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Objectives

 Discuss physiological differences across the lifespan 

 Discuss function and interaction of the cardiovascular 

system to ensure the safe and effective administration 

of anesthesia

 Recognize physiological and pathophysiological 

cardiovascular events and manage the anesthetic in 

accordance with evidence-based practices



Natural History of Heart Failure

 Stroke volume is maintained at 

expense of 

o Increased left atrial pressure

o Increased diastolic pressure

o Pulmonary venous congestion

 Renin-angiotensin-aldosterone 

system activated

o Catecholamine release/sympathetic 

outflow

o Volume retention

o Renin production



Hemodynamic Management

 Prevent myocardial depression

o Maintain normal heart rate and preload

o Avoid high afterload

o Maintain contractility

 Manage decompensated heart failure

o No particular advantage to any agent but 

lower doses recommended

o Monitor with arterial line

o Avoid large volumes of fluid/diurese

o Use ephedrine, vasopressin and possibly 

norepinephrine for hypotension



Anesthesia for Patients with Left 

Ventricular Assist Devices

 Any general anesthesia 

technique is acceptable (some 

blocks)

 Typically anticoagulated

 No spinal or epidural

 Dysrhythmias (PVC’s) are 

common, including VT

 MAP goal is 60-80 mmHg

 Almost all VAD patients have ICD



Monitoring LVAD Patients

 Continuous flow device 

patients will lack a palpable 

pulse

 Doppler or manual cuff 

pressure may be necessary

 Arterial line may require 

ultrasound

 Auscultate the pump – if it is 

humming then it is running



Preoperative Assessment with Heart 

Valve Disease

 Determine hemodynamic 
significance of valve lesion (NYHA 
class, BNP, etc.)

 Assessment tools

o H&P/ECG

o Heart catheterization/Echo

 Assess residual biventricular function

 Identify secondary effects on other 
organ systems

o Pulmonary function

o Hepatic function

o Renal function



Mitral Valve Stenosis

 Progressive calcification from rheumatic 

fever

 Right ventricular compromise 

 Left atrial enlargement/Atrial 

fibrillation/impaired diastole

 High pulmonary artery pressures and right 

ventricular afterload

 Pulmonary edema, respiratory compromise

 Surgical intervention when <1.5 cm



Mitral Regurgitation

 Causes include rheumatic heart 
disease, congenital abnormalities, 
myocardial ischemia and 
endocarditis

 60% of LV stroke volume is ejected 
into the left atrium during systole

 LA size increases to compensate 

 LV undergoes eccentric 
hypertrophy to compensate for 
volume overload

 Surgical treatment once 
symptomatic



Mitral Valve Prolapse

 Occurs in 1-2.5% of population

 Redundancy or degeneration of 

leaflets causes prolapse

 Diagnosed by mid-systolic click

 Most people are asymptomatic but 

present with chest pain, palpitations, 

embolic events but eventually MR

 Ventricular dysrhythmias are 

managed with beta blockers or 

lidocaine

 Hypotension is treated with volume



Aortic Stenosis

•Caused by chronic degenerative 
calcification, congenital bicuspid or 
rheumatic valves

•Aortic valve area < 1 cm will manifest 
symptoms (SOB, syncope, angina)

•Concentric LV hypertrophy 

•Pressure-overloaded, noncompliant 
LV

•Fixed SV dependent on sinus rhythm



Aortic Regurgitation

 Caused by valve or aortic root 

abnormalities

 Acute AI can occur with infectious 

endocarditis, trauma, and aortic 

dissection

 AI leads to backflow from aorta into LV 

during diastole

 Chronic AI leads to eccentric LVH and 

eventually heart failure



Goals with Significant Valve Disease
Parameter Aortic Stenosis Aortic 

Regurgitation
Mitral Stenosis Mitral Regurgitation

LV Preload

Normal Normal

Heart Rate

or normal Normal

Contractility

or normal or normal

SVR

Concerns Ischemia, CPR 

ineffective, no 

regional, 

phenylephrine or 

slow volume use

Watch for CHF with 

bradycardia, HR 80-

100, no regional, 

volume for 

hypotension

Cardiovert new AF, 

watch RV function, 

maintain SVR, avoid 

fluid shifts

Hypoventilation bad, 

monitor RV function, 

avoid overpressurizing

volatiles, monitors



A patient with AI is undergoing hip replacement. During 

surgery the heart drops from 80 to 54. Atropine should be 

administered promptly. 

O      True

O      False



Anesthesia Considerations for HOCM

 Hyperdynamic LV with MR from SAM

 Maintain adequate intravascular 

volume to avoid MR 

 Avoid increases in contractility and 

heart rate

 Deep anesthesia and myocardial 

depression are advantageous 

(maintain beta blockers)

 Maintain normal-high SVR



Your patient presenting for gastric bypass has hypertrophic 

cardiomyopathy (HOCM). Which of the following is a 
reasonable strategy to manage hemodynamics?

