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Learning Objectives

1. Assess risk of morbidity and mortality in heart failure.

2. Appreciate when to consider ambulatory monitoring. 



How can we “see sick people”?  

What opportunities are we leaving 

on table?

How can new technology impact 

outcomes?



76 yo Caucasian male

ICM diagnosed 2006

CABG 2002, 2012

Former smoker, moderate COPD, mild PVD

Six months ago was able to play 18 holes of golf



Four months ago developed AF with RVR

Failed catheter ablation

Four hospital admissions in the last 3 months

ICD shock requiring admission

Inappropriate for afib with RVR



Now on Bumex 2 mg BID

Lisinopril held due to rising creatinine

Unable to climb a flight of stairs

Trouble with ADLs on “bad” days



Na 129, BUN 20, Creat 1.6 (GFR 50)

AST 35/ALT 42, Bili 1.6



Over next 12 months, what is this patient’s 

risk of mortality? 

a. 20%

b. 30%

c. 50%

d. 80%



Peura Cook JL, et. al. Circulation  2012; 126(22):2648-2667



Risk Stratification
Table 6. Prognostic Determinants in Advanced HF

Demographic

Advanced age

Male gender

Clinical

Frequent hospitalizations (>1 in past 6 months)

Advanced NYHA class (III or IV)

Intolerance to neurohormonal antagonists

Increased diuretic requirement 

Hypotension

Failed CRT

Inotrope dependence

Co-morbidities (diabetes, anemia, COPD, etc.)

Laboratory

Hyponatremia

Renal insufficiency (BUN/serum creatinine)

Hepatic insufficiency

Elevated neurohormones, natriuretic peptides, 

troponins, CRP

Doppler-echo and right heart 

catheterization

Low LV EF (<30%)

Mitral regurgitation/increased LA volume

Increased filling pressure (PCWP >16 

mmHg or RAP>12 mmHg)

Low RV EF

Increased pulmonary vascular resistance

Functional capacity

Inability to perform an exercise test

Low peak VO2 (<12-14 ml/kg/min)

Increased ventilatory response to exercise 

(VE/VCO2 slope)

Low 6-minute walk test distance (<300 m)

Peura Cook JL, et. al. Circulation  2012; 126(22):2648-2667



ESC HF Guidelines. Eur J Heart Fail 2012;14:803-69

Class IIIa

Class IIIb



NYHA Class: Predicts Mortality

Case Presentation

NYHA III-IV



Hillege H L et al. Circulation 2000;102:203-210

Renal Function: Predicts Mortality

1906 patients

EF 26.2%

NYHA class

III 59.7%

III/IV 31.8%

IV 8.4%

Case Presentation

GFR 50
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59-76 mL/min

< 44mL/min

>76 mL/min

44-58 mL/min

1-yr mortality increases by 15% for 

every 10 mL/min reduction in GFR



Hillege H L et al. Circulation 2000;102:203-210

Renal Function: Predicts Mortality

Case Presentation

GFR 50, NYHA III-IV

1-yr mortality increases by 

15% for every 10 mL/min 

reduction in GFR



Beta
blocker

Mineralocorticoid
receptor

antagonist

Drugs That Reduce Mortality in Heart Failure 
With Reduced Ejection Fraction

ACE
inhibitor

Angiotensin
receptor
blocker

Drugs that inhibit the 
renin-angiotensin 

system have modest 
effects on survival

Based on results of SOLVD-Treatment, CHARM-Alternative,

COPERNICUS, MERIT-HF, CIBIS II, RALES and EMPHASIS-HF
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McMurray et al NEJM 2014;371



Med Intolerance: Predicts Mortality

Case Presentation

Stopped ACEI

<50% 12 mo survival



Med Intolerance: Predicts Mortality



Neuberg, et al. AHJ 2002;144:31-36

Diuretic Dose: Predicts Mortality
Diuretic (high)

Lasix > 80 mg/d

Bumex > 2 mg/d

ACEI (high)

Lisinopril > 10 mg/d 

(or equivalent)

High diuretic

Low ACEI

High/ High 

Low/ Low

Low diuretic

High ACEI

Case Presentation

Bumex 2 mg BID, no ACEI

High diuretic

Low ACEI

40% 12 mo Mortality



Serum Na: Predicts Mortality

Case Presentation

Na 129

80% 12 mo Mortality



Serum Na: Predicts Mortality



ICD Shock: Predicts Mortality

Borne R, JAMA IM 2013;173:859-865  Proietti R 2015; Canadian J Card 31: 270-277

Case Presentation

ICD shock for Afib 



Hospital Admissions: Predicts Mortality

Adapted from Thorvaldsen T et. Al. JACC 2014; 63:661-671

Abraham W et al Lancet 2011:377:658-66

Median 

Transplant survival

12

Median VAD survival5



Case Presentation 

This patient has high risk of mortality due to multiple risk factors.  

Easily identifiable risk factor= multiple hospital admissions.

Can anything be done to reduce hospital admissions?   



CardioMEMS: CHAMPION



CardioMEMS: Implantable hemodynamic 

monitoring system

Abraham WT  et al  Lancet 2011;377:658-66

https://citoday.com/2018/02/how-to-implant-the-cardiomems-heart-failure-sensor/

https://citoday.com/2018/02/how-to-implant-the-cardiomems-heart-failure-sensor/


CardioMEMS: Outpatient Implantation

Abraham WT  et al  Lancet 2011;377:658-66

https://citoday.com/2018/02/how-to-implant-the-cardiomems-heart-failure-sensor/

https://citoday.com/2018/02/how-to-implant-the-cardiomems-heart-failure-sensor/


CardioMEMS: Ambulatory Monitoring

Abraham WT  et al  Lancet 2011;377:658-66

https://citoday.com/2018/02/how-to-implant-the-cardiomems-heart-failure-sensor/

https://citoday.com/2018/02/how-to-implant-the-cardiomems-heart-failure-sensor/


Abraham WT  et al  Lancet 2011;377:658-66



Abraham W et al Lancet 2011:377:658-66

Goldberg et al, HRS 2015, Boston Abstract AB36-02.

CardioMEMS: CHAMPION
NYHA III

Hospital admission ≤12 months

HFpEF and HFrEF
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CHAMPION: Open Access

Abraham WT et al Lancet 2016;387:453-61

18-month endpoint



Abraham WT et al Lancet 2016;387:453-61
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Adamson et al Circ Heart Fail. 2014 Nov;7(6):935-44

CHAMPION Cohort

HFpEF hospitalization

Decreased by 50%
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p<0.0001

https://www.ncbi.nlm.nih.gov/pubmed/25286913


Desai et. al. JACC 2017;69:2357-65

HF Related Cost Reduction

6 months -$7,433

12 months -$11,260

6 months 12 months



Risk factors 

SBP ≤90mmHg  

Creat ≥1.8  

Hgb ≤ 12 

RAS antagonist intolerance

Beta blocker intolerance

Risk Factors 1-yr Survival

0 90%

1 79%

2 60%

3-5 39%

Transplant 90%

VAD 81%



Thank You


