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Lab 3 — Cardiovascular Physiology I

Learning Outcomes
e Describe the intrinsic conduction system of the heart.
e Describe the various components of a typical EKG.
e Connect the components of a typical EKG to activities of the heart.
o Define important terms connected like tachycardia, bradycardia, fibrillation, arrhythmia.
e Be able to obtain ECG recordings.
e Identify and interpret the different components of a typical EKG.

This lab covers the intrinsic conduction of the heart. Basically, it discusses what is involved in getting the heart to do
what it does. The nervous system, like other organs systems and parts of the body, coordinates and communicate with
the heart. However, the heart has its own control or intrinsic conduction system. This intrinsic conduction system
controls the contraction and relaxation of the heart, which in term allows the heart to receive and pump blood to the
body. The main parts of this conduction system are the sinoatrial node or SA node, the atrioventricular node or AV
node, the bundle of HIS, bundle branches, and Purkinje fibers. Signals generated from the SA node will be propagated
to the AV node and eventually to the Purkinje fibers which by then will coordinate the contraction of the ventricles.
Unlike skeletal and smooth muscles, cardiac muscles are capable of initiating action potentials that will enable them to
contract without the outside help of the central nervous system. This is referred to as automaticity. Let’s take a closer
look at the cardiac intrinsic conduction system.

The Cardiac Intrinsic Conduction System
The heart muscle cells can contract without input from the CNS. The heart has its own integrated conduction system
which initiates and directs contraction of both atria and ventricles. These cells are special cells known as pacemaker
cells or conducting cells. They have capabilities that are different from regular cardiac myocytes. Regular myocytes
can contract and relax but are limited to in initiating their own

contraction. In contrast, pacemaker cells have an innate ability to Conduction System of the Heart

contract on their own. This is known as automaticity. Initiation of normal 72
activity begins with the SA node. It is located in the walls of the right s
atrium. The impulses, once initiated follow a set path. From the SA node @
impulses will be transmitted to the AV node. This transmission is not \
immediate. There is a short delay, about 50 ms, from the time it is

initiated at the SA node until it passes over to the AV node via the s
intermodal pathway. This delay is essential to allow the atria to contract. e
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These bundle branches will transmit to the Purkinje fibers located in the
ventricular walls. The impulses in the Purkinje fibers will initiate and
complete the contraction of the ventricles. The right ventricle has a  Figure 1: Conduction system of the heart. Anterior view of the
special muscular connection between the interventricular septum and  heart showing the components of the conduction system of
the left ventricular wall called the moderator band, which help in  the heart.Credit OpenLab Anatomy and Physiology CC BY 3.0)
transmitting impulses to the ventricular walls. The impulses from the

interventricular septum will also be passed on to papillary muscles to

prevent prolapsing of the AV valves during ventricular contraction.

Electrocardiogram and Heart Activities

Contraction of the heart depends on electrical activity initiated by the SA node. Similarly, the nervous system also
depends on electrical activities when transmitting impulses. Both cardiac cells and skeletal muscles undergo
depolarization followed by repolarization during an action potential. However; cardiac cells, unlike skeletal muscle cells,
have a more rapid depolarization and a plateau phase.

Cardiac muscle cells also have a longer refractory period which is essential for efficient contraction and
pumping of blood. Like skeletal muscles, depolarization occurs during the influx of Na+ into the cells. Within 3-5 ms
Na+ channels close followed by opening of Ca2+ channels. These channels remain open and influx of Ca2+ into the
cells lead to the plateau phase during cardiac cell action potential. Eventually these Ca2+ channels will close and K+
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channels will open allowing K+ to exit the cells resulting in repolarization.
During a cardiac cell’s action potential there is a period when another action
potential will not be able to be generated because NA+ channels will not be
able to respond other stimulus, because they are open, closed or are
inactivated. This is known as the absolute refractive period. This delay in
repolarization is necessary to allow the contraction of the heart to occur and
be efficient. Immediately following this absolute refractive period, is a point
when, depending on the intensity of the stimulus, another action potential
can be generated if it is strong enough. This period is known as the relative
refractive period. It is important to note that other components of the
intrinsic conduction system are also able to initiate impulses on their own,
although at a slower pace than the SA node. For instance, if the SA node is
unable to function as a result of coronary artery diseases, the other
components of the intrinsic conduction system will be able to depolarize and
initiate action potentials, but at a slower pace.