A. Epinephrine infusion @2 mcg/minute 

B. Furosemide 20-40 mg IV 

preoperatively 

C. Maintain normal to high systemic 

vascular resistance (SVR) with 

phenylephrine 15-30 mcg/minute

D. Maintain less than 0.5 MAC volatile 

agent to avoid decreased SVR and 

myocardial contractility

E. Avoid beta blockers



Carotid Stenosis

 Hemodynamic challenges include CAD, 

hypertension, diabetes

 Baroreceptors impaired by carotid 

disease, autonomic dysfunction and 

antihypertensive medications

 Management includes coronary and 

cerebral perfusion, rapid emergence

 Monitoring includes arterial line and 

cerebral oximetry

 Regional allows for intraoperative 

assessment but no outcome benefit
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Principles of Cerebral Oximetry

 Cerebral saturation changes 

correlate with cerebral perfusion

 Critical values are not consistent but 

trends and comparisons are

o Values less than 40% or more than 25% 

less than baseline are cause for 

concern

o Asymmetrical values are also bad

 Bilateral monitoring can help 

distinguish between carotid occlusion 

and systemic causes such as 

hypotension and hypocarbia



Managing Intraoperative 

Hypertenson

 LVH and BP > 180/110 associated with 
increased perioperative risk

 Moderate elevations in diastolic BO 
(90-110) associated with myocardial 
ischemia and arrhythmias

 JNC recommends initiating treatment 
for BP > 150/90

 AANA recommends control BP with 
volatile, administer opioid as 
appropriate

 Use parenteral anti-hypertensives as 
appropriate



Which of the following would not be a cause of 

hypertension in the surgical patient?

A. Pain

B. Hypoxia

C. Prolonged laryngoscopy

D. Deepening anesthesia



Intraoperative Hypotension

 Generally accepted to be SBP < 90 

mmHg or 20% less than baseline

 Variety of causes, any factor affecting 

HR, preload, afterload and 

contractility 

 Most common causes include 

hemorrhage, hypovolemia, excessive 

anesthesia

 Treat emperically with fluid, 

vasopressors and reduced anesthesia

 Rule outs include dysrhythmia, 

myocardial ischemia, anemia, 

anaphylaxis, sepsis

Parameter Low High

Heart Rate Volatile, opioids, vagal Atrial fib/flutter

Beta blockers, reversal Vtach (duh)

Preload Hypovolemia, bleeding, Overload

Vasodilation, PE, MS,

pneumothorax

Afterload Low SVR, sepsis, 

anemia,

AS, HOCM

Neurogenic, SAM

Contractility Cardiomyopathy, MI, 

Vascular dysfunction,

Volatile



During an exploratory laparotomy in your septic patient, blood pressure 

is 80/40, cardiac output is 8.5 L/m (cardiac index 3.8 L/m2), PPV 6 and 
heart rate is 85 bpm. Which initial intervention is least appropriate?

A. Calcium chloride 500 mg IVP

B. Epinephrine 20 mcg IVP 

followed by infusion

C. Phenylephrine 200 mcg IVP 

followed by infusion

D. Vasopressin 0.5 units IVP

E. Normal saline 1000 ml over 15 

minutes

F. Methylene blue 2 mg/kg



Dysrhythmia Overview

Rhythm Source Management

SVT Re-entrant 

mechanism

DCCV, beta blockers, CCB, 

adenosine

Atrial Fib Atrial activity DCCV (acute, TEE?), rate 

control, anticoagulation

Atrial flutter Re-entrant 

mechanism

DCCV (acute, TEE?), rate 

control, anticoagulation

VTach Five H’s, ischemia Amio, lido, procainamide, 

DCCV

VFib Five H’s, ischemia ACLS, lido etc

Torsades Polymorphic VT, 

electrolytes, drugs

Magnesium, pacing

 At least 29% of patients 

undergoing non-cardiac 

surgery experience 

dysrhythmias

 Predisposing cardiac disease 

including cardiomyopathies, 

conduction disorders and 

ischemia

 Physiologic responses to 

surgery including surgical 
maneuvers and hypovolemia 

may be implicated



Your patient for lap chole has WPW and Crohn’s disease. Useful 

pharmacologic interventions for rate control in this patient include 

(more than one answer)

