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Sinus node, location

▪ Localized to the crest 
of the RAA, at the 
lateral SVC/RA 
junction. 

▪ Elaborate structure, 
extending from the 
SVC/RA junction 
down the 
inferolateral aspect 
of the crista 
terminalis toward 
the IVC/RA orifice

J Interv Card Electrophysiol (2016) 46:3–8



Sinus node, location, variant

Found in 10 % of  human 

hearts, with the node 

situated anteriorly and 

extending across the crest 

of  the right atrial 

appendage in a horseshoe 

shaped arrangement, within 

the inter-atrial groove

Typical location Horseshoe variant



Sinus node, blood supply

▪ Receives its blood supply predominantly from the sinus node artery, a 

branch of  either the right coronary artery (in about 55-60% of  people) 

or the left circumflex artery (in about 40-45% of  people). 



Sinus node, autonomic innervation

Richly innervated by 

the autonomic nervous 

system, which plays a 

crucial role in the 

regulation of  sinus rate, 

by modulating ionic 

currents



Sinus node, histology, cell clusters

• Seen as a dense aggregation of   specialized cells within a 
highly fibrous connective tissue matrix



Sinus node, histology, cell clusters

• Mosaic features may help to gradually match nodal activity 
with that of  the right atrium and promote a gradient 
favoring an antegrade direction of  conduction.

• Functional purpose of  the transitional zone may be to 
facilitate the exit of  the action potential from the node into 
the atrial muscle.



Sinus impulse generation

• Leading pacemaker
• typically originates superiorly

• In response to physiological stimuli, it can shift position in the 
node to become more inferior or even multifocal (pacemaker shift)

• Sympathetic stimulation shifts the leading pacemaker site 
superiorly resulting in an increase in heart rate

• Parasympathetic activity results in an inferior shift and 
heart rate slowing.



• = Sick sinus syndrome

• Abnormal conduction and propagation of  electrical impuls
es at the sinoatrial node

• Intrinsic / Extrinsic cause

• Sinus bradycardia, sinus pauses or arrest, sinoatrial exit bl
ock, chronotropic incompetence, or tachycardia-bradycar
dia syndrome

Sinus node dysfunction (SND)



EKG 1



EKG 2

Sinus node dysfunction

Paroxysmal complete atrioventricular block



EKG 3



EKG 4



EKG 5



• Female / 48 YO

• Bipolar disorder on Lithium (600mg → 400mg)

• Unstable kidney and liver function

CASE 1

Creatinine AST



CASE 1

Lithium discontinued and medication change



CASE 1

Aggravated pshychotic symptom

Intermittent sinus pause with pacing back-up with temporary pacemaker



CASE 1



• In symptomatic patients presenting with sinus node dysfun
ction (SND), evaluation and treatment of  reversible causes 
is recommended.

Common Potentially Reversible or Treatable Causes 
of  SND



Can Induce/Exacerbate Bradycardia 



Acute Medical Therapy for Bradycardia

• In patients with SND associated with symptoms or 
hemodynamic compromise, atropine is reasonable to 
increase sinus rate (IIA)

• In patients with SND associated with symptoms or 
hemodynamic compromise who are at low likelihood of  
coronary ischemia, isoproterenol, dopamine, dobutamine, 
or epinephrine may be considered to increase heart rate 
and improve symptoms. (IIB)

• In patients who have undergone heart transplant without 
evidence for autonomic reinnervation, atropine should not 
be used to treat sinus bradycardia. (III)

Circulation. 2019;140:e333–e381. DOI: 10.1161/CIR.0000000000000627



Acute Medical Therapy for Bradycardia

Circulation. 2019;140:e333–e381. DOI: 10.1161/CIR.0000000000000627

Atropine

0.5–1 mg IV (may be repeated every 3–5 min to 

a maximum dose of  3 mg

Dopamine

5 to 20 mcg/kg/min IV. starting at 5 mcg/kg/min 

and increasing by 5 mcg/kg/min every 2 min

Dosages of  >20 

mcg/kg/min may result 

in vasoconstriction or 

arrhythmias

Isoproterenol

20–60 mcg IV bolus followed doses of  10–20 

mcg, or infusion of  1–20 mcg/min based on 

heart rate response

Monitor for potential 

development of  

ischemic

chest pain

Epinephrine

2–10 mcg/min IV or 0.1–0.5 mcg/kg/min IV 

titrated to desired effect2–10 mcg/min IV or 

0.1–0.5 mcg/kg/min IV titrated to desired

effect



• Treadmill test
• In patients with suspected chronotropic incompetence, exercise 

electrocardiographic testing is reasonable to ascertain the diagnosis 
and provide information on prognosis. (IIa)

