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¡  Sinüs	  düğümü	  hastalığının	  tanısı,	  klinik	  
ve	  EKG	  bulguları	  korele	  olduğunda	  en	  
iyi	  şekilde	  ortaya	  konabilmektedir.	  

¡  Bu	  durumda	  EFT’nin	  ek	  tanısal	  değeri	  
ve	  endikasyonu	  bulunmamaktadır.	  

¡  Semptomu	  olmayan	  ancak	  SND	  
bulguları	  olan	  hastalarda	  da	  tedavi	  
endikasyonunu	  etkilememesi	  
nedeniyle	  EFT	  önerilmez.	  

Arthur	  Keith	  



¡  Uygun	  hasta;	  SND	  ile	  ilişkili	  semptomları	  olan	  ancak	  
yeterli	  elektrokardiyografik	  kanıtı	  olmayan	  (uzun	  
dönem	  monitörizasyon)	  hastadır.	  	  

¡  Sinüs	  düğüm	  fonksiyonlarının	  değerlendirilmesinde	  
en	  değerli	  metodlar;	  
§  Atropin	  ve	  egzersize	  cevap	  

§  Sinüs	  düğüm	  toparlanma	  zamanı	  (SDTZ)	  
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Electrophysiological Testing

FIGURE 2–5 Deflectable multipolar electrode catheters with different 
curve sizes and shapes. (Courtesy of Boston Scientific, Boston.)
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FIGURE 2–6 Ablation catheters with different tip electrode sizes and 
shapes. Left to right, Peanut 8-mm, 2-mm, 4-mm, and 8-mm tip 
electrodes. (Courtesy of Boston Scientific, Boston.)

FIGURE 2–7 Fluoroscopic views of 
catheters in study for supraventricular 
tachycardia (SVT) (para-His accessory 
pathway ablation). Catheters are labeled 
HRA (high right atrium), right ventricle (RV), 
and coronary sinus (CS); the CS catheter 
was inserted from a jugular venous 
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Fluoroscopy is conventionally used to guide intracardiac 
positioning of the catheters. It is important to remember that 
catheters can be withdrawn without fluoroscopy, but should 
always be advanced under fluoroscopy guidance. More 
recently, new navigations systems have been tested to guide 
catheter positioning in an effort to limit radiation exposure 
(see Chap. 3).

Transcaval Approach
The modified Seldinger technique is used to obtain multiple 
venous accesses. The femoral approach is most common, but 

the subclavian, internal jugular, or brachial approaches may 
be used, most often for placement of a catheter in the CS.5

The femoral access should be avoided in patients with 
known or suspected femoral vein or inferior vena caval 
thrombosis, active lower extremity thrombophlebitis or 
postphlebitic syndrome, groin infection, bilateral leg ampu-
tation, extreme obesity, and/or severe peripheral vascular 
disease resulting in nonpalpable femoral arterial pulse.

Typically, the RA, HB, and RV catheters are introduced 
via the femoral veins. It is advisable to use the left femoral 
vein for diagnostic EP catheters and to save the right femoral 
vein for potential ablation or mapping catheter placement, 
which then would be easier to manipulate because it would 
be on the side closer to the operator. Multiple venous punc-
tures and single vascular sheaths may be used for the dif-
ferent catheters. Alternatively, a single triport 12 Fr sheath 
can be used to introduce up to three EP catheters (usually 
the RA, HB, and RV catheters). The CS catheter is frequently 
introduced via the right internal jugular or subclavian vein, 
but also via the femoral approach.

Right Atrium Catheter. A fixed-tip, 5 or 6 Fr, quadripo-
lar electrode catheter is typically used. The RA may be 
entered from the inferior vena cava (IVC) or SVC. The 
femoral veins are the usual entry sites. Most commonly, 
stimulation and recording from the RA is performed by 
placing the RA catheter tip at the high posterolateral wall 
at the SVC-RA junction in the region of the sinus node, or 
in the RA appendage (Fig. 2-7).

