitaization from infusion to initial discharge dverse event 2.1 _126 <.001
Medsian (IOR) 504.8) 54.7) 99 Events during index hospitalization
Mean (SD) 7.0 (6.6) 7.06.2) Myocardial 'nfarc:-_on 2 (0.;1) : ‘ ‘L.'l) 18
Days of hospitalzation for cargiovascuiar Causes ~ New atrial fiordiation or flutter T7(1. 22146 004
from discharge to 60 days Ventricular tachycardia or forifationt 7(1.5) 16 (3.4) 08
Mo (167 00.5) 90.9_ 59 Sustained hypotension F) BTGon oot
Mean (SD) 598(12.5 57 (12.6) Death 1 2.2 18 (33’ 19
Days of hospitalization for any cause within 80 days Events within 60 days
Median (IQR) 8(4.16 764.15 83 Myocardial infarction 5/448 (1.1) 104462 (2.2) 21
eanesy 35144 134 (14.7) , New atrial foniation of futter 16/446 (3.6) 26/462 (5.6) 14
Death or readmission withinl 60 days, No./Total (%) 164/464 (35.3) 166/474 (35.0) Ventricular tachycardia or Sorsation 200448 (4.5) 23/481 (5.0) 72
KR indicates interquantio range. Death 417463 8.9) 49/474 (10.3) 41
*Total numtxer of padionts Estod only when R varkes from rusmbor randomizod &S shown,
—~ 1 Reported by the investicator,
T— U N C 1Defined 48 & Systolic blood prossre Dolow 80 frrn Hg foe maore than 30 minutes, requrng intervention,
[ J
e‘-- CENTER FOR HEART

& VASCULAR CARIF OPTIME-CHF: Cuffe, Califf, Adams KF et al. JAMA 2002; 287(12):1541



La indicacion extemporanea de
Inotropicos aumenta la
mortalidad

Entonces deberiamos
Intentar Inicialmente
condicionar precarga y post
carga

rafael.porcile@vaneduc.edu.ar



Mas vale una
estrategia
Inotropica que
un notropico



Cuando N0 INotropicos



TA sistolica

>100 mmH oo 70-100 mmHg <70 mmH
J No gﬁggﬁ de Signos de shock J
Nitroglicerina Dobutamina Dopamina MNoradrenalina
(10-20 mcg/min) (2-10 mcg/Kg/min) (9-15 meg/kg/min) (0.5-30 mcg/min)

rafael.porcile@vaneduc.edu.ar



STABLE HF PATIENT

ACE-l, B-blocker, Aldosterone
Antagonist, Diuretics (if
needed)

Hospitalization for HF
Exacerbation

Well Perfused, No Acidosis or Altered
Mentation (usually BP > 80)

Hypoperfusion (usually BP < 80)

INOTROPICSUPPORT

(Dobutamine, Milrinone)

NO Inotropicos

Intravenous Diuresis, Reinforce Education (Na*/H,0 Restriction),
Flexible diuretic regimen, Continue -Blocker

Intravenous Diuresis, Reinforce Education
(Na*/H,0 Restriction), Flexible diuretic regimen

Consider Nitroglycerine, Nitroprusside, Ultrafiltration
)

) |

Taper off

L Recurrent Worsening ST Me::afntical Palliative

table Hospitalizations Cardiorenal transition to o Care

Outpatient and Impaired Syndrome Stable Device or

Functional Capacity outpatient Transplant
regimen,
restart B-
} blockade if
Consider held

DIGOXIN

rafael.porcile@vaneduc.edu.ar



Contraindicaciones

e Diseccion aortica.
| Ao mod a sev.

« Dano cerebral irreversible

« |Insuficiencia Hepatica (coagulopatias).
* [nfecciones Graves no Controladas.

