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chronic (congestive) heart failure
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2MIDA L acute cardiac failure
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MARKED DILATATION OF RIGHT VENTRICLE
DUE TO MITRAL VALVULAR DISEASE RESULTING
IN RIGHT HEART FAILURE
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Left heart failure
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Patients surviving, % g

Progression Further damage
Excessive wall stress
Neurohormonal activation
Myocardial ischemia

Mechanism of death

Sudden death  40% *
Worsening CHF 40%
Other 20%

*Fatal arrhythmias (frequent)

Annual mortality
<5% 10% 20% to 30% 30% to 80%

ﬁlusy'mptl::uma'ticI Mild ' Moderate Severe
Left ventricular dysfunction and symptoms

Natural history of congestive heart failure (CHF).

Once left ventricular systolic dysfunction is present, it usually progresses, albeit not predictably.
As left ventricular dysfunction progresses and symptoms increase, mortality rate increase and the
process becomes inexorable. Myocyte loss and fibrosis become irreversible. An effective
preventive measure must be introduced before onset or early in the course of progressive left
ventricular dysfunction.
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Concentric
Left
Ventricular
Hypertrophy

Above are two cross sections of left ventricle from a patient with severe
long-standing hypertension. There is severe left ventricular
hypertrophy. The hypertrophy is designated concentric because the left
ventricle and septum are of approximately equal thickness. The walls of
the ventricles are thickened, but the cavity size is decreased. Left
ventricular hypertrophy is a response to chronically elevated afterload
(high peripheral vascular resistance).
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Dilated cardiomyopathy. Histology demonstrating variable myocyte

hypertrophy and interstitial fibrosis (collagen is highlighted as blue in
this Masson trichrome stain).
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Time-dependent effects of metoprolol on LVEF in patients with HF.

. i left ventricular ejection fraction
Carvedilol, bisoprolol .

0.40 4| @@ = Standard therapy P =.013 for

= Metoprotol metoprolol vs
standard therapy
035 r P=OOO1 O 1
LVEF
(%) 030 o P ey

0.25

0.20
Hall et al., 1995 Baseline Day 1 Month 1  Mont
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Aldosterone 5
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NSR PVB NSR PVB

‘ NS N ‘ 2 ¥ » A

Figure 13-5. Electrocardiographic record showing digitalis-
Induced bigeminy. The complexes marked NSR are normal
sinus rhythm beats; an inverted T wave and depressed ST
segment are present. The complexes marked PVB are
premature ventricular beats.
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Steroid (16-Actyloxy)
3 Bufadienolide

Bufotoxin = Suberoylarginine
3 5 7 + Bufadienolide

(Digitose)3/o *&'D® mﬁ‘zﬁ\
Digitoxin = Tri-digitoxose + Digitoxigenin

Digitoxigenin = Steroid + Lactone
(Aglycone)



rRIDERREIR, OFFUR
RKIB-FEER pldy

1) D igER (EEER)
a) [&1H % 1€ A positive inotorpic
b) ;EENE AL (APD) D iE#3E
c) Cax@ & far (Ca2* overload)

d)

BZE2J0Ov%Y AV block; negative

dromotropic



RIDECHEIR, OF 2R

2)IMBAER (B1EHEZTIT I M EIER
3)MEIERE

EEEREREREZN T DEEER

4) T DD ST DIER
HAE R
HE
FRFR IR R




e. BffERERLE
OXFYRADHEBER pla7

1) €AY L (K) MMIE
2) =AY L (K) MME
3) &AL L (Ca) MfE
N BT 3~ L (Mg) MMAE

EDXIGERRENH DD ?

Spironolactone (p.142, 166-167)
ANP




B plds
OXR)ZARFEZFD NG
1)5-MELARE
2) AR (LDEHE—DEHE)
—ERARACIRA (k) [ EMKE, ACh]
SEADIZZRELDEEHENIEN SIHE
sEpR. I = E (:3E)

K+

A EAREE




luso-inotropic agent

Istaroxime

Na pump inhibitor + SRCa pump activator
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Stimulation of f1-adrenergic receptors

Dopamine ]
Dobutamine Gs protein coupling
Denopamine ‘

Activation of adenylyl cyclase

. ‘ . Inhibition of
Increase in cyclic AMP cAMP PDE

Activation of A kinase (PDE3)

— { ~—

Phosphorylation of  Phosphorylation of  Phosphorylation of
Ca’* channels phospholamban Troponin I

Positive chronotropic , . .
& dromotropic Positive inotropic Positive lusitropic
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Acute infarction Infarct expansit
{hours) (voers to days)

