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base begins even as the signal in the apex is still spreading 
from the endocardium to the epicardium. The last region 
to depolarize is the posterobasal region of the left 
ventricle.

Step 6: The ventricles are fully depolarized.

Ventricular muscle has three major time- and voltage-
gated membrane currents: INa, ICa, and IK (Fig. 21-4B). Ven-
tricular muscle has no If, and healthy ventricular muscle cells 
show no pacemaker activity. Starting from a resting poten-
tial of −80 mV, the rapid upstroke of the ventricular action 
potential results from the activation of INa by an external 
stimulus (e.g., an impulse conducted to the muscle by a 
Purkinje fi ber or by a neighboring ventricular muscle cell). 
The Ca2+ current is of particular importance to ventricular 
muscle because it provides the Ca2+ infl ux that activates the 
release of Ca2+ from the SR. The rapid repolarization (phase 
1), the plateau (phase 2), and the repolarization (phase 3) all 
appear to be governed by mechanisms similar to those found 
in the Purkinje fi bers. However, the plateau phase is pro-
longed in ventricular muscle because the inward and outward 
currents are rather stable during that time (green, orange, 
and red curves in Fig. 21-4B).

Once a ventricular muscle cell is activated electrically, it 
is refractory to additional activation. This effective refrac-
tory period arises because the inward currents (INa and ICa) 
that are responsible for activation are largely inactivated by 
the membrane depolarization (Fig. 21-4B). The effective 
refractory period is the same as the absolute refractory period 
in nerve and skeletal muscle. During the effective refractory 
period, an additional electrical stimulus has no effect on the 
action potential. At the end of the plateau, the cell begins to 
repolarize as IK increases in magnitude. As ICa and INa begin 
to recover from inactivation, the relative refractory period 
begins. During this period, an additional electrical stimulus 
can produce an action potential, but a smaller one than 
usual. Refractoriness provides the heart with a measure of 
electrical safety because it prevents extraneous pacemakers 
(which may arise pathologically) from triggering ectopic 
beats. An extrasystolic contraction would make the heart a 
less effi cient pump. Refractoriness also prevents tetanus (see 
Chapter 9), a feature observed in skeletal muscle. Tetanus 
of the heart would mean perpetual systole and no further 
contractions.

Acetylcholine and catecholamines modulate 
pacemaker activity, conduction velocity, 
and contractility

In principle, the SA node can slow the fi ring rate of its pace-
maker (i.e., negative chronotropic effect) by three mecha-
nisms. First, the steepness of the depolarization during phase 
4 can decrease, thereby lengthening the time necessary for 
Vm to reach threshold (Fig. 21-6A, blue curve). In this way, 
diastole is longer and the heart rate falls. Second, the 
maximum diastolic potential can become more negative 
(Fig. 21-6B, green curve). In this case, beginning at a lower 
value, Vm requires a longer time to reach the threshold, 
assuming no change in the steepness of the phase 4 depolar-
ization. Third, the threshold for the action potential can 
become more positive (Fig. 21-6C, purple curve). Assuming 
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Figure 21-5 Sequence of depolarization in cardiac tissue.
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Internodal Pathways and Transmission of  
the Cardiac Impulse Through the Atria

The ends of the sinus nodal fibers connect directly 
with surrounding atrial muscle fibers. Therefore, action 
potentials originating in the sinus node travel outward 
into these atrial muscle fibers. In this way, the action 
potential spreads through the entire atrial muscle mass 
and, eventually, to the A-V node. The velocity of conduc-
tion in most atrial muscle is about 0.3 m/sec, but conduc-
tion is more rapid, about 1 m/sec, in several small bands 
of atrial fibers. One of these, called the anterior inter-
atrial band, passes through the anterior walls of the atria 
to the left atrium. In addition, three other small bands 
curve through the anterior, lateral, and posterior atrial 
walls and terminate in the A-V node; shown in Figures 
10-1 and 10-3, these are called, respectively, the anterior, 
middle, and posterior internodal pathways. The cause of 
more rapid velocity of conduction in these bands is the 
presence of specialized conduction fibers. These fibers 
are similar to even more rapidly conducting “Purkinje 
fibers” of the ventricles, which are discussed as follows.

Atrioventricular Node and Delay of Impulse 
Conduction from the Atria to the Ventricles

The atrial conductive system is organized so that the car-
diac impulse does not travel from the atria into the ventri-
cles too rapidly; this delay allows time for the atria to empty 
their blood into the ventricles before ventricular contraction 
begins. It is primarily the A-V node and its adjacent conduc-
tive fibers that delay this transmission into the ventricles.

