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Sick sinus syndrome (SSS) is a collection of 
disorders defined by abnormal cardiac impulse 
formation and by abnormal propagation from 
the sinoatrial node, which prevents it from 
performing its pacemaking function. This 
condition, also known as sinus node dysfunction, 
is associated with an atrial rate that does not 
meet the body’s physiologic requirements.

SSS usually occurs in older adults, but it can affect persons of all 
ages. One in 600 cardiac patients older than 65 years has this 
syndrome. In one study of patients older than 21 years with sick 
sinus syndrome, the median age was 74 years.
Men and women are affected equally.
.
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Intrinsic causes Extrinsic factors that mimic or exacerbate sick 
sinus syndrome

Degenerative fibrosis 

Infiltrative disease processes

Amyloidosis 

Connective tissue diseases 

Hemochromatosis 

Sarcoidosis 

Ion channel dysfunction

Remodeling of the sinoatrial node 

Autonomic dysfunction 
Carotid sinus hypersensitivity 
Neurocardiogenic syncope
Vasovagal syncope 
Increased vagal tone (occurs in athletes and during 
sleep)
Metabolic disturbances
Hyperkalemia, Hypocalcemia, Hypokalemia
Hypothermia
Hypothyroidism 
Hypoxia 
Obstructive sleep apnea 
Pharmacologic agents
Antiarrhythmic medications (class I and III), Beta 
blockers, Calcium channel blockers 
(nondihydropyridine), Digoxin, Lithium,
Sympatholytic medications 
Toxins

Causes of Sick Sinus Syndrome

Mangrum JM, DiMarco JP. The evaluation and management of bradycardia. N Engl J Med. 2000;342(10):703-70



Arrhythmias in Patients with Sick Sinus Syndrome

Bradyarrhythmias
Ectopic atrial bradycardia 
Greater than three-second pause following carotid massage 
Long pause following cardioversion of atrial tachyarrhythmias
Sinoatrial exit block 

Mobitz type I block (Wenckebach block)
Mobitz type II block 

Sinus arrest (with or without junctional escape)
Sinus bradycardia 

Tachyarrhythmias
Atrial fibrillation
Atrial flutter 
Atrial tachycardia 
Paroxysmal supraventricular tachycardia 
Alternating bradyarrhythmias and tachyarrhythmias
Tachycardia-bradycardia syndrome

The diagnosis of sick sinus syndrome
requires the presence of
electrocardiographic abnormalities
and clinical symptoms.

Lamas GA, Lee KL, Sweeney MO, et al.; Mode Selection
Trial in SinusNode Dysfunction. Ventricular pacing or dual-chamber pacing for sinusnode dysfunction. N Engl J Med. 2002;346(24):1854-186



Permanent pacemaker placement
is recommended only in patients
with symptomatic sick sinus
syndrome and documented
bradycardia.

Pacemaker therapy has not been 
shown to affect survival rates in 
this population. Rather, the 
primary goal of pacemaker 
placement is to relieve symptoms 
and improve quality of life.

Treatment

Gregoratos G. Indications and recommendations for pacemaker therapy. Am Fam Physician. 2005;71(8):1563-1570

Indication Type of pacemaker

Sick sinus syndrome 
with normal 
atrioventricular 
conduction

Dual chamber pacing 
or atrial inhibited 
pacing

Sick sinus syndrome 
with known 
atrioventricular 
conduction 
abnormality 
(including bundle 
branch block and 
bifascicular block)

Dual chamber pacing



PACING MODE
In response to a sensed intracardiac signal, a 
pacemaker may inhibit output, trigger 
output, or pace in a different chamber after a 
timed delay. This function is governed by the 
programmed pacing mode. 

The pacing mode is described with a 4- or 5-
letter code (e.g., DDDR), in which the first 
position identifies the chamber paced (A for 
atrium, V for ventricle, D for dual/both), the 
second position indicates the chamber 
sensed, the third position denotes the device 
response to sensed events (I for inhibit, T for 
trigger, or D for dual [both]), the fourth 
position indicates whether rate response is 
on, and the fifth position (when used), 
indicates whether multisite pacing is 
employed in the atrium (A), ventricle (V), or 
both (D). Hayes DL, Asirvatham SJ, Friedman PA. Cardiac Pacing, Defibrillation and Resynchronization: A Clinical Approach. Third Edition.