Left ventricular remodeling after
myocardial infarction (M1).
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(ADHF. acute decompensated heart failure)
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1R DEREE

PCWRP: pulmonary capillary wedge pressure
CO: cardiac output

SVR: systemic vascular resistance

RA, RV, LV: right atrium, right ventricle, left ventricle
CVP: central venous pressure

ICU monitoring: intensive care unit;

MAP: mean arterial pressure;

Hb: hemoglobin;

Sa0,: arterial oxygen saturation

Cl: cardiac index

PaO,: arterial oxygen pressure;

CNS: central nervous system;

S.C.. subcutaneously



Basic Principle:
Fluids, Pressure, Flow & Resistance

* The mechanisms by which the HR & SV can
be altered - to change CO

« A normal functioning heart will pump out all
of the blood that Is returned to It from the

veins.

» Therefore Venous Return is the prime factor
In determining Cardiac Output, and vice
versa.
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LLLILFIZZR NORMAL HEMODYNAMIC PARAMETERS

Parameter Calculation Normal Values
Cardiacoutput (CO) O SV x HR 4-8 L/min

Cardiac index (Cl) O CO/BSA 2.6-4.2 (L/min)/m?
Stroke volume SV) O CO/HR 50-100 mL/beat

Systemic vascular resistance (SVR) [(MAP — RAP)/CO] x 80 700-1600 dynes - s/cm?
Pulmonary vascular resistance (PVR)  [(PAP,,— PCWP)/CO] x 80 20-130 dynes - s/cm?
Left ventricular stroke work (LVSW)  SV(MAP — PCWP) x 0.0136 60-80 g-m/beat

Right ventricular stroke work (RVSW)  SV(PAP.,— RAP) 10-15 g-m/beat

Note: HR, heart rate; BSA, body surface area; MAP, mean arterial pressure; RAP, right atrial pressure;
PAPp, pulmonary artery pressure—mean; PCWP, pulmonary capillary wedge pressure.



Swan-GanZ catheter Cardiac Catheterization

Cardiac catheterization
IS used to study the various
functions of the heart. Using
different techniques, the
coronary arteries can be
viewed by injecting dye or
i opened using balloon
Balloon- Superior —A {1 & angioplast_y. The oxygen
concentration can be measured

tipped Right atrium —i& across the valves and walls
catheter IS (septa) of the heart and
on blood Right ventricle pressures within each chamber
flow of the heart and across the

Inferior —

vena cava valves can be measured. The

technique can even be
performed in small, newborn
infants.

Catheter —



Intracardiac pressure wave forms
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Intracardiac pressure wave forms

=40
RA ay PA PCW  (mmHg)
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7 JLpulmonary artery catheter

RAJ-HY-hF—T )L Swan-Ganz catheter
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vicious cycles; multisystem
hypoperfusion

Impalired perfusion is responsible for cellular
Injury which causes maldistribution of blood flow,
further compromising cellular perfusion —

{if the process Is not interrupted}
— — multiple organ failure

— — the death of the patient.

Harrison 17t



Shock-induced
vicious cycles

Diffuse bystander cell injury/
multiple organ dysfunction
syndrome (MODS)

Hemorrhage
Capillary leak

3

'U"fHJ/(/ZF Ls

Promflammatory phenotype/

inflammatory mediators
Innate immune
activation

1

Cell damage/damage
associated molecular
patterns (DAMPSs)

Fibrinolysis/
reperfusion

Hypovolemia

Interstitial edema
! Cardiac compliance

!

! Cardiac output -.—'_Apoptosis/

hypoperfusion  [*] organ injury

o3 |
! !

Dysregulated sympathetic/
neuroendocrine activation
Endothelial cell activation/damage

h‘——‘

P

Microvascular stasis/

——

Consumptive
coagulopathy

thrombosis

Harrison 19t p1745
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BRI Z=R A% 3y hypovolemic shock

RIoMDERICEYBEROEZAENELIBDLI--HICELLAME
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IR 3v% cardiogenic shock
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7 F745%— anaphylaxis
[Greek, ana- BU®. @F|%: + (pro)phylaxis FE4]

BFEDMEIZE > TERINDIGERAEZ N LI T7LIILF—RIE (BIRFRTL
I —R) TELSEELREZLD,

SHMUERY, BIRTE, [KIBEENE S, SOIZIMEERT, F7/—€, &
HIEEFCHNIEXTFI7145F—- 239 (anaphylactic shock) &E785
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MAEWE, &8, EEmE, RILEY, EXTOSMNRRIMKESE, RATL
IWTODOFy, INF&, its, TEPHZLEDEY, EE), EALEMNR
KEED,

MR T AIGEMENEESNEDBREAICE>TEMIESNT-IEHEHHA,
PFIREEBRAY, EXAZY, O/ IURBEDRIEMT7IAIN - AT4T—5—%
EHLELD, (SR HEE 6-1)

T I245F 20— UT ENIgEIMAZNSEVRIBIZT F 74570 —/ Rt
(anaphylactoid reaction) H& 5.

