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ABSTRACT 
 

Background: Dysfunction of sinoatrial node is a set of abnormal rhythms which are resulted from the sinoatrial 

node malfunctionof the sinus node, the chief natural cardiac pacemaker. The common, and occasionally, the 
single method for treatment of heart arrhythmias wasimplantation of pacemaker, which reduce symptoms exactly 
occurs after implantation.  
Aim: To detect the association between red cell width diameter (RDW) and some cardiac electrophysiology 

parameters in sinus node dysfunction in Iraqi patients such as SNRT and AH.  
Methods: A cross sectional study, was conducted on 59 patient ranging between 20-50 years old and involving 35 

female and 24 male patients, suffering from an unexplained symptoms of sinoatrial node dysfunction (SND). The 
enrolled participants were gathered from patients who visited the arrhythmia consultant clinic in the Najaf center 
for cardiac surgery and interventional catheterization at Al-Sadr Medical City in Najaf from all parts of Iraq. The 
duration of study extended from the beginning of July 2018 till the ending of July 2019. The patients were selected 
and investigated according to inclusion criteria and either referred to electrophysiological study.  
Results: The basic procedure of the study was measurement of cardiac electrophysiological parameters such as 

SNRT and AH as well as other noninvasive investigations such as PR. Depending on sinus node recovery time 
(SNRT) measurement for all patients, new cutoff point (1150 milliseconds) for pacemaker implantation was 
detected. Statistically significant correlations were found between new SNRT cutoff of study and most of 
electrophysiological, anthropometric, demographic that achieved in current study (P-value˂ 0.05). 
Conclusion: RDW has a significant effecton PR, SNRT, and AH parameters of patients with unexplained 

symptomatic SND in Iraq.  
Keywords: Sinus Node Dysfunction, EPS, RDW, Sinus Node Recovery Time. 

 

INTRODUCTION 
 

Arrhythmias of heart are one of the largest troubles in 
recent cardiology. Individuals throughout the world suffer 
from several symptoms which are associated with 
arrhythmias like chest fluttering, dizziness, bradycardia or 
tachycardia, and the most progressed symptoms is a 
syncope (Dagres N et al., 2018;Grisanti LA, 2018). As a 
response for the symptoms nature,all can adverselychange 
the life quality, which has been recognizedseveral times 
(Lopez-Villegas A.et al., 2018; Pyngottu A et al., 2019). 
There are two major kinds of cardiacarrhythmia; sinus node 
dysfunction and atrioventricular blocks types. Dysfunction 
of sinoatrial nodeis a set of abnormal rhythms which are 
result from the sinoatrial node malfunctionof the sinus 
node, the chiefcardiac pacemaker(Dobrzynski H et al., 
2007).  
Hereditarydisorders leading to impairment of heart 
conducting systemconstituentstask can result inintense 
arrhythmias which needmedical (e.g. blockers of beta 
receptors) or invasive (e.g. implantation of pacemaker or 
ablation) treatment (Wolf CM and Berul CI, 2006). In spite 
of development has been done in analyzing and 
understandingthe characteristics of electrophysiology of 
cardiac conducting system (CCS) components (Munshi 
NV,2012),the mechanisms development of molecular 
controlling conducting system of heart arestill understood 
inadequately.  
The atrial sinoatrial node is the keycardiac 
pacemakerwhichinitiate and regulate heart rhythm. 

Sinoatrial node conduction and automaticityinfluenced by 
calcium ion holding proteins, specialvariousspreading of ion 
channels inside myocyteand autonomic receptors within 
the atrial sinus node (Monfredi et al., 2010; Dobrzynski et 
al., 2013; Wu and Anderson, 2014). 
Several factors impacting the structure ofsinoatrial node 
might cause dysfunction of sinus node (Csepe et al., 
2015),when the sinoatrial nodeinefficientlypace the atrial 
tissue, which may lead to a number of heart diseases and 
disorders like atrial arrhythmia (Jensen et al., 2014). 