A. Procainamide 20 mg bolus and 

2 mg/minute infusion

B. Diltiazem 2.5 mg bolus and 10 

mg/hour infusion

C. Amiodarone 150 mg bolus and 

1 mg/hour infusion

D. Esmolol 10 mg bolus and 20 

mg/hour infusion



Potential Device Problems 

Associated with EMI

 Misinterpretation of EMI as cardiac 

activity

 Pacing is inhibited or triggered 

inappropriately

 Misinterpretation of EMI as arrhythmia 

and inappropriate shock

 Inappropriate reprogramming of the 

device

 Current causes damage to the 

myocardium or the device



Cardiac Device Management

 Preoperative Evaluation

o Establish whether device is PM or ICD

o Establish whether EMI is an issue

o Coordinate care with CIED Team including interrogation, 

reprogramming, disable therapies

o Determine whether pacer dependent

o Defib/pacing availability

 Effect of magnet on pacemaker

o Converts to asynchronous

o Original settings resume after removal

 Effect of magnet on ICD

o Disables tachytherapies only (not pacing)

o Tachytherapies may remain disabled after removal



What kind of electrocautery practice or use is the 

most dangerous for patients who have 

pacemakers?

A. Use of bipolar electrocautery  

B. Bovie pad placed as close to 

the pacemaker as possible

C. Surgery below the umbilicus

D. Use of short (e.g., less than 10 

seconds) bursts of 

electrocautery



Abdominal Aortic Aneurysms

 Dilation of the wall of the aorta

 Causes: atherosclerosis, 

inflammation, trauma, 

connective tissue disorders

 50% likelihood of rupture of 6 

cm AAA within one year after 

diagnosis

 Indication for surgery when 5 

cm with endograft or open 

AAA



Major Physiologic Changes 

Associated with Infra-renal Aortic Cross-Clamp

 Acute ventricular strain

o CO decreased  

o Increased wall tension/afterload

o Increased MVO2

o Myocardial ischemia, CHF are common

o Manage hypertension with volatile and 

vasodilators

 Ischemia of kidneys and spinal cord

 Accumulation of acid metabolites 
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When the abdominal aorta is cross-clamped, what 

effect does it have on heart volumes and pressures?

A. Both afterload and peripheral 

vascular resistance increase

B. Afterload increases and peripheral 

vascular resistance decreases

C. Peripheral vascular resistance 

increases and afterload decreases

D. There is no physiologic change 

unless the patient has aortic 

insufficiency
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After declamping, blood pressure is 70/40, heart rate is 90 bpm, 

PA pressures are 20/7, PPV is 14 and ETCO2 is 18. Appropriate 
interventions may include (more than one answer)

A. Increasing cardiac filling volume with 

albumin or crystalloid

B. Sodium bicarbonate 50 mEq

C. Discuss reclamping the descending 

aorta with the surgeon

D. Nitroglycerin 100 mcg/minute to avoid 

myocardial ischemia

E. Trendelenberg
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Myocardial Ischemia

 Imbalance of supply/demand

 Causes of increased demand include 
hypertension, tachycardia severe AS

 Causes of decreased supply include 
hypoxemia, anemia, hypotension, 
coronary spasm and thrombosis

 Atherosclerosis is the most common cause 
of ischemia

 Common cause of morbidity and mortality, 
MACE

 Goals include oxygenation, coronary 
perfusion and avoid hypertension and 
tachycardia



Intraoperative Management

 Continue beta blockers, periop
initiation is controversial

 Continue statins, aspirin

 Prevent ischemia by balancing 
supply/demand

 Avoid hypotension, fluid overload, 
hypoxia, anemia

 Keep HR, BP within 20% of baseline

 Avoid prolonged DL to avoid 
hypertension/tachycardia

 Volatile good to decrease demand

 If low EF use more opioids and less 
volatile



Signs of Myocardial Ischemia

 ST segment abnormality

 Dysrhythmias

 Conduction abnormality

 PA waveform abnormality

 Decreased myocardial 

performance (low cardiac index 

or blood pressure) 

 Wall motion abnormality (echo, 

visual)



70 y/o male with history of hypertension, diabetes and CAD 

and two stents is undergoing partial colectomy. HR 144, BP 

170/90. Esmolol is a good initial management strategy.

O      True

O      False



Coronary Stents

 Untreated surgical patients having surgery 

within 1 month of MI have another MI

 8-10% of surgical patients with stent within 

previous month have a major 

cardiovascular event or stent thrombosis 

resulting in 40-60% mortality

 Delay surgery 4-12 weeks with bare metal 

stents, 6-12 months with drug eluting stents

 Continue aspirin in all patients, dual anti-

platelet therapy in at-risk



Which of the following is NOT consistent with 
the perioperative beta blocker guidelines?