Chichester, UK: Wiley-Blackwell, 2013.



Pacing mode types:

DDD. Standard dual-chamber pacing is used when the sinus mode 
is intact, but AV conduction impaired. Sinus activity is sensed and 
will trigger ventricular pacing following a programmed AV delay 
(p-synchronous pacing).

DDDR. Rate response is added when sinus and AV nodal function are both 
abnormal; the rate responsive feature provides chronotropic response. Most 

modern devices use sensors to determine the rate responsiveness to physiological 
demands.

VVI and VVIR. Ventricular-only pacing is used in patients with chronic atrial fibrillation, 
or infrequent pauses or bradycardias. The potential for tracking atrial arrhythmias is 
eliminated. Rate response provides chronotropic support when needed. Single-chamber 
pacemakers with leads in the ventricle can deliver these modes.

AAIR. This mode is reserved for isolated sinus node dysfunction with intact AV 
nodal conduction. It avoids ventricular pacing and, when delivered by a single-

chamber pacemaker, eliminates the need for a lead that crosses the tricuspid 
valve.

VOO/DOO. Asynchronous modes are programmed to avoid recognition of electrical activity, most 
commonly electrocautery, CMR signals, or other electromagnetic interference (EMI). These modes 
prevent sensing of extrinsic electrical activity, which may be “misinterpreted” as native cardiac events, 
inhibiting pacing, or lead to rapid ventricular pacing up to the upper rate limit if sensing occurs on the 
atrial lead. In current clinical practice, these modes are only used temporarily to prevent oversensing.



Complication Reported Frequency (%)

Pneumothorax 

Cardiac perforation 

Hemothorax

Significant pocket hematoma 

requiring:

Surgery

Interruption of  anticoagulation

Prolongation of  hospital stay

Lead dislodgement:

Right-sided leads 

LV leads 

Venous thrombosis and obstruction

CIED device infection
Mechanical lead complications

0.9–1.2 (22)

<1 (44)

<1

3.5 (19)

1.8 (22)

5.7 (22)

1–3 (45)

1.0–1.3 (46)
<1

Pacemaker-Related Complications



(A) Chest x-ray after device placement showing pneumothorax. The arrow highlights the border of the collapsed lung. (B) Hematoma
associated with blood drainage from the pocket. Chest x-ray (C) and computed tomography (CT) image (D) of arterial placement of a 
pacing lead. Note that the lead is pointing posteriorly on a lateral chest x-ray while traversing through the ascending aorta on the CT 
scan. (E) Acute pericardial effusion (arrow) with hemodynamic collapse in a patient after right ventricular lead implantation.



(A) Lead fracture on a chest x-ray. Lead fracture is associated with high impedance due to structural discontinuity (arrow) of the lead. (B) Lead
insulation break, which is typically associated with low impedance. (C) Deposition of crystals in the lead, which may be associated with high 
thresholds and impedances (functional in nature). (D) Development of fibrosis at the lead myocardial interface, resulting in high thresholds, and 
impaired sensing, resulting

Kutarski A, Małecka B, Kołodzinska A, et al. Mutual abrasion of endocardial leads: analysis of explanted leads. Pacing Clin Electrophysiol 2013; 36:1503–11.



Aim of study was to 
investigate survival and 
surgical complications in 
patients with SSS and 
implanted pacemaker



Methods: A register of patients 
with SSS (n=610) has been set 

and analyzed for general 
mortality and complications 
depending upon SSS variant, 
type of electric pacemaker in 

the FU period (39,7±0,8 
months).

Variants of SSS groups: 

1. Stable sinus bradycardia,
2. Sino-atrial (SA) blockade 2 degree,
3. SA arrest and SA blockade 3 degree,
4. Tachy-brady syndrome.