Generally, the tiny features of the sinoatrial node structure 
as sinoatrial node size, the correlation of age with 
excessive ratio of collagen (Alings AMW et al., 1995), the 
distinctsinoatrial node artery, in addition to the banana like 
fashioned three dimension sinoatrial node composition, are 
mostly agreed and accepted upon (Alings AMWet al., 
1995).  

The significance of the structural-functionalsinoatrial 
node to atria connection concentrates in its essentialimpact 
in atrial stimulation mechanism forpacemaking actionof 
sinoatrial node  and the sinus rhythmkeeping of normal 
cardiac function of human (Fedorov, 2012; Csepe et al., 

2015).  
 

PATIENTS AND METHODS 
 

Study population: The current cross sectional study was 

conducted on patients suffering from an unexplained 
symptoms of sinoatrial node dysfunction (SND). 



Heider Hemeed Abbas , Ameen Abdulhasan Al-Alwany,  Fouad Shareefdleikh 

 

P J M H S  Vol. 14, NO. 4, OCT – DEC  2020   1665 

The study group (59 patients) were 20-50 years aged 
weregathered from the arrhythmia clinic visitors in the Najaf 
center for cardiac surgery and interventional catheterization 
from all parts of Iraqthe study has started from the July 
2018 and ended in July 2019 (Dobson, 1984).The 
approach to the diagnosis of SND was depended on: 

 Carefully review the medical conditions and medication 
use as potential remediable causes for apparent SND. 

 Obtaining a resting twelve-lead ECG. 

 Ambulatory ECG monitoring for up to 3 days and repeated 
more than one time when resting twelve-lead ECG is 
negative. 

 Consider exercise stress testing, for assessment of the 
intrinsic heart rate if not achieve 80% of predicted value. 

 Referral for electrophysiological study assessment.  

Inclusion criteria: 

 Age from 18 – 50 years   . 

 Symptomatic patient with neither findings suggestive for 
sinus node dysfunction as (sinus brady-tachy)nor evident 
cause for the symptoms. 

 Have no structural heart disease with good LV function by 
ECHO study.  

 Unexplained syncope after palpitations without 
documentation. 

 Awareness of tachycardia without documentation. 

 Frequent non-significant pauses by Holter monitoring 
study clinically. 

 Sinus bradycardia by resting ECG with negative treadmill 
test (TMT).   

Exclusion criteria: 

 Patient with medical history of ischemic heart disease 
(IHD). 

 Patient with poor LV function by Echo study.  

 Patients have documented pause more than three 
seconds. 

 Patients have documented SND. 

 Develop any arrhythmia during study even AF. 

Medical history: Medical history for all patients was taken 

from each patient includinghis name, chief complain, age, 
sex, duration of disease, used drugs, marital state, 
smoking, occupation and the kinds of treatments. A special 
attention was paid on the development of unexplained 
symptoms of SND which might include syncope, chest 
pain,presyncope, palpitation, shortness of breath, fatigue, 
lightheadedness and chest discomfort (Kantharia BK, 
2018).  
Procedure: Electrocardiography, ambulatory ECG 

monitors, and Treadmill testwere done before 
procedure.Twenty four hours before; patients must 
presented an authorized notified agreement to subject for 
EPS and probableimplantation of pacemaker.Five French 
catheters of quadripolar electrodewere introducedvia the 
femoral vein to reach for the appendage of right atrium, 
another catheterintroduced within the tricuspid valve to 
document thepotential of His bundle, whereas the third 
catheter inserted to be positioned in theright ventricle apex. 
Invasive electrograms inside heart and the leads I, II, V1 
and V6 of surface ECG were seen on a multiple channels 
screen (EP WORK MET, SJM) at a greatest paper velocity 
(100 mm./sec.), and all Invasive cardiac electrograms 
gained (12 noninvasive and up to 64 invasive intracardiac 

channels or leads) were gathered on an particular optical 
disc drive. 