The electrical activity of the heart can be recorded using
electrocardiogram (ECG), also known as EKG. This has been a very
important instrument to diagnose heart conditions. The readings picked up
by electrodes placed on a patient, is transmitted to an instrument capable of
displaying representations of the different heart electrical activities. These
activities translate to contraction and relaxation of heart walls and chambers.
On an ECG, there are waves, complexes, intervals and segments. Waves
can be positive, above the straight line or isoelectric line, or negative, below
the isoelectric line. More than one consecutive wave makes a complex.
Distance between two waves is a segment, while one or more waves and a
segment is known as intervals. Each feature of the ECG represents different
heart activities. The P wave represents atrial depolarization. The QRS
complex, which includes three waves (QRS), represents depolarization of
the ventricles. Depolarization is not contraction but will lead to contraction.
The third wave, usually positive, represents repolarization of the ventricles;
an event that will lead to relaxation of the ventricles. Repolarization of the
atria takes place, but it is not seen on an ECG because it is masked by the
bigger QRS. Other components include PR interval, from the start of the P
wave to the start of the Q wave; the P segment, from the end of the P wave
to the start of the Q wave; the ST segment, from the end of the S wave to
the start of the T wave; the QT interval, from the start of Q wave to the end
of T wave. The table below gives the various interpretations of segments
and intervals seen on an ECG. Also given are the normal values for each
component. Interpretation of ECG also relies on the duration of each of
these components. There is a normal range for each component. Deviation
from these ranges can be indicative of conditions affecting the normal
function of the heart. To facilitate reading and interpretation of an ECG, the
strip or paper is divided into squares. On an ECG stripe each small square
represents 0.04 sec. and one large square represents 0.2 secs.

Heart rate can be calculated, if the heart rate is regular, by dividing
1500 (# of small squares in a minute) by the number of small squares
between two R waves (or 2 P waves) or dividing 300 by the number of large
squares. See examples below.

1500/# of small squares
If there are 22.5 small squares between two RR intervals,
then the heart rate will be
1500/22.5 = 66.66
300/#of large squares
If there are 4.5 large squares, then the heart rate will be
300/4.5 = 66.6
If the rhythm is irregular then one can count the number of RR intervals in
6 sec (30 large squares) and multiply by 10.
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Figure 2: Action potential of cardiac and skeletal
muscle. (A) Typical action potential in cardiac muscles,
(B) action potential of skeletal muscles compared to
cardiac muscles. (credit: OpenLab Anatomy and
Physiology CC BY 3.0)
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Figure 3: ECG tracing and components. (A) ECG showing the
various components of a typical ECG. (B) Duration and
voltage of each small and large square (Credit (A) OpenStax
Anatomy and Physiology (CC BY 3.0), (B) Public Domain)
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Figure 4: ECG tracing and components. (A) ECG showing
the various components of a typical ECG. (B) Duration and
voltage of each small and large square (Credit (A)
OpenStax Anatomy and Physiology, (B) Public Domain)
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Normal heart rate is between 60 — 100 bpm, however average resting heart rate is in the 70s for both men and women.

Heart rates below 60bpm are referred to as bradycardia and rate above 100bpm is tachycardia.

Activity 1. The ECG
1. Label the following EKG wave and give the heart activity taking place.

A. P wave

B PR segment
C. R wave

D QRS (s wave)
E T wave

2. Using vertical lines show the following segments and intervals and indicate the heart activity taking place for

each.

A. P-Rinterval Stimulus spread -> reaches AV anode

B. P-R segment b/w atrial & ventriicular activation

C. QRS complex Depolarization via bundles & purkinje fibers
D. S-T segment ventricular depolarization

E. S-Tinterval duration of ventricular electrical systole

F. R-Rinterval instrinsic of the sinus node

G. Q-Tinterval electrical activity in the lower chambers

3. What does each of the following distances indicate?

A. One small square lmm

B. 5 small squares 5mm
C. One large square 5mm
D. 4 large squares 20 mm
E. 5 large squares 25 mm
F. 15 large squares 75 mm

Conditions involving irregular heart activities

Cardiac arrhythmias or Irregular heart rate — deviation from normal heart rate.
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Atrial fibrillation (A-fib) — absence of P wave. Atria and ventricle activity are not coordinated.

