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Heart Failure

Less blood
fills the
Less blood | ventricles

pumped out
of ventricles

Weakened heart muscle Stiff heart muscle
can’t squeeze as well can’t relax normall




AL JE ) aadiiie a8 cual b 5 (deli sdan 93 53 e S0 5 ol g b g lla S HF
Adlie s y) ld al
Ls\.«t‘\é.t)dcJJ\S}L\&JJ‘SJM&JJ&AJAJJ&JJSJAChdjbab.uuasa&_ﬂu&_\h@\.u)h@ulse‘)m
Ajma\a.\\dujyhnt_\‘ﬁ)u;\jdj‘ydi)scub

Dbam L) 2yl Jw 80 YL (2321000 L2 80 5 N 69-65 (i 31000 o 20 &J—’*"

Dl (Sl Lo g g pd peilSs -
(Saonm () sl Hua ¢ &) ¢ (S35 )Pressure Overload  ©
(J i b &yl aleB)Volume Overload

T YRR P PY I NG

(SaaSa) (Sl s 520 JS) IHD

Ml

Disal g O sl Ha ¢ S () sadli 08

Qi ol Az 0 sle ey

Cud S e

(D shal 5 5o 58 Hlu Jia ) ol yilidiy) Y 3laa

a5k (S (L s 20 S

(Sl sl 453 (Al s 938 Jia) padiiidb Jle

(S i) (L e 3 S 5 58850 yilS G IS 5 Jie) Restrictive Diastolic Filling



:ﬁ&AMﬂbJO&ﬁﬁA@“@ﬁquUJJ&‘ﬁguHA.&A

S il <SGl 5 adayl y sada SV il
(205 5 o paleil) Siles (aae pluga (A4 Jlxd
353)35‘ 5l O\AJ@ 3 @jﬂjﬁd‘ Cumiiag ) )—‘-M' i

M}dJﬁDMngﬁMJyJ@ JJS\A.AQ_\JJM

(ANP& BNP / 238

D wWN R

53 33 lan Maladaptive W awwilSa cpl HF 438y Ja) e
IS 48 ) e 3l S se Remodeling sl e
Adlae HF 65505 508 5L



Frank-Starling relationship

Compensatory Mechanisms during CHF- .
| ‘Cardiac bl (il alias S50
" R ottt | Cidas) Alme sk (il 38
d';\d)\.ﬁﬁ 9 e Ul Hal

dilation during diastole
increases the extent of
sl 4l ) RIS (il
by alae sl sy g

sarcomere shortening and
G D O 92 gdue b )

hence inotropy via Frank
Starling law... but with further
e QoA 1)

dilation, effective overlap of
actin/ myosin filaments is
reduced and force of
contraction decreases sharply.

Stroke volume
(cardiac performance)

+ Ventriculardilation or ~ | da A Sy
hypertropthy - starts off atls a End-diastolic pressure j, L\f 3| ‘ . i
compensatory response to ) 18 52 -
increased mechanical work but P~ AN B 02 05
leads to increased cardiac A 14

"

dysfunction.




Feferral 1o chnical trials of agents and devices for heart
C:'::"m’ "w,"" . fallure with preserved ejection fracton I
Consider pulmonary-ariery
pressure-guided
management

Fig. 106 Treatment aigorithm for heart failure with preserved ejection fraction. ACE, Angiotensin-converting
enzyme. ARB, angiotensin receplot blocker. (Reproduced with permission from Redfield MM. Heart fallure
with preserved ejection fraction. N Eng! J Med 2016375 1868~1877)
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HF b odae

experience significant weight gain.

Heart failure usually affects both sides of the heart. But
in some people it affects only one side. When heart
failure affects mainly the left side of the heart, the
symptoms are more likely to involve breathing
difficulties. When mainly the right side is affected, the
main symptoms may be leg swelling and abdominal
swelling.
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TABLE 10.4 Diagnostic Criteria for Heart ;) 4340y 4a o HFEF
Failure With Preserved Ejection Fraction:

Comparison of Major Cardiology
Organization Definitions

Cga SSNT-Pro BNP L BNP ¢ ojlail e

American College of Cardiology Foundation/
American Heart Association » e é =~ 1 o e
Adlia 2l ) iul )

Heart failure symptoms . we HFE 2L gl 0 (A Fea)) e

LV ejection fraction =50% . ns w " U

Evidence of LV diastolic dysfunction UL“ °J\J.J~J JL“‘S A 'i")")‘“ '3"% d—‘-‘)ﬁ)"l"‘ Glle

European Society of Cardiology ] a5 114 d “ \_1 3 U‘-..’b.. B 3 1

Heart failure symptoms 3 : T 3

LV haction fimchon Z00% s AnlV-End Diastolic Wall Sterss s> HFrEF L2

LV end-diastolic volume <97 mL/m ?

