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Preface

Medicine shouldn’t be that hard to understand. When we started writing this book,
that was the central tenet guiding us. We firmly believe that the simplest approach
to clinical pathology is the best. Our goal is to give you core EKG knowledge and a
consistent, well-tested method to approach every EKG that you come across. To set
you up for clinical success, we are going to spend today rounding with you. You’ll
see six patients with us: some in the clinic, some in the emergency room, and some
on the wards. They will have a conduction block, a tachydysrhythmia, a bradydys-
rhythmia, an electrolyte imbalance, syncope, or acute coronary syndrome. In each
chapter, you will start off by “Prerounding,” where we introduce you to your patient
and ask you a few questions to get your brain warmed up. Much like when you
preround on your patients in the hospital, you do not need all the answers right now.
You will still have time to look things up before rounding with the attending. After
you’ve met your patient, you’ll have “Study Time,” which is your chance to review
pertinent facts about your patient’s condition and prepare for rounds. The informa-
tion we give you in Study Time will not be specific to your patient; rather, it will
relate to their presentation and EKG. For example, in the tachycardia chapter (Chap.
3), we discuss our approach to the tachycardic EKG and how to use this interpreta-
tion of that EKG to guide your management. You will not need all of the informa-
tion in the Study Time section to figure out how to treat your patient that you
prerounded on. The Study Time section is designed to give you a complete overview
of the topic. Finally, we’ll finish with a “Rounds” section where we explain to you
our approach to manage the patient presented in the Prerounds section to answer
any lingering questions. This textbook will be unlike any medical text you’ve read
before as we have focused on readability and enjoyability, with an occasional pun.
Use this book to help you transition from the student who runs away from EKGs to
the resident and clinician who people turn to when they have a tricky EKG. We
believe in you. Now hurry up, your first patient is waiting.

San Antonio, TX, USA Lloyd Tannenbaum
Tacoma, WA, USA Rachel E. Bridwell
San Antonio, TX, USA Brannon L. Inman
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Chapter 1 @
The Basics e

Prerounding Mr. McNeil is a 52-year-old male with a 40-pack-year smoking his-
tory, hypertension, and diabetes who presents with crushing substernal chest pain.
He is pale and complains of nausea and vomiting. Vital signs show a heart rate of 42
beats per minute, blood pressure of 110/87 mm Hg, SpO2 of 95%, and temperature
of 98.6 °F. You are handed the following EKG by your senior resident who asks you
to read it.
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You are not sure what your senior is going for, but you hand it back to her and
tell her that it is an obvious STEMI and she should activate the cath lab.

She gives you a knowing smile as if to say, “I’ve been in your shoes before,” as
she prepares to walk you through this EKG and explain what you missed by just
focusing on the obvious STEMI.

© The Author(s), under exclusive license to Springer Nature 1
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2 1 The Basics

Study Time

You need a standardized approach to every EKG that you read. You are much less
likely to miss things when you approach every EKG the same way. In this section,
we will introduce you to a systematic approach to EKG interpretation which will
help you miss less and pick up on some of the more subtle aspects of reading an
EKG. While there are several ways to interpret EKGs, we recommend assessing the
following elements in this order:

. Rate

. Rhythm

. Axis

. Interval

. Morphology

[, I SN OS T NS I

These are the primary elements of interpreting an EKG and, regardless of the
system you ultimately develop to read EKGs over your career, the most important
thing is that you read each EKG the same way every time. Let’s dive a little deeper
into each component.

1.1 Rate

The rate is the number of times the heart beats in a minute. It is often reported as
“beats per minute” or bpm. To determine the rate, you will need to have a basic
familiarity with the standard EKG grid. The enlarged image of the classic EKG grid
is shown in Fig. 1.1.

Notice that going across the bottom, each large box is 0.2 seconds (200 ms),
which means that five large boxes are one second in a standard EKG. A standard
EKG is a 10-second strip.

Now, let’s practice:

Case 1 You are handed the following rhythm strip for an 18-year-old female in the

waiting room presenting with 2 days of fever, cough, and shortness of breath. She

has no past medical history, takes no medications, and has normal vital signs.
What is the rate on this patient’s EKG?

As we alluded to above, you can use the EKG paper to count out the rate for
patients with a regular rhythm. If there were to be a QRS complex on every thick line,
the rate would be 300. How do we know that? It’s a 10-second strip and each thick line
shows up at 0.2 s (200 ms). So, that’s five beats every second, 50 beats every 10 sec-
onds, and, since there are 60 seconds in a minute, multiply 50 beats by 6 seconds.



1.1 Rate 3

One large box is 5 mm x 5 mm,
1mV (10mm high) and represent 200 ms, or 0.5 mV

One small box is
1mm x 1mm, and
r represents 40ms or
mziz 0.1mV in amplitude
Amplitude
Time (ms) 5

Fig. 1.1 Example of an enlarged EKG grid

That’s 300 beats per minute. In this rhythm strip, we see a QRS complex approxi-
mately every five thick lines, giving us a rate of about 60 beats per minute (bpm).
Effectively, you divide 300 by the number of thick lines between QRS com-
plexes. In the patient above, there are roughly five thick lines between each QRS
complex. So, her heart rate is roughly 300 divided by five, which is 60 beats
per minute.
Chart 1.1 will help you calculate the rate on an EKG with a regular rhythm.