The A-V node is located in the posterior wall of the right 
atrium immediately behind the tricuspid valve, as shown 

in Figure 10-1. And Figure 10-3 shows diagrammatically 
the different parts of this node, plus its connections with 
the entering atrial internodal pathway fibers and the exit-
ing A-V bundle. The figure also shows the approximate 
intervals of time in fractions of a second between initial 
onset of the cardiac impulse in the sinus node and its sub-
sequent appearance in the A-V nodal system. Note that 
the impulse, after traveling through the internodal path-
ways, reaches the A-V node about 0.03 second after its ori-
gin in the sinus node. Then there is a delay of another 0.09 
second in the A-V node itself before the impulse enters 
the penetrating portion of the A-V bundle, where it passes 
into the ventricles. A final delay of another 0.04 second 
occurs mainly in this penetrating A-V bundle, which is 
composed of multiple small fascicles passing through the 
fibrous  tissue separating the atria from the ventricles.

Thus, the total delay in the A-V nodal and A-V bun-
dle system is about 0.13 second. This, in addition to the 
initial conduction delay of 0.03 second from the sinus 
node to the A-V node, makes a total delay of 0.16 second 
before the excitatory signal finally reaches the contracting 
 muscle of the ventricles.

Cause of the Slow Conduction. The slow conduc-
tion in the transitional, nodal, and penetrating A-V bundle 
fibers is caused mainly by diminished numbers of gap junc-
tions between successive cells in the conducting pathways, 
so there is great resistance to conduction of excitatory ions 
from one conducting fiber to the next. Therefore, it is easy 
to see why each succeeding cell is slow to be excited.

Rapid Transmission in the Ventricular  
Purkinje System

Special Purkinje fibers lead from the A-V node through the 
A-V bundle into the ventricles. Except for the initial por-
tion of these fibers where they penetrate the A-V fibrous 
barrier, they have functional characteristics that are quite 
the opposite of those of the A-V nodal fibers. They are 
very large fibers, even larger than the normal ventricu-
lar muscle fibers, and they transmit action potentials at a 
velocity of 1.5 to 4.0 m/sec, a velocity about 6 times that 
in the usual ventricular muscle and 150 times that in some 
of the A-V nodal fibers. This allows almost instantaneous 
transmission of the cardiac impulse throughout the entire 
remainder of the ventricular muscle.

The rapid transmission of action potentials by Purkinje 
fibers is believed to be caused by a very high level of per-
meability of the gap junctions at the intercalated discs 
between the successive cells that make up the Purkinje 
fibers. Therefore, ions are transmitted easily from one 
cell to the next, thus enhancing the velocity of transmis-
sion. The Purkinje fibers also have very few myofibrils, 
which means that they contract little or not at all during 
the course of impulse transmission.

One-Way Conduction Through the A-V Bundle.  
A special characteristic of the A-V bundle is the inabil-
ity, except in abnormal states, of action potentials to 
travel backward from the ventricles to the atria. This 
prevents re-entry of cardiac impulses by this route from 
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Figure 10-3 Organization of the A-V node. The numbers repre-
sent the interval of time from the origin of the impulse in the sinus 
node. The values have been extrapolated to human beings.
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Figure 1. Anatomy and physiology of the sinoatrial node. (A) Diagram of the heart indicating the
location of the sinoatrial node (blue). SAN—sinoatrial node, SVC—superior vena cava, IVC—inferior
vena cava. (B) Sketch of sinoatrial node structure (modified from Keith and Flack 1907 [2]). Pacemaker
myocardium (yellow) surrounds the sinoatrial node artery and is infiltrated and surrounded by
connective tissue. (C) 30mm Z-stack through the sinoatrial node of an avian embryo. Pacemaker
myocardium stained with MF20 (white) is arranged as loosely connected, unaligned fibers. Scale
bar—20 mm. (D) Pacemaker cell action potential waveform. Vm—membrane potential.

Sinoatrial node dysfunction is a generalized term that represents a group of conditions,
including inappropriate sinus bradycardia, sinus arrest, sinus exit block and tachycardia
bradycardia syndromes. In addition to medication side effects and exaggerated vagal
tone, degeneration of the sinoatrial node or surrounding atrial tissue can lead to sinoatrial
node dysfunction by impeding impulse formation and impulse conduction. The gradual
destruction of the sinoatrial node is generally associated with fibrotic remodeling and
fatty infiltration leading to sclerodegeneration and eventual senescence [6]. Outside of
primary sinoatrial degeneration, the destruction of the nodal-atrial interface or atrial wall
can also lead to exit block or damage to the parasympathetic and sympathetic inputs to the
sinoatrial node.

