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Classification, aetiologies, assessments and biomarkers
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Definition

 ACC guideline

HF is a complex clinical syndrome that results from any structural or
functional impairment of ventricular filling or ejection of blood

* ESC guideline

HF is a clinical syndrome characterized by typical symptoms (e.g.
breathlessness, ankle swelling and fatigue) that may be accompanied
by signs (e.g. elevated jugular venous pressure, pulmonary crackles and
peripheral oedema) caused by a structural and/or functional cardiac
abnormality, resulting in a reduced cardiac output and/or elevated
intracardiac pressures at rest or during stress.
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Things You Must Know

* HF with reduced EF (HFrEF LVEF<40%) Vs HF with
preserved EF (HFpEF LVEF>40%)

* Stage and Class (+/- INTERMAC)
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FIGURE 25.1 Survival in HF patients compared to cancer. Five-year survival following a first admission to any
Scottsh hospital in 1991 for heart failure, myocardial infarction (M), and the four most common sites of cancer

specific to men and women. (Modified from Stewart S, Macintyre K, Hole DJ, et al. More "'malignant’ than cancer?
Five-year survival following a first admission for heart failure. Eur J Heart Fail 2001;3:315-22))
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TABLE 21.1 American College of Cardlology/American Heart Assoclation (ACC/AHA) Stages of Heart Fallure (HF)
Compared to the New York Heart Assoclatlon (NYHA) Functional Classification

ACC/AHA STAGES NYHA FUNCTIONAL CLASSIFICATION

A At high risk for HF but without structural None
heart disease or symptoms of HF.

Structural heart disease but without signs or No limitation of physical activity.
symptoms of HF. Ordinary physical activity does not cause symptoms of HF.

Structural heart disease with prior or current No limitation of physical activity.
symptoms of HF. Ordinary physical activity does not cause symptoms of HF.
Slight limitation of physical activity.
Comfortable at rest, but ordinary physical activity results in symptoms of HF.
Marked limitation of physical activity.
Comfortable at rest, but less than ordinary activity causes symptoms of HF.

Refractory HF requiring specialized Unable to carry on any physical activity without symptoms of HF, or
interventions. symptoms of HF at rest.




ACC/AHA Staging

NYHA
Classification

Refractory
End-Stage HF s '
Matked symptoms at ) 0-2 Mo Established HF

rest despite maximal Diagnosis
medical therapy

Symptomatic HF

Known structural heart disease
Shortness of breath and fatigue
Reduced exercisa tolerance

Asymptomatic HF

Previous MI
LV systolic dysfunction
Asymptomatic valvular diseasa

High Risk for Developing HF
Hyp%rg.ngsion 50-60 million

Diabetas mellitus
Family history of cardiomyopathy

Normals 32%

FIGURE 25.3 Stages of heart failure (HF) and prevalence of stages (data from the Olmstead County Epidemiology Study).
Patients with stage A HF are at high risk for HF but do not have structural heart disease or symptorms of HE This group includes
patients with hypertension, diabetes, coronary artery disease (CAD), previous exposure to cardiotoxic drugs, or a family history
of cardiomyopathy. Patients with stage B HF have structural heart disease but have no symptoms of HE This group includes
patients with left ventricular (LV) hypertrophy, previous myocardial infarction (MI), LV systolic dysfunction, or valvular heart disease,
all of whom would be corsidered to have New York Heart Association (NYHA) Class | symptoms. Patients with stage C HF have
known structural heart disease and cumrent or previous symptoms of HE Their symptoms may be classified as NYHA Class |, I,
or lll. Patients with stage D HF have refractory symptoms of HF at rest despite maximal medical therapy, are hospitalized, and
require spedalized interventiors or hospice care. All such patients would be corsidered to have NYHA Class IV symptoms. AHA.
American Heart Association; ACC, American College of Cardiology. (Modified from Ammar KA, Jacobsen SJ, Mahoney DW, et al.
Prevalence and prognostic significance of heart failure stages: application of the American College of CardiologyAmerican Heart
Association heart failure staging criteria in the community. Circulation 2007;115:1562-70.)
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Fig. 1.2 Schematic depiction of the progression of heart failure using the ACC/AHA Guidelines for the Evaluation and Management of Heart Failure in the Adult. This
adaptation superimposes NYHA functional dass on the stages to empha

t stages A and B represent asymptomatic conditions.
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Box 1.1 Clinical features useful for the identification of patients
with stage D heart failure®®