Right Ventricle Catheter. A fixed-tip, 5 or 6 Fr, quad-
ripolar electrode catheter is typically used. All sites in the 
RV are accessible from any venous approach. The RV apex 
is most commonly chosen for stimulation and recording 
because of stability and reproducibility (see Fig. 2-7).

His Bundle Catheter. A fixed- or deflectable-tip, 6 Fr, 
quadripolar electrode catheter is typically used. The cathe-
ter is passed via the femoral vein into the RA and across the 
tricuspid annulus until it is clearly in the RV (under fluoro-
scopic monitoring, using the right anterior oblique [RAO] 
view; see Fig. 2-7). It is then withdrawn across the tricuspid 
orifice while maintaining a slight clockwise torque to main-
tain good contact with the septum until a His potential is 
recorded. Initially, a large ventricular electrogram can be 
observed and, as the catheter is withdrawn, the right bundle 
branch (RB) potential can appear (manifesting as a narrow 
spike less than 30 milliseconds before the ventricular elec-
trogram). When the catheter is further withdrawn, the atrial 
electrogram appears and grows larger. The His potential 
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FIGURE 2–17 A classic display of surface ECG and intracardiac recordings 
during an electrophysiology study of supraventricular tachycardia. Included are four 
surface ECG leads, high right atrium (HRA) recording, )o His bundle (HB) 
recordings (proximal and distal His), five coronary sinus (CS) recordings (in a 
proximal-to-distal sequence), and a right ventricle apex (RVA) recording. The 
relative amplitudes of atrial and ventricular electrograms in CS recordings are also 
shown. Right, The back of the heart is shown with a CS catheter in position. The 
distal portion of the CS is closer to the ventricle (originating as great cardiac vein 
on the anterior wall); the CS crosses the atrioventricular (AV) groove at the lateral 
margin and becomes an entirely atrial structure as it empties into the right atrium 
(RA). Left, Thus, proximal CS recordings show large atrial and small ventricular 
signals, whereas more distal recordings show small atrial, large ventricular signals. 
IVC = inferior vena cava; PV = pulmonary vein; SVC = superior vena cava.
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FIGURE 2–18 Influence of catheter position on coronary sinus (CS) atrial 
electrograms. Two different CS atrial activation sequences are shown from different 
patients. Left, A proximal-to-distal sequence is shown. Right, The latest 
activation is in the mid-CS electrodes. Diagrams at bottom show relative positions 
of CS catheter in each instance (atrioventricular grooves viewed from above). With 
more proximal CS position, propagation is proximal-distal, indicating relative 
distance from sinus node. With a more distal CS position, the mid-CS electrodes 
are furthest from the sinus node.
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FIGURE 2–19 Intracardiac intervals. Shaded areas represent the 
pulmonary artery (PA) (blue), atrial–His bundle (AH) (pink), and His 
bundle–ventricular (HV) (yellow) intervals. It is important that the HV 
interval be measured from the onset of the His potential in the recording 
showing the most proximal (rather than the most prominent) His 
potential (Hisprox) to the onset of the QRS on the surface ECG (rather than 
the ventricular electrogram on the His bundle [HB] recording). See text 
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rapid biphasic spike, 15 to 25 milliseconds in duration, 
interposed between local atrial and ventricular electro-
grams. The use of a quadripolar catheter allows simultane-
ous recording of three bipolar pairs.22

Before measuring conduction intervals within the HB 
electrogram, it is important to verify that the spike recorded 
between the atrial and ventricular electrograms on the HB 
catheter actually represents activation of the most proximal 
HB and not the distal HB or RB. The most pro ximal elec-
trodes displaying the His potential should be chosen, and a 
large atrial electrogram should accompany the proximal His 
potential. Anatomically, the proximal portion of the HB 
originates in the atrial side of the tricuspid annulus; thus, 
the most proximal HB deflection is the one associated with 
the largest atrial electrogram. Recording of His potential 
associated with a small atrial electrogram can reflect record-
ing of the distal HB or RB, and therefore might miss impor-
tant intra-His conduction abnormalities and falsely shorten 
the measured His bundle–ventricular (HV) interval (see Fig. 
2-19). Even if a large His potential is recorded in association 
with a small atrial electrogram, the catheter should be with-
drawn to obtain a His potential associated with a larger 
atrial electrogram. Using a multipolar (three or more) elec-
trode catheter to record simultaneously proximal and distal 
HB electrogram (e.g., a quadripolar catheter records three 
bipolar electrograms over a 1.5-cm distance) can help evalu-
ate intra-His conduction.4