Case 2 The following rhythm strip is electronically transmitted to your emergency
department from an incoming EMS. The patient is a 34-year old otherwise healthy
female with a past medical history of asthma who has been taking more of her alb-
uterol lately. This morning she began having palpitations and called 911. Per EMS
dispatch, her vitals showed a heart rate of 150 beats per minute, blood pressure
110/82 mm Hg, SpO2 100%, and temperature of 98 °F. Before moving forward,
double-check the rate that EMS reported:

Notice here that the QRS complexes fall on every other thick line. Thus, using
Chart 1.1, the rate would be 150 beats per minute (300 divided by 2 is 150).
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Thick Lines Between QRS Complexes Heart Rate
1 300

2 150

3 100

4 75

5 60

6 50

Chart 1.1 For a regular rhythm, the number of thick lines between a QRS complex will let you
determine the patient’s heart rate

Remember, even if the QRS doesn’t fall perfectly on the thick lines, you can use
this method to approximate the rate. So, if the QRS complexes are falling every 3.5
lines, you know that the heart rate is somewhere between 75 and 100 bpm.

This method works pretty well, but what if your patient’s rate is irregular?

Case 3 Mr. Sanchez is a 64-year-old man with a history of atrial fibrillation. He is
presenting to the emergency department with a chief complaint of palpitations that
started 3 hours ago. The following rhythm strip is obtained:

il

Looking at this rhythm strip, there are two thick lines between the first two QRS
complexes and almost four thick lines between the second two QRS complexes.
Irregular rhythms will not work with the thick line method of determining a rate.
Luckily, there is another way.

Remember, each EKG that you read is a 10-second clip in time. So, if you count
the number of QRS complexes you see along the rhythm strip on the bottom of the
EKG and multiply by six, you’ll get the number of beats per minute. Let’s practice
on this rhythm strip below:

There are 11 QRS complexes seen across the rhythm strip. So, the rate would be
11 x 6, which is 66 beats per minute.



1.2 Rhythm 5
1.2 Rhythm

At this point in your training, for rhythm, we really only care about one question:

“Is this normal sinus rhythm?”’

There are a lot of rhythms that can be represented on an EKG, but we always start
by assessing if the patient is in sinus rhythm. If the answer is yes, we move on to the
next step. If not, we spend a little time trying to figure out what the rhythm is. For
now, let’s just focus on normal sinus rhythm. To be considered normal sinus rhythm,
you need:

. A P wave before each QRS.

. A 1:1 ratio of P waves: QRS complexes.

. An upright P wave in lead II.

. Regular rhythm—i.e., the amount of time doesn’t change between beats.
. Rate between 60 and 100 beats per minute (for an adult).

L N O R S R

Let’s take a look at an example of normal sinus rhythm:

Case 4 The following EKG is from an otherwise healthy teenager you are seeing
as part of a sports physical. He is asymptomatic:

e e

Notice that the patient has a P wave before each QRS, a 1:1 ratio of P waves to
QRS complexes, an upright P wave in I, and a rate between 60 and 100 bpm. Lastly,
note that there is a regular rhythm (QRS complexes are roughly the same distance
apart). This patient is in normal sinus rhythm.

Case 5 The following EKG is from a 77-year-old female who lives in a nursing
home and was brought in for evaluation of a fever and a blood pressure of
78/59 mm Hg
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Notice that the patient has a P wave before each QRS, a 1:1 ratio of P waves to
QRS complexes, and an upright P wave in lead II. Note that there is a regular rhythm
(QRS complexes are roughly the same distance apart). The rate, however, is close to
150 bpm. When all other criteria are met for sinus rhythm except the rate, we refer
to this as sinus tachycardia (if over 100 bpm) or sinus bradycardia (if under 60 bpm).
This patient is in sinus tachycardia.

Case 6 The following EKG was obtained from a 58-year-old female presenting
with altered mental status. On arrival, her vitals showed a heart rate of 30-36 bpm,
blood pressure of 90/77 mm Hg, core temperature of 93 °F (33.8 °C). She was ulti-
mately determined to have myxedema coma. Let’s look at her EKG:

y — e
| | |

D A R L s s

Notice that the patient has a P wave before each QRS, a 1:1 ratio of P waves to
QRS complexes, and an upright P wave in lead II. Note that there is a regular rhythm
(QRS complexes are roughly the same distance apart). The rate is very slow, close
to 30 bpm. This patient is in sinus bradycardia.
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Case 7 The following EKG is from Mr. Tilton, who has a history of heart failure
with reduced ejection fraction and is presenting to the emergency department for
weakness.

Rhythm can often be a challenging portion of EKG interpretation, as there are so
many options to choose from. Just remember your first decision branch point is:
sinus rhythm vs not sinus rhythm. In order to be considered sinus rhythm, this EKG
would need to meet the criteria above. Remember, in sinus rhythm there needs to be
a P wave before each QRS complex and these P waves must localize to the sinoatrial
node, meaning the P waves are upright in lead II. Notice that this patient has no
discernable P waves. Next, the rhythm would have to be regular. Notice how this
patient’s rhythm is irregular (QRS complexes are not roughly the same distance
apart). Rhythms that are not sinus rhythm are called arrhythmias or dysrhythmias,
as they are technically pathologic. Arrhythmias frequently encountered and consid-
ered while evaluating EKGs include but are not limited to: atrial fibrillation, atrial
flutter, supraventricular tachycardia, and ventricular tachycardia, all of which will
be discussed in depth throughout this book. Looking closer at this EKG above, note
the QRS complexes are irregular. In fact, it’s hard to predict when a QRS complex
might be expected on this EKG. That feature is often called “irregularly irregular”
and is a hallmark of atrial fibrillation, which was this patient’s diagnosis.

1.3 Axis

There is actually an axis for all waves and complexes on the EKG. There is a P wave
axis, a T wave axis, and so on. However, when we talk about an axis in medicine,
we are talking about the QRS axis in almost all instances. The official method to
calculate the QRS axis is to look at something called the isoelectric lead and then
calculate the vector that would be 90 degrees from that lead.



