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INTRODUCTION 
 

The conduction abnormality is term used for a number of disorders that 

involve degenerative changes in the cardiac conduction system, resulting in 

sinus node dysfunction and, possibly, AV blocks too, Intraventricular 

blocks.The clinical significance of these conduction abnormality for the 

anesthesiologist depends on the effect they have on vital signs and the potential 

for their deterioration into a life threatening rhythm (Hines and Marschall, 

2008). 

Many types of these cardiac conduction abnormality can occur during 

anesthesia, there are several major factors contributing to the development of 

these dysrhythmias during anesthesia as endotracheal intubation, anesthetic 

drugs, hypoxia, electrolytes disturbance, and other many causes. Correction and 

prevention of these causes can be the only required treatment (Hines and 

Marschall, 2008) . 

ECG remains the standard monitor of cardiac electrical activity during 

anesthesia and allows the anesthesiologist for early detection and management 

of cardiac conduction abnormality (Miller, 2009). 

Detection and management of cardiac conduction abnormality during 

anesthesia is very important and considered as a life saving for the patient so 

that the aim of this study is to discuss this problem to help the anesthesiologists 

to deal with it during their practice. 
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Physiology of Cardiac Rhythm 
 

The primary function of the heart is to generate adequate cardiac output to 

meet changing body needs, to do this atrial and ventricular contractions must be 

orderly and properly synchronized with each other  (Goldberger, 2006). 

Cardiac conductive system:  
 

Conductive systems is a specialized tissue initiate and conduct rhythmic 

depolarization, causing the myocardial cells to contract in an ordered way.  

 

Figure (1): Cardiac conductive system  
(Marquette, 1996 ) 

 

The normal pacemaker is the SA node which lies in the wall of the right 

atrium medial to the superior vena cava (figure-1). 

Spontaneously generated action potentials from pacemaker cells in the SA 

pass through the atrium via anterior, middle and posterior internodal tracks to 

the AV node. Impulses also pass from pacemaker cell to cell within the atrium 

via gap junctions  (Boyett et al., 2002). 
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The AV node lies in the right atrium just above and medial to the tricuspid 

valve and gives rise to the AV bundle (bundle of His), the AV bundle passes 

through a fibrous opening into the interventricular septum and divides into the 

right and left bundle , the right bundle supplies the right ventricle. The left 

bundle further divides within the interventricular septum into anterior superior 

and posterior inferior divisions to supply the left ventricle, these bundles 

continue to divide to form the Purkinje fibers (Smith, 2001). 

Cardiac electrophysiology: 
 

Electrical impulse in the heart involves the passage of ion through ionic 

channels. The sodium, potassium, calcium and chloride ions are the major 

charge carriers and their movement across the cell membrane creates a flow of 

current during action potential (Brawnwald, 2005). 

Cardiac Action Potential: 

The cardiac action potential consists of five phases: 

Phase 4: resting membrane potential.  

Phase 0: rapid depolarization. 

Phase 1: partial repolarization. 

Phase 2: plateau period.  

Phase 3: repolarization. 
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Figure (2): Action potential in different areas of the heart  
(Frank G. Yanowitz, M.D., 1997) 

 
Cardiac action potentials  varies between non-pacemaker and pacemaker 

cells and also between cells in different areas of the heart. These differences 
between cells lie in their permeability to various ions, resulting in difference in 
cell resting membrane potential and rate of depolarization (figure-2). 

Non – pacemaker cell potentials: 
 

Phase 4:  The resting membrane potential (RMP), at rest the cardiac cell 
membrane has a low permeability to sodium and calcium and a much higher 
permeability to potassium . Consequently, there is little movement of sodium or 
calcium across the cell membrane at rest, whereas potassium ions are able to 
cross the cell membrane down their concentration gradient. 

1. An active transport sodium/potassium ATPase pump in cardiac cells 
extrudes sodium ions from the cell in exchange for potassium ions at a 
ratio of 3:2. As a result, the concentration of potassium ions inside the 
cell is far greater than outside.  
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2. Potassium ions therefore have a tendency to leak out of the cell down 

their concentration gradient, leaving an accumulation of non-

diffusible, negatively charged ions within the cell (e.g. proteins, 

phosphates). 

3. As the negative charge increases within the cell, potassium ions are 

subjected to an increasing electrochemical force preventing them from 

leaving the cell. A balance is finally reached where the tendency for 

potassium to pass down its concentration gradient is balanced by the 

resultant electrochemical gradient.  

