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Normal and Abnormal 
Heart Function 

Learning more about the heart’s normal structure and anatomy may help 

you understand why different heart problems occur and the conditions that 

may lead to the need for an implanted device. 

BAsiC CoNCePTs oF CArDiAC BlooD Flow

The heart is often described in terms of two concepts: “plumbing” and 

“electrical.” The heart is, by definition, a pump. There are four chambers 

in the heart (Figure 1).

The two chambers on the top are 

the atria (singular: atrium), and 

the two bottom chambers are 

the ventricles. Although every 

part of the heart is important, 

the left ventricle is responsible 

for pumping blood throughout 

the body, and it therefore plays 

a vital role in blood circulation. Figure 1. Normal heart.

Chapter 1
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When the left ventricle squeezes, the blood exits the heart through the aor-

tic valve into a large blood vessel, the aorta. From there, the blood travels 

to all parts of the body (Figure 2). The blood leaving the left ventricle is 

rich with oxygen, which the rest of your body needs to stay healthy. As the 

blood goes through the aorta to other arteries and progressively smaller 

blood vessels, some of the oxygen in the blood leaves the red blood cells 

to nourish the body’s tissues. The oxygen-poor blood then enters the veins 

and is routed back to the right side of the heart.

The blood enters the right atrium and then passes through a valve called the 

tricuspid valve into the right ventricle. When the right ventricle contracts 

or squeezes, the blood travels through the pulmonic valve into blood ves-

Figure 2. Normal cardiac blood flow.
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N o r m a l  a n d  A b n o r m a l  H e a r t  F u n c t i o n 

sels in the lungs. In tiny vessels in the lungs, oxygen can pass back into 

the blood cells. Oxygen-rich blood then re-enters the left atrium (the top 

chamber on the left side of the heart) and goes through the mitral valve 

into the left ventricle, where the process starts all over again.

A very important term to be familiar with is the phrase left ventricular 

ejection fraction, abbreviated as LVEF or, sometimes, just EF. The LVEF 

is defined as the percentage or fraction of blood that the left ventricle 

squeezes out with each beat. Different hospitals and laboratories may use 

slightly different values for a “normal” LVEF. In general, a normal LVEF is 

50 to 60% (See Figures 1 and 3). Some patients intuitively think that all 

the blood should be squeezed out, and that the LVEF should be 100%, but 

that would definitely not be normal or healthy. A desirable LVEF percent-

age is 50 to 60%. 

The main function of the heart is to pump oxygen-rich blood throughout the 

body and then return the oxygen-poor blood to the lungs to regain oxygen. 

Figure 3. Figure 1 shows a diagram of the heart with normal ventricular size and normal wall 
thickness. With normal function the left ventricular ejection fraction should be 50% to 60%. By 
contrast, the chest x-ray featured in Figure 3 is from a patient with severe enlargement of the heart 
and the ejection fraction would be much below the normal limits.
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Types of Devices

PACemAkers

A pacemaker is a device designed to prevent slow heart rates. It doesn’t do 

anything to prevent fast heart rates, including the most common rhythm ab-

normality, atrial fibrillation, which comes from the top chambers of the heart.

The oldest of all implantable cardiac devices, pacemakers have been avail-

able for more than 50 years. Over the years, there have been many variations 

of the pacemaker, but the basic system includes the pacemaker “can,” also 

known as the pulse generator, and the lead or leads that serve as the link 

between the pacemaker and the heart (Figure 1). The leads are often referred 

to as “wires,” but throughout this chapter, we will use the term “leads.”

Chapter 2



Figure 1. Cartoon of patient with a pacemaker and two leads inside the heart. 



U n d e r s t a n d i n g  Yo u r  P a c e m a k e r  o r  D e f i b r i l l a t o r

