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Introduction 

he number of patients with heart failure presenting for 

surgery continues to rise, and anesthesiologists are 

increasingly being called upon to provide quality, safe care in 

the operating room for patients with low ejection fraction 

(EF). Perioperative goals in the management of these patients 

include maintaining forward flow, promoting inotropy 

without inducing or exacerbating ischemia, and returning 

patients to their preoperative level of function after surgery 

(Chua and Nguyen, 2013). 

 Oftentimes, these goals can be met with 

pharmacologic support, including the use of calcium channel 

blockers, phosphodiesterase inhibitors, and novel agents, 

such as nesiritide and levosimendan. Many patients with 

diminished EF have implantable cardioverter-defibrillators 

(ICDs) in place. Another helpful device is the intra-aortic 

balloon pump. These devices can serve a critical role in 

managing patients who have inadequate responses to 

pharmacologic therapy because of concerns for increasing 

myocardial work (Chua and Nguyen, 2013). 

The LVEF, which is the ratio of stroke volume to LV 

end-diastolic volume, is the standard clinical measurement of 

T 
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systolic function. A normal EF indicates that the stroke 

volume is appropriate for the end-diastolic volume and vice 

versa. Normally, it is 55-70%, an ejection fraction below 

35% the patient may be at risk for life threatening 

arrhythmias or sudden cardiac death. Low ejection fraction 

may be caused by heart valve disease, coronary heart disease 

or cardiomyopathy (Iwano and Little, 2013). 

Although aortic stenosis is a common condition 

associated with major morbidity, mortality, and health 

economic costs, there are currently no medical interventions 

capable of delaying or halting its progression. Aortic stenosis 

is characterized by progressive aortic valve narrowing and 

secondary left ventricular hypertrophy. Both processes drive 

the development of symptoms and adverse events that 

characterize the latter stages of the disease. Inflammation, 

fibrosis, and calcification lead to progressive valve 

narrowing and development of left ventricular hypertrophy, 

subsequent decompensation, and the transition to heart 

failure (Dweck et al, 2012). 

Coronary artery disease (CAD) is an increasingly 

important medical and public health problem, and is the 

leading cause of mortality. The underlying pathophysiology 

is poorly understood. Genetic predisposition, high prevalence 
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of metabolic syndrome and conventional risk factors play 

important role. Lifestyle related factors, including poor 

dietary habits, excess saturated and trans fat, high salt intake, 

and low-level physical activity may be important as well. 

Some novel risk factors, including hypovitaminosis D, 

arsenic contamination in water and food-stuff, particulate 

matter air pollution may play unique role (Islam and 

Majumder, 2013). 

Cardiomyopathies are defined as cardiac diseases of 

the myocardium with associated cardiac dysfunction. They 

are cardiac diseases in which heart muscle disease and/or 

measurable deterioration of cardiac muscle function occurs 

due to various causes, such as genetic and sporadic mutations 

of muscle proteins, as well as external factors such as 

hypertension, ischemia, and inflammation (Sanbi, 2013).  

Stress due to surgery leads to an increase in cardiac 

output which can be achieved by normal patients but which 

results in substantial morbidity and mortality in those with 

cardiac disease. These present difficult anesthetic challenges 

and place these patients at a high risk of perioperative 

morbidity and mortality (Sanders et al, 2009). 
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The anesthesiologist should be knowledgeable about the 

pathophysiology underlying low ejection fraction and the 

appropriate perioperative management. Whether presenting for 

cardiac or general surgery, and to modify the care plan 

accordingly. With a directed preoperative assessment that 

focuses on certain aspects of the cardiovascular system, and the 

assistance of powerful investigating tools such as tissue 

Doppler, this can be achieved (Sanders et al, 2009). 
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Aim of the Work 

his study aims to describe the optimal way for anesthetic 

management of patients with low ventricular ejection 

fraction. 

 

T 
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Chapter (1): 

Anatomical and Physiological Background 

of Low Ejection Fraction 

he heart provides the driving force for delivering blood 

throughout the cardiovascular system to supply nutrients 

and remove metabolic waste. Because of the complexity of 

RV anatomy, the traditional description of systolic function 

is usually limited to the LV. Systolic performance of the 

heart is dependent on loading conditions and contractility. 

Preload and afterload are two interdependent factors extrinsic 

to the heart that govern cardiac performance (Sun and 

Schwarzenberger, 2012). 

Preload and Afterload 

Preload is defined as the ventricular load at the end of 

diastole, before contraction has started. First described by 

Starling, a linear relationship exists between sarcomere 

length and myocardial force (Berne and Levy, 2001). 

In clinical practice, surrogate representatives of LV 

volume such as pulmonary wedge pressure or central venous 

pressure are used to estimate preload. With the development 

of transesophageal echocardiography, a more direct measure 

of ventricular volume is available (Katz, 2001). 

T 
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Afterload is defined as systolic load on the LV after 

contraction has begun. Aortic compliance is an additional 

determinant of afterload. Aortic compliance is the ability of the 

aorta to give way to systolic forces from the ventricle. Changes 

in the aortic wall (dilation or stiffness) can alter aortic 

compliance and thus afterload (Berne and Levy, 2001). 

Examples of pathologic conditions that alter afterload 

are aortic stenosis and chronic hypertension. Both impede 

ventricular ejection, thereby increasing afterload. Aortic 

impedance, or aortic pressure divided by aortic flow at that 

instant, is an accurate means of gauging afterload. However, 

clinical measurement of aortic impedance is invasive (Katz, 

2001). 

Echocardiography can estimate aortic impedance 

noninvasively by determining aortic blood flow at the time of 

its maximal increase. In more general clinical practice, 

measurement of systolic blood pressure is adequate to 

approximate afterload, provided that aortic stenosis is not 

present (Takayama et al, 2002). 

Preload and afterload can be thought of as the wall 

stress that is present at the end of diastole and during LV 

ejection, respectively. Wall stress is a useful concept because 

it includes preload, afterload, and the energy required to 

generate contraction. Wall stress and heart rate are probably 
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the two most relevant indices that account for changes in 

myocardial oxygen demand. The law of Laplace states that 

wall stress (σ) is the product of pressure (P) and radius (R) 

divided by wall thickness (h)
3
: 

 

The ellipsoid shape of the LV allows the least amount of 

wall stress such that as the ventricle changes its shape from 

ellipsoid to spherical, wall stress is increased. By using the ratio 

of the long axis to the short axis as a measure of the ellipsoid 

shape, shown in figure (1), a decrease in this ratio would 

signify a transition from ellipsoid to spherical (Frank, 1895). 

 

Figure (1): Frank-Starling relationship. The relationship between sarcomere 

length and tension developed in cardiac muscles is shown. In 

the heart, an increase in end-diastolic volume is the equivalent 

of an increase in myocardial stretch; therefore, according to 

Starling‘s law, increased stroke volume is generated (Frank, 

1895).  