« Problemas Quirurgicos no resueltos.

rafael.porcile@vaneduc.edu.ar
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e Miocardiopatia
Hipertrtofica y falla
diastolica



Anterior annulus Anterior leaflet Anteromedial
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EARLY
SYSTOLE

MITRAL LEAFLET-
SEPTAL CONTACT




Hypertrophic Cardiomyopathy
ASYMmalnic soglal hyperfrophy with obstuclion

- Blpad laks tack
- thraugh mitral valve
» Mitral requrgitation

* Wil valvi resses agams!
)] S2pIum Causing obslruction
1 1o blood llow

ASH-Y Erstnlic antenct mohion

0f the mileal valug (SAM)
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sortic
valve

Inferior wall

apillary m‘

" Left ventricle
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How often LVOT is the arrhythmic focus in
ventricular tachycardia of HOCM ?




DOPLLER EN ESTENOSIS
VALVULAR AORTICA

MI 1.4 TI1S: 0.7 £3 HMC Eq""‘g—,.,‘m
APR B3 11:22:59 ®.00 max PG = 119 nnHg
E/G/K/HS 16CM EE Ao U2 max = 546 cm/sec

Lllean U = 413 cm/sec;]

UTI = 128 cm, cm/S

* o+ _Mean PG = 76 mnHg

“ “Bao mean PG = 74 mmHg
Ao U2 mean = 402 cm/sec
Ao U2 UTI = 131 cp=d

EN ESPA

228

| DN+

1.6MHZ
O0EES: 18.2CM  e: @







DOPLLER EN OBSTRUCCION
DINAMICA TSVIS
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DIFERENCIA DINAMICA
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Glucdsidos cardiacos: Digitalicosg

'(b

William Withering 1785
:Diuréticos

En 1920 se descubre su
accion inotropicap:



//commons.wikimedia.org/wiki/File:William_Withering.jpg
//commons.wikimedia.org/wiki/File:William_Withering.jpg

DIGOXINA




Digitalicos |

Bloquean la bomba ATPasa Na-K

Se activa el intercambiador Na+/Ca++ de Incrementa la concentracion de calcio
la membrana intracelular




B pa Folet

_-=':.§:'-.

1 K"

Al aumentar gargas positivas
Intracelulares reduce la polarizacion



J\_/LD‘“"D Na_*: 140 mM Na*:7 mM

. I Ca, E* 2 mM 1333* ~100 nM
Na® Ca I{+ 4 mM I{+‘145mM

L
[tk N

24042 2+ R L

(EE* Ca ;E% ¢ C‘;hEgHJ Digoxin

Ca: overload! Spontaneous ATP /
s SR Ca®'Release 3Ng+ :

3Na*

Actin & myosin

NCX current:
3 charges in

2 charges out

K*,

rafael.porcile@vaneduc.edu.ar



1.1+ 1.+
Plasma membrane Ca Ca
Plasma membrane m H-ﬂ Store operated
calcium pump calcium channel (SOC)

(rprotein coupled
receptors

Nat/Ca “exchanger

2 pros
f g - &
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Jv1 kinase linked receptors

\ PKC
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HOSPITAL
| UNIVERSITARIO ||
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DEUDADE
OXIGENO
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Tropormyosin

UAI - s

HOSPITAL | Troponin complex
J UNIVERSITARIO |

=

"I AT P hydrolysis {
e e e e R "A"/\

——— / NMyosinm

Relaxed Relaxed., enaergi=ed

= B B c=> 1

‘ Dissociatiorn of Formation of |
i ctim: =2nd rmiyvosin active cormplies i

2
o Product E = ) —
. dissociation & = 3y
/ Active complex

CONTRA%ION
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Digitalicos Aumentan el
Calcio citoplasmatico

» Aumentan de su * Reducen su bombeo al
Ingreso extra celular circuito sarcoplasmico

rafael.porcile@vaneduc.edu.ar



DIGOXINA
EFECTO SOBRE EVOLUCION DE LA ICC

30
0

-

</

PROGRESION  20-

DIGOXIN: 0,125 - 0.5 mg /d
(0.7 - 2.0 ng/ml) 10) -
B < 35%

C ‘L I-111 (digoxin-rdiuret '
Also siguilicantly decreasge J -.e :
time and LYEF.