The clinical management of symptomatic sinoatrial dysfunction and inappropriate
sinus bradycardia first focuses on alleviating secondary causes [7]. This includes removing
stimuli that may depress sinoatrial node automaticity, such as exaggerated vagal tone or
medications with adverse chronotropic effects. When this is not possible, a permanent
transvenous pacemaker may be implanted. Although permanent atrial pacing is usually
well-tolerated and associated with low procedural risk in experienced operators’ hands,
it represents only a reactive treatment rather than a preventative therapy. Unfortunately,
preventive therapies currently do not exist. For this reason, increasing emphasis is be-
ing placed on constructing a holistic understanding of sinoatrial node function to better
predict the conditions that may lead to pathology and/or to formulate novel therapeutic
approaches to correct sinoatrial node-related arhythmic disease. Towards this aim, a broad
array of physiological [8–10], computational [11,12] and genetic studies [13–16] have built
models of how the sinoatrial node’s unique cellular and molecular features impact cardiac
pacemaker cell activity. The overriding goals of this review are to demonstrate how sinoa-
trial node morphogenesis creates a specialized microenvironmental niche that supports
pacemaker cell function. Towards this aim we first describe some of the basic biophysical
conditions that pacemaker cells natively encounter in the heart, outline models of how
pacemaker cells are thought to overcome some of the functional barriers to which they
are subjected and finally discuss events that occur during sinoatrial node morphogenesis

Easterling M et al. J. Cardiovasc. Dev.Dis. 2021 
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ANATOMIE & PHYSIOLOGIE DU CŒUR ● COUPLAGE EXCITATION - CONTRACTION ECG
1 & 2

presence of an AP/APL pattern where S-A intervals are
increased due to a local delay of ventricular depo-
larization at the AP site rather than to a delay in HB
activation. When the AP/APL pattern is present, the
[S-Vloc] prolongation is likely to be caused by the first
mechanism for left lateral APs, whereas for septal
APs, the other mechanism is dominant. Finally, when

NC, the potential prolongation in [S-Vloc] may
counteract [S-H], increment limiting the utility of
PHP in some cases (Online Appendix: PHP Utility
Predictor).
5. [V-A]loc: retrograde conduction time over the

AP. APs with slow conduction properties
(e.g., Coumel type) have a prolonged [V-A]loc

CENTRAL ILLUSTRATION Para-Hisian Pacing Maneuver

Ali, H. et al. J Am Coll Cardiol EP. 2019;5(11):1233–52.

Description of (A) anatomic features, (B) a simplified interpretation algorithm, (C) routes and intervals over nodal and accessory pathways (please see Mathematical
Approach: Equations 1 and 2), and (D) key points to perform and interpret the maneuver. A ¼ atrial, atrium; Aloc ¼ local atrial insertion of the AP; AP ¼ accessory
pathway; AVN ¼ atrioventricular node; C ¼ HB-RB direct capture; CS ¼ coronary sinus; H/HB: His bundle (or its potential); LA ¼ left atrium; LB ¼ left bundle; LV ¼ left
ventricle; MA ¼ mitral annulus; NC ¼ loss of HB-RB direct capture; PCL ¼ pacing cycle length; PH ¼ para-Hisian; PHP ¼ para-Hisian pacing; RA ¼ right atrium;
RAAS ¼ retrograde atrial activation sequence; RB ¼ right bundle; RV ¼ right ventricle; S ¼ stimulus; TA ¼ tricuspid annulus; V ¼ ventricular/ventricle; Vloc ¼ local
ventricle at the presumed AP site; [ ] ¼ interval; [ ¼ increase; Y ¼ decrease; 4 ¼ unchanged.

Ali et al. J A C C : C L I N I C A L E L E C T R O P H Y S I O L O G Y V O L . 5 , N O . 1 1 , 2 0 1 9

Para-Hisian Pacing: New Insights N O V E M B E R 2 0 1 9 : 1 2 3 3 – 5 2
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Ali, H. et al. J Am Coll Cardiol EP. 2019;5(11):1233–52.
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RAAS ¼ retrograde atrial activation sequence; RB ¼ right bundle; RV ¼ right ventricle; S ¼ stimulus; TA ¼ tricuspid annulus; V ¼ ventricular/ventricle; Vloc ¼ local
ventricle at the presumed AP site; [ ] ¼ interval; [ ¼ increase; Y ¼ decrease; 4 ¼ unchanged.
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BLOC DE BRANCHE COMPLET
A QRS LARGES Bloc atrio-ventriculaire

complet de siège 
HISSIEN ou INFRA-HISSIEN

En urgence (si mauvaise 
tolérance hémodynamique) :

ISOPRENALINE
ou

SONDE D’ENTRAINEMENT 
ELECTROSYSTOLIQUE

Indication de 
stimulateur cardiaque 

définitif
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ANATOMIE & PHYSIOLOGIE DU CŒUR ● COUPLAGE EXCITATION - CONTRACTION ECG
1 & 2

presence of an AP/APL pattern where S-A intervals are
increased due to a local delay of ventricular depo-
larization at the AP site rather than to a delay in HB
activation. When the AP/APL pattern is present, the
[S-Vloc] prolongation is likely to be caused by the first
mechanism for left lateral APs, whereas for septal
APs, the other mechanism is dominant. Finally, when

NC, the potential prolongation in [S-Vloc] may
counteract [S-H], increment limiting the utility of
PHP in some cases (Online Appendix: PHP Utility
Predictor).
5. [V-A]loc: retrograde conduction time over the

AP. APs with slow conduction properties
(e.g., Coumel type) have a prolonged [V-A]loc

CENTRAL ILLUSTRATION Para-Hisian Pacing Maneuver

Ali, H. et al. J Am Coll Cardiol EP. 2019;5(11):1233–52.

