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INTRODUCTION

Sinus node dysfunction (SND) refers to an entity with abnor-
malities in the functionality of the sinus node which may be 
due to an alteration in the generation of impulses within the 
sinus node itself, as well as, a disturbance of the conduction 
of impulses from the sinus node to the atrial muscle. Typical 
electrocardiographic features correlating with clinical findings 
are one or more episodes of extreme sinus bradycardia, or si-
nus pauses due to sinoatrial block or sinus arrest, or episodes 
of alternating bradycardia and atrial tachyarrhythmias. Brady-
cardia may be mainly due by two mechanisms in the SND. It 
could be produced by an alteration in the generation of im-
pulses within the sinus node. In addition, it may be gener-
ated by a disturbance of the conduction of impulses from the 
sinus node to the surrounding atrial myocardium [1-4]. SND 
is usually secondary to aging structural changes of the sinus 
node and the surrounding atrial myocardium. Patients with 
this disorder are often elderly with symptoms of stunning, 
pre-syncope, syncope and palpitations and generally have 
other comorbidities. It may be difficult to establish a frank 
relationship between symptoms and the electrocardiogram 
(ECG). This is due to the fact that symptoms may be variable 
in nature, non-specific and frequently transient. Hence, the 
conventional ECG is not sufficient to make a clear diagnosis of 
the symptoms that present the patients. Therefore, additional 
diagnostic tests may be required. 

The diagnosis of SND should not be definitely performed until 

other potentially reversible causes have been excluded. For 
example, the use of drugs, myocardial ischemia, hypothyroid-
ism, and autonomic imbalance should be excluded as possi-
ble causes. Moreover, we have to consider that well-trained 
athletes often have bradycardia. The definite diagnosis of SND 
will be made by establishing a correlation between the pa-
tient’s clinical symptoms and the ECG findings. If the ECG and 
repeated 24-hour Holter ECG monitoring fail to document the 
cause of a patient’s symptoms, consideration should be given 
to utilize an implantable continuous loop-recorder device [5]. 
Stress tests can help identify the abnormal function of the si-
nus node, exclude myocardial ischemia, and can help guide 
device programming for patients who eventually receive a 
permanent pacemaker [2]. Electrophysiological studies allow 
determine certain parameters of SND and atrial vulnerability. 
Therefore, this invasive study could be considered especially 
in those patients who persist symptomatic and in those who 
have not documented episodes of the ECG alterations de-
scribed above [6-9]. 

Electrophysiological investigations based on the recording of 
abnormally prolonged and fractionated atrial local electro-
grams by endocardial catheter mapping during sinus rhythm 
and their characteristic distribution in the right atrium of pa-
tients with SND have provided important knowledge about 
the electrophysiological properties of the diseased atrium [10-
15]. It is well known that abnormal atrial electrogram results 
in an irregular atrial conduction characterized by a non-ho-
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mogeneous local electrical activity, related to an anisotropic, 
non-uniform and delayed conduction through diseased atrial 
walls [16-21]. The detection of abnormal atrial electrograms 
in the SND identifies a group of patients with increased atrial 
vulnerability and a significantly higher incidence of spontane-
ous or induced episodes of atrial fibrillation. Regarding dura-
tion and fractionation of electrograms, it has been shown that 
the slowing of the conduction velocity causes a decrease in 
the amplitude and an increase in the duration of the extra-
cellular electrogram of the canine atria and Purkinje system 
[22, 23]. In addition, it has been studied and demonstrated 
in a computerized model of electrogram generation that the 
decreased conduction velocity was responsible for the in-
crease in electrogram duration, while intracellular resistance 
increased, was responsible for the fractional nature of the 
electrogram [24]. 