Validation of HB recording can be accomplished by 
assessment of the HV interval and establishing the relation-
ship between the His potential and other electrograms.22 
The HV interval should be 35 milliseconds or longer (in the 
absence of preexcitation). In contrast, the RB potential 
invariably occurs within 30 milliseconds before ventricular 
activation. Atrial pacing can be necessary to distinguish a 
true His potential from a multicomponent atrial electro-
gram. With a true His potential, the atrial–His bundle (AH) 
interval should increase with incremental pacing rates. HB 
pacing can also be a valuable means for validating HB 
recording. The ability to pace the HB through the recording 
electrode and obtain HB capture (i.e., QRS identical to that 
during NSR and S-QRS interval identical to the HV interval 
during NSR) provides the strongest evidence validating the 
His potential.22 However, this technique is inconsistent in 

¡  Sinüs	  düğümü	  toparlanma	  
zamanı	  (SDTZ	  /	  SNRT)	  

¡  Düzeltilmiş	  SDTZ	  (cSNRT)	  
¡  Maksimum	  SNRT	  
¡  SNRT	  /	  Sinüs	  CL	  (%)	  (	  <	  %	  160)	  
¡  Total	  toparlanma	  zamanı	  
¡  Sekonder	  duraklamalar	  



36 CLINICAL ELECTROPHYSIOLOGY OF THE CARDIAC CONDUCTION SYSTEM

FIGURE 3. Left panel: Atrial pacing at 400 ms (150 bpm). Upon termination of pacing, the normal recovery time of
the SA node (P-wave) is 620 ms. Subtracting that interval from the basic sinus interval of this patient of 500 ms, yields
a normal Maximal Corrected Sinus Node Recovery Time (MCSNRT) of 120 ms. Right panel: In contrast, cessation
of pacing in a 15-year-old patient following the Mustard operation for transposition of the great arteries, yields a
junctional escape beat with an escape interval of 1450 ms. Both the escape mechanism and the escape interval are
abnormal.

SA node is evaluated largely by the ECG
and the bradycardia is correlated with the
reported symptoms for optimal management
(Chapter 13).

Electrophysiologic study also examines
conduction through excitable tissue within the
heart. Conduction velocity varies within the
different segments of the cardiac conduction
system but remains virtually constant with age
(Table 1).

Because it is difficult to measure dis-
tance and time simultaneously within the
heart, or it was until the recent advent of
computer-assisted electro-anatomic mapping
techniques, conduction intervals serve as sur-
rogates for conduction velocity (Table 2).

The P-A interval denotes the shortest
time, in milliseconds, from the exit of the si-
nus impulse from the SA node to its arrival
at the low septal right atrium; its duration is a
function of the size and state (fibrosis, etc.) of
the right and left atria. The A-H interval as-
sesses the conduction time from the low septal
right atrium through the AV node. Because of
the physiologic property of delay within the

TABLE 1. Conduction Velocity

Location Conduction velocity

Atrium 0.8 msec
AV Node 0.5 msec
His–Purkinje System 1–2 msec
Ventricular Myocardium 0.8 msec

AV node, this interval lengthens as the preced-
ing cycle length shortens to a critical length
(relative refractory period; Tables 2 and 3).
Also due to the physiologic function of the AV
node, the A-H interval demonstrates variabil-
ity dependent on the basic metabolic state, va-
gal tone, circulating catecholamines, and drug
administration. The H-V interval marks the
conduction time from the His–Purkinje sys-
tem to the working myocardium. This inter-
val is fairly constant but does increase slightly
from approximately 25 ± 10 ms to 45 ± 10 ms
from infancy to adulthood. An H-V inter-
val greater then 60ms in the young is abnor-
mal and suggests an abnormality in the His–
Purkinje system. It is unusual in the child,
even following surgery for congenital heart
disease, to have a prolonged H-V interval.
Top normal H-V intervals are not uncom-
mon, however, in patients with AV septal
defects (AV canal defects) and older post-
operative tetralogy of Fallot and ventricu-
lar septal defect patients. In addition, par-
ents with familial atrial septal defects and
heart block have recently been linked to mu-
tations in the cardiac homeobox Nkx2.5 gene
(Chapter 18).

