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Objectives

Review the pathophysiology of systolic and diastolic heart failureReview

Discuss the current literature on cardiac resynchronization 
therapyDiscuss

Discuss the surgical treatment of heart failureDiscuss

Describe an evidence-based approach to perioperative 
management of the patient with  heart failureDescribe
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‘Heart failure is a tremendous burden on 
society in terms of both lives lost and 
healthcare costs. Knowledge of both 

medical and surgical therapies aimed at 
improving ventricular efficiency and 

reversing ventricular remodeling should 
be in the armamentarium of clinicians 

treating heart failure patients.’

McGee, 2006
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Heart Failure Readmission Rates
■ CMS Quality Measure

– Most common principle hospital discharge 
conditions billed to Medicare with high readmission 
rates

– Stable readmission rates but 20% are readmitted 
within 30 days and 50%  by 6 months (2017))

– Hospital Readmissions Reduction Program (ACA 
program)
■ Ongoing issues with this metric

– Nearly 50% of reporting hospitals lost $$ with 
readmissions

■ 40% of all 30-day readmissions were potentially 
preventable, HF was the primary preventable 
readmission (24%) Middleton, 2019
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BACKGROUND 
OF HEART 
FAILURE

Epidemiology
Risk Factors
Pathophysiology
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Risk for heart failure
■ Race

– White versus Black

■ Gender
– Male versus 

Female

■ Co-morbid factors
– Hypertension**
– MI**
– Tobacco use****
– High cholesterol
– Renal disease
– Presence of 

inflammatory markers 
(c-reactive protein)

– Poor socioeconomic 
status/education
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Left  Ventricular  Function

LVEDP

• >15 usually indicates 
some degree of 
ventricular dysfunction

Ejection Fraction

• stroke volume/end 
diastolic volume

• Can have heart failure 
with and without 
decreased ejection 
fraction

• Normal EF 75%
• Systolic heart failure EF 

<40%
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Clinical Assessment

■ RV Failure (Congestion)
– peripheral edema
– anasarca
– hepatomegaly (cardiac 

cirrhosis)
■ ascites
■ coagulopathy
■ hepatojugular reflux

■ LV Failure (dec. forward flow)
– pulmonary Congestion
– dyspnea 
– orthopnea/ PND
– poor peripheral 

perfusion
– dizziness, confusion, 

cool extremities
– fatigue
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Diastolic Dysfunction

■ Prevalent in elderly patients with hypertensive heart 
disease

■ Present in most patients with symptomatic heart failure 
but can occur in isolation

– Better prognosis with DHF but the complication 
rate is the same 

– Very few RCTs regarding best medication regimen

■ Preserved EF with increased left ventricular filling 
pressure

– Impaired relaxation and passive stiffness

■ THINK COMPLIANCE
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DISEASE OF ADAPTATION
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Groban & Butterworth 2006
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Remodeling

Mitral regurgitation without a functional abnormality
Found in >50% of HR patients Negative prognostic indicator

Increases risk of malignant arrhythmias

Reentry due to regional differences in conduction

Acute insult leads to chronic maladaptive remodeling

Heart becomes more spheroid 
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faculty.stcc.edu
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Dyssynchrony

■ Conduction abnormalities are common with 
systolic failure

■ 25-40% of HF patients have a prolonged  QRS

■ Electrical dyssynchrony of the LV due to delayed 
depolarization

■ Mechanically less efficient at ejecting blood in 
the systemic circulation

■ Impairs diastolic filling

16
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PERIOPERATIVE 
MANAGEMENT 
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NYHA Functional 
Classification

■ Stages of Heart Failure
– Stage I
■ No symptoms

– Stage II
■ Mild symptoms

– Stage III
■ Marked limitation in activity

– Stage IV
■ Severe limitations even at 

rest

https://d2ebzu6go672f3.cloudfront.net/media/content/images/older-couple-walking-
cardio-exercise-park-monkeybusinessimages-iStock_000022452808_Medium.jpg
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ACC/AHA  &  NYHA
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ACC/AHA Guidelines 2003
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Strain Pattern
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Left Bundle Branch Block
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Echocardiography

■Assess ejection fraction and valvular function

■Can assess static function and/or dynamic 
function

– Dobutamine stress echo
■ Hibernating or stunned myocardium

■Doppler function
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Chest Xray

https://radiologyassistant.nl/chest/chest-x-ray-heart-failure

Key findings
Cardiac changes
Pulmonary changes
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https://radiologyassistant.nl/chest/chest-x-ray-heart-failure
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B-type 
Natriuretic 