Repeated (=2) hospitalizations or Emergency Department vis-
its for heart failure in the past year

Progressive deterioration in renal function—e.g., rise in blood
urea nitrogen (BUN) and creatinine

Weight loss without other cause (e.g., cardiac cachexia)

Intolerance to angiotensin converting enzyme (ACE) inhibi-
tors due to hypotension and/or worsening renal function

Intolerance to B-blockers due to worsening heart failure or
hypotension

Frequent systolic blood pressure <90 mmHg
Persistent dyspnea with dressing or bathing requiring rest

Inability to walk one block on the level ground due to dyspnea
or fatigue

Recent need to escalate diuretics to maintain volume status,
often reaching daily furosemide equivalent dose >160 mg/day
and/or use of supplemental metolazone therapy

Progressive decline in serum sodium, usually to <133 mEq/I
IgTessive decline in serum sodium, usuany 1o <1250 mig/ L
5. Yancy CW, Jessup M, Bozkurt B. 2013 ACCF/AHA guideline for the
T 5 T o = = m of heart failure: a report of the American College of
I re qlk nl I("[) bhOL l\b Cardiolog ndation/American Heart Association Task Force on

Practice Guidelines. Circulation 2013;128(16):€240-327.
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Ta ble 1.1 INTERMACS criteria which Idl ther discriminate patients

with advanced heart failure beyond NYHA class

INTERMACS level NYHA class Shorthand
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Stages and Classes

* Functional class changes day to day but not stages
e Patients with NYHA I-1l have better prognosis

* Beware of ‘true Class I’
* |[dentify stage D patients
* Preventing patients progress to stage Cand D



Symptoms and signs

* History if of paramount importance

* Physical exam may not be ‘too accurate’ in making diagnosis
(accuracy ~50-70%)

* Essential for monitoring day to day change in haemodynamic
status



Competency in Cardiac Examination Skills
in Medical Students, Trainees, Physicians,
and FacultyA Multicenter Study

Jasminka M. Vukanovic-Criley, MD; Stuart
Criley, MBA; Carole Marie Warde, MD;
John R. Boker, PhD;

Lempira Guevara-Matheus, MD; Winthrop
Hallowell Churchill, MD; William P. Nelson,
MD; John Michael Criley, MD et al Arch Int
Med 2006,166:610-616

Flgure 1. Mean t=st scores for cardiac axaminabion competancy by training level. The dotted horizontal line indicates the mean score for all participants {59.24). The
mean scors for ful-time faculty {(FAC) was not signficantly different from that of medical students, internal medicine (IM) residents, family medicine (FM) residents, or
other practicing physicians (volunteer cinical facuty [VCF] and private practice [PP]). Mean sc were improved in third- and fourth-year students comparad with
first- and second-year students { P=_003), but they did not improve thereafter. Asterisk indicates P=_045. Error bars reprasant 95% confidence intervals




Table 1. Criteria of CHF.*

MaJor CRITERIA

Paroxysmal nocturnal dyspnea or orthopnea
Neck-vein distention

Rales

Cardiomegaly

Acute puimonary edema

S, gallop

Increased venous pressure ->16 c¢cm of water
Circulation time =25 sec

Hepatojugular reflux

MiINOR CRITERIA

Ankle edema

Night cough

Dyspnea on exertion

Hepatomegaly

Pleural effusion

Vital capacity | Y3 from maximum

Tachycardia (rate of =120/min)
MAJOR OR MINOR CRITERION

Weight loss =4.5 kg in 5 days in response to
treatment

*For establishing a definite diagnosis of congestive heart failure in this study, 2
major or | major & 2 minor criteria had to be present concurrently.