FRLFID (2700 #EhABROE—ERIRTH), [RERHER, mEHE
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B, 94 infectious shock

MMfE, BME, RELSLEDEERFEICIYRLET IAMERRETZ,

REELT, JHILEZFF, RHEEERGEDRRE, MRRERE, /M 2GR
lu*f&tb\%é

REEAVIDREIZITHEREDER, HOAWVNIELETHIELDRHEREF
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AhHh4 (BBIEFERF (TNF), 123—AA/4 XD 1EEDRIEETrIAIL - A
TAI—3—) 595, BEITHNIL. YA AAM R —L,
BRI ERES, BBALICNZ, REFE, RELELEDEEE
HFHBEELTLS,

B4 39 DG IEIRENREE L TIX/ A /\—5 4 F = hyperdynamic
RETHY, RAEMEDILENZERATMREHEIFIEE LU LIZIEMNT 5,
#940%IZIF TR 212 &Y. septic cardiomyopathy (SR 7HERE[ESE
EHL. RS A% E S 5, (ER Dr. R =, 0 FEEFTEAL)
T, M/MMROES, EHMEREDOEBMEOITTEICKYMER S DOMENEZIT
AENL, REMNEILLT S,



PHYSIOLOGIC CHARACTERISTICS OF THE VARIOUS
FORMS OF SHOCK

CVP Systemic
and Cardiac Vascular VenousO,
Type of Shock PCWP Output Resistance Saturation

Hypovolemic i VA T l
Cardiogenic i J T l
Septic

Hyperdynamic {T 7T { i)

Hypodynamic 1T . T Tk
Traumatic l T T4 l
Neurogenic l l l l
Hypoadrenal 4T J; =] i

Note: CVP, central venous pressure; PCWP, pulmonary capillary wedge pressure.

Harrison



IR 22399 endotoxin shock
MAEEDIC : & Bt R iE RIGIEREE(SIRS) {55

&&= (SIRS-associated coagulopathy; SAC)
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Plasma level (arbitrary units)

LPS

Cytokine cascade in sepsiS (Robbins 7th, p.141-2)

LPS
ZBRIKRIEXTLRS \
TNF
royx=Dd [T
IL-61L-8 *
IL-6/IL-8
NO, PAF

other mediators

Time
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ICU EmKk. FEE

| |

CU R, FEE. AbE

ICU HER., FEFE. D

BV AEWE, VRN L —

SBP >90 mmHg
10<CVP <12 cmH,0
fk&Z>30mL.”h

BEOI—IL
MAP>6 Omm Hg,
14<PCWP<18mm Hg
Hb>10g/dL, Sa02> 92%
CI> 2.2 (L/min)/m?, IEEZLEAE
BHee. FRE. FF( EIE AB) .
fiti (Pa02) . CNS( B8l ~N)L)

AR

FEMIME N IM&EREE(DIC) A=Y, ARFHY—k, FIT7ERZYS, TUFH
OYE V(AT . FAVERES AV a(TM, BEFERZ  MENEEROEICHZO
Bt - #aeE e /08, ). FHETBT42C (APC)

HFEE X4-124d; F8-8



xu@‘f’%’EEJJ;?Ed)H%_%HE x50 73

(EIES IDMig (8 4) RIEME

(ﬂ g/kg)/min IMA%E  UNFETE  UNHE(«) HRER(B,) DA
Dopamine 1-4 + + 0 + ++++

4-20 ++ +++ ++ 0 ++
Dobutamine 2.5-15 ++ ++++ 0 ++ 0
Noradrenaline 2-20#g/min  +° ++ ++++ 0 0
Adrenaline 1-20 4 g/min = ++++ ++++ ++++ +++ 0
Phenylephrine  20.200 4 g/min 0P 0 " 0 0
Isoproterenol®  1-5 ¢ g/min ++++ o O ++++ __________ 0
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* 1 eosinophil chemotactic factor of anaphylaxis l
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* 3 platelet activating factor (PAF)
* 4 slow reactive substance of anaphylaxis (LTs: Leukotrienes)
* 5 prostaglandins (PGs)
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Kidney, Renal Tubular Necrosis Due to Shock - Gross

Cortex
Medulla
Calyces
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