Phase 0 (rapid depolarization): The opening of "fast" sodium channels and 

"slow" L-type voltage – dependent calcium channels brings about rapid 

depolarization. Sodium ions diffuse into the cell causing rapid depolarization. 

The rate of change of potential is dependent on the resting potential. The more 

negative the resting potential, the more steeply phase 0 increases and the greater 

the velocity of propagation of the action potential. 

Phase 1 (partial repolarization): At the end of phase 0, the fast sodium 

channels close rapidly, although the permeability of the cell membrane to 

sodium still remains several times higher than its resting level, as a 

consequence, the positive potential decreases  (Weber et al, 2005). 

Phase 2 (plateau): During phase 2, sodium ion permeability decreases, but the 

"slow" calcium channels, which initially open during phase 0, remain open. 

Calcium ions therefore continue to enter the cell, keeping the cell polarized. 

Towards the end of phase 2, when calcium ions permeability decreases this 

leads to the onset of phase 3. 

Phase 3 (rapid repolarization): This is characterized  by a rapid fall in 

potential because of increasing permeability of the membrane to potassium ions. 

As the cell membrane potential decreases, increasing numbers of potassium 
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channels open. Potassium ions tend to leave the cell, allowing the membrane 

potential to return to its resting level  (Smith, 2001). 

Pacemaker cell potentials: All cardiac cells are capable of producing 
spontaneous action potentials, these are produced more rapidly in the sinoatrial 
(SA) node cells, resulting in its function as the pacemaker of the heart. The 
membrane potentials of cells in the SA node differ significantly from other 
cardiac cells, having a much larger number of calcium slow channels and a less 
negative resting membrane potential (Table-1). During phase 4,pacemaker cells 
exhibit spontaneous depolarization ,there is a progressive reduction in 
potassium ion permeability, resulting in less potassium leak from the cells and a 
less negative interior, there is a gradual increase in calcium ion permeability, 
with an increased flow of calcium ions into the cell. When the membrane 
potential reaches a critical threshold, many more calcium channels open, 
resulting in phase 0 depolarization phase of the action potential in the SA node 
cells results mainly from the increase in calcium ion permeability. Partial 
repolarization and the plateau period are far less pronounced in SA node cells, 
Phase 3 depolarization is similar to that in non-pacemaker cells, the action 
potential of cells in the atrioventricular (AV) node is also dependent upon slow 
calcium channels rather than on fast sodium channels.  
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Properties of resting membrane potentials in different areas of the heart:  

Table 1 

 

Ventricular 
muscle cell 

Sinus 
nodal cell 

Atrial 
muscle 

cell 

AV nodal 
cell 

Purkinje 
fiber Property 

-80 to -90 -50 to -60 -80 to -90 -60 to -70 -90 to -95 Resting potential (mV) 

110-120 60-70 110-120 70-80 120 Amplitude (mV) 

30 0-10 30 5-15 30 Overshoot (mV) 

200-300 100-300 100-300 100-300 300-500 Duration (msec) 

0.3-0.4 >0.05 0.3-0.4 0.1 2-3 Propagation velocity 
(m/sec) 

  

(Michael  and  Zipes , 2005) 

Automaticity: 

 
In the heart, automaticity is the ability of the cardiac muscles to depolarize 

spontaneously, i.e without external electrical stimulation from the nervous 

system. This spontaneous depolarization is due to the plasma membranes within 

the heart that have reduced permeability to potassium (K+) but still allow 

passive transfer of sodium ions, allowing a net charge to build. Automaticity is 

most often demonstrated in sinoatrial node so called "Pacemaker of the Heart". 

The cells that can undergo spontaneous depolarization the fastest are the 

primary pacemaker cells of the heart, and set the heart rate. 
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Normal ECG 

Basic ECG : 

The body acts as a giant conductor of electrical current. Electrical activity 

that originates in the heart can be detected on the body’s surface through an 

electrocardiogram (ECG). Electrodes are applied to the skin to measure voltage 

changes in the cells between the electrodes. These voltage changes are 

amplified and visually displayed on an oscilloscope and graph paper  (Jones, 

2008). 

The following summarizes a basic ECG : 
• An ECG is a series of waves and deflections recording the heart’s electrical 

activity from a certain “ view ”. 

• Many views, each called a lead, monitor voltage changes between electrodes 

placed in different positions on the body. 