TABLE 28-8 Sensitivity, Specificity, and Predictive
Accuracy of Symptoms and Signs for Diagnosing
Heart Failure

PREDICTIVE

SYMPTOMS SENSITIVITY SPECIFICITY ACCURACY
OR SIGNS (%) (%) (Ye)

Exertional dyspnea 66 52 23

Orthopnea 21 81 2

Paroxysmal 33 76 26

History of edema 23 80 22

Resting heart rate 7 99 b

Rales 13 91 21

Third heart sound 31 95 61

Jugular venous 10 97 V.
distention

Edema (on 10 93 3
axamination)

From Harian 'WR, Oberman A, Grimm R, et af Chronic congestive heart failure in

AL At SRRy S R [—_ —_. A R Amd O 197 >0 nNT7
coronary artery disease: clinical criteria. Ann intern Med 8§6:133-138, 1977




TABLE 28-7 Utility of Components of History and Physical Examination in Detecting Pulmonary Capillary
Wedge Pressure >22 mm Hg
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JACC: Heart Failure Vol. 2, No. 1, 2014 Caldentey et al.
February 2014:15-23 Physical Examination and Heart Failure
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Kaplan-Meier Estimates of Death From Cardiovascular Causes (Primary Outcome)

Kaplan-Meier analysis of event-free survival for the primary endpoint (cardiovascular mortality) according to the presence (red) or absence (blue) of elevated jugular venous
pressure (A), peripheral edema (B), rales (C), and third heart sound (D). Comparisons were performed by logrank tests.




TWO-MINUTE ASSESSMENT OF HEMODYNAMIC PROFILE
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Norhia JACC 2003
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Is our assessment of ‘congestion’ accurate?
And what do they mean?



Voasured HAS

Figure 1. Number of patients stratified by their astimated RAP
by H&P examination (vertically) and their measured RAF by nght
heterzation (honzontally).

Drazner Circ HF 2003
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deemed to have jugular venous distention or with gallop sounds (S3 and/or S4).
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i |
Table 3. Test Charactenstics for Computertzed Heart Sound Detection*

LVEDP =15 mm Hg LVEF <560% BNP =100 pg/miL
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Figure 1. Kaplan-Meier Analysis of Event-free Survival Accord- £
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Does JVP correlate with LVEDP?



Right-Left Equalizer Concordant

Concordant Preserved RV

PCWP(mm Hg)
Figure 1 Hemodynamics profiles characterized by right atrial
pressure (RAP) and pulmonary capillary wedge pressure (PCWP).
Arbitrary thresholds for elevated RAP (=10 mm Hg) and PCWP
(=22 mm Hg) were used. Concordant profiles are those in which
RAP and PCWP were both elevated or both not elevated. A
“right—left” equalizer pattern was characterized as elevated RAP

and not elevated PCWP. A “preserved RV" pattern was charac-
terized as elevated PCWP and not elevated RAP.

Table 1  Rates of Concordance of RAP and PCWP? Within
Three Time Eras Over 14 Years

Off inotropes On inotropes
Time era N Concordance N Concordance
1993 to 1998 1,626 74% 464  71%
1998 to 2002 1,369 72% 550 76%
2003 to 2007 1,084 73% 365 79%
p = 0.4 for p = 0.006
order

*RAP was classified as elevated when =10 mm Hg and PCWP when
=22 mm Hg. RAP and PCWP were classified as concordant when both
were elevated or both were not elevated.

Drazner Circ HF 2013



Summary

* Presence of S3 and raised JVP correlates worse outcome
* Clinical assessment of JVP largely reflects RA pressure
* Raised RAP correlates with high LVEDP ~3/4 of time

* If in doubt, further means e.g. echo or cath would be needed



Aetiologies



.1 Causes of heart failure and the common modes Adapted from Oxford Textbook of Heart Failure,

OUP 2011

Cause Examples of presentations

CHD Myocardial infarction latrogenic Anthracyclines
Chronic ischaemia Abstruzimab

Arrhythmias

Infltrative Amyloid

Hypertension Heart failure with preserved systolic function Sarcoid

Burnt out’ hypertensive cardiomyopathy Neoplastic

Malignant hypertension/acute pulmonary c 4 ! } h v
& Storage disorders {aemochromatosis
oedema

Fabry’s disease

S

':_J.‘,'CC'\E_L" storage cisea

w

ac
-

o

Valve disease Primary valvular disease e.g. endocarditis

Secondary valvular disease eg. functional

i _ = Endomyocardia Radiotherapy
regurgitaocn y d \ ;
e . disease Endomyocardial fibrosis
Congenital valvular disease

Carcnoid

Arrhythmias Incessant atrial arrhythmias : ———
Pericardial disease Calcification
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Infective Viral myocarditis High-output Anaemia
Chagas’ disease Thyrotoxicosis

HIV A-V fistulae
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Table 4.2 Aetiology of heart failure in contemporary randomized clinical trials and major registries

Study

RCT/ Size
REG

Age? Male

Ischaemic

(%)

Nonischaemic

(%)

IDCM
(%)

Valve®
(%)

Unknown

(%)

SOLVDS®

RCT

61

DIGE

RCT

64

MERIT-HF’

RCT

CIBIS-IF

RCT

ATLAS?