In contrast to skeletal muscle, the action
potential of cardiac muscle is long with a de-
lay in recovery of excitability (long refractory
period). As such, cardiac muscle cannot sus-
tain prolonged isometric contraction (tetany)
(Chapter 2). The refractory period of cardiac

SNRT	  
400	  msn	  

620	  msn	  
<	  1500	  msn	  



SNRT	  –	  Sinüs	  CL:	  cSNRT	   350-‐550	  msn	  



¡  Total	  toparlanma	  zamanı;	  Atriyal	  uyarı	  kesildikten	  
sonrası	  bazal	  sinüs	  hızın	  dönmesi	  için	  gereken	  
§  Normalde,	  4-‐6	  atım	  sonra	  yada	  5	  sn’den	  daha	  az	  

¡  Sekonder	  duraklama;	  atriyal	  uyarıyı	  kestikten	  sonra	  
kısa	  sürede	  gelen	  sinüs	  atımından	  sonra	  siklüste	  
beklenmeyen	  uzama	  
§  Ani	  ve	  belirgin	  olması	  anormal	  

§  Sinoatriyal	  çıkış	  bloğu	  

§  Otomatisitede	  azalma	  
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interval between the end of a period of pacing-induced over-
drive suppression of sinus node activity and the return of 
sinus node function, manifest on the surface ECG by a post-
pacing sinus P wave. Clinically, SNRT is used to test sinus 
node automaticity.25,26,32

Technique
Pacing Site. Pacing is performed in the high RA at a site 

near the sinus node, so as to decrease the conduction time 
to and from the sinus node.24

Pacing Cycle Length. SNRT is preferably measured 
after pacing at multiple CLs. Pacing is started at a CL just 
shorter than the sinus CL. After a 1-minute rest, pacing is 
repeated at progressively shorter CLs (with 50- to 100-mil-
lisecond decrements) down to a pacing CL of 300 
milliseconds.24

Pacing Duration. Pacing is continued for 30 or 60 
seconds at a time. Although pacing durations beyond 15 
seconds usually have little effect on the SNRT in healthy 
subjects, patients with SND can have marked suppression 
after longer pacing durations. It is also preferable to perform 
pacing at each CL for different durations (30, 60, and/or  
120 seconds) to ensure that sinus entrance block has not 
obscured the true SNRT.24

Measurements
Several intervals have been used as a measure of SNRT.

Sinus Node Recovery Time. SNRT is the longest pause 
from the last paced beat to the first sinus return beat at a 
particular pacing CL. Normally, the SNRT is less than 1500 
milliseconds, with a scatter on multiple tests of less than 
250 milliseconds (Fig. 5-5). SNRT tends to be shorter with 
shorter baseline sinus CLs, and therefore a variety of cor-
rections have been introduced.25,26,32

Corrected Sinus Node Recovery Time. Corrected 
SNRT equals SNRT minus the baseline sinus CL. Normal 
values of corrected SNRT have been reported from 350 to 
550 milliseconds, with 500 milliseconds being most com-
monly used (see Fig. 5-5). However, the use of corrections 
at slow sinus rates can produce odd results. For example, a 
patient with symptomatic bradycardia at 1500-millisecond 
CL and SNRT of 2000 milliseconds, the corrected SNRT will 
be 500 milliseconds. For cases of severe bradycardia, an 
abnormal uncorrected SNRT of 2000 milliseconds is more 
accurate; in fact, one does not need SNRT to make the clini-
cal diagnosis.