Description of (A) anatomic features, (B) a simplified interpretation algorithm, (C) routes and intervals over nodal and accessory pathways (please see Mathematical
Approach: Equations 1 and 2), and (D) key points to perform and interpret the maneuver. A ¼ atrial, atrium; Aloc ¼ local atrial insertion of the AP; AP ¼ accessory
pathway; AVN ¼ atrioventricular node; C ¼ HB-RB direct capture; CS ¼ coronary sinus; H/HB: His bundle (or its potential); LA ¼ left atrium; LB ¼ left bundle; LV ¼ left
ventricle; MA ¼ mitral annulus; NC ¼ loss of HB-RB direct capture; PCL ¼ pacing cycle length; PH ¼ para-Hisian; PHP ¼ para-Hisian pacing; RA ¼ right atrium;
RAAS ¼ retrograde atrial activation sequence; RB ¼ right bundle; RV ¼ right ventricle; S ¼ stimulus; TA ¼ tricuspid annulus; V ¼ ventricular/ventricle; Vloc ¼ local
ventricle at the presumed AP site; [ ] ¼ interval; [ ¼ increase; Y ¼ decrease; 4 ¼ unchanged.
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BLOC DE BRANCHE COMPLET
A QRS FINS Bloc atrio-ventriculaire

complet de siège 
NODAL

Indication de 
stimulateur cardiaque 

définitif
si acquis
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QTc allongé 
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par QRS 
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allongement 

réel ici)
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presence of an AP/APL pattern where S-A intervals are
increased due to a local delay of ventricular depo-
larization at the AP site rather than to a delay in HB
activation. When the AP/APL pattern is present, the
[S-Vloc] prolongation is likely to be caused by the first
mechanism for left lateral APs, whereas for septal
APs, the other mechanism is dominant. Finally, when

NC, the potential prolongation in [S-Vloc] may
counteract [S-H], increment limiting the utility of
PHP in some cases (Online Appendix: PHP Utility
Predictor).
5. [V-A]loc: retrograde conduction time over the

AP. APs with slow conduction properties
(e.g., Coumel type) have a prolonged [V-A]loc

CENTRAL ILLUSTRATION Para-Hisian Pacing Maneuver

Ali, H. et al. J Am Coll Cardiol EP. 2019;5(11):1233–52.

Description of (A) anatomic features, (B) a simplified interpretation algorithm, (C) routes and intervals over nodal and accessory pathways (please see Mathematical
Approach: Equations 1 and 2), and (D) key points to perform and interpret the maneuver. A ¼ atrial, atrium; Aloc ¼ local atrial insertion of the AP; AP ¼ accessory
pathway; AVN ¼ atrioventricular node; C ¼ HB-RB direct capture; CS ¼ coronary sinus; H/HB: His bundle (or its potential); LA ¼ left atrium; LB ¼ left bundle; LV ¼ left
ventricle; MA ¼ mitral annulus; NC ¼ loss of HB-RB direct capture; PCL ¼ pacing cycle length; PH ¼ para-Hisian; PHP ¼ para-Hisian pacing; RA ¼ right atrium;
RAAS ¼ retrograde atrial activation sequence; RB ¼ right bundle; RV ¼ right ventricle; S ¼ stimulus; TA ¼ tricuspid annulus; V ¼ ventricular/ventricle; Vloc ¼ local
ventricle at the presumed AP site; [ ] ¼ interval; [ ¼ increase; Y ¼ decrease; 4 ¼ unchanged.
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Bloc atrio-ventriculaire
complet de siège 

HISSIEN ou INFRA-HISSIEN
Fibrillation 

atriale

Narayan SM et al. The Lancet. 1997

BAV complet régulier :
Pensez à la fibrillation atriale !



