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Arrhythmias and the ECG
Sinus bradycardia & tachycardia: changes in heart rate due to changes in SA 
Node pacemaker, e.g. by sympathetic stimulation of HCN channels -> tachycardia 
during “fight or flight”

Ectopic pacemakers outside of the SA node, e.g. ectopic pacemakers in 
ventricles -> ventricular tachycardia -> ventricular fibrillation

Circus rhythms: continuous recycling of AP around ventricles when refractory 
periods of myocardial cells become desynchronized. Circus rhythms can arise 
after damage to heart leading to disconnected portions of ventricle, or by electrical 
shock in middle of T wave.

Defibrillator: electrical shock depolarizes all of the myocardial cells at the same 
time, and syncrhonize in refractory state so SA node can restart contraction.

AV node block: damage to AV node slows or blocks atrial pacemaker signal. Can 
observe P-waves (of atrial contraction) without QRS wave (of ventricular 
contraction).

bradycardia = slow heart beat; tachycardia = rapid heart beat
fibrillation = “quivering” of myocardium; uncoordinated contraction
arrhythmia = loss of rhythm

Figure 13.31a
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Figure 13.31b

Figure 13.33

Depression of ST interval = damage to myocardium, 
intracellular accumulation of Ca++

ischemia = loss of oxygen due to reduced blood flow -> cell damage & death (infarction)

Figure 13.34

bradycardia = slow heart beat
tachycardia = rapid heart beat
fibrillation = “quivering” of myocardium; uncoordinated contraction
arrhythmia = loss of rhythm

Normal

4

5

6



Circus Rhythms: because of delay of AP 
going around damage, or 
isolation due to damage, 
parts of ventricle contract 
out of step with rest of 
heart

damage due to ischemia

AV Node Block

Figure 13.35

P-R interval > 0.2 sec
(but P still drives QRS)

P waves without 
QRS waves

P waves without QRS; 
spontaneous QRS waves

produced by 
ectopic pacemaker 

Figure 13.20

AV Node Block

Purkinje fibers can 
become ectopic 

pacemaker
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Pharmacological Regulation of Heart Rate

Autonomic Nervous System:

Sympathetic NS raises HR.
Sympathetic chain ganglia -> norepinephrine release onto pacemaker cells -> 
beta-adrenergic receptors -> increased cAMP -> open HCN channels, open Ca++ 
channels. 

Parasympathetic NS slows HR.
Vagus nerve -> acetylcholine release onto pacemaker cells -> muscarinic 
receptors -> decreased cAMP -> close HCN channels, open K+ channels 

Drugs to treat Elevated Heart Rate (tachycardia)
Lidocaine - blocks voltage-gated Na+ channels
Propranolol - “beta blocker”: blocks norepi from binding beta-adrenergic receptors
Verapamil - blocks the voltage-gated Ca++ channels

Autonomic Nervous System & Heart Rate

Autonomic Nervous System & Heart Rate

B-adrenergic receptor muscarinic ACh receptor

NE ACh
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What would the effects of NE and ACh agonists & antagonists be on heart rate?
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Figure 13.18

Effect of Norepinephrine on Pacemaker Cells
HCN channels open faster & Ca++ channels open faster -> faster beat

Figure 13.18

Effect of Acetylcholine on Pacemaker Cells
HCN channels open slower, more K+ channels open -> slower beat

Voltage-gated
K+ channel

K+

B-adrenergic receptor

NE
Lidocaine

Verapamil

Propranolol
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Blood Vessels
Arteries (arterial blood)
vessels carrying blood from heart towards the capillaries. Thick muscular walls to keep 
pressure up. High in oxygen (except for pulmonary arteries).

Veins (venous blood)
vessels carrying blood from capillaries back to heart. Very thin flabby walls with low 
pressure, but have one-way valves to prevent blood from backing up. Low in oxygen 
(except for pulmonary veins).

Capillaries
very small vessels (1 blood cell wide, with endothelium 1 cell thick) that perfuse all the 
tissues. Most capillaries are fenestrated, or have channels, or have discontinuous 
endothelium so that dissolved molecules can easily pass from blood to interstital fluid & 
tissues. (Except for blood brain barrier formed by tight junctions of the capillary 
endothelium in brain.)

Precapillary Sphincters can regulate blood flow to capillaries or bypass thru shunt.