RCT

RALES™

RCT

"."al'”ii“— ™

COPERNICUSY

COMET™S

COMPANION™

CARE-HF

GISSI-HF 6

REG

ADHERE™

REC

OPTIMIZE-HF#¢

REC

HT, hypertension; IDCM, Idiopathic dilated cardiomyopathy; RCT, randomized cdinical

3 Mean age in years

byalvular heart fadure.

trial: REC
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Fig. 4.1 The changing pattern of
aetiology of CHF in the Framingham
study with time.
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Dilated Morphology

* Coronary artery disease

* Valvular heart disease

* Alcoholic heart disease

* Endocrine cause

* Recreational drugs (Cocaine, amphetamine)
* Peripartum cardiomyopathy

* Cancer treatment related

* Micronutrients deficiency

* High output heart failure

* |diopathic



— Peripartum cardiomyopathy

o
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Ll_l Idiopathic
1 cardiomyopathy
Cardiomyopathy due | '

to doxorubicin .
Cardiomyopathy due to
aispy mmic heart disease

Cardiomyopathy due to infiltrative
myocardial disease

PROPORTION OF
PATIENTS SURVIVING

Cardiomyopathy due to HIV infection

0 10 15
YEARS

Fig. 20.9 Survival according to different etiologies of dilated cardiomy-
opathy. In a cohort of patients who underwent endomyocardial biopsy
as part of an evaluation for heart failure due to unexplained cardiomyop-
athy, when compared with the patients with idiopathic cardiomyopathy,
survival was significantly better in patients with peripartum cardiomyop-
athy and significantly worse among the patients with cardiomyopathy
due to infiltrative myocardial disease, human immunodeficiency virus
(HIV) infection, therapy with doxorubicin, and ischemic heart disease.
(From Felker GM, Thompson RE, Hare JM, et al. Underlying causes and
long-term survival in patients with initially unexplained cardiomyopathy.
N Engl J Med. 2000;342[15]:1077-1084.)
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m Event or LVEF <0.35

mLVEF 0.3510 0.49
LVEF >0.50

LVEF <0.30 LVEF >0.30
(n=27) (n = 65)

Fig. 20.11 Final status based on the initial LVEF of patients with peri-
partum cardiomyopathy. Comparison of status at the end of the study
based on the initial LVEF. Red column, percentage of women with no
recovery (event or final LVEF <0.35); blue column, percentage of women
with partial recovery (final LVEF 0.35-0.49); green column, percentage
of women with complete recovery (LVEF =0.50). Recovery was evident
in 86% of women with a baseline LVEF =0.30, compared with 37% of
those with an LVEF less than 0.30, p <0.001. LVEF, Left ventricular ejec-
tion fraction. (Modified from McNamara DM, Elkayam U, Alharethi R,
et al. Clinical outcomes for peripartum cardiomyopathy in North Amer-
ica: results of the IPAC Study (Investigations of Pregnancy-Associated
Cardiomyopathy). J Am Coll Cardiol. 2015;66[8]:905-914.)
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Restrictive morphology

e Usually infiltrative causes
* Increase stiffness and impair ventricular filling



Restrictive morphology

 Amyloidosis

* Sarcoidosis

* Fabry disease

 Carcinoid disease

* Hypereosinophilic syndrome
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Restrictive morphology
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Hypertrophic morphology

Not all LVH are HCMVM



Table3

Examples of signs and symptoms suggestive of

specific diagnoses (modified from Rapezzietal.*’)

Symptom/sign

Diagnosis

Learning difficu'ties,
mental retardaton

» Mitochondrial diseases
» Noonan/LEOPARD/Costello syndrome
» Danon disease

Paragsthesla/sensory
abnormalites/neuropathic
pain

« Amyloldosls
» Anderson-Fabry disease

Sensorineural deafness

* Mitochondrial diseases (particularly with

diabetes)
« Anderson-Fabry disease
» LEOPARD syndrome

Carpal tunnel syndrome

* TTR-related amyloidosis (especially
when bilateral and In male patients)