Maximum Sinus Node Recovery Time. Maximum 
SNRT is the longest pause from the last paced beat to the 
first sinus return beat at any pacing CL.

Ratio of Sinus Node Recovery Time to Sinus Cycle 
Length. The ratio of

SNRT sinus CL( ) × 100%

is lower than 160% in normal subjects.
Total Recovery Time. On cessation of atrial pacing, 

the pattern of subsequent beats returning to the basic sinus 

CL should be analyzed. Various patterns exist.24 Total recov-
ery time equals the time to return to basic sinus CL (normal 
total recovery time is less than 5 seconds, usually by the 
fourth to sixth recovery beat).

Secondary Pauses. Normally, following cessation of 
overdrive pacing, a gradual shortening of the sinus CL is 
observed until the baseline sinus CL is reached, typically 
within a few beats. Limited oscillations of recovery CLs 
before full recovery can be observed, especially at shorter 
pacing CLs.24 Secondary pauses are identified when there is 
an initial shortening of the sinus CL after the SNRT, fol-
lowed by an unexpected lengthening of the CL (see Fig. 5-5). 
Sudden and marked secondary pauses occurring during 
sinus recovery are abnormal. Sinoatrial exit block of vari-
able duration is the primary mechanism of prolonged 
pauses, with a lesser component of depression of automatic-
ity. Both may, and often do, coexist. However, secondary 
pauses can be a normal reflex following hypotension induced 
by pacing at rapid rates, or in response to pressure overshoot 
in the first recovery beat because of the prolonged filling 
time. Because these secondary pauses represent SND and 
because they occur more frequently following rapid atrial 
pacing, pacing should be performed at rates up to 200 
beats/min.24,25,32,33

Limitations of Sinus Node Recovery Time
Many factors in addition to automaticity are involved in the 
measurement of SNRT, including proximity of the pacing 
site to the sinus node and conduction time from the pacing 
site to sinus node and vice versa, conduction time in and 
out the sinus node, and sinus node entrance block during 
rapid atrial pacing, which can lead to a shorter SNRT, 
whereas sinus node exit block after cessation of pacing  
can result in marked prolongation of the SNRT.24 Moreover, 
sometimes SNRT cannot be measured because of atrial 
ectopic or junctional escape beats that preempt the sinus 
beat.25,26

Despite these limitations, SNRT is probably the best and 
most widely used test for sinus node automaticity. Pacing at 
rates near the baseline sinus CL causes no overdrive sup-
pression so that the interval between the last paced beat and 
the next sinus beat is comparable with the baseline CL. If 
the SNRT after pacing at 500 milliseconds is shorter than 
after 600 milliseconds, or there is marked variation (more 
than 250 milliseconds) in the SNRTs when multiple tests 
are performed after pacing at 500 milliseconds, this can 
imply that some impulses have not penetrated the sinus 
node (i.e., some degree of atrial-nodal block exists). At 
pacing CLs shorter than 500 milliseconds, there is usually 
little further prolongation of the SNRT; on the contrary, 
changes in neurohumoral tone may result in shorter 
SNRTs.25,32

The duration of the maximum SNRT and corrected SNRT 
are independent of age. Evaluation of corrected SNRT fol-
lowing pharmacological denervation (see later) may increase 
the sensitivity of the test.33

Sinus Node Recovery Time in Patients  
with Sinus Node Dysfunction
The sensitivity of a single SNRT measurement is approxi-
mately 35% in patients with SND. This rises to more than 
85% when multiple SNRTs at different rates are recorded, 
along with scatter and total recovery time, with a specificity 
of more than 90%. Prolonged SNRT or corrected SNRT is 
found in 35% to 93% of patients suspected of having SND 
(depending on the population studied). The incidence is 
lowest in patients with sinus bradycardia. Marked abnor-
malities in corrected SNRT usually occur in symptomatic 
patients with clinical evidence of sinoatrial block or  
bradycardia-tachycardia syndrome.24,33