Patients with SND present histological alterations not only 
within the sinus node but also in the atrial myocardium sug-
gesting that the tissue damage is not limited to sinus node 
itself. Detailed and quantitative pathological studies per-
formed in patients with SND have demonstrated extensive 
atrial myocardial fibrosis in the vicinity of the sinus node and 
internodal tracts (25, 26). In addition, it has been demon-
strated histologically that the tissues where the abnormally 
prolonged and fractionated electrograms originate present 
fibro-degenerative processes [25, 26]. When the atrial walls 
are markedly altered by fibrosis, the depolarization wave must 
frequently change direction with respect to the longitudinal 
orientation of the myocardial fiber. This would cause unidirec-
tional block, slow conduction and dispersion of the refractory 
periods in certain places, generating the fundamental ele-
ments of the reentry mechanism [27-29]. This tissue damage 
induced electrophysiological changes generate episodes of 
PAF in SND patient. Centurión OA et al. designed a study to 
evaluate the relationship between certain electrophysiologi-
cal parameters that indicate increased atrial vulnerability and 
abnormal atrial electrograms in patients with SND [27]. In this 
study, an attempt was made to clarify the importance and 
significance of the recording of abnormal atrial electrograms 
during sinus rhythm in patients with SND susceptible of devel-
oping episode of PAF. By programmed atrial stimulation with 
single extra-stimulus, we tried to induce the electrophysio-
logical indicators of increased atrial vulnerability, namely, the 
fragmented atrial activity, atrial conduction delay, repetitive 
atrial firing and sustained atrial fibrillation. We demonstrated 
that patients who had abnormal atrial electrograms had a 
significantly increased atrial vulnerability, compared to those 
patients who had normal electrograms. Abnormal atrial elec-

trograms showed a very good specificity and positive predic-
tive value when evaluating the induction of sustained episode 
of PAF. The specificity demonstrated was 94% with a positive 
predictive value of 93% [27]. 

In conclusion, although there are several factors that influence 
to a greater or lesser degree the appearance of AF in these pa-
tients with SND, abnormal atrial electrograms recorded during 
sinus rhythm in patients with electrophysiological alterations 
of the atrial myocardium could be considered as indicators 
of an increased atrial vulnerability. The clinical implication 
demonstrated is that the detection of abnormal atrial elec-
trograms during sinus rhythm in SND patients susceptible of 
developing AF can help to identify a group of patients with 
significantly increased atrial vulnerability and, a significantly 
higher incidence of spontaneous or induced episodes of PAF. 
Therefore, we can assume that patients with SND present his-
tological alterations not only within the sinus node but also 
in the atrial myocardium suggesting that the tissue damage is 
not limited only to the sinus node itself. 

REFERENCES

1.	 Benditt DG, Sakaguchi S, Lurie KG and Lu F. (2007). Sinus 
node dysfunction. En: Willerson J, Cohn J, Wellens JH, 
Holmes D, editors. Cardiovascular medicine. Nueva York: 
Springer. 1925-1941. 

2.	 Kay GN. (1992). Quantitation of chronotropic response: 
comparison of methods for rate-modulating permanent 
pacemakers. J Am Coll Cardiol. 20(7): 1533-1541. 

3.	 De Ponti R, Marazzato J, Bagliani G, Leonelli FM, et al. 
(2018). Sick Sinus Syndrome. Card Electrophysiol Clin. 
10(2): 183-195. 

4.	 Yamaguchi N, Okumura Y, Watanabe I, Nagashima K, et al. 
(2018). Impact of Sinus Node Recovery Time after Long-
Standing Atrial Fibrillation Termination on the Long-Term 
Outcome of Catheter Ablation. Int Heart J. 59(3): 497-502. 

5.	 Jou CJ, Arrington CB, Barnett S, Shen J, et al. (2017). A 
Functional Assay for Sick Sinus Syndrome Genetic Vari-
ants. Cell Physiol Biochem. 42(5): 2021-2029. 

6.	 Thiyagarajah A, Lau DH andSanders P. (2018). Atrial fibril-
lation and conduction system disease: the roles of cath-
eter ablation and permanent pacing. J Interv Card Electro-
physiol. 52(3): 395-402. 

7.	 Brignole M, Auricchio A, Baron-Esquivias G, Bordachar P, 
et al. (2013). 2013 ESC Guidelines on cardiac pacing and 
cardiac resynchronization therapy. The Task Force on car-
diac pacing and resynchronization therapy of the Europe-
an Society of Cardiology (ESC). Developed in collaboration 
with the European Heart Rhythm Association (EHRA). Eur 