Artery with thick, muscular elastic wall

Vein with thin floppy wall

Figure 42.8  The structure of blood vessels
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Figure 13.26

Figure 13.29

Veins: one-way valves, blood moved 
by skeletal muscle contraction 

Figure 13.30
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Figure 13.27

Figure 42.12  Blood flow in capillary beds

Sympathetic 
Nervous 
System

leg muscles

GI tract

Table 13.8
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Figure 42.10  The interrelationship of blood flow velocity, cross-sectional area of blood vessels, and blood pressure

Figure 13.28

Endothelial cell 
lining capillary

Defenestration of Prague in 1618: started 30-years war

Imperial 
AustriansBohemians
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Fenestrated Capillaries vs. Blood Brain Barrier

Periphery of Body

Brain
Only transported or hydrophobic 

molecules can cross 

Composition of Blood

Red Blood Cells
Biconcave discoids. Contain hemoglobin, which binds O2 and helps transport 
CO2.  Red blood cells not have nuclei, so no DNA! (also no mitochondria)

White Blood Cells
Immune system cells. Source of DNA for PCR fingerprinting studies using 
blood.

Platelets
Very small fragments of cells which help in blood clotting. 

All derived from bone marrow stem cells.

Table 13.2
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Figure 13.1

Table 13.1

http://en.wikipedia.org/wiki/
Reference_ranges_for_blood_tests
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Figure 13.3

Figure 13.4

Blood Clotting (hemostasis)
Vasoconstriction, formation of platelet plug, fibrin web.

Intact blood vessel: Endothelial cells inhibit platelet aggregation by
1) physically separating platelets from collagen
2) secreting prostacyclin & nitric oxide (NO), & cause vasodilation
3) expressing CD39 enzyme which breaks down ADP in the blood

Damaged blood vessel:
1) Platelets bind to collagen and von Willbrand’s factor (protein produced by endothelial 
cells that binds platelets and collagen together)

2) Platelets release secretory granules (platelet release reaction):
ADP & thromboxane A -> recruit more platelets to plug
serotonin causes vasoconstriction (aspirin inhibits prostaglandin production)

3) Platelets activate plasma clotting factors, converting soluble fibrinogen -> insoluble 
fibrin -> platelet plug.

hemo- related to blood
hemostasis- preventing blood loss (i.e. stop bleeding)
hemorrhage- bleeding

vasodilation- opening blood vessels wider
vasoconstriction - making blood vessels narrower

hemostat
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Figure 13.7

Intact Blood Vessel:
Prostaglandin & NO keep vessel dilated; ADP levels low, so platelets inactive

Damaged Blood Vessel:
Prostaglandin TxA2, high levels of ADP activate platelets.
Activated platelets bind to collagen and von Willebrand’s factor
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Clot Formation:
Platelet plug forms; activated plasma clotting factors causes fibrin formation to 
reinforce platelet plug

Figure 13.8

Clotting Factors & Fibrin Formation
Intrinsic Pathway: Blood will clot on its own, e.g. in a test tube

Extrinsic Pathway: Damaged tissue releases tissue factor that accelerates clotting

Key events of clotting:

Prothrombin converted into thrombin, an active enzyme (thrombosis = clotting)

Thrombin converts fibrinogen to fibrin, an insoluble fibrous molecule.

Vitamin K (Koagulationsvitamin) converts glutamate residues of clotting factors into 
gamma-carboxyglutamate, which increases binding of Ca++ to clotting factors. Provided 
by gut bacteria. Vitamin K deficiency or blockade by drugs leads to decreased clotting 
ability.

Clot Dissolution:
Factor XII activates Kallikrein (enzyme). 
Kallikrein converts plasminogen into plasmin (enzyme). 
Plasmin digests fibrin to dissolve clot.
Tissue plasminogen activator (TPA) & streptokinase are synthetic enzymes administered 
after stroke or cardiac thrombosis (vessel blocked by blood clot)
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Table 13.4

all

Figure 13.9

Blood will clot on its ownDamaged tissue accelerates
clotting

QuikClot
(kaolin)

Most enzymes require Ca++ (factor IV)

II

1

active enzyme

Table 13.5

hemophilia - “love to bleed”
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Figure 13.9

Most enzymes require Ca++ (factor IV)

heparin
X

Hemophilia AX
Hemophilia BX

low
vitamin K

X

X
citrate, EDTA

Hemophilia A & B are X-linked recessive disease

Mixing blood for hemophilia
Normal blood

clots

hemophilia A hemophilia B

no clotting

mix 
hemophilia A & 
hemophilia B

clots

mix 
hemophilia &

normal plasma

clots
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