ED ECG - TROUBLES CONDUCTIFS ● ARRET CARDIAQUE CHEZ UN PATIENT HOSPITALISE POUR UN BLOC ATRIOVENTRICULAIRE COMPLET ECG
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BAV complet : 
2 risques rythmiques 

principaux

1er risque
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ED ECG - TROUBLES CONDUCTIFS ● ARRET CARDIAQUE CHEZ UN PATIENT HOSPITALISE POUR UN BLOC ATRIOVENTRICULAIRE COMPLET

Ondes P…

… pas de QRS

X X X X

ASYSTOLIE => ACR
• Urgence absolue
• Prise en charge de l’ACR
• Isoprénaline / SEES

ECG
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ü ACCELERER LA FREQUENCE CARDIAQUE : ISOPRENALINE ou SONDE D’ENTRAÎNEMENT ELECTROSYSTOLIQUE (SEES)
ü SULFATE DE MAGNESIUM IV
ü KALIEMIE 4,5-5,5 mmol/l
ü ARRETER TOUT TRAITEMENT TORSADOGENE / ALLONGEANT L’INTERVALLE QTc

TORSADES DE POINTES (compliquant un BAV complet)

PRISE EN 
CHARGE
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CPD: Heart block in AMI
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Reflection 2
In your own words, explain the role of the Bundle of His, and how this applies to heart block in acute myocardial infarction.

The majority of the blood supply to the 
interventricular septum is via the penetrating 
branches of the left anterior descending coronary 
artery (Figure 4), as posterior septal penetrating 
branches of the right coronary artery rarely 
penetrate beyond 15 mm (James, 1965). Blood 
supply to the AV node is derived from the 
AV nodal artery, which is a branch of the right 
coronary artery in 85–90% of cases and a branch of 
the left circumflex coronary artery in the remaining 
10–15% (Katz, 2006). The bundle of His and 
proximal RBB and LBB frequently receive a dual 
blood supply, usually via the AV nodal artery and 
the first septal branch of the LAD coronary artery 
(Frink and James, 1973).

The first portion of the RBB receives twigs from 
branches of the right coronary artery (Moran 
and Gunnar, 1975). The second portion of the 
RBB receives blood from the ramus septi fibrosi 
and the ramus limbi dextri, a branch of the left 
anterior descending (LAD) artery, while the 
final part is supplied via blood vessels from the 
adjacent myocardium. The first part of the LBB 
may be supplied solely by the ramus septi fibrosi 
or may receive a dual supply. The anterior fascicle 
is mainly supplied by the LAD coronary artery, 
while the posterior fascicle receives a supply 
via the posterior descending artery of the right 
coronary artery, supplemented by branches of 
the distal left circumflex artery (Frink and James, 
1973). Although there is considerable potential 
for collateral circulation to supply the bundle 
branches, the size and distribution of collateral 
vessels may prove inadequate in the presence 
of occlusion of one or more of the coronary 
arteries providing the dominant supply (Moran 
and Gunnar, 1975). In approximately 90% of 
hearts, the posterior descending artery (PDA) 
branches from the right coronary artery to supply 
the posterior wall. In the remaining 10%, the 
PDA is a branch of the circumflex artery. These 
variations are described as right or left dominant, 
respectively (Katz, 2006). The vessels commonly 
responsible for supplying the components of the 
conduction system are summarised in Table 1.

Heart block in AMI
The anatomical site of AMI is important in 
determining the location and severity of HB (Moran 
and Gunnar, 1975). The definitions of the various 

forms of heart block alongside the anatomical and 
pathophysiological mechanisms associated with 
each will now be considered.

First degree AV block
In first degree HB, every impulse conducts to 
the ventricle but conduction time is prolonged 
(Figure 5). Every P-wave is followed by a QRS but 
with a prolonged PR interval (>200 ms) (Ramrakha 
and Hill, 2012). 

First degree HB occurs in less than 15% of 
patients with AMI admitted to coronary care units 
and His bundle electrocardiogram (ECG) studies 

Figure 3. Bundle branches

Figure 4. Blood supply to the bundle branches
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STEMI inférieur 
BAV complet nodal

Pas d’implication pronostique.
Régressif à la désocclusion de la 

coronaire droite dans la majorité des 
cas. 

STEMI antérieur
BAV complet hissien / 

infrahissien

Le BAVC est la traduction d’un 
infarctus étendu, profond avec part 
de nécrose irréversible. Le BAVC 

récupère rarement à la 
revascularisation. Pronostic souvent 

sévère (séquelle antérieure étendue).
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Maladie de LYME

Patient jeune
=

Bilan étiologique exhaustif 
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corresponding to myocardial inflammatory processes
or pericarditis-induced irritation (41,55,58).

MANAGEMENT OF LC. Ant ib iot i c t reatment for
LC . Although LC may resolve spontaneously, anti-
biotic therapy shortens the disease duration and
prevents further complications (1,10,16). For patients
with an intermediate or high SILC score in the context
of high-degree AVB or patients with other cardiac
symptoms of suspected LC origin, empiric IV
antibiotics should be administered immediately
while the Lyme serology is being processed (1).
Serologically confirmed LD should be treated with
IV antibiotics for 10 to 14 days (ceftriaxone is
considered first-line therapy), followed by oral
antibiotics (doxycycline, amoxicillin, or cefuroxime
axetil) for a total antibiotic course of 14 to 21 days
(36,54). Antibiotic treatment regimes for LC are
summarized in Table 3.