• Leads I, II, and III are bipolar leads, which consist of two electrodes of 

opposite polarity (positive and negative). The third (ground) electrode 

minimizes electrical activity from other sources. 

• Leads aVR, aVL, and aVF are unipolar leads and consist of a single positive 

electrode and a reference point (with zero electrical potential) that lies in the 

center of the heart’s electrical field. 

• Leads V1 through V6 are unipolar leads and consist of a single positive 

electrode with a negative reference point, found at the electrical center of the 

heart. 

• Voltage changes are amplified and visually displayed on an oscilloscope and 

graph paper. 

• An ECG tracing looks different in each lead because the recorded angle of 

electrical activity changes with each lead. 
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• Several different angles allow a more accurate perspective than a single one 

would. 

• The ECG machine can be adjusted to make any skin electrode positive or 

negative. The polarity depends on which lead the machine is recording. 

• A cable attached to the patient is divided into several different - colored 

wires : three, four, or five for monitoring purposes, or ten for a 12- lead 

ECG. 

• Incorrect placement of electrodes may turn a normal ECG tracing into an 

abnormal one  (Jones, 2008). 

Basic Laws of ECG : 
When the mean depolarization wave spreads toward the positive pole of any 

lead, it produces a positive (upward) deflection. When it spreads toward the 

negative pole (away from the positive pole) of any lead, it produces a negative 

(downward) deflection. When it spreads at right angles to any lead axis, it 

produces a biphasic deflection (Goldberger, 2006). 

Electrocardiographic Features : 
Every electrocardiogram (ECG) has nine features that should be examined 

systematically (figure-3): 
1. Rate. 
2. Rhythm. 
3. P – wave morphology. 
4. PR interval. 
5. QRS – complex morphology. 
6. ST – segment morphology. 
7. T – wave morphology. 
8. U – wave morphology. 
9. QT interval. 

(Wagner, 2001). 
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Figure(3):The electrical pattern of the cardiac cycle shows waves and intervals . 

(Jones, 2008). 

Rate and Rhythm : 

The cardiac rhythm is rarely precisely regular. Even when the cardiac 

electrical activity is initiated normally in the sinus node, the rate is affected by 

the autonomic nervous system. When the individual is at rest, minor variations 

in autonomic balance are produced by the phases of the respiratory cycle. A 

glance at the sequence of cardiac cycles is enough to determine whether the 

cardiac rate is essentially regular or irregular. Normally, there are the same 

numbers of P waves and QRS complexes and either of these may be used to 

determine cardiac rate and regularity. When, in the presence of certain abnormal 

cardiac rhythm, the numbers of P waves and QRS complexes are not the same, 

the atrial and ventricular rates and regularities must be determined separately  

(Wagner, 2001). 

Sinus rhythm at rest normally ranges from 60 to 90 beats per minute. 

Several procedures exist to assess the heart rate on ECG. The graph paper is 

divided into 5 mm rectangles and, additionally, divided into other smaller 

rectangles of 1  (De Luna, 2007). 

We may use the following methods to measure the heart rate : 
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1) Observe the number of 5 mm spaces (when the paper runs at a speed of 

25 mm/s, it is equivalent to 0.20 s) between two consecutive R waves. 

Heart rate assessment according to the R–R interval is illustrated in 

(Table-2). 

 

Table 2 : Calculation of heart rate 

(Jones, 2008). 

2) Observe the RR cycles occurring in 6 s (every five 5 mm space is equal to 1 

s) and multiply this number by 10. This is the best method when arrhythmia 

is present  (De Luna, 2007). 

 

Normal P Wave : 

The P wave, which represents atrial depolarization, is the first waveform 

seen in any cycle. Atrial depolarization is initiated by the sinus node in the right 

atrium. The atrial depolarization path therefore spreads from right to left and 

downward toward the atrioventricular (AV) junction  (figure-4)  (Goldberger, 

2006). 
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Characteristics of the P wave 

• Positive in leads I and II. 

• Best seen in leads II and V1. 

• Commonly biphasic in lead V1. 

• < 3 small squares in duration. 

• < 2.5 small squares in amplitude. 

 

Figure (4) : Complex showing P wave (Morris et al., 2003). 