Patients with SSS 
(n=610)

DDD, n=94 
(15,4%)

DDDR, n=258 
(42,2%)

VVI, n=167 
(27,4%)

VVIR, n=46 
(7,5%)

AAIR, n=52 (8,5%)

AAI, n=85 (13,9%)

Sinus bradycardia, 
n=387 (63,4%)

SA II grade 
blockade, n=81 

(13,3%)

SA arrest+SA III 
grade blockade, 
n=124 (20,3%)

Tachy-brady
syndrome, n=18 

(3,0%) 

Follow-up analysis after 
39,7±0,8 months

Surgical 
complications 

Cardiovascular 
events

Study design



Parameter SSS group

n 610

Age, years 69,2±1,48

Male/female, n 272/348

Arterial hypertension, n (%) 498 (81,6)

CHD, n (%) 593 (97,2)

Diabetes mellitus, n (%) 53 (8,7)

Paroxysmal atrial fibrillation, n (%) 193 (31,6)

Post-MI, n (%) 63 (10,3)

Patients` demographic characteristics



Parameter Value

n 610

pacing mode:

AAI, n (%)

DDD, n (%)

DDDR, n (%)
VVI, n (%)
VVIR, n (%)
AAIR, n (%)

85 (13,9)
94 (15,4)

258 (42,2)

167 (27,4)
46 (7,5)
52 (8,5)

Heart rhythm after pacemaker
installation:

sinus rhythm , n (%)

pacemaker rhythm , n (%)

98 (16,1)

507 (83,1)

Parameters of established pacemakers in SSS patients

85

94

258

167

46

52

AAI, n DDD, n DDDR, n VVI, n VVIR, n AAIR, n



Parameters of distant adverse cardiovascular events
in patients with SSS

Parameter SSS group

n 610

Observation time, months 39,7±0,8

Hospitalizations, n (%):

due to cardio-vascular reasons, n (%), % for 1 
month

other reasons, n (%), % for 1 month

329 (53,9); 1,36

160 (26,2); 0,66

169 (27,7); 0,7

Myocardial infarction, n (%), % for 1 month 17 (2,8), 0,07

Stroke, n (%), % for 1 month 20 (3,3); 0,08

Deaths, n (%), % for 1 month 79 (12,95); 0,33



Parameter Sinus 

bradycardia

SA blockade 

II grade

SA arrest and SA 
blockade III grade

Tachy-
brady

syndrome

n (% from all patients) 387 (63,4) 81 (13,3) 124 18 (3,0)

Observation time, months 40,9±1,0 31,2±2,3 34±2,4 41,7±4,4

Hospitalizations, n (%):

due to cardio-vascular reasons, 

n (%), 

other reasons, n (%)

220 (56,8)

105 (27,1)

115 (29,7)

39 (48,1)

18 (22,2)

21 (25,9)

58 (46,7)

35 (28,2)

28 (22,6)

12 (66,7)

7 (38,9)

5 (27,8)

Myocardial infarction, n (%) 10 (2,6) 2 (2,4) 3 (2,4) 2 (11,1)

Stroke, n (%) 13 (3,4) 2 (2,4) 4 (3,2) 1 (5,5)

Death, n (%) 44 (11,4) 13 (16,0) 21 (16,9) 1 (5,5)

Parameters of distant adverse cardiovascular events
in patients with different SSS variants



Parameter AAI AAIR DDD DDDR VVI VVIR

n (% from all patients) 85 52 94 258 167 46

Age, years 68,8±1,2 70,9±1,6 67,3±1,3 66,1±0,8 75,3±0,6 73,9±1,5

Observation time, months 42,0±2,4 38,1±3,0 42,0±1,0 31,4±1,0 43,4±1,6 32,2±3,3

Hospitalizations, n (%):

due to cardio-vascular reasons, n

(%), 

other reasons, n (%)

38 (44,7)

12 (14,1)

26 (30,6)

23 (44,2)

7 (13,5)

16 (30,7)

61 (64,9)

40 (42,6)

21 (22,3)

148 (57,4)

70 (27,1)

78 (30,2)

79 (47,3)

36 (21,6)

43 (25,8)

27 (58,7)

17 (37,0)