High-degree AVB usually resolves in a stepwise
progression from third-degree block, to Wenckebach

second-degree block, to first-degree block, to
decreasing PR interval, to normal, usually within 1 to
2 weeks of antibiotics (8,12,46).

Pac ing and fol low-up of h igh-degree AVB in
LC. Bradycardia on admission is managed according
to whether it is symptomatic. For asymptomatic
bradycardia, cardiac monitoring is critical because
patients can quickly progress from first-degree AVB
to complete AVB or asystole (1,8,18,21). Symptomatic
bradycardia or bradycardia with high risk electrocar-
diographic features (such as alternating bundle
branch block) (31) should receive temporary pacing,
by a standard transvenous temporary pacemaker
lead, or modified temporary–permanent transvenous
pacing (1,12,20,32,46). In modified temporary–
permanent transvenous pacing, an active fixation
lead is attached to a resterilized permanent pace-
maker generator taped to the patient’s skin and used
as a temporary external device, which allows for
early ambulation (31,47,53). Up to one-third of

CENTRAL ILLUSTRATION Diagnosis and Treatment of Lyme Carditis

Yeung, C. et al. J Am Coll Cardiol. 2019;73(6):717–26.

Lyme disease, a tick-borne bacterial infection, can have cardiac manifestations. High-degree atrioventricular block is the most common presentation of Lyme carditis
(LC), and usually resolves with antibiotic therapy. The identification and treatment of LC will prevent the unnecessary implantation of permanent pacemakers in
otherwise healthy young individuals.

J A C C V O L . 7 3 , N O . 6 , 2 0 1 9 Yeung and Baranchuk
F E B R U A R Y 1 9 , 2 0 1 9 : 7 1 7 – 2 6 Diagnosis and Treatment of Lyme Carditis
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BAV nodal = BAV2M1
Stimulateur cardiaque uniquement si 

symptômes (non pronostique).

BAV hissien / infrahissien
Stimulateur cardiaque systématique 

si absence de cause réversible 
(pronostique).

coreimpodcast.com
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ECG changes in potassium disorders

114 Am J Cardiovasc Dis 2022;12(3):112-124

Figure 1. Hyperkalemia, hypokalemia, and ECG changes. Progressive 
hyperkalemia may result in ECG changes, including peaked T wave, flat-
tened P wave, prolonged PR interval, ST depression, and prolonged QRS 
duration. Besides, hypokalemia may associate with a peaked P wave, 
prolonged PR interval, prominent U wave, shallow T wave, and ST de-
pression.

could consider the most prompt manifestation 
of hyperkalemia [18], these T-waves, with no 
other signs, are hardly the clue for the lethal 
condition [17]. Otherwise, in severe conditions 
of high levels of potassium, T-wave and QRS 
complex fusing might be present. Furthermore, 
in severe conditions, the velocity of the his-Pur-

should not be counted on in patients in the 
emergency department [21, 23]. Wong et al. 
[24] reported an ECG of a patient with “peaked” 
T waves, P waves absence, slight R wave pro-
gression, and QRS interval flatting. The level  
of serum potassium was 10.4 mmol/ml. An 
ampule of D50, Calcium gluconate, sodium 

kinje system is reduced and might 
be terminated to bundle brunch 
block and fascicular blocks [18]. 
Therefore, in the patients with 
absence of P-wave, widening and 
the abnormal axis of QRS-
complex, sine waves, sinus brady-
cardia or sinus arrest, with ven-
tricular pre-excitation loss in 
patients suffering from Wolff-
Parkinson-White syndrome, dou-
ble counting of the heart rate 
according to masked T-waves, 
and even though, pulseless elec-
trical activity, subsequently, and 
electrocardiographic STEMI or 
Brugada pattern or in some con-
ditions, Dressler-de Winter mim-
icry, might be reflected as con-
stant signs of a life-threatening 
condition [17]. Madias et al. [19] 
proved that ST-segment elevation 
is the result of hyperkalemia 
pseudo-infarctional ECG manifes-
tation, in which the intracellular/
extracellular potassium ratio is 
considered the cause of these 
illusory changes, however, a rise 
terminated in ST-segment depres-
sion, and a reduction resulted  
in ST-segment elevation. Several 
studies showed that tall “peaked” 
T waves are the common symp-
toms of severe hyperkalemia [20-
22]. Also, Fordjour et al. [20] re- 
ported that patients with obvious 
peaked T wave received more cal-
cium intervention than other no 
ECG-changed patients which sug-
gested that physicians used ECG 
as a marker for calcium adminis-
tration in patients with hyperkale-
mia. However, some studies 
proved that T waves alterations of 
ECG are not valid predictors for 
serum potassium concentration 
and hyperkalemia episodes and 

Teymouri N et al. 
Am J Cardiovasc Dis 2022;12(3):112-124
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Rythme ventriculaire REGULIER Bradycardie, QRS larges (retard droit)

BLOC 
ATRIOVENTRICULAIRE 

COMPLET
&

FIBRILLATION ATRIALE

Initial evaluation of patients with symptoms suggestive of bradycardia (SND or AV block)

History Physical examination Cardiac imagingECG

Cardiovascular risk
Complete history
focusing on symptoms
Family history
Medical treatment

Figure 3 Initial evaluation of patients with symptoms suggestive of bradycardia. AVB = atrioventricular block; ECG = electrocardiogram; SND = sinus
node dysfunction.