RADIANCE — 0 20 40 60 80 100
N Engl J Med 1993;329:1 D A =

rafa‘é‘ porcile@vaneduc.edu.ar



DIGOXINA

AUMENTA LA CONCENTRACION DE CALCIO
INTRACELULAR

rafael.porcile@vaneduc.edu.ar



ISQUEMIA

rafael.porcile@vaneduc.edu.ar



DIGOXINA Y MORTALIDAD EN ICC

DIG 0 12 24 36 43
N Engl J Med 1997336323 MESES

rafael.porcile@vaneduc.edu.ar



Pero Disminuye los
Internamientos y Sintomas

Mortalidad y hospitalizaciones

DIG Trial

:
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AL A& e

Worsening Heart Failure (%)

-
o

2 a

Death or Hospitalization Dus to

(s ]
AL

0O 4 8 12 1B 20 24 28 32 3% A 44 s =2
Morthe

No. oF PAmENTS AT Risc
Placebo 3403 2976 2674 2473 238 217 2077 1954 1659 1397 1 BSe ) 250
Digoxn 3397 3120 2888 1686 2544 2392 2347 2115 1825 1527 M8 96 558 255

DIG investigator group. NEJM. 1997; 336:525-533



Mortalidad Depende de los
Niveles de Digoxina

1.0

0.9 Log-Rank Test P<.001

e
o

Proportion Alive
o
-4

0.6
Placebo
N SOC 0.5-0.8 ng/ml.
------ SCC0.9-1.1 ng/mL
— SOC 21.2 ng/mi
0
0 4 8 12 16 20 24 28 32 an 40 44 48
Months
No. at Risk

Placebo 2811 2514 2405 2302 2213 2117 2024 1048 1858 16825 1285 1111 852
SDCO.5-0.86ng/ml. 572 566 549 533 512 490 477 459 441 427 419 361 290
SOCO9-1.1ng/mL 322 319 306 29 282 267 250 240 232 225 211 180 138

SDC21.2mg/mL 277 262 246 234 221 206 187 177 166 159 150 133 116

“ S S Rathore. JAMA. 2003:289:871-878



Digoxin Withdrawal Worsens HF,
Independent of Dig Level

PROVED AND RADIANCE TRIALS

R S R
} All P=<0.02

AV e AN AR R LR

Digoxin Continued

—<o— SDC <0.09 ng/mL

—&— 0.9<5SDC=<1.2 ng/mL
—&— SDC >1.2 ng/ml

—a—  Digoxin Withdrawn

(',
I
ar
o
&
=
S
(=}
ax
i
[
(V8
=

Days Post Randomization

Adams K et al. JACC. 2002;39:946 -53 Metanalysis using RADIANCE and
PROVED



Increased mortality among patients taking
digoxin—analysis from the AFFIRM study

European Heart Journal (2013) 34, 1481-1488
doi:10.1093/eurheartj/ehs348

The AFFIRM trial randomized 4060 patients

to rhythm control (2033 patients) vs.

rate control (2027 patients).

The study included 1594 females representing
39.3% of the study cohort. Overall, 2816 patients
(69.4%) received digoxin within 6 months of
randomization and/or during the study.



AFFIRM STUDY

On Digoxin Off Digoxin
I
_ N= 2153 :: N=1905
Baseline I
(rate control n=1074) “ (rate control n=952)
I
____________________ T
i
Baseline — e ! N= 1470
I
8 months f/u (rate control n=751) |  (rate control n=655)
I
S AN [ [
i
; - I N=1241
Baseline — N= 951 I
last f/u (rate control n=603) | (rate control n=526)
I
I
___________________ F---_---------
N=375 :: N=291
At death “
(rate control n=213) | (rate control n=97)
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Estimated survival
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Kaplan—Meier curves for all-cause mortality based on digoxin use
during the study. Shown are Kaplan—Meier curves for all-cause
mortality in patients always or never on digoxin during the study.
P-value for this comparison is <0.0001 by the likelihood ratio test.