A. Beta blockers should be continued throughout the 
perioperative period in patients with ischemic heart 
disease

B. Beta blockers should be used intraoperatively and 
titrated based on heart rate and blood pressure in 
patients with ischemic heart disease

C. Beta blockers should always be avoided in patients 
with symptomatic heart failure 

D. Beta blockers should routinely be used in high doses 
(e.g., metoprolol 5-10 mg IVP) for maximal anti-ischemic 
effect



Cardiac Tamponade

 Tamponade is an increase in pericardial 

pressure impairing diastolic filling

 Causes of pericardial effusion include 

infection, malignancy, bleeding and uremia

 Presentation includes hypotension, 

tachycardia, tachypnea, JVD, muffled heart 

sounds, pericardial rub and pulsus 

paradoxus

 Diagnosis ECG, CXR and echocardiography

 Treatment is pericardiocentesis or 

pericardial window



Anesthesia Management

 Management of symptomatic 
tamponade always requires removal of 
fluid through pericardiocentesis 

o Subxiphoid approach

o Drain left in place?

 Regional for pericardiocentesis, GA for 
window

 Maintain sympathetic tone and avoid 
myocardial depression

o Ketamine

o Small doses of epinephrine/norepi

o Fluids



Causes of Shock

 Arterial blood flow is 

inadequate to meet tissue 

metabolic requirements

 Tissue hypoxia, ischemia and 

organ failure eventually 

result

 Classified by mechanism 

including hypovolemic, 

cardiogenic, obstructive 

and distributive

 Treat with ketamine, blood 

Hypovolemic Cardiogenic Obstructive Distributive

Blood loss Dysrhythmia Pneumothorax Sepsis

GI loss 

(vomiting)

Pump failure Tamponade, 

constriction

Anaphylaxis

Plasma loss 

(burns)

Acute valve 

dysfunction

Pulmonary 

Embolus

Neurogenic

Renal loss 

(polyuria)

Wall rupture Pulmonary 

hypertension

Vasodilators

3rd space 

(ascites, SBO)

Obstructive 

valve disease

Acute 

adrenal 

insufficiency



Shock and Cardiovascular Collapse

 Hypovolemic Shock

o Blood loss

o Trauma

 Distributive Shock

o Anaphylaxis/Sepsis

o Neurogenic

 Obstructive Shock

o PE

o Tamponade

 Cardiogenic Shock

o LV/RV dysfunction

o Valve dysfunction

CARDIAC CAUSES PERIPHERAL VASCULAR CAUSES

Cardiac arrest Hypovolemic shock (i.e., blood loss)

Heart failure Septic shock

Myocardial infarction Anaphylactic shock

Cardiac arrhythmia Neurogenic shock

Pulmonary embolism Trauma

Cardiac tamponade



30 y/o female presents to OR after MVC. During 

surgery she becomes hypotensive and her urine 

output declines. 

A. Obstructive

B. Neurogenic

C.Sepsis

D. Cardiogenic

E. Hypovolemic

F. Anaphylactic



60 y/o male with CAD undergoing a knee replacement 

exhibits irregular rhythm, HR 170. Despite efforts to control rate, 

ST segment depression is noted and SBP drops to 70.

A. Obstructive

B. Neurogenic

C.Sepsis

D. Cardiogenic

E. Hypovolemic

F. Anaphylactic



45 y/o male presents to the OR for multiple orthopedic injuries 

after falling from a ladder. He presents with SOB, distant heart 

sounds and JVD. His BP drops precipitously with induction.

A. Obstructive

B. Neurogenic

C.Sepsis

D. Cardiogenic

E. Hypovolemic

F. Anaphylactic





20 y/o male presents after MVC with C5 fracture. Just 

before induction BP drops to 70/40 and HR 40.

A. Obstructive

B. Neurogenic

C.Sepsis

D. Cardiogenic

E. Hypovolemic

F. Anaphylactic



Your patient presents for long bone fracture from the 

trauma unit. The patient is hypotensive and you suspect a 

pulmonary embolus based on (more than one answer)

A. Increased CVP

B. Hypotension

C. Oxygen desaturation

D. Decreased breath 

sounds on the left

E. Right ventricular failure



Causes of Cardiac Arrest

 Anesthetic technique

o Iatrogenesis imperfecta

o Line placement

 Anaphylactic reaction

o Antibiotics

o Muscle relaxants?

 Surgical technique

o Laparoscopic misadventure

o Inadvertent blood loss

 Pre-existing medical condition



Summary

 Management of patient with ventricular dysfunction is 
centered on less anesthesia and slower 
administration/titration

 Valve stenosis requires maintenance of adequate 
perfusion pressure and slow sinus rhythm

 Valve insufficiency requires maintenance of adequate 
filling, less diastole for regurgitation and afterload/SVR 
reduction

 Shock is classified by mechanism including 
hypovolemic, cardiogenic, obstructive and distributive