Table 6 Drugs that may cause bradycardia or conduction
disorders

Sinus node
bradycardia

AVB

Beta-blockers 1 1

Antihypertensives

Non-dihydropyridine calcium channel

blockers

1 1

Methyldopa 1 –

Clonidine 1 –

Antiarrhythmics

Amiodarone 1 1

Dronedarone 1 1

Sotalol 1 1

Flecainide 1 1

Propafenone 1 1

Procainamide – 1

Disopyramide 1 1

Adenosine 1 1

Digoxin 1 1

Ivabradine 1 –

Psychoactive and neuroactive drugs

Donepezil 1 1

Lithium 1 1

Opioid analgesics 1 –

Phenothiazine 1 1

Phenytoin 1 1

Selective serotonin reuptake inhibitors – 1

Tricyclic antidepressants – 1

Carbamazepine 1 1

Continued
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C
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Table 6 Continued

Sinus node
bradycardia

AVB

Others

Muscle relaxants 1 –

Cannabis 1 –

Propofol 1 –

Ticagrelor 1 1

High-dose corticosteroids 1 –

Chloroquine – 1

H2 antagonists 1 1

Proton pump inhibitors 1 –

Chemotherapy

Arsenic trioxide 1 1

Bortezomib 1 1

Capecitabine 1 –

Cisplatin 1 –

Cyclophosphamide 1 1

Doxorubicin 1 –

Epirubicin 1 –

5-fluorouracil 1 1

Ifosfamide 1 –

Interleukin-2 1 –

Methotrexate 1 –

Mitroxantrone 1 1

Paclitaxel 1 –

Rituximab 1 1

Thalidomide 1 1

Anthracycline – 1

Taxane – 1

AVB = atrioventricular block...
..
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Rechercher une cause aiguë potentiellement réversible :
• Traitements
• Ischemie
• Hyper/hypokaliémie
• Hypercalcémie
• Endocardite infectieuse
• Myocardite / cardiopathie inflammatoire

Bilan minimal
§ Biologie :

• Kaliémie
• Calcémie
• Troponinémie
• CRP

§ Echocardiographie

BILAN 
INITIAL

BILAN 
ETIOLOGIQUE

§ Autres bilans guidés par 
contexte

§ < 50/60 ans :
• IRM cardiaque
• Discuter Génétique

Glikson M et al. 
European Heart Journal (2021) 00, 194 
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Troubles 
conductifs 

sino-atriaux

J. Cardiovasc. Dev. Dis. 2021, 8, 40 2 of 21

Figure 1. Anatomy and physiology of the sinoatrial node. (A) Diagram of the heart indicating the
location of the sinoatrial node (blue). SAN—sinoatrial node, SVC—superior vena cava, IVC—inferior
vena cava. (B) Sketch of sinoatrial node structure (modified from Keith and Flack 1907 [2]). Pacemaker
myocardium (yellow) surrounds the sinoatrial node artery and is infiltrated and surrounded by
connective tissue. (C) 30mm Z-stack through the sinoatrial node of an avian embryo. Pacemaker
myocardium stained with MF20 (white) is arranged as loosely connected, unaligned fibers. Scale
bar—20 mm. (D) Pacemaker cell action potential waveform. Vm—membrane potential.

Sinoatrial node dysfunction is a generalized term that represents a group of conditions,
including inappropriate sinus bradycardia, sinus arrest, sinus exit block and tachycardia
bradycardia syndromes. In addition to medication side effects and exaggerated vagal
tone, degeneration of the sinoatrial node or surrounding atrial tissue can lead to sinoatrial
node dysfunction by impeding impulse formation and impulse conduction. The gradual
destruction of the sinoatrial node is generally associated with fibrotic remodeling and
fatty infiltration leading to sclerodegeneration and eventual senescence [6]. Outside of
primary sinoatrial degeneration, the destruction of the nodal-atrial interface or atrial wall
can also lead to exit block or damage to the parasympathetic and sympathetic inputs to the
sinoatrial node.