https://www.ncbi.nlm.nih.gov/pubmed/1452927
https://www.ncbi.nlm.nih.gov/pubmed/1452927
https://www.ncbi.nlm.nih.gov/pubmed/1452927
https://www.ncbi.nlm.nih.gov/pubmed/29784479/
https://www.ncbi.nlm.nih.gov/pubmed/29784479/
https://www.ncbi.nlm.nih.gov/pubmed/29784479/
https://www.ncbi.nlm.nih.gov/pubmed/29743409
https://www.ncbi.nlm.nih.gov/pubmed/29743409
https://www.ncbi.nlm.nih.gov/pubmed/29743409
https://www.ncbi.nlm.nih.gov/pubmed/29743409
https://www.ncbi.nlm.nih.gov/pubmed/28803248
https://www.ncbi.nlm.nih.gov/pubmed/28803248
https://www.ncbi.nlm.nih.gov/pubmed/28803248
https://www.ncbi.nlm.nih.gov/pubmed/30074119
https://www.ncbi.nlm.nih.gov/pubmed/30074119
https://www.ncbi.nlm.nih.gov/pubmed/30074119
https://www.ncbi.nlm.nih.gov/pubmed/30074119
https://www.ncbi.nlm.nih.gov/pubmed/23801822
https://www.ncbi.nlm.nih.gov/pubmed/23801822
https://www.ncbi.nlm.nih.gov/pubmed/23801822
https://www.ncbi.nlm.nih.gov/pubmed/23801822
https://www.ncbi.nlm.nih.gov/pubmed/23801822
https://www.ncbi.nlm.nih.gov/pubmed/23801822


www.mathewsopenaccess.com

3Citation: Centurión OA, Alderete JF, Torales JM, García LB, et al. (2018). Augmented Atrial Vulnerability in Patients with Sinus Node 

Dysfunction: Is the Electrophysiologic Abnormality Limited Only to the Sinus Node?. M J Cardiol. 3(1): 019. 

Heart J. 34(29): 2281-2329. 
8.	 Teeäär T, Serg M, Paapstel K, Kals J, et al. (2018). Heart 

rate reduction decreases central blood pressure in sick 
sinus syndrome patients with a permanent cardiac pace-
maker. J Hum Hypertens. 32(5): 377-384. 

9.	 Narasimhan C, Sanyal J, Sethi R, Kothari Y, et al. (2017). 
Under-utilization of pacemaker therapy for sinus node 
dysfunction - Real world data from South Asia. Indian 
Heart J. 69(5): 607-612.

10.	 Hashiba K, Centurión OA and Shimizu A. (1996). The elec-
trophysiological characteristics of the human atrial mus-
cle in paroxysmal atrial fibrillation. Am Heart J. 131(4): 
778-789. 

11.	 Tanigawa M, Fukatani M, Konoe A, Isomoto S, et al. (1991). 
Prolonged and fractioned right atrial electrograms during 
sinus rhythm in patients with paroxysmal atrial fibrillation 
and sick sinus node syndrome. J Am Coll Cardiol. 17(2): 
403-408.

12.	 Centurión OA, Fukatani M, Shimizu A, Konoe A, et al. 
(1993). Anterograde and retrograde decremental conduc-
tion over left-sided accessory atrioventricular pathways in 
the Wolff-Parkinson-White syndrome. Am Heart J. 125(4): 
1038-1047.

13.	 Centurión OA, Fukatani M, Konoe A, Tanigawa M, et al. 
(1992).  Different distribution of abnormal endocardial 
electrogram within the right atrium in patients with sick 
sinus syndrome. Br Heart J. 68(6): 596-600. 

14.	 Centurión OA, Isomoto S, Fukatani M, Shimizu A, et al. 
(1993). Relationship between atrial conduction defects 
and fractionated atrial endocardial electrograms in pa-
tients with sick sinus syndrome. PACE. 16(10): 2022-2033. 

15.	 Centurión OA, Fukatani M, Konoe A, Tanigawa M, et al. 
(1992). Electrophysiological abnormalities of the atrial 
muscle in patients with sinus node dysfunction without 
tachyarrhythmias. Int J Cardiol. 37(1): 41-50. 

16.	 Centurión OA, Shimizu A, Isomoto S, Konoe A, et al. 
(2005). Influence of advancing age on fractionated right 
atrial endocardial electrograms. Am J Cardiol. 96(2): 239-
242.

17.	 Centurión OA, Isomoto S, Shimizu A, Konoe A, et al. 
(2003).  The effects of aging on atrial endocardial electro-
grams in patients with paroxysmal atrial fibrillation. Clin 
Cardiol. 26(9): 435-438. 