• In patients with exercise-related symptoms suspicious for bradycardia 
or conduction disorders, or in patients with 2:1 atrioventricular block of  
unknown level, exercise electrocardiographic testing is reasonable. (IIa)

• Holter monitoring
• Cardiac rhythm monitoring is useful to establish correlation between 

heart rate or conduction abnormalities with symptoms, with the 
specific type of  cardiac monitor chosen based on the frequency and 
nature of  symptoms, as well as patient preferences (I)

General evaluation

European Heart Journal (2018) 00, 1–69 ESC GUIDELINES
doi:10.1093/eurheartj/ehy037



Sleep Apnea Evaluation

• In patients with documented or suspected bradycardia 

or conduction disorder during sleep, screening for 

symptoms of  sleep apnea syndrome is recommended 

with subsequent confirmatory testing directed by 

clinical suspicion.

European Heart Journal (2018) 00, 1–69 ESC GUIDELINES
doi:10.1093/eurheartj/ehy037



Case 2

• Female / 66 YO

• Hypertension on telmisartan 40mg qd

• Occasional symptomatic PVCs with dilatrend 12.5mg bid

• CC> Palpitation and Dizziness



Case 2

• Holter monitoring



Case 2

• Holter monitoring



Case 2

• Treadmill test



Case 2

• Holter monitoring follow-up

수면수면

=> Observation



Pacing should not be performed

III: Harm

In asymptomatic individuals with sinus bradycardia or 

sinus pauses that are secondary to physiologically 

elevated parasympathetic tone, permanent pacing should 

not be performed.

C

III: Harm

In patients with sleep-related sinus bradycardia or 

transient sinus pauses occurring during sleep, permanent

pacing should not be performed unless other indications 

for pacing are present.

C

III: Harm

In patients with asymptomatic SND, or in those in whom 

the symptoms have been documented to occur in the 

absence of  bradycardia or chronotropic incompetence,

permanent pacing should not be performed.

C



Pacing should not be performed

I
In symptomatic patients with SND, atrial based pacing is 
recommended over single chamber ventricular pacing.

B-R

I

In symptomatic patients with SND and intact
atrioventricular conduction without evidence of
conduction abnormalities, dual chamber or single
chamber atrial pacing is recommended.

B-R



Dual versus Single chamber pacing in SND

N Engl J Med 2002; 346:1854-1862

• In sinus-node dysfunction, 

dual-chamber pacing does 

not improve stroke-free 

survival, as compared with 

ventricular pacing. 

• However, dual-chamber 

pacing reduces the risk of  

atrial fibrillation, reduces 

signs and symptoms of  heart 

failure, and slightly improves 

the quality of  life. 



Oral theophylline

IIb

In patients with symptoms that are likely attributable to 

SND, a trial of  oral theophylline may be considered to 

increase heart rate, improve symptoms, and help 

determine the potential effects of  permanent pacing.

C-

LD

IIa

In post-heart transplant patients, aminophylline or 

theophylline is reasonable to increase heart rate if  

clinically Indicated

C-

LD

IIa

In patients with SND associated with symptoms or 

hemodynamic compromise in the setting of  acute spinal 

cord injury, aminophylline or theophylline is reasonable

to increase heart rate and improve Symptoms

C-

LD









Take Home Messages

1. Sinus node dysfunction is most often related to age-

dependent progressive fibrosis of  the sinus nodal tissue and 

surrounding atrial myocardium leading to abnormalities of  

sinus node and atrial impulse formation and propagation and 

will therefore result in various bradycardic or pause related 

syndromes.



Take Home Messages

2. The presence of  nocturnal bradycardias should prompt 

consideration for screening for sleep apnea, beginning with 

solicitation of  suspicious symptoms. However, nocturnal 

bradycardia is not in itself  an indication for permanent 

pacing.



Take Home Messages

3. In sinus node dysfunction, there is no established

minimum heart rate or pause duration where permanent 

pacing is recommended. Establishing temporal correlation 

between symptoms and bradycardia is important when 

determining whether permanent pacing is needed.



Take Home Messages

4. In patients with bradycardia who have indications

for pacemaker implantation, shared decision-making and 

patient-centered care are endorsed and emphasized in this 

guideline.



Take Home Messages

5. Identifying patient populations that will benefit the most 

from emerging pacing technologies (eg, His bundle pacing, 

transcatheter leadless pacing systems) will require further 

investigation as these modalities are incorporated into 

clinical practice.
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