FIGURE 5–5 Sinus node recovery time (SNRT). Surface ECG leads and 
high right atrial (HRA) recordings are shown at the end of a burst of atrial 
pacing, suppressing sinus node automaticity. The interval at which the 
first sinus complex returns (SNRT) is abnormally long at 1625 milliseconds. 
With a baseline sinus cycle (CL) equals 720 milliseconds, the corrected 
SNRT (1625 − 720 = 905 milliseconds) is also prolonged. In addition, there 
is a secondary pause after the first )o sinus complexes.
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¡  SND	  olan	  hastalarda	  tek	  SNRT	  ölçümünün	  
sensitivitesi	  yaklaşık	  %	  35,	  farklı	  hızlarda	  çoklu	  
ölçümle	  %	  85’den	  fazla	  

¡  Total	  toparlanma	  zamanı	  ile	  birleştirilince	  spesifitesi	  
%90’dan	  fazla	  

¡  Uzamış	  SNRT	  veya	  cSNRT,	  SND	  olan	  hastaların	  %	  
35-‐93’ünde	  bulunmaktadır.	  	  

¡  Insidans	  en	  düşük	  sinüs	  bradikardisi	  olan	  
hastalardadır.	  



¡  İndirekt	  

§  Strauss	  metodu	  

§  Narula	  metodu	  
¡  Direkt	  

§  Sinüs	  düğüm	  elektrogramı	  
¡  Noninvazif;	  sinyal	  ortalamalı	  teknikler	  



¡  Sinüs	  düğüm	  depolarizasyonu	  yüksek	  gain	  
filtrelenmemiş	  elektrogramlarla	  %	  50	  hastada	  
kaydedilebilir.	  

¡  Loop	  RA	  içinde,	  uç	  bileşkede	  olacak	  şekilde	  kateter	  
SVC-‐	  RA	  bileşkeye	  yerleştirilir	  



SACT	  =	  [c	  −	  a]/2)	  
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Sinus N
ode D

ysfunction

The pacing CL at which maximum suppression occurs  
in patients with SND is unpredictable and, unlike healthy 
subjects, tends to be affected by the rate and duration of 
pacing. However, if sinus entrance block is present, the 
greatest suppression is likely to occur at relatively long 
pacing CLs. If the longest SNRT occurs at pacing CLs more 
than 600 milliseconds, a normal value can reflect the pres-
ence of entrance block. In such cases, a normal SNRT is an 
unreliable assessment of sinus node automaticity. The fact 
that the longest SNRT occurs at pacing CLs longer than 600 
milliseconds is in itself a marker of SND.24

Marked secondary pauses are another manifestation of 
SND and can occasionally occur in the absence of prolonga-
tion of SNRT, in which case sinoatrial block is the mecha-
nism. Approximately 69% of patients with secondary pauses 
have clinical evidence of sinoatrial exit block, and 92% of 
patients with sinoatrial exit block demonstrate marked sec-
ondary pauses.24

Sinoatrial Conduction Time
Although the sinus node is the dominant cardiac pace-
maker, neither sinus node impulse initiation nor conduction 
is visible on the surface ECG or on the standard intracardiac 
recordings because depolarization within the sinus node is 
of very low amplitude. The sinus node function, therefore, 
has usually been assessed indirectly. Normal sinus node 
function is assumed when the atrial musculature is depo-
larized at a normal rate and in a normal temporal sequence—
so-called normal sinus rhythm. In NSR, the atrial rate is 
assumed to correspond to the rate of impulse formation 
within the sinus node; however, the time of impulse con-
duction from the sinus node to the atrium cannot be ascer-
tained. Several methods have been developed for the 
assessment of sinoatrial conduction time (SACT), either 
indirectly (the Strauss and Narula methods) or by directly 
recording the sinus node electrogram. Signal-averaging 
techniques have also been used to measure SACT 
noninvasively.25,26,33