18.	 Shimizu A and Centurión OA. (2002). Electrophysiological 
properties of the human atrial fibrillation. Cardiovasc Res. 
54(2): 302-314. 

19.	 Centurión OA, Isomoto S and Shimizu A. (2010).  Electro-
physiological changes of the atrium in patients with lone 
paroxysmal trial fibrillation. JAFIB. 3(1): 232.

20.	 Centurión OA. (2015). Age-related electrophysiological 
changes of the atrial myocardium in patients with parox-
ysmal atrial fibrillation. J Cardiol & Curr Res. 3(6): 00121.

21.	 Savio-Galimberti E, Argenziano M and Antzelevitch C. 
(2018). Cardiac Arrhythmias Related to Sodium Channel 
Dysfunction. Handb Exp Pharmacol. 246: 331-354.

22.	 Spach MS, Miller WT, Geselowitz DB, Barr RC, et al. (1981). 
The discontinuous nature of propagation in normal ca-
nine cardiac muscle: Evidence for recurrent discontinui-
ties of intracellular resistance that affect the membrane 
currents. Circ Res. 48(1): 39:54. 

23.	 Spach MS, Miller III WT, Dolber PC, Kootsey JM, et al. 
(1982). The functional role of structural complexities in 
the propagation of depolarization in the atrium of the 
dog: Cardiac conduction disturbances due to discontinui-
ties of effective axial resistivity. Circ Res. 50(2): 175-191. 

24.	 Lesch MD, Spear JF and Simson MB. (1988). A computer 
model of the electrogram: What causes fractionation? J 
Electrocardiol. 21(Suppl): S69-S73. 

25.	 Evans R and Shaw DB. (1977). Pathological studies in si-
noatrial disorders (sick sinus syndrome). Br Heart J. 39(7): 
778-786.

26.	 Demoulin JC and Kulbertus HE. (1978). Histopathological 
correlates of sinoatrial disease. Br Heart J. 40(12): 1384-
1389. 

27.	 Centurión OA, Shimizu A, Isomoto S, Konoe A, et al. 
(1994). Repetitive atrial firing and fragmented atrial activ-
ity elicited by extrastimuli in the sick sinus syndrome with 
and without abnormal atrial electrograms. Am J Med Sci. 
307(4): 247-254. 

28.	 Centurión OA, Isomoto S, Shimizu A, Konoe A, et al . 
(1994). Supernormal atrial conduction and its relationto 
atrial vulnerability and atrial fibrillation in patients with 
sick sinus syndrome and paroxysmal atrial fibrillation. Am 
Heart J. 128(1): 88-95. 

29.	 Centurión OA, Konoe A, Isomoto S, Hayano M, et al. 
(1994). Possible role of supernormal atrial conduction in 
the genesis of atrial fibrillation in patients with idiopathic 
paroxysmal atrial fibrillation. Chest. 106(3): 842-847.