Sinus node refractory time (SNRT) assessment at 
various cycle lengths; patients were advised for 
implantation of pacemaker if there was sinoatrial node 
dysfunction (when SNRT more than 1400 milliseconds). 
EPS was involved calculation of AH interval at baseline and 
during application of stress condition via incremental 
atrialpacing. In addition to that CBC was done for all pts of 
study to calculate multiple parameters of blood the most 
significant parameter of CBC was calculation of RDW. 
Statistical analysis: Two statistical Software installed on 

PC were used for analyzing data of this study, Med Calc 
software version 18.3 was used (MedCalc Software bvba, 
Ostend, Belgium), Receiver Operating characteristic(ROC) 
test was applied to determine optimal cutoff value of SNRT 
for pacemaker implantation; and SPSS version 21( SPSS, 
Chicago, IL,USA) was used to evaluate differences 
between continuous variables (expressed as Mean ± S.D.) 
via independent t-test. Ranking variablesrepresented as 
frequency and percentage and their differences were 
inspected by Chi-squared test. Associations between 
variables were done by Pearson’s correlation Coefficient.A 
P-value of 2-tailed <0.05 was set for significant difference 
statistically and P-value <0.01 for highly significance 
statistically. 
 

RESULTS 
 

Sinus node recovery time (SNRT) assessment: In ROC 

curve was achieved on total patients of study, the zone 
under the curve for sinus node recovery time (SNRT) was 
assessed between patients with a remaining 
symptomssubsequent to pacemaker implantation and 
patients free of symptoms. ROC curve presentedthat the 
area under the curve for SNRT was 0.802, which mean that 
the level of threshold was 1150 milliseconds with 100% 
sensitivity and66.7% specificity as in Figure 1. The results 
were analyzed according to the outcomes of sinus node 
recovery time (SNRT) assessment via the 
electrophysiological study and the evaluation of other 
electrophysiological parameters by using of special 
programmed stimulation compared with symptoms of 
patients.  
 

Figure 1: ROC curve analysis demonstrate the predictive value of 
SNRT (1150 ms.) for pacemaker implantation. 
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According to the SNRT cutoff value, the patients were 
divided into two groups for testing the statistical correlation 
of parameters between them: 
Group1 (G1):  involved patients with SNRT equal or above 
the study cutoff (1150 ms). 
Group2 (G2): included patients with SNRT below the study 
cutoff (1150 ms). 
Fifty nine Iraqi patients with sinus node dysfunction were 
enrolled in this study whose age mean was 39.7 years 
composed of  thirty five female patients(59.32%) and 
twenty four male patients (40.67%) as presented in (Table 
1).The variables of study in G1 and G2 were tested 
statistically as demonstrated in (Tables 1, 2) consequently.  
Gender distribution and SNRT: According to (Table1 
andFigure2), female’s percentage was significantly higher 
than male’s percentagein patients of G1 in comparison to 
patients of G2. (P < 0.05) 
Marital status and SNRT: The percent of married patients 

in G1 was significantly higher than single patients as 
compared with G2 which demonstrated clearly by (Table1 
and Figure3). (P < 0.001) 
RDW and SNRT: The RDW valuein G1 patients was higher 

than the patients ofG2; these differences were a significant 
statistically as represented by (Table1 and Figures4, 5).(P 
< 0.01) 
PR interval and sinus node recovery time(SNRT): The 

PR interval range of study patients was 156 – 300 ms. 
According to the (Table 2 and Figures 6, 7), there is highly 
significant positive correlation between PR interval length 
andSNRT. (P < 0.01) 
AH interval and SNRT: According to (Table 2 and Figures 

8, 9), there is a highly significant correlation between SNRT 
and AH interval l(P < 0.01). Considering AH interval, the 
patients of G1 recorded highly significant difference in 
comparison with patients of G2. (P < 0.01) 
 