Normal P waves may have a slight notch, particularly in the precordial 

(chest) leads. Bifid P waves result from slight asynchrony between right and left 

atrial depolarization. A pronounced notch with a peak – to – peak interval of > 1 

mm (0.04 s) is usually pathological, and is seen in association with a left atrial 

abnormality  for example, in mitral stenosis  (Morris et al., 2003). 

 

PR Interval and Segment : 

The PR interval measures the time required for an electrical impulse to 

travel from the atrial myocardium adjacent to the sinoatrial (SA) node to the 

ventricular myocardium adjacent to the fibers of the Purkinje network. This 

duration is normally from 0.10 to 0.21 sec (figure-5).  A major portion of the PR 

interval reflects the slow conduction of an impulse through the AV node, which 

is controlled by the balance between the sympathetic and parasympathetic 
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divisions of the autonomic nervous system. Therefore, the PR interval varies 

with the heart rate, being shorter at faster rates when the sympathetic component 

predominates, and vice versa. The PR interval tends to increase with age  

(Wagner, 2001). 

PR interval is the distance from the beginning of P wave to the beginning of 

QRS complex. Longer PR intervals are seen in the cases of AV block and 

shorter PR intervals in pre-excitation syndromes and different arrhythmias. The 

PR segment is the distance from the end of P wave to the QRS onset and is 

usually isoelectric  (De Luna, 2007). 

 

Figure (5) : Normal duration of PR interval is 0.12-0.20 s (three to five 

small squares) (Morris et al., 2003).  

QRS complex : 

The QRS complex represents the electrical forces generated by ventricular 

depolarization. With normal intraventricular conduction, depolarization occurs 

in an efficient, rapid fashion. The duration of the QRS complex is measured in 

the lead with the widest complex and should not exceed two and a half small 

squares (0.10 s) (figure-6). Delays in ventricular depolarization - for example, 

bundle branch block - give rise to abnormally wide QRS complexes (> 0.12 s)  

(Morris et al., 2003). 
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The depolarization wave travels through the interventricular septum via the 

bundle of His and bundle branches and reaches the ventricular myocardium via 

the Purkinje fiber network. The left side of the septum depolarizes first, and the 

impulse then spreads towards the right. Lead V1 lies immediately to the right of 

the septum and thus registers an initial small positive deflection (R wave) as the 

depolarization wave travels towards this lead  (Morris et al., 2003). 

When the wave of septal depolarization travels away from the recording 

electrode, the first deflection inscribed is negative. Thus small “ septal ” Q 

waves are often present in the lateral leads, usually leads I, aVL, V5, and V6. 

These non - pathological Q waves are less than two small squares deep and less 

than one small square wide, and should be < 25% of the amplitude of the 

corresponding R wave (Morris et al., 2003). 

The wave of depolarization reaches the endocardium at the apex of the 

ventricles, and then travels to the epicardium, spreading outwards in all 

directions. Depolarization of the right and left ventricles produces opposing 

electrical vectors, but the left ventricle has the larger muscle mass and its 

depolarization dominates the electrocardiogram  (Morris et al., 2003). 

 

Figure (6) : Composition of QRS complex (Morris et al., 2003). 
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In the precordial leads, QRS morphology changes depending on whether the 

depolarization forces are moving towards or away from a lead. The forces 

generated by the free wall of the left ventricle predominate, and therefore in 

lead V1 a small R wave is followed by a large negative deflection (S wave). The 

R wave in the precordial leads steadily increases in amplitude from lead V1 to 

V6, with a corresponding decrease in S wave depth, culminating in a 

predominantly positive complex in V6 (figure-7). Thus, the QRS complex 

gradually changes from being predominantly negative in lead V1 to being 

predominantly positive in lead V6. The lead with an equiphasic QRS complex is 

located over the transition zone; this lies between leads V3 and V4, but shifts 

towards the left with age (Morris et al., 2003). 

The height of the R wave is variable and increases progressively across the 

precordial leads; it is usually < 27 mm in leads V5 and V6. The R wave in lead 

V6, however, is often smaller than the R wave in V5, since the V6 electrode is 

further from the left ventricle. The S wave is deepest in the right precordial 

leads; it decreases in amplitude across the precordium, and is often absent in 

leads V5 and V6. The depth of the S wave should not exceed 30 mm in  

a normal individual, although S waves and R waves > 30 mm are occasionally 

recorded in normal young male adults (Morris et al., 2003). 

 

Figure (7) : Typical change in morphology of QRS complex from leads V1 

to V6 (Morris et al., 2003). 