Visual impairment

 Mitochondrial diseases (retinal disease,
optic nerve atrophy)

« TTR-related amyloidosis (cotton wool
fype vitreous opacities)

* Danon disease (retinitis pigmentosa)

« Anderson-Fabry disease (cataracts,
comeal opacites)

Muscle weaakness

« Mitochondrial diseases

« Glycogen storage disorders
« FHL| mutations
 Friedrelch’s ataxia

Palpebral ptosis

« Mitochondrial diseases
« Noonan/LEOPARD syndrome

» Myotonic dystrophy

Gait disturbance

 Friedreich'’s ataxia

Lentigines/café au fait
spots

» LEOPARD/Noonan syndrome




Table 4 Electrocardiographic abnormalities

suggesting specific diagnoses or morphological

= ario 1 1 ~
vartanted? Extreme supfr..fr Seen In patients with Noonan syndrome
(“North West™) QRS who have severe basal hypertrophy
axis deviation extending into the RV outflow tract.
Finding Comment

Short PR interval/pre-
excitation

Pre-excitation Is a common feature of
storage diseases (Pompe, PRKAG2, and
Danon) and mitochondrial disorders
(MELAS, MERFF). A short PR Interval
without pre-excitation Is seen In
Anderson-Fabry disease.

AV block

Progressive atrioventricular conduction
delay is common In mitochondrial
disorders, some storage diseases
(Including Anderson-Fabry disease),
amyloldosls, desminopathles and In
patients with PRKAG2 mutations.

Extreme LVH (Sokolow

Extremely large QRS voitage Is typical

normal voltages despite
Increased LV wall
thickness)

pericardial effusion, obesity and lung
disease Is rare in HCM (limited to
cases with end-stage evolution) but
Is found In up to 50% of patients with
AL amyloldosis and 20% with TTR

Glant negative T wave
Inversion (=10 mm)

Glant negative T wave Inversion In the
precordial and/or Inferolateral leads
suggests Involvement of the LV apex.

Abnormal Q waves

240 ms In duration and/or
=25% of the R wave In
depth and/or =23 mm In
depth In at least two
contiguous leads except
avR

Abnormally deep Q waves In the
Inferolateral leads, usually with a
positive T wave, are assoclated with
an asymmetrical distribution of LVH.
Q waves of abnormal duration (=40
ms) are assoclated with areas of
replacement fibrosis.

Coved ST segment
elevation In lateral chest

Some patlents with apical or distal
hypertrophy develop small apical

score 250) of storage diseases such as Pompe and leads aneurysms, sometimes associated with
Danon disease, but can be caused by myocardial scarring These may only be
pre-excitation alone. detectable on CMR, ventriculography

Low QRS voltage (or Low QRS voltage In the absence of or contrast echo, and are occastonally

assoclated with ST elevadon in the lateral
chest leads.

AV

atrioventricular; AL

amyloid light chaing CMR

cardiac magnenc

amyloldosis. Differential diagnosis
between HCM and cardlac amyloidosis
Is alded by measuring the ratio between
QRS voltages and LV wall thickness.

resonance; HCM = hypertrophic cardiomyopathy, LV = left ventricular; LVH
left ventricular hypertrophy; MELAS = mitochondrial encephalomyopathy, lactic
aodosgs, and stroke-like episodes; MERFF = myodonic epilepsy with ragped red
fibres; PRKAG2 = gamma-2 subunit of the adenosine monophosphate-activated
smtein Kinase: RV

rioht ventnoular TTR = transthvretin.



Table 5 Echocardiographic features that suggest
specific aetiologies (modified from Rapezzi et al.®”)

| Finding [ESRICHIC KHIeRINS t5 he conmeered Concentric LVH Glycogen storage disease, Anderson-

Increased Interatrial Amyloldosis Fabry disease, PRKAG2 mutations
septum thickness - .