Evidence of LV diastolic dysfunction R IRC| BRI _ - ll ol wl
Mean e’ TDI <9 cm/sec O )3 e NT Pro BNP 3 BNP ORI
Efe’ =13
LA volume index >34 mL/m? J.ﬂ.) R
LV mass index =115 g/m? (men); =95 g/m? (women) - Wl - . . eele .

BNP =35 pa/mL or NT-proBNP =125 pg/mL (suggestive) JBM RI « ﬁ)"\ -l “—’h Uﬁ"“")ﬂ)‘“‘s . J“L"“ °
BNP Brain natriuretic peptide; LA, left atrium; LV, left ventricle; NT, P

\-terminal; 7D/, tissue Doppler imaging.
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TABLE 10.1

Comparison of Heart Failure With Reduced and Preserved Ejection Fraction

HFrEF HFpEF HFrEF HFpEF
Clinical Features Extracellular matrix Less interstitial fibrosis ~ Greater interstitial
Relative age Younger Older fibrosis
Sex Men > women Women > men BNP concentration Markedly elevated Modestly increased
Medical comorbidities  CAD HIN LV afterload Increased secondary Prominent artenal
CABG/PCI Atnial fibrillation to neurchormonal stiffening
Tobacco abuse oM activation
HLD Obesity/metabolic V-arterial coupling Vanable E, Elevated E,
VD syndrome LA systolic and diastolic Less common More common
COPD dysfunction
CRF PAH/RV dysfunction Comman Common
Anemia Chronotropic Less common More common
Deconditioning Incompetence
Physical findings S5 gallop PND Echocardiography
Peripheral edema LV ejection fraction <40% >50%
JVD Tissue Doppler velocity  Reduced Reduced
Elevated PCOP LV diastolic Secondary to LV Pathognomonic
L
Myocardial contractility Markedly depressed Depressed LV wall thick Vari 9 b
LV ESPVA Reduced E., Elevated E,, wall thickness anable Markedly increased
(systolic stiffening) Positive Response to Treatment
LV end-tiastolic Increased Increased Diuretic Yes Yes
pressure {3 blocker Yes No
LV relaxation Delayed Delayed RAAS inhibitor Yes No
Passive myocardial Normal 1o increased Markedly increased Digoxin Yes No
stiffness PDE V inhibitor No No
LV size Enlarged Normal Nitrate Yes No
LV geometry Eccentric hypertrophy Concentric Statin Yes Questionable
hypertrophy Exercise training Yes Yes
LV mass Increased Increased Weight loss Yes Yes
Cardiac myocyte Increased length Increased diameter Control of medical Yes Yes
dimension comorbidities

BNF, Brain natriuretic peptide, CABG, coronary artery bypass graft, CAD, coronary artery disease, COPD, chronic obstructive pulmonary disease,

CAI, chronic renal msufficiency, DM, diabetes mellitus, £, effecuve artenal elastance, E.., slope of the LV ESPVR. ESPVA, end-systolic pressure-
volume relationship. HFpEF, heart failure with preserved ejection fraction, HF/EF, heart fallure with reduced ejection fracuon, HLD, hyperlipidemia;
HTN, hypertension, JVD, jugular venous distension. LV, leh ventricle, PAH, pulmonary arteral hypertension, PCI, percutaneous coronary interven-

tion, PCOP. pulmonary capillary occlusion pressure; PDE. phosphodiesterase; PND, paroxysmal nocturnal dyspnea; PVD, peripheral vascular
disease, RAAS, renin-angiotensin-aldosterone system. RV nght ventricle.
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TABLE 10.5 Classification Systems for the

NYHA and ACC/AHA Stages of Heart Failure

NYHA Functional Classification

Class I No limitation of physical activity. Usual physical activity does
not result in clinical symptoms.*

Class Il Slight limitation of physical activity. The patient is comfortable
at rest; however, activity may cause clinical symptoms.

Class lll:  Marked limitation of physical activity. Patient is comfortable
at rest; however, low physical activity causes clinical
symptoms.

Class IV:  Patient is unable to perform any physical activity without
clinical symptoms and experiences these symptoms at rest.

ACC/AHA Stages of Heart Failure

Class A: No structural evidence of cardiovascular disease.