Table 1: Correlation of RDW, gender and marital status between two groups  

Para-
meters 

Sub-
domain 

SNRT(ms) P-
value Group 1 (N=33) Group 2 (N=26) 

Gender 
Male 11(45.83%) 13(54.17%) 

< 0.05 
Female 21(60%) 14(40%) 

Marital 
Status 

Single 9(37.5%) 15(64.5%) 
< 0.01 

Married 23(65.71%) 12(34.29%) 

RDW  14.85±0.64 13.80±0.18 < 0.01 

Fisher's exact test. 
 
Table 2: Electrophysiological parameters relation between two groups  

Cardiac 
Parameters 

Group 1 (N=33) Group 2 (N=26) P-value 

SNRT (ms) 1271.61±61.64 995±80.76 <0.01 

PR interval (ms) 199.3±33.92 182.90±41.67 <0.01 

AH interval (ms) 86.26±2.88 78.82 ± 5.09 <0.01 

 
Figure 2: Gender & SNRT cutoff relation.   
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3: Marital status & SNRT cutoff link. 
 
 
 
 
 
 
 
 
 
 
Figure 4: Association of RDW with SNRT.  

 
 
 

 
 
 
 
 
 
 

 
Figure 5: RDW and SNRT cutoff relation. 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 6: PR interval with SNRT correlation. 
 
 
 
 
 
 
 
 
  
 
 
 
 
Figure 7: PR interval & SNRT cutoff linking. 
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Figure 8: AH interval & SNRT relation.  
 
 
 
 
 

 

 
 
 
 
 
 
 
 
 
Figure 9: AH interval & SNRT cutoff correlation. 
 
 
 
 
 
 
 
 
 
 
 
 
 

DISCUSSION 
 

Sinus node recovery time (SNRT) assessment: The 

receiver operating characteristic (ROC) curve was done on 
all study patients with undocumented symptomatic sinus 
node dysfunction whichrevealed that SNRT cutoff point or 
threshold for pacemaker implantation was 1150 
milliseconds. 

According to the international guidelines for treatment 
of sinus node dysfunction (Kusumoto FM et al., 2018), the 
SNRT cutoff for pacemaker implantation was 1400 
milliseconds, so that the SNRT cutoff of this study was 
significantly different from that stated in international 
guidelines for treatment of sinus node dysfunction. 
Cardiac symptoms and pacemaker implantation: 

According to this data and after deep discussion with 
patients and families with results and guideline value, we 
decided pacemaker implantation to those with highly 
symptomatic patient and SNRT equal or more than 
1150milliseconds that considered clinically sinus node 
dysfunction and markedly prolonged SNRT and syncope 
whichwas considered mainly due to prolonged bradycardia, 
for this reason and in the final analysis of our data in 
symptomatic patients with SNRT equal or above 1150ms 
(55.93%), pacemaker was implanted in 22 patients 
compare to other patients without pacemaker, and a short 
period of follow up we noticed symptoms completely 
resolved and no more symptoms, that proved pacemaker 
implantation had important role in the management of 
patients with clinically significant sinus node dysfunction. 

The significant difference between two groups (G1 
and G2) may be related to race, genetics, environment, 
ethnicity, nutrition, and geographical variation.Pacemaker 

implantation had significant positive effect on the symptoms 
of patients study; accordingly symptoms presence and 
absence were compared between patients without and with 
implantation of pacemaker; the outcomes expressed that 
the symptoms of patients had significantly disappeared with 
pacemaker implantation as compared with the patients 
without implantation of pacemaker (P-value < 0.05). 
ECG parameters and Electrophysiological study: This 