Direct Recordings
Sinus node depolarization can be recorded directly using 
high-gain unfiltered electrograms in approximately 50% of 
patients.24 A catheter with a 0.5- to 1.5-mm interelectrode 
distance is used. The catheter is placed directly at the SVC-
RA junction or a loop is formed in the RA and the tip of the 
catheter is then placed at the SVC-RA junction. Optimizing 
filter setting can help reduce baseline drift (0.1 to 0.6 Hz to 
20 to 50 Hz), with signal gain at 50 to 100 µV/cm.33

SACT is measured as the interval between the pacemaker 
prepotential on the local electrogram and the onset of the 
rapid atrial deflection (Fig. 5-6). When SACT is normal, a 
smooth upstroke slope merges into the atrial electrogram. 
When SACT is prolonged, an increasing amount of sinus 
node potential becomes visible before the rapid atrial deflec-
tion. Sinoatrial block is said to occur when the entire sinus 
node electrogram is seen in the absence of a propagated 
response to the atrium.24

Sinus node electrogram can be validated by the ability to 
record the electrogram in only a local area, and loss of the 
upstroke potential during overdrive atrial pacing. Addition-
ally, persistence of the sinus node electrogram following 
carotid sinus massage, following induced pauses, or during 
pauses following overdrive suppression is an important 
method for validation.

Strauss Technique
The Strauss technique uses atrial premature stimulation to 
assess SACT. Baseline sinus beats are designated A1. Pro-
gressively premature atrial extrastimuli (AESs; A2) are 

FIGURE 5–6 Schematic illustration showing the direct measurement of 
sinoatrial conduction time (SACT). A schematic copy of a sinus node electrogram is 
shown. On the sinus node electrogram, high right atrial depolarization (A), 
ventricular depolarization (V), T wave (T), and the sinus node potential (SN) are 
identified. In the second beat, reference lines are drawn through the point at which 
the SN potential first becomes evident and the point at which atrial activation 
begins. SACT is the interval be)een these )o reference lines. (From Reiffel JA: 
The human sinus node electrogram: A transvenous catheter technique and a 
comparison of directly measured and indirectly estimated sinoatrial conduction time 
in adults. Circulation 1980;62:1324.)
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FIGURE 5–7 Strauss sinoatrial conduction time zones. Leads 2 and 
recording from the high right atrium (HRA) are shown, with a single 
extrastimulus (S) delivered during sinus rhythm (cycle length, 660 
milliseconds) at progressively shorter coupling intervals as indicated 
relative to the preceding sinus complex. The timing of the subsequent 
sinus P wave relative to when it would be expected if there were no 
extrastimulus determines the zone of effect: A = collision; B = reset; C = 
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delivered after every eighth to tenth A1, and the timing of 
the recovery beat (A3) is measured.24 The Strauss method is 
useful as part of an overall EP study when information is 
also sought on conduction system refractoriness or possible 
dual AVN physiology or bypass tracts (BT)s during sinus 
rhythm. Four zones of response of the sinus node to AES 
have been identified. SACT can be measured only in the 
zone of reset (Fig. 5-7).25,26,32

1. Zone I: Zone of Collision, Zone of Interference, 
Nonreset Zone. This zone is defined by the range of A1-A2 
intervals at which the A2-A3 interval is fully compensatory 
(see Fig. 5-7). Very long A1-A2 intervals (with A2 falling in 
the last 20% to 30% of the sinus CL) generally result in col-
lision of the AES (A2) with the spontaneous sinus impulse 
(A1). The sinus pacemaker and the timing of the subsequent 
sinus beat (A3) are therefore unaffected by A2—that is, A1-A3 
= 2 × (A1-A1), a complete compensatory pause.

2. Zone II: Zone of Reset. The range of A1-A2 intervals 
at which reset of the sinus pacemaker occurs, resulting in 
a less than compensatory pause, defines the zone of reset 
(see Fig. 5-7). Shorter A1-A2 intervals result in penetration of 
the sinus node with resetting so that the resulting pause is 
less than compensatory—A1-A3 < 2 × (A1-A1)—but without 

b	  
c	  a	  

	  b	  +	  c	  <	  2a	  

45	  -‐	  125	  msn	  
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FIGURE 3. Left panel: Atrial pacing at 400 ms (150 bpm). Upon termination of pacing, the normal recovery time of
the SA node (P-wave) is 620 ms. Subtracting that interval from the basic sinus interval of this patient of 500 ms, yields
a normal Maximal Corrected Sinus Node Recovery Time (MCSNRT) of 120 ms. Right panel: In contrast, cessation
of pacing in a 15-year-old patient following the Mustard operation for transposition of the great arteries, yields a
junctional escape beat with an escape interval of 1450 ms. Both the escape mechanism and the escape interval are
abnormal.