No functional limitation in ordinary physical activity.

Class B: Evidence of minimal structural cardiovascular disease.
Comfortable at rest but slight limitation during
ordinary activity.

Class C: Evidence of moderately severe structural cardiovascular
disease. Comfortable only at rest and with limitation in
activity due to clinical symptoms.

Class D: Objective evidence of severe structural cardiovascular disease.
Experiences clinical symptoms at rest.

'Clinical symptoms include fatigue and/or shortness of breath.

ACC/AHA, American College of Cardiology/American Heart Association;
VYHA, New York Heart Association.
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* |ICD ( Implantable Cardioverter Defibrilator)
* CRT (Cardiac Resynchronization Therapy)

Lead
in right
atrium

Implanted

’ \‘
& o~

Lead within

coronary
Lead sinus vein
in right

ventricle

An implanted CRT-P system.

* Cardiac Surgery (Valvular, CABG, PCI, Transplant)

* Mechanical circulatoty Support (MCS) : v
Heartmate 1,11l = LVAD :
Total Artificial Heart

(2012 sl Hud (5 )L gal g3 S8 g a gl ghay jlaw ()

To From left
aorta ventricle
Motor

QOutlet stater Pump housing
and diffuser \Jl—‘ﬂ
\ ~ ) = )
o S o e
L - - ..
X

and blood-flow
straightener

Continuous-
flow LVAD




-
Most commonly used mechanical circulatory support 0 '
devices. a The HeartMate Il LVAD (Thoratec Corp.). b e
The HeartWare LVAD (HeartWare Inc.). ¢ The SynCardia 3

TAH (left) shown for comparison with the human heart

(right) (SynCardia Systems, Inc.). LVAD left ventricular

assist device, TAH total artificial heart. a From Mayo 1
Foundation for Medical Education and Research; used
with permission. b Provided by HeartWare; used with

— prist Health
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| CHA2DS2-VASc for Atrial Fibrillation Stroke Risk

Congestive heart failure or ol
left ventricular systolic dysfunction B .
Hypertension history " s et slaia \/)
Az00 > 75 yoars 2 AS (5 lan o & SIS
Diabetes history e S A () sy
Satroke, TIA, Thromboembolism history 2 () A ).-35‘—)33/)‘5
Vascular disease history o )AL Jia Sl AV -1
Age 65-74 yoars 1 Y () iy &1 S
Sex category (female) (!Ha_w.u
| c Sl oSl 22

: Sl (i Y ATl

! 28% Moderate L')U,:\.J/ébjs Alaxilacs

- 2 | IO (s g 5

; o tagi Bridging therapy?

: ::: :: Score<4 NO

. T08% High Score >7 YES
" Som | ek | Anicoaguiation Therapy Conederations Last Stroke /TIA(ago

0 Low None recommended or clinical judgement 3 months) YES
1 Low-moderate Consider antiplatelet or anticoagulation
>2  Modorato-high Anticoagulation candidate
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FLO Trac
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PARAMETER NORMAL RANGE

CO (Cardiac Output) 4.0 - 8.0 Umin
Cl (Cardiac Index) 2.5 - 4.0 L/minvm?*
SV (Stroke Volume) 60 - 100 mL/beat
SVI (Stroke Volume Index) 33 - 47 mL/beat/my*
SVR (Systemic Vascular Resistance) 800 - 1200 dynes - sec/cm®
SVRI (Systemic Vascular Resistance Index) 1970-2390 dynes - sec/cm/m*
SW (Stroke Volume Variation) <13%

Stroke Volume Variation (on control-ventilated patients):

SVmax-SVmin
SVmean

%SVV=



LiDco( lithum Dilution Cardiac Output)

Overview of the Blood Sampling and Measurement System

When the blood flow regulator (7) is switched
on, blood flows at 4 ml/min from the arterial
cannula (1) through the flow through cell
electrode assembly (5) to the waste bag (6). A
cable (8) connects the lithium electrode to the
computer (9). The voltage across the
membrane of the electrode is recorded and
converted to lithium concentration and is
displayed on the screen. The lithium chloride
solution is injected intravenously and after a
delay due to the circulation time the lithium
dilution curve is displayed.
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FloTrac System

Volume Responsive Algorithm

© WT McGee MD 2005

Volume Responsive SVV>13%

Volume Challenge § SVI Normal (40-50)

SVI Low (<40) |SVI High (>50)

Pressor Inotrope Diuretic

Stroke Volume Variation
A sensitive indicator of preload responsiveness
(on control ventilated patients)