study showed clear relationship between PR interval in the 
surface ECG and SNRT, as patient with prolonged PR 
interval near to maximum upper normal limit, seen to have 
more time and longer SNRT in comparison to those with 
short PR interval near the lower limit or normal PR interval, 
G1PR versus G2 PR(199.3 ± 33.92 ms versus 
182.90±41.67ms) and G1SNRT versus G2 SNRT 
(1271.61±61.64ms versus 995±80.76ms). Although 
statistically significant value (P< 0.05), this also considered 
of clinically importance for device implantation. At the same 
time we noticed in those patient the same relation in 
prolongation time from SA node to His (AH interval) seen to 
be more in those patients in G1 AH (86.26±2.88 ms) with 
prolonged PR interval.While normal in G2,this indicated 
that most of time was suprahisian in SND, since there is no 
significant relation with HV interval and QRS duration in 
those patients with SND as in (Table 2, Figures 6, 7, 8, 9).  

SND is suggested as thefirst electrophysiological 
manifestation in patients with the SCN5A mutation after 
controlling on the confounding variables involving genetics, 
hormones, aging, and uncertainfactors of environment 
(Delva et al., 2009). 

In desmosomes, some proteins forming a complex 
which having signaling and mechanical properties together 
functioning as a link between the filaments connecting 
between the two adjacent myocytes (Delva et al., 2009). 
Sinus node dysfunction was detected as sinus node 
bradycardia and tachycardia, that was concomitant with 
Cx45lossing (Lisewskiet al., 2008), a protein of gap 
junctionmainlydetected in the SAN (Coppen et al., 2003). 
Demographic and anthropometric parameters: 
Gender distribution and SNRT: In (Table 1, Figure 2) 

expressed that female’s percentage of G1 patients was 
higher than male percentage whereas the females 
percentage of G2 was lower; these differences were a 
statistically significant (P < 0.05). 

Sick sinus syndrome (SSS) is more liable in women 
as compared with men in contrast to occurrence of AV-
block due to that Connexin (Cx-40) expression induction is 
more in women than men (Pfannmuller B. et al., 2013). 
Two human genders have different normal 
electrophysiology in their specified cardiac conduction 
system and functioning myocardial tissue. Sex 
electrophysiological and arrhythmic variations related to 
genders were more marked in different reports; further than 
biological factors, differences in arrhythmia sex might be 
associated with genders regarding factors (Tadros R. et al., 
2014).Progressing age, hypertension, diabetes, in addition 
to cardiac failure causes increment of atrial fibrillation 
occurrence is the same in two genders, although valvular 
disorders rises risk of AF in women more than men. 
(Feinberg WM et al., 1995; Michelena HI et al., 2010).The 
elevated ratio of sex variances was associated with 
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expression of Connexin-40 in females than males 
(Pfannmuller B et al., 2013). 
Marital status and SNRT: The married patients percent of 

was higher than singles in G1 in comparison with G2 of 
study; these differences were a highly significant (P < 
0.001) which demonstrated clearly by (Table 1,Figure 3). 
 This differences may be related to the sociodemographic 
criteria like alcoholism or bad habits as different types of 
smoking or may be related progressing aging in married as 
compared with unmarried patients.Also may be due to their 
hormonal activity which was more in married patients than 
unmarried patients.  
RDW and SNRT: Due to clarification of (Table 1 and 

Figures 4, 5). It had been concluded that there was a highly 
significant relation of RDWwith SNRT and SNRT cutoff (P < 
0.01). 

Sinus node dysfunction happens as an outcome of 
disturbances in conduction, automaticity of the sinoatrial 
node or both of them (Choudhury M et al., 2015). The main 
reasons for sinus node dysfunction initiation comprised of 
the inflammation, ischemia, fibrosis, genetic mutation, and 
hypoxia (Jabbour F. and Kanmanthareddy A., 2019).  
Atherosclerosis is a multifactorial pathological course that 
happens as a consequence of several metabolic 
imbalances, which basically contain inflammation, 
dyslipidemia, and thrombosis (Lippi G et al., 2011). As it 
has been established that a positive, strong and 
independent correlation joined the traditional biomarkers of 
inflammation and RDW (Lippi G et al., 2009). 