Peptide

■“emergency” 
neurohormone resembling 
atrial natriuretic peptide but 
synthesized primarily in the 
ventricles

–N-terminal pro-hormone 
BNP

■Secreted in response to 
increased ventricular volume, 
pressure overload, or 
increased wall tension
■Can be used in diagnosis of 
CHF; values rise and fall in 
response to exacerbation 
and resolution of CHF
■NT-ProBNP
■Why do we care? 
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B-type 
Natriuretic 

Peptide

■ Serum levels of BNP
– <100 normal
– 100-300  HF 

present
– 300-600 mild HF
– 600-900 moderate 

HF
– >900 severe HF
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Preoperative Considerations

What kind of 
heart failure is 

present?
Systolic versus 

diastolic
Preserved EF 
versus non-

preserved EF

Considerations 
of renal 
function

Connected to 
deterioration of 

patients with CHF

Are the 
symptoms new 
or worsened?
Delay elective 
case and refer 

back to 
cardiologist
In optimal 
condition?
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ACC/AHA 
Recommendations 
for the Mgmt of 
Diastolic Heart 
Failure

■ Avoid tachycardia

■ Avoid ischemia

■ Avoid hypertension

28
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Preoperative 
Considerations
■ Is it well compensated?

– What is the NYHA or the 
ACC/AHA  classification?

– Do you have a recent BNP or 
serial BNPs?

– Is there resting tachycardia or 
narrowed pulse pressure 
(<25)?

■ Does the patient have an 
implanted device?

■ Is the patient in sinus rhythm? 
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Preoperative 
Considerations
■ Continue most home 

medications except ACEI and 
ARBs

■ Preoperative medications
– Avoid NSAIDs

■ Consider invasive monitoring
– Arterial line
– PAP
– TEE
– Dynamic monitors
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Intraoperative Considerations

•Systolic HF: avoid non- vasoselective CCBs
•Diastolic HF: no real contraindications

Intraoperative 
medications

•Impact on hemodynamicsAnesthetic Agents

•Usefulness of dynamic monitoring Intraoperative fluid 
management

•What can you use to determine if 
hypovolemia is present?

Only use large volumes of 
crystalloid or colloid 

when a high suspicion of 
hypovolemia is present
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”FLUID MANAGEMENT MAY 
BE CHALLENGING AND 
RELIES ON CLINICAL 

JUDGEMENT AND CONTEXT”
Radosevich & Brown 2016
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Periop
Risk 

Reduction

Changes in anesthetic 
technique

Aggressive treatment of 
hemodynamic changes

Aggressive monitoring 
techniques

Admission to the ICU
Rational Use of 
Resources
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“NON CARDIAC SURGERY WITH NEW OR 
WORSENED HF WITHIN 4 WEEKS OF 

SURGERY  HAD A 2X GREATER RISK OF 30-
DAY MORTALITY AND SIGNIFICANTLY 

INCREASED RISK OF PROLONGED 
MECHANICAL VENTILATION, SEPSIS, 

PNEUMONIA , ARF, AND CARDIAC ARREST 
COMPARED WITH A MATCHED COHORT OF 

STABLE HF” SWEITZER 2019 P, 79
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MANAGEMENT 
OF HEART 
FAILURE
Barostim Procedure
Cardiac Resynchronization Therapy
Surgical Procedures
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Treatment strategies that result in 
the reversal of pathologic 

remodeling have reduced heart 
failure mortality 

Eapen and Rogers, 2009
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Medical 
Management

■ RAS Antagonists
– ACEI and ARB
– Direct renin antagonists

■ Beta-adrenergic blockers

■ Aldosterone antagonists

■ Calcium sensitizing agents

■ Endothelian blocker

■ Atrial Natriuretic Peptide 
analogs (Urodilatin)

Intervention has shifted from management of symptoms (diuresis) 
to decreasing the impact of neurohormones (norepi, ATII, and 
aldosterone)
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General goals

■ Correct the underlying problem

■ Treat rhythm abnormalities

■ Restore normal synchrony

■ Optimize preload

■ Reduce afterload

■ Improve cardiac contractility

http://ccscomputers.co.in/images/loadbalancing.j
pg
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Cardiac Resynchronization 
Therapy (CRT)