SA node is evaluated largely by the ECG
and the bradycardia is correlated with the
reported symptoms for optimal management
(Chapter 13).

Electrophysiologic study also examines
conduction through excitable tissue within the
heart. Conduction velocity varies within the
different segments of the cardiac conduction
system but remains virtually constant with age
(Table 1).

Because it is difficult to measure dis-
tance and time simultaneously within the
heart, or it was until the recent advent of
computer-assisted electro-anatomic mapping
techniques, conduction intervals serve as sur-
rogates for conduction velocity (Table 2).

The P-A interval denotes the shortest
time, in milliseconds, from the exit of the si-
nus impulse from the SA node to its arrival
at the low septal right atrium; its duration is a
function of the size and state (fibrosis, etc.) of
the right and left atria. The A-H interval as-
sesses the conduction time from the low septal
right atrium through the AV node. Because of
the physiologic property of delay within the

TABLE 1. Conduction Velocity

Location Conduction velocity

Atrium 0.8 msec
AV Node 0.5 msec
His–Purkinje System 1–2 msec
Ventricular Myocardium 0.8 msec

AV node, this interval lengthens as the preced-
ing cycle length shortens to a critical length
(relative refractory period; Tables 2 and 3).
Also due to the physiologic function of the AV
node, the A-H interval demonstrates variabil-
ity dependent on the basic metabolic state, va-
gal tone, circulating catecholamines, and drug
administration. The H-V interval marks the
conduction time from the His–Purkinje sys-
tem to the working myocardium. This inter-
val is fairly constant but does increase slightly
from approximately 25 ± 10 ms to 45 ± 10 ms
from infancy to adulthood. An H-V inter-
val greater then 60ms in the young is abnor-
mal and suggests an abnormality in the His–
Purkinje system. It is unusual in the child,
even following surgery for congenital heart
disease, to have a prolonged H-V interval.
Top normal H-V intervals are not uncom-
mon, however, in patients with AV septal
defects (AV canal defects) and older post-
operative tetralogy of Fallot and ventricu-
lar septal defect patients. In addition, par-
ents with familial atrial septal defects and
heart block have recently been linked to mu-
tations in the cardiac homeobox Nkx2.5 gene
(Chapter 18).

In contrast to skeletal muscle, the action
potential of cardiac muscle is long with a de-
lay in recovery of excitability (long refractory
period). As such, cardiac muscle cannot sus-
tain prolonged isometric contraction (tetany)
(Chapter 2). The refractory period of cardiac

SACT	  =	  [c	  −	  a]/2)	  

a	  c	  



¡  Senkop	  veya	  presenkopu	  olan	  
hastalarda	  yüksek	  dereceli	  blok	  
düşünülen	  ancak	  dökümante	  
edilemeyen	  hastalarda	  EFT	  
yapılmalıdır.	  	  

¡  Yine	  KAH	  olan	  ancak	  semptomların	  VT	  
veya	  AV	  bloktan	  olup	  olmadığı	  ayırt	  
edilemeyen	  hastalarda	  EFT	  yararlı	  
olabilir.	  	  

¡  2	  veya	  3	  derece	  AV	  bloğu	  olup	  
lokalizasyonunun	  belirlenmesinin	  
yararlı	  olacağı	  düşünülen	  durumlarda	  
EFT	  yapılabilir.	  	  

Sunao	  Tawara	  



PA:	  20-‐60	  msn	  
AH:	  30-‐120	  msn	  
H:	  <	  30	  msn	  
HV:	  35-‐55	  msn	  
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