18

The outside of the pulse generator is traditionally made of titanium (Figure 

2). Titanium is a metal that almost never results in an allergic reaction or 

rejection by human tissues. Titanium is also very strong, so there is no 

need to worry about damaging your device while engaging in almost any 

routine activity. The pulse generator includes a battery and the pacemaker 

circuitry. The battery is not like common household batteries but is a spe-

cial battery made of lithium-iodine. This particular type of battery will last 

for much longer than your household batteries. Another advantage is that 

when it starts to deplete or wear out, it does so in a very slow and predict-

able fashion. This is very helpful, as no one wants your pacemaker battery 

to run out suddenly or unexpectedly. The length of time the batteries will 

last depends on many things, including how frequently pacing is required 

and also the electrical characteristics of the lead. However, on average, the 

pacemaker battery should last 6 to 8 years. Keep in mind that every situation 

Figure 2. Implantable cardioverter defibrillators; examples from two manufacturers.
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T y p e s  o f  D e v i c e s

is different, and for some patients the pacemaker may last as little as 3 to 4 

years or as long as 12 years or more. After your device has been implanted, 

your physician will be able to give you a more precise estimate based on 

your particular device, leads, and heart. (See Chapter 6 for more on what 

to expect after your implant.) When the battery does wear out, the entire 

device is replaced, not just the battery, because the battery is sealed inside 

the device, whether it’s a pacemaker or a defibrillator.

The pacemaker circuitry is the “brains” of the device and controls all func-

tions of the pacemaker. It is essentially the computer in your device. The 

circuitry also allows the pulse generator to communicate with an external 

piece of equipment called the programmer (see Chapter 6). With the 

programmer, the settings or functions of the pacemaker can be altered as 

needed. This is done completely painlessly in your doctor’s office.

The leads consist of one or two electrodes, or wires wrapped in insulation 

(Figure 3). There are many varieties of pacing leads. The end of the lead 

may have a small screw to attach to the heart wall, called active fixation or 

screw-in, or it may have small, flexible tines that get caught in the rough 

wall of the heart, called passive fixation. The lead is usually insulated with 

Figure 3. Pacing leads. Used with permission of Medtronic, Inc.
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Before Your Device 
Procedure

The length of time it takes to diagnose your heart condition, the number 

of doctors you may need to see, and the number and type of tests you may 

undergo prior to getting your device will depend on the type of problem 

you are experiencing. Some patients may find themselves feeling totally 

“normal” one day, and getting a device the next. Other patients may spend 

months and months trying to find an explanation for their symptoms before 

they get a device. Because every patient and every diagnosis is unique, the 

paths to device implant can vary tremendously. 

Earlier in this book, we explained the three basic types of cardiac devices 

that are used: pacemakers, ICDs, and CRT devices. The first step in getting 

any one of these devices is simply finding the right doctor. The type of doc-

tor who may recommend a device and/or refer you to another doctor for 

the device procedure will vary. Therefore, it is probably easiest to describe 

the doctors according to device type.

Chapter 3
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CHoosiNg A DoCTor 

If you are initially seen by your primary care provider, he or she will 

probably refer you to a cardiologist. You may need to see either a general 

cardiologist or a specialized cardiologist. A cardiologist who has gone on 

for further training to specialize in heart rhythm problems is called an 

electrophysiologist. If your main problem is one of heart failure, then you 

may be referred to a cardiologist who has specific training in heart failure. 

He or she is simply referred to as a heart failure specialist. 

Finding the appropriate doctor can be accomplished with the help of your 

usual caregiver, by talking to friends who may have previously had a device 

implanted, or by looking at reliable sites on the Internet that may provide  

direction. (For example, the main professional society of electrophysiologists, 

the Heart Rhythm Society, has information for patients at www.hrsonline

.org, as does the professional society for heart failure specialists, the Heart 

Failure Society of America, at www.hfsa.org.) 

TesTiNg Prior To reCeiviNg A DeviCe

Once you have been referred to a physician in the field of cardiology, the 

path toward diagnosis and implant will continue to vary by device type. 

Testing Before Pacemaker implantation 

As described in Chapter 2, a pacemaker is used when the heart rate is too 

slow and either results in symptoms of syncope (sin-co-pee), which is the 

medical term for passing out, or pre-syncope, which simply means coming 

close to passing out. A pacemaker may also be needed if you have specific 

abnormalities on your heart tracing, the medical term for which is elec-

trocardiogram, or ECG (some people also abbreviate this as EKG). These 

abnormalities indicate that you are at risk for developing a dangerously 

slow heart rhythm that could cause severe symptoms. 
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B e f o r e  Y o u r  D e v i c e  P r o c e d u r e

If you’ve never had an ECG, you will definitely have one or more performed 

(Figure 1). It’s a simple test that consists of placing a few electrodes on your 

chest to record the electrical signals of your heart. 