Ventricular fibrillation (V-fib) — uncoordinated activities or contraction of the ventricles

Premature ventricular contractions (PVCs) — “skipped heartbeat” sensation. There is an extra

heartbeat in the ventricles.
Bradycardia — Abnormally low heart rate (less than 60 bpm)
Tachycardia — Abnormally high heart rate (above 100 bpm)

Heart blocks — impairment of electrical conduction from the SA node to the purkinje fibers. May be of
different types depending on the affected area.

©)
@)
@)

Long QT syndrome (LQTS) — The QT interval is longer than normal indicating the ventricles are taking

First-degree heart block — slow electrical impulses through the conduction system
Second-degree heart block — signals are unable to reach the ventricles.
Third-degree heart block — complete blockage. Electrical impulses do not reach the ventricles.

longer to contract and relax.

Left and right ventricular hypertrophy — enlargement of the ventricles. Several criteria such as deep S

wave, tall R wave, abnormal QRS complex.
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Note how half of the P waves
are not followed by the QRS

complex and T waves while the
other half are.

Question: What would you
expect to happen to heart rate
(pulse)?

(a) Second-degree (partial) block

Note the abnormal electrical
pattern prior to the QRS

complexes. Also note how the
frequency between the QRS
complexes has increased.

Question: What would you
expect to happen to heart rate
ulse)?
(b) Atrial fibrillation ® )

Note the unusual shape of the
QRS complex, focusing on the

“S” component.

Question: What would you
expect to happen to heart rate
(pulse)?

(c) Ventricular tachycardia

Note the total lack of normal
electrical activity.
Question: What would you

expect to happen to heart
rate (pulse)?

(d) Ventricular fibrillation

Note that in a third-degree block
some of the impulses initiated by

the SA node do not reach the

AV node while others do. Also note

that the P waves are not followed

by the QRS complex.

Question: What would you expect
(e) Third-degree block to happen to heart rate (pulse)?

Figure 5: Common ECG abnormalities. Examples of different abnormalities seen on an
ECG. (Credit: OpenStax Anatomy and Physiology, CC BY 3.0)

. L Normal ran
Component Electrical activity ormal range
(sec)
P wave Atrial depolarization 0.06-0.11
P-R interval Time frc_;m atria depolarlza_tlon to 0.12 — 0.22
depolarization of the ventricles
P-R segment Tlme_between atrla}l dgpolarlzatlon and start of 0.012-0.20
ventricular depolarization
QRS Depolarization of the ventricles 0.06-0.10
T-wave Repolarization of the ventricles 0.160, upright
S-T segment Early part of ventricular depolarization 0.08-0.12
Q-T interval Time the ventricle depolarize and repolarize 0.36-0.44

Table 1: ECG components and normal ranges

Activity 2 — Interpreting an EKG graph.
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Using the above ECG, give the following measurements for each of the following. Indicate if each one is in the
normal range.

EKG Normal Measured Comments

Calculate the heart rate, assuming this EKG is Features range value (normal or
regular. abnormal)

A C 0.12

B 3mm

C-D 2mm

E 2mm

F 5mm

D-G 2mm

G-H 5mm

' N/A

G-J 7mm

T-P segment

Measuring electrical activity of the heart — EKG

A typical EKG machine has 12 leads (angles) calculated using 10 electrodes.
These electrodes are placed on the body to measure the hearts electrical
activities. In this lab we will only make use of 3 to four electrodes which will be
used to determine three leads (I-1ll). These leads will then be used to determine
the heart activity. The three leads forms what is known as Einthoven triangle, it
is presumed that the heart is at the center of this triangle. The electrodes to be
used will be; one electrode on the right arm (RA), one on the left arm (LA), one on
the left leg (LL) and one on the right leg (RL). If the RL is not available, the three
others will do. The leads are as follows;

Lead | — connects right arm to left arm -
Lead Il — connects right arm to left leg — ideal for examining the various
waves or deflections.
Lead Ill — connects left arm to left leg Figure 4. Placement of electrodes and the
Einthoven triangle (Blue arrows). (Credit:

After the electrodes have been set and the readings have been taken, a printout of ~ modified from Medic, CC BY-SA 3.0)
the readings will be given. Description of the squares and measurements has
been described previously. To get good readings follow these particular guidelines.

1. Be sure to be still when the readings are being taken.
2. Remove watches and other metals to prevent interference.
3. Be sure to wait to give the instrument time to take the best reading.

Activity 3 — EKG measurements at various time points.
ECG can be measured using either the LapQuest 2 handheld device or the regular EKG instrument.
If using the LabQuest2 follow the instructions given.