10 (21,7)

Myocardial infarction, n (%) 1 (1,1) 0 (0) 4 (4,2) 8 (3,1) 4 (2,4) 1 (2,2)

Stroke, n (%) 2 (2,2) 0 (0) 4 (4,2) 9 (3,5) 5 (3,0) 1 (2,2)

Death, n (%) 5 (5,5) 4 (7,7) 11 (11,7) 20 (7,8) 41 (24,6) 9 (19,6)

Death frequency/ month*100 13,1 20,2 27,9 24,8 56,7 60,9

Parameters of distant adverse cardiovascular events
in patients with different pacemakers
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Parameter Pacemaker rhythm Sinus rhythm

n (% from all patients) 481 (84,2) 90 (15,8)

Observation time, months 40,7±0,8 34,6±2,0

Hospitalizations, n (%):

due to cardio-vascular 

reasons, n (%), 

other reasons, n (%)

246 (51,1)

125 (26,0)

121 (25,2)

48 (53,3)

22 (24,4)

26 (28,9)

Myocardial infarction, n

(%)

14 (2,9) 1 (1,1)

Stroke, n (%) 12 (2,5) 5 (5,6)

Death, n (%) 65 (13,5) 8 (8,9)

Parameters of distant adverse cardiovascular events
in SSS patients after pacemaker installation due to rhythm



Parameter Bradycardia SA blockade II
grade

SA arrest and 
SA blockade III 

grade

Tachy-
brady

syndrome

Total

n (%) 353 (57,8) 122 (19,8) 117 (19) 18 (2,9) 610(100)

Observation time, months 40,9±1,0 32,7±2,5 33,9±2,0 41,7±4,4

Electrode ulcer, n (%) 3 (0,84) 1(0,82) 1 (0,86) 0 5 (0,8)

Electrode fistula, n (%) 2 (1,68) 0 0 0 2 (0,32)

Electrode dislocation, n (%) 5 (4,2) 0 0 0 5 (0,8)

Suppuration of pacemaker bed, n
(%)

2 (1,68) 1 (0,82) 0 0 3 (0,49)

Pacemaker ulcer, n (%) 6 (1,68) 2 (1,64) 0 0 8 (1,3)

Pacemaker syndrome, n (%) 8 (2,24) 1 (0,82) 0 1 (5,6) 10 (1,6)

Electrode s dysfunction, n (%) 4 (1,12) 0 0 0 4 (0,65)

Pacemaker dysfunction, n (%) 5 (4,2) 0 4 (3,44) 0 9 (1,4)

Hematoma of pacemaker bed, n
(%)

10 (2,8) 4 (3,28) 3 (2,58) 1 (5,6) 18 (2,9)

Total 45 (12,6) 9 (7,38) 7 (5,74) 2 (11,2) 64 (10,4)

Surgical complications of pacemaker implantation depending on the 
type of SSS



Surgical complications of pacemaker implantation depending on the 
pacemaker type

Parameter AAI DDD VVI

n, (%) 137 352 121

Electrode ulcer, n (%) 1 (0,73) 4 (1,1) 0

Electrode fistula, n (%) 0 1 (0,3) 1 (0,47)

Electrode dislocation, n (%) 0 4 (1,1) 1 (0,47)

Suppuration of pacemaker bed, n
(%)

1 (0,73) 2 (0,6) 1 (0,47)

Pacemaker ulcer, n (%) 0 5 (3,6) 2(0,47)

Pacemaker syndrome, n (%) 0 0 10 (4,7)

Electrode s dysfunction, n (%) 1 (0,73) 2 (0,6) 1 (0,47)

Pacemaker dysfunction, n (%) 5 (3,6) 3 (0,8) 1 (0,47)

Hematoma of pacemaker bed, n (%) 4(2,92) 10 (4,7) 1(0,47)

Total 12 (8,76) 31 (9,3) 21 (9,87)



• Long term follow-up general mortality 
analysis showed most unfavorable SSS 
variant SA arrest.

•Patients with AAI pacemakers 
implantation showed better life expectancy 
then with DDD and especially VVI.