Not on digoxin
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Time (days)
European Heart Journal (2013) 34, 1481-1488
doi:10.1093/eurheartj/ehs348



Increased mortality among patients taking
digoxin—analysis from the AFFIRM study

European Heart Journal (2013) 34, 1481-1488
doi:10.1093/eurheartj/ehs348

Digoxin was associated with a significant increase in all-
cause mortality In patients with AF after correcting for
clinical characteristics and comorbidities, regardless of
gender or of the presence or absence of HF. These
findings call into question the widespread use of digoxin

In patients with AF

rafael.porcile@vaneduc.edu.ar



¢ Cuales pacientes
son los que tienen
mas probabilidad de
morir bajo digoxina?



Patients with no congestive heart failure and ejection fraction
>40%

In patients with AF and no HF, digoxin was associated with a 37%
Increase in mortality.

This group represented more than half of all patients enrolled in
AFFIRM.

These findings are consistent with previously published results from the
Registry of Information and Knowledge about Swedish

Heart Intensive care Admissions (RIKS-HIA) study:.
The RIKS-HIA study examined 1-year outcomes of patients with AF,
CHF, or both on digoxin by comparing them to a matched group of
patients not receiving digoxin.

The 4426 patients with AF and no history of CHF taking digoxin had a
significant increase in overall mortality (estimated relative risk 1.42,
95% CI 1.29-1.56) compared with 16 587 controls at discharge.


http://eurheartj.oxfordjournals.org/content/34/20/1481#ref-12

Among the 666 patients who died during the study,
375 (56.3%) received digoxin and 291 (43.7%) had no
digoxin at the last follow-up visit before death.

When comparing those two groups, cardiac death
with no evidence of ischaemia was a significantly
more frequent cause of death among patients on
digoxin at the last follow-up visit (n = 139, 37.1% vs.
n=79, 27.1%, P = 0.007). There were no statistical
differences for the following causes of death: cancer;
pulmonary; and non-cardiovascular

rafael.porcile@vaneduc.edu.ar



Mortalidad Depende de los
Niveles de Digoxina

1.0

0.9 Log-Rank Test P<.001

e
o

Proportion Alive
o
-4

0.6
Placebo
N SOC 0.5-0.8 ng/ml.
------ SCC0.9-1.1 ng/mL
— SOC 21.2 ng/mi
0
0 4 8 12 16 20 24 28 32 an 40 44 48
Months
No. at Risk

Placebo 2811 2514 2405 2302 2213 2117 2024 1048 1858 16825 1285 1111 852
SDCO.5-0.86ng/ml. 572 566 549 533 512 490 477 459 441 427 419 361 290
SOCO9-1.1ng/mL 322 319 306 29 282 267 250 240 232 225 211 180 138

SDC21.2mg/mL 277 262 246 234 221 206 187 177 166 159 150 133 116

“ S S Rathore. JAMA. 2003:289:871-878



Digoxin-associated
mortality: a systematic
review and meta-
analysis of the literature

European Heart Journal
doi:10.1093/eurheartj/ehv143

2015



Class Ila Digoxin can be beneficial in
patients with HFrEF, unless
contraindicated, to decrease

hospitalizations for HF (484-491).
(Level of Evidence: B)

May be used only In patients who remain
symptomatic despite therapy with the
neurohormonalantagonists.

2013 ACCF/AHA Guideline for the Management of Heart
Failure



CRONOTROPICOS
NEGATIVOS

DROGA Bloqueantes IVABRADINA
Célcicos

FRECUENDIA
CARDIACA

CALCIO ++ 0
CITOPLASMATICO

INOTROPISMO + _ +
DURACION _ + ++ +++
DIASTOLE

EXITABILIDAD ++ 0 0



CRONOTROPICOS
NEGATIVOS

Bloqueantes IVABRADINA
Calcicos

FRECUENDIA
CARDIACA

CALCIO
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INOTROPISMO

DURACION
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Muchas
Gracilas