1. Recording Baseline Readings

1. Take an EKG of everyone in your group.
2. Select who will be the experimental subject is.
3. Take an average of three separate readings. Use a ruler to measure the various regions.
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Component Reading 1 | Reading2 | Reading 3 Average
P wave
T-wave
S-T segment
P-R interval
P-R segment
QRS
Q-T
R-R
Heart rate (b/m)
2. Effect of standing
Repeat the measurements with the test subject standing.
Component Reading 1 | Reading 2 | Reading 3 Average
a. Pwave
b. T-wave
c. S-Tsegment
d. P-Rinterval
e. P-Rsegment
f. QRS
g. QT
h. R-R
i. Heartrate (b/m)

What are the effects of standing on each of the above?

3. Effect of exercise

Q@

Repeat the measurements after the test subject has exercised for 3 minutes. Be sure to have the electrodes in
place so as to connect the leads as soon as the person is done exercising.

Component

Reading
1

Reading

2

Reading

Average

P wave

T-wave

What are the effects of exercise on each of the above? Summarize your results in a paragraph form.

S-T segment

P-R interval

P-R segment

QRS

Q-T

R-R

Heart rate (b/m)
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Repeat the measurement after 5 minutes of rest.

Component Reading | Reading | Reading | Average
1 2 3

P wave

T-wave

S-T segment

P-R interval

P-R segment
QRS

Q-T

R-R

Heart rate (b/m)

What was the overall effect of resting on the above readings? Describe what happened to each component.

Review Exercise

1. Match the term to its correct description.

SA Plateau AV Purkinje fibers bundle of His
AV bundles Absolute EKG IV septum Autorhythmic
Internodal Relative Calcium Depolarization Bachmann’s bundle

1. _ Autorhythmic  The ability of myocytes to contract on their own.

2. Absolute Na'is responsible for this phase of an action potential.

3. _ Purkinje fibers Located in the interventricular septum.

4. _Depolarization Responsible for the plateau phase seen in cardiac action potential.
5. AV Bundles _ Connects the bundle branches to the AV node.

6. SA Initiates the normal contraction of the heart.

7 Bechmann's Bundle§€onnects the SA not to the left atrium.

8. Plateau No action potential can be initiated at this phase.

9. EKG Used to diagnose certain cardiac disorders.

10. Bundle of His  Problems with these will directly affect the ventricles.

11. Calcium Seen in cardiac action potential but not in skeletal action potential
12. Intermodal __ These connect the SA node with AV node.

13. AV This directs the action potentials to the Bundle of HIS.

14. IV Septum__ location of the left and right bundles.

15. Relative Strong stimuli can initiate an action potential during this phase.
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2. Compare and contrast skeletal muscles with cardiac muscles. For each characteristic given say
whether they are found in one or both muscle types.

Skeletal Cardiac

Muscles Muscles
Number of nucleus per cell multi two
Presence or absence of
intercalated discs absence Presence
Present or absent of striations Present Present
Voluntary or involuntary control Voluntary Involuntary
Typical cell size 1-40 mm 10 -10 mm
Cells are branched or unbranched n/a Branched
Speed of contraction N/A 70m/ per min
Require calcium yes yes
Presence of plateau phase in
action potential NO Yes
Autorhythmic N/A Yes

2. Use the cardiogram below to determine duration of the following. Use the number of squares to
calculate.

1. P wave

2. QRS complex
3. T wave

4. P-R interval
5. S-T segment
6. Q-T interval
7. T-P segment

3. Which feature or components of an ECG represents

a) Ventricular contraction R wave
b) Repolarization of ventricles T wave
C) Time for impulse to travel from AV node to ventricles P wave
d) Atrial depolarization P wave

4. A patient came in to the ER complaining of chest pain. An EKG was taking immediately. The following were some of
the results obtained initially.

R-R intervals were 2 large squares. PR interval is 0.30

Large QRS complex (>0.20) abnormally long ST segments

List three heart conditions or abnormality associated with these results.
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3. Label the following diagram.

Arch or Aorta

————

Bachmann's bundle
SA (sinoatrial) node

Left atrium
Anterior internodal

Atrioventricular (AV node)
Atrioventricular (AV) bundle
Middle internodal

Posterior internodal

Right atrium Left Ventricle

Right Ventricle

Right/ Left Bundle Branches

Punckije fibes

Research
Select one of the common cardiovascular diseases and, in one paragraph, describe causes, sign and symptoms,
diagnosis and treatment.