It’s also likely that you may have some type of heart rhythm monitoring for 

a longer period of time. A Holter monitor, or ambulatory monitor, is a very 

small monitor, about the size of a credit card but thicker, that you wear for 

24 to 48 hours. A few (two or three) electrodes will be stuck to your chest 

and connected to the monitor. The monitor can be worn around your neck, 

hidden under your shirt. The Holter monitor records an ECG the entire 

time you are wearing it. Your doctor will ask you to keep a diary during the 

time you are wearing the monitor. You will be asked to record your activi-

ties and any symptoms you experience. This allows the doctor to correlate 

your activities and your symptoms with your heart rate and type of rhythm. 

If you have symptoms that occur at the same time that your heart rate is 

Figure 1. Patient having an electrocardiogram, also called ECG or EKG, performed.
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inside the  
Procedure room 

(operating room)

If you’ve never had surgery before, you may not know what to expect. This 

chapter describes what you may expect to experience when you go in for 

your device implant.

PreoPerATive PrePArATioNs

As described in the previous chapter, by the time you are taken into the 

room where your device will be implanted, you will likely already have an 

intravenous (IV) line in place.

When you are taken into the procedure room, it may seem very cool. The 

room temperature is often kept cool because the medical personnel doing 

the implant are wearing a sterile gown over their hospital “scrub” suits as 

well as an apron made of lead, which is often heavy and hot, as well as a 

mask, head covering, and eye protection. If you are too cold, tell the nurses 

or technicians in the room. It’s possible to have extra blankets put over you 

while the team is getting everything else ready. 

Chapter 4
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After you’re wheeled into the procedure room, you will be transferred to 

the procedure table. There will be a lot of equipment in the room, including 

monitoring equipment and x-ray equipment (Figure 1). The table may be 

very firm, narrow, and somewhat uncomfortable. There may also be straps 

attached to the table that are placed around you. They shouldn’t be tight. 

The straps are there for your safety, given the narrow design of the table. 

It is usually preferable that you lie with your head fairly flat on the table. 

If you are uncomfortable this way, ask whether you might be able to get a 

small pillow or a folded blanket placed under your head. 

Before anything else is done, even if you’ve been asked many times already, 

you may again be asked to state your name and your birth date. This is 

only a precaution to make sure the right patient is getting the right proce-

dure. You may also hear the team in the procedure room take a “pause,” 

during which they again state your name, the procedure to be done, and 

Figure 1. Patient in the operating room, before the chest is scrubbed and the monitoring wires are 
put in place.
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i n s i d e  t h e  P r o c e d u r e  r o o m  ( o p e r a t i n g  r o o m ) 

the location where the device will be placed. These are all safeguards to 

prevent mistakes.

Sticky pads will be placed on your chest so your heart rate and rhythm can 

be monitored. Frequently, larger sticky pads are placed on the front and 

back of your chest. These pads can be used to correct an abnormal heart 

rhythm or possibly to pace the heart if an abnormally slow or fast heart rate 

should occur during the procedure.

Oxygen will be provided to you throughout the procedure. Sometimes an 

oxygen mask is put over your mouth and nose, but it’s more common that 

a small tube is placed in such a way that two small, soft nasal prongs send 

oxygen directly into your nose. A device will also be connected to your 

finger or toe, or sometimes your ear, to monitor the amount of oxygen in 

your blood. Oxygen is used only to ensure that your oxygen levels remain 

normal while you are sedated. Once you are sedated, your breathing is more 

shallow, which may cause oxygen levels to drop if no oxygen were provided.

The next part of the preparation involves getting the skin clean and creating 

a very clean and sterile environment as a precaution to prevent an infection. 

Prior to these next steps, if you have any urge to urinate, let the nurse or 

technician know. It’s much easier for you to use a bedpan or urinal before 

all of the sterile drapes are in place.

The area where the device will be implanted, usually your upper chest, 

will be “prepped” or made clean. Men must usually be shaved on the side 

where the device will be implanted, and all patients are scrubbed with a 

special anti-bacterial soap of some type. Once your chest is scrubbed, sterile 

drapes will be placed around the area where the device will be implanted. 