The clinical management of symptomatic sinoatrial dysfunction and inappropriate
sinus bradycardia first focuses on alleviating secondary causes [7]. This includes removing
stimuli that may depress sinoatrial node automaticity, such as exaggerated vagal tone or
medications with adverse chronotropic effects. When this is not possible, a permanent
transvenous pacemaker may be implanted. Although permanent atrial pacing is usually
well-tolerated and associated with low procedural risk in experienced operators’ hands,
it represents only a reactive treatment rather than a preventative therapy. Unfortunately,
preventive therapies currently do not exist. For this reason, increasing emphasis is be-
ing placed on constructing a holistic understanding of sinoatrial node function to better
predict the conditions that may lead to pathology and/or to formulate novel therapeutic
approaches to correct sinoatrial node-related arhythmic disease. Towards this aim, a broad
array of physiological [8–10], computational [11,12] and genetic studies [13–16] have built
models of how the sinoatrial node’s unique cellular and molecular features impact cardiac
pacemaker cell activity. The overriding goals of this review are to demonstrate how sinoa-
trial node morphogenesis creates a specialized microenvironmental niche that supports
pacemaker cell function. Towards this aim we first describe some of the basic biophysical
conditions that pacemaker cells natively encounter in the heart, outline models of how
pacemaker cells are thought to overcome some of the functional barriers to which they
are subjected and finally discuss events that occur during sinoatrial node morphogenesis

Easterling M et al. J. Cardiovasc. Dev.Dis. 2021 



ED ECG - TROUBLES CONDUCTIFS ● PATIENT AGE SE PRESENTANT POUR UNE ASTHENIE ECG
7



ED ECG - TROUBLES CONDUCTIFS ● PATIENT AGE SE PRESENTANT POUR UNE ASTHENIE

QRS fins & 
réguliers

ECG
7



ED ECG - TROUBLES CONDUCTIFS ● PATIENT AGE SE PRESENTANT POUR UNE ASTHENIE

X

X

Pas 
d’onde P

QRS fins & 
réguliers

ECG
7



ED ECG - TROUBLES CONDUCTIFS ● PATIENT AGE SE PRESENTANT POUR UNE ASTHENIE

X

X

Pas 
d’onde P

QRS fins & 
réguliers

Onde P’ 
(rétrograde)

RP’ fixe

ECG
7



ED ECG - TROUBLES CONDUCTIFS ● PATIENT AGE SE PRESENTANT POUR UNE ASTHENIE

X

X

Pas 
d’onde P

QRS fins & 
réguliers

Onde P’ 
(rétrograde)

Bloc sino-atrial complet 
(BSA3) 

avec échappement 
jonctionnel

RP’ fixe

ECG
7



ED ECG - TROUBLES CONDUCTIFS ● PATIENT AGE SE PRESENTANT POUR UNE ASTHENIE ECG
7

to distinguish from sinus pause or arrest. All pauses in SA blocks, however,
should be a multiple (two to four times the length) of the P-P intervals on
the ECG (see section on sinus pause/arrest for more details).

Sinus pause and sinus arrest are characterized by the failure of the SA
node to form an impulse. Although sinus pause refers to a brief failure
and a sinus arrest refers to a more prolonged failure of the SA node, there
are no universally accepted definitions to differentiate the two. Because of
this, they are often used interchangeably to describe the same cardiac event
(Fig. 5) [3].

On ECG there is an absence of the P-QRS-T complex, resulting in a pause
of undetermined length. Sinus pause may be preceded by any of these
rhythms, the origin of which is in the atrium: sinus beats, ectopic atrial
beats, and ectopic atrial tachycardia. Or it may appear on the ECG with

Fig. 4. Sinoatrial (SA) block. Normal sinus rhythms with various degrees of SA block. Sinus
impulses not seen on the body surface ECG are represented by the vertical lines. With first-de-
gree SA block, although there is prolongation of the interval between the sinus impulses and the
P wave, such a delay cannot be detected on the ECG. (A) Persistent 2:1 SA block cannot be
distinguished from marked sinus bradycardia. (B) The diagnosis of second-degree SA block de-
pends on the presence of pause or pauses that are the multiple of the basic P-P interval. (C)
When there is a Wenckebach phenomenon, there is gradual shortening of the P-P interval be-
fore the pause. With third-degree SA block, the ECG records only the escape rhythm. Used with
permission from Suawicz B, Knilans TK. Chou’s electrocardiography in clinical practice. 5th
edition. Philadelphia: WB Saunders; 2001. p. 321.

4 UFBERG & CLARK

Suawicz B, Knilans TK. 
Chou’s 
electrocardiography in 
clinical practice. 5th 
edition. Philadelphia: WB 
Saunders; 2001.

Stimulateur cardiaque 
uniquement si :

• Symptômes
• Pauses prolongées

En l’absence de cause 
réversible
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Persistance d’un pont musculaire 
embryologique autour d’une valve 

atrioventriculaire, shuntant le filtre nœud 
atrioventriculaire.

En cas d’arythmie dans l’oreillette risque de 
transmission en 1:1 aux ventricules et de MS
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