It was reasonable that multiplied anisocytosis can 
produce precisely from low degree inflammation which is 
common in atherosclerotic patients (Krintus M et al., 2014). 
Inflammation could, really, stimulate anisocytosis via 
response erythropoietin disruption with iron metabolism 
impairment, therefore weakening maturation of red blood 
cells and producing immature red blood cells to move in the 
blood stream (Weiss and Goodnough, 2005). It is also 
remarkable that RDW was discovered to be adversely 
related with HDL cholesterol, and proportionally related 
with the hypertriglyceridemia,  atherogenic index of plasma, 
and the total to HDL cholesterol ratio, so that anisocytosis 
may also be regarded as a marker of dyslipidemia. Another 
possible determining factor of RDW rate is arterial blood 
pressure which contribute to the linkage of CVD and 
hypertensionwith RDW. (Lippi and Franchini, 2008; Tanindi 
A et al., 2012). 

Some studies confirmed there was a very 
considerable association joining parameters of RDW and 
cardiac arrhythmias ( Sarikana S et al., 2014; Danese E et 
al., 2015; Korantzopoulos P et al., 2015).The higher RDW 
is significantly linked with prolongation of SNRT; which may 
be attributed to several causes of SND and these finding is 
consistent with the current study (Danese E et al., 2015).  

Another theory links high RDW values with oxidative 
stress, the latter stimulates erythropoiesis which leads to 
synthesis of large immature blood cells with poor oxygen 
transport properties leading to hypoxia (Friedman J et al., 
2004; Lippi G. et al., 2019). Furthermore, some authors 
have suggested a relationship between elevated RDW and 
limited physiological reserve with a higher incidence of 
complication, such as atrial arrythmia (Hunziker S et al., 
2012; Korantzopoulos et al., 2015).  

The relationship linking the inflammation and the AF 
happening is well documented. Consequently, various 
inflammatory biomarkers have been involved in AF while 
the therapies of anti-inflammatory upstream may diminish 
the burden of AF (Liu T et al., 2007; Liu T et al., 2008). 
These studies have informed that higher levels of RDW as 
a potent independent predictor of augmented morbidity and 
mortality in cardiovascular diseases patients (Cavusoglu E 
et al., 2010; Lippi G., 2019).The processes between 
elevated levels of RDW and inadequate clinical results in 
cardiovascular diseases have not yet been interpretate 
precisely (Uyarel H et al., 2012). As a first, some studies 
suggest that elevated RDW levels can reveal a state of pro-
inflammation (Emans ME et al., 2013; Ozcan F et al., 
2013).Really, the discharge of proinflammatory cytokines 
can inhibit erythropoietin stimulated development of 
erythrocytes, and therefore, great ratio immature 
erythrocytes may generate greater levels of RDW (Pierce 
CN and Larson DF, 2005). Secondly, Patel et al. (2015) 
submitted that enhanced life span of red cells, beside 
higher RDW and Lower MCV, might be an essential 
reaction for happening of disease. Another potential 
justification could be that red cells which have been 
circulated for an elongated period (aged red cells are 
smaller sized causing RDW increment) has decline of 
enzymatic systems resulting in losing specific functions of 
their anti-oxidative ability. Multiple processes of 
pathophysiology, as pro-inflammatory environment and 
oxidative stress, could induce the levels of RDW levels via 
decreasing survival of erythrocytes, thus generating a 
further merged red cells population in blood. Moreover, an 
accumulative confirmation body proposes a linkage joining 
the oxidative stress and inflammation together with AF (Liu 
T et al., 2007; Liu T et al., 2008; Lippi G. et al., 2015). 
Hence, confirming correlation of RDW and atrial fibrillation, 
RDW is an indicator of red cells anisocytosis and is 
associated with inflammatory stress (Lippi G. et al., 2015).  
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