■ Recommended for heart 
failure patients
– LVEF <35%
– NYHA class III-IV 

symptoms refractory 
to medical therapy

– QRS duration 
>120msec on 12 lead 
EKG

39

Goals of CRT
■ Improve LV function without increasing 

MVO2

– Reduce LVEDP

■ Reverse molecular remodeling

– Improving contractile elements, 
excitation-contraction coupling, and 
improved Ca++ handling

– Decrease the mitral regurgitant fraction

■ Decreased risk of lethal arrhythmias

■ Decreased hospitalizations; improvement in 
quality of life

40
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CRT

■ BiVentricular Pacing
– RV and LV

■ Univentricular pacing 
with lead placed at area 
of delayed conduction

■ TriPacing
– Additional lead 

placed via  the 
coronary sinus

41 42

BiVentricular Pacing
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IN PATIENTS WITH ADVANCED HEART FAILURE AND A PROLONGED QRS INTERVAL, CARDIAC-
RESYNCHRONIZATION THERAPY DECREASES THE COMBINED RISK OF DEATH FROM ANY 

CAUSE OR FIRST HOSPITALIZATION AND, WHEN COMBINED WITH AN IMPLANTABLE 
DEFIBRILLATOR, SIGNIFICANTLY REDUCES MORTALITY.

IN PATIENTS WITH ADVANCED HEART FAILURE AND A PROLONGED QRS INTERVAL, CARDIAC-
RESYNCHRONIZATION THERAPY DECREASES THE COMBINED RISK OF DEATH FROM ANY 

CAUSE OR FIRST HOSPITALIZATION AND, WHEN COMBINED WITH AN IMPLANTABLE 
DEFIBRILLATOR, SIGNIFICANTLY REDUCES MORTALITY.

44
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https://www.dicardiology.com/videos/video-how-implant-leadless-
crt-lv-pacing-system
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Barostim Neo System
■ Indicated for patients with heart failure with 

reduced EF (<35%) NYHA Class III despite 
maximum medical management a  
– Not a candidate for CRT

■ Minimally invasive procedure that averages 
60 – 90 mins
– Simple device with two components: 

electrode and generator

■ Takes advantage of existing cardiovascular 
reflex through autonomic modulation

■ Myocardial work and O2 consumption are 
reduced

■ Sustained parasympathetic action and renal 
system (diuresis)

(Chunbin et al., 2018; Groenland, 2020; Wilks et al., 2017)
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Barostim Neo 
System
■ Approved by the FDA in 2019

■ Entire system remains 
subcutaneous

■ Electrode end is sutured to 
outside of carotid sinus

■ Stimulates close to 40x more 
frequently than traditional 
pacemaker

■ Wireless programing and 
interrogation sessions

https://www.google.com/search?q=barostim+neo&rlz=1C1CHBF_enUS
859US859&source=lnms&tbm=isch&sa=X&ved=2ahUKEwidruGtnfPwA
hXSVTABHd2UDMwQ_AUoAXoECAEQAw&biw=1280&bih=610#imgrc=N

PcvzOa3cByMkM

(Chunbin et al., 2018; Groenland, 2020; Wilks et al., 2017)
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THE GOLD STANDARD 
FOR THE SURGICAL 
TREATMENT OF END-
STAGE HEART FAILURE 
CONTINUES TO BE HEART 
TRANSPLANT

HOWEVER………

50

https://www.dicardiology.com/videos/video-how-implant-leadless-crt-lv-pacing-system
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Mechanical Assist

■ Full assist or partial assist

■ Unloading of the ventricle or 
bridge-to-decision

■ “Destination Therapy” 
– HeartMate and Novacor

■ Impella 2.5 Cardiosystems
– Temporary partial support
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Surgical approaches 

■ Goal: improve perfusion and function by 
reshaping the LV

■ CABG +/- MVR
– Revascularization of stunned but viable 

myocardium
– Isolated MR: no improvement in 

mortality

■ STITCH trial

■ Transmyocardial laser

■ Gene therapy with angiogenesis
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Historical Surgical Approaches 

Batista Procedure Dynamic cardiomyoplasty

Chachques, et al 2008Heart.bmj, com
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Mechanical 
constraint devices
■ Passive Constraint Devices

– Designed to minimize wall 
stress by providing support 
during diastolic filling

– Early successes  ---- Recent 
studies not as promising
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54



11/3/21

14

QUESTIONS?
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