This will usually involve the drapes or towels covering your face. This may 

make some people feel closed-in or claustrophobic. The drapes can usually 

be pulled up in such a way that they are not directly on your face. 
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other important issues

This chapter provides information on two topics that may cause confusion 

and a mix of emotions for any device patient. These topics are device advi-

sories and decisions that need to be made regarding an implantable device 

when you or your family member with a device is facing a terminal illness 

or end-of-life decisions.

DeviCe ADvisories

In order to live a full, thriving life with an ICD, you must learn to accept 

and trust that the device is protecting you. As mentioned in Chapter 9, some 

patients have a hard time putting trust in a man-made device. Patients may 

struggle with having to rely on a piece of machinery for their physical well-

being. This may be especially true if you are concerned about the possibility 

of a specific warning or alert (most appropriately called an “advisory”) being 

issued for your device or one of your leads. You have likely heard about 

advisories, sometimes called “recalls,” of heart devices or leads in the news 

at some point. This is a topic that gets a significant amount of media cover-

age when it occurs. Unfortunately, the amount of media coverage is often 

disproportionate to the number of people who are actually affected by these 

advisories. An advisory or recall may also be brought to your attention by 

Chapter 10





U n d e r s t a n d i n g  Yo u r  P a c e m a k e r  o r  D e f i b r i l l a t o r

124

legal firms advertising for patients who have such a device or lead, in the 

hope of convincing them to be part of a class-action lawsuit. 

The number of medical device advisories has increased significantly in 

recent years. However, this is not because devices are less well made than 

they used to be. On the contrary, the number of advisories has increased 

in part because devices are increasingly complex and advanced. However, 

when devices have more features and intricacies, there are more features 

that can potentially have problems. 

Advisories also occur at times for pacemaker or ICD leads. This may be 

related to a problem with the durability of the lead, which could be related 

to the initial design. Despite rigorous testing of the leads prior to being ap-

proved for use, some problems simply don’t become apparent until a lead 

has been in the body and functioning for long periods of time.

Another reason for the increase in medical device advisories is that the 

device companies are held to a much stricter standard than ever before 

when it comes to requirements to report any issues or problems with their 

products. Companies are required to issue an advisory if even an extremely 

small percentage of devices or leads are affected by it. An advisory may be 

issued for problems that are not immediately life-threatening. Regardless 

of the reason for the advisory, if your device or lead is affected, you may 

initially experience fear and concern.

Research on how patients react to advisory announcements is limited, 

and the results are mixed. Most studies show that when an advisory is an-

nounced, it is common for patients to experience concern and some level 

of fear, even if they learn that their device or leads are not affected. The 

situation may make you feel vulnerable because it highlights the fact that 

devices and leads are not perfect. Your family members may also be affected 

by an advisory. They may experience anxiety and decreased confidence in 
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o t h e r  i m p o r t a n t  i s s u e s

your device or leads. However, for the majority of patients and their family 

members, these feelings are temporary. We know that most patients do quite 

well after an advisory announcement, even if they are directly affected by it.

Research indicates that your reaction to an advisory may depend on how 

you first receive the news. Most patients would like to hear about an advi-

sory during a conversation with their doctor or nurse. However, the vast 

majority of patients first hear about an advisory through the media. This 

is a difficult situation to change or control, because as soon as an advisory 

is known to or issued by the government, it becomes public information 

that the media can distribute. Often, the doctors will learn about the ad-

visory from the device companies, but it is difficult for the doctor or the 

clinic to get the news to all their patients before patients hear it elsewhere. 

Many patients end up hearing about an advisory on the news or from other 

patients. This can increase fear and anxiety because you may not get all of 

the information, or the accurate information, about exactly what types of 

devices or leads are affected. Therefore, regardless of the specifics, you may 

all feel vulnerable and scared by this news.

It is important to remember that the chance of your device or leads hav-

ing a serious malfunction or defect is extremely small. There is a much 

greater chance that your device will function normally and will enable you 

to live a longer, safer life. Of course it is true that everything man-made is 

susceptible to defects. Just like your car, your computer, and your washing 

machine, your device is a machine with many parts. Sometimes machine 

parts need to be changed or fixed, and this may be true for your device or 

leads as well. Naturally, experiencing a problem with your heart device is a 

much more personal, emotional issue than dealing with a broken washing 

machine. But accepting that devices and leads are imperfect is an important 

part of having a realistic outlook on this process. 