2

Extreme concentric LVH | Danon disease, Pompe disease
lncr:ased AV valve Amyloldosis; Anderson-Fabry disease (wall thickness 230 mm
thickness

Global LV hypokinesia Mitochondrial disease, TTR-related

Increased RV free wall Amyloldosis, myocardits, Anderson- ,
_ Y : : : (with or without LV amyloldosis, PRKAG2 mutations, Danon
thickness Fabry disease, Noonan syndrome and
relatod dsordors dilatation) disease, myocanditls, advanced sarcomeric
HCM, Anderson-Fabry disease
Mild to moderate Amyloldosis, myocardits 1 :
pericardial effusion | Right ventricular outflow | Noonan syndrome and associated
' | oract obstruction disorders
Ground-glass Amyloldosis |
appearance

of ventricular
myocardium on 2D
echocardiography

20D = two-dimensional AV = atrioventricular; HCM = hypertrophic
cardiomyopathy; LV = left ventricular; LVH = left ventricular hypertrophy;

PRKAG2 = gamma-Z subunit of the adenosine monophosphate-activated protein
xinase; RV = right ventricle; TTR = transthyretin.
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TABLE 30-1 2013 ACC/AHA Heart Failure Guideline Recommendations for the Use of Biomarkers in
Heart Failure

CLASS OF
BIOMARKERS RECOMMENDATION LEVEL OF EVIDENCE

BNP or NT-proBNP Diagnosis
Prognosis
Guided-therapy (chronic HF)

Guided-therapy (acute HF)
Troponin T or | (Myocardial injury) Prognosis

sST2, Galectin-3 (Myocardial fibrosis) Prognosis B for chronic
A for acute

BNP, B-type natriuretic peptide; HF, heart failure; sST2, soluble ST2.

From Yancy CW, Jessup M, Bozkurt B, et al: 2013 ACCF/AHA guideline for the management of heart failure: a report of the American College of Cardiology Foundation/
American Heart Association task force on practice guidelines. Circulation 128:e240-327, 2013.




BNP and NT-proBNP

* Release upon myocardial stretch

 Half life (BNP 20mins, NT-proBNP 90mins)

e 25% cleared by kidneys (upto eGFR 15ml/min)
* Correlates with NYHA functional class

* Generally higher values in HFrEF than HFpEF

* Higher baseline values in elderly in renal failure
* ARNI raises BNP but not NT-proBNP



Use

* Diagnosis of acute HF
* Diagnosis of chronic HF (as a rule out test)

* Prognosis
* Guide therapy
e Different cutoff values in different clinical situations



Falsely low

* Obesity

*Flash pulmonary edema
e Cardiac tamponade

* Pericardial constriction



TABLE 30-5 Suggested Natriuretic Peptide Cut-Points in Heart Failure

CUTOFF VALUE

To Exclude Acutely Decompensated HF:

BNP <30-50 pg/mL
NT-proBNP <300 pg/mL
MR-proANP <57 pmol/L

To Identify Acutely Decompensated HF:

Single Cutoff Point Strategy

BNP <100 pg/mL
NT-proBNP <900 pg/mL
MR-proANP <127 pmol/L

Multiple Cut-Point Strategy

BNP, “gray zone” <100 pg/mL to exclude
approach 100-400 pg/mL, “gray zone”
>400 pg/mL, to rule in

NT-proBNP, “age- <450 pg/mL for age <50 years
stratified” approach <900 pg/mL for age 50-75 years
<1800 pg/mL for age >75 years

MR-proANP, “age- <104 pmol/L for age <65 years
stratified” approach 214 pmol/L for age 265 years

Outpatient Application

BNP 20 pg/mL (asymptomatic)
or 40 pg/mL (symptomatic)

NT-proBNP, “age- <125 pg/mL for age <75 years
stratified” approaches <450 pg/mL for age =75 years
or
<50 pg/mL for age <50 years
<75 pg/mL for age 50-75 years
<250 pg/mL for age >75 years

SENSITIVITY SPECIFICITY

97%
99%
98%

POSITIVE
PREDICTIVE VALUE

NEGATIVE
PREDICTIVE VALUE




NT-pro BNP are very useful



NT-pro BNP is very useful
BUT



NT-pro BNP is very useful
BUT






Take Home Messages

* HFrEF Vs HFpEF
* NYHA Classes and stages (+/-INTERMAC)

* Clinical exam provides essential information on
haemodynamic status

* |dentifiable causes in dilated, hypertrophic or restrictive
morphologies