https://www.ncbi.nlm.nih.gov/pubmed/23801822
https://www.ncbi.nlm.nih.gov/pubmed/29581554
https://www.ncbi.nlm.nih.gov/pubmed/29581554
https://www.ncbi.nlm.nih.gov/pubmed/29581554
https://www.ncbi.nlm.nih.gov/pubmed/29581554
https://www.ncbi.nlm.nih.gov/pubmed/29054184
https://www.ncbi.nlm.nih.gov/pubmed/29054184
https://www.ncbi.nlm.nih.gov/pubmed/29054184
https://www.ncbi.nlm.nih.gov/pubmed/29054184
https://www.ncbi.nlm.nih.gov/pubmed/8721655
https://www.ncbi.nlm.nih.gov/pubmed/8721655
https://www.ncbi.nlm.nih.gov/pubmed/8721655
https://www.ncbi.nlm.nih.gov/pubmed/8721655
https://www.ncbi.nlm.nih.gov/pubmed/1991897
https://www.ncbi.nlm.nih.gov/pubmed/1991897
https://www.ncbi.nlm.nih.gov/pubmed/1991897
https://www.ncbi.nlm.nih.gov/pubmed/1991897
https://www.ncbi.nlm.nih.gov/pubmed/1991897
https://www.ncbi.nlm.nih.gov/pubmed/8465726
https://www.ncbi.nlm.nih.gov/pubmed/8465726
https://www.ncbi.nlm.nih.gov/pubmed/8465726
https://www.ncbi.nlm.nih.gov/pubmed/8465726
https://www.ncbi.nlm.nih.gov/pubmed/8465726
https://www.ncbi.nlm.nih.gov/pubmed/1467054
https://www.ncbi.nlm.nih.gov/pubmed/1467054
https://www.ncbi.nlm.nih.gov/pubmed/1467054
https://www.ncbi.nlm.nih.gov/pubmed/1467054
https://www.ncbi.nlm.nih.gov/pubmed/7694249
https://www.ncbi.nlm.nih.gov/pubmed/7694249
https://www.ncbi.nlm.nih.gov/pubmed/7694249
https://www.ncbi.nlm.nih.gov/pubmed/7694249
https://www.ncbi.nlm.nih.gov/pubmed/1428288
https://www.ncbi.nlm.nih.gov/pubmed/1428288
https://www.ncbi.nlm.nih.gov/pubmed/1428288
https://www.ncbi.nlm.nih.gov/pubmed/1428288
https://www.ajconline.org/article/S0002-9149(05)00657-0/abstract
https://www.ajconline.org/article/S0002-9149(05)00657-0/abstract
https://www.ajconline.org/article/S0002-9149(05)00657-0/abstract
https://www.ajconline.org/article/S0002-9149(05)00657-0/abstract
https://www.ncbi.nlm.nih.gov/pubmed/14524602
https://www.ncbi.nlm.nih.gov/pubmed/14524602
https://www.ncbi.nlm.nih.gov/pubmed/14524602
https://www.ncbi.nlm.nih.gov/pubmed/14524602
https://www.ncbi.nlm.nih.gov/pubmed/12062336
https://www.ncbi.nlm.nih.gov/pubmed/12062336
https://www.ncbi.nlm.nih.gov/pubmed/12062336
https://www.ncbi.nlm.nih.gov/pubmed/28496655
https://www.ncbi.nlm.nih.gov/pubmed/28496655
https://www.ncbi.nlm.nih.gov/pubmed/28496655
https://medcraveonline.com/JCCR/JCCR-03-00121
https://medcraveonline.com/JCCR/JCCR-03-00121
https://medcraveonline.com/JCCR/JCCR-03-00121
https://www.ncbi.nlm.nih.gov/pubmed/28965168
https://www.ncbi.nlm.nih.gov/pubmed/28965168
https://www.ncbi.nlm.nih.gov/pubmed/28965168
https://www.ncbi.nlm.nih.gov/pubmed/7438345
https://www.ncbi.nlm.nih.gov/pubmed/7438345
https://www.ncbi.nlm.nih.gov/pubmed/7438345
https://www.ncbi.nlm.nih.gov/pubmed/7438345
https://www.ncbi.nlm.nih.gov/pubmed/7438345
https://www.ncbi.nlm.nih.gov/pubmed/7055853
https://www.ncbi.nlm.nih.gov/pubmed/7055853
https://www.ncbi.nlm.nih.gov/pubmed/7055853
https://www.ncbi.nlm.nih.gov/pubmed/7055853
https://www.ncbi.nlm.nih.gov/pubmed/7055853
https://www.ncbi.nlm.nih.gov/pubmed/3216179
https://www.ncbi.nlm.nih.gov/pubmed/3216179
https://www.ncbi.nlm.nih.gov/pubmed/3216179
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC483316/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC483316/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC483316/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC483583/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC483583/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC483583/
https://www.ncbi.nlm.nih.gov/pubmed/8160717
https://www.ncbi.nlm.nih.gov/pubmed/8160717
https://www.ncbi.nlm.nih.gov/pubmed/8160717
https://www.ncbi.nlm.nih.gov/pubmed/8160717
https://www.ncbi.nlm.nih.gov/pubmed/8160717
https://www.ncbi.nlm.nih.gov/pubmed/7517097
https://www.ncbi.nlm.nih.gov/pubmed/7517097
https://www.ncbi.nlm.nih.gov/pubmed/7517097
https://www.ncbi.nlm.nih.gov/pubmed/7517097
https://www.ncbi.nlm.nih.gov/pubmed/7517097
https://www.ncbi.nlm.nih.gov/pubmed/8082367
https://www.ncbi.nlm.nih.gov/pubmed/8082367
https://www.ncbi.nlm.nih.gov/pubmed/8082367
https://www.ncbi.nlm.nih.gov/pubmed/8082367

