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ABSTRACT

Background: Predisposition to atrial fibrillation in mitral 
valve surgery has been well demonstrated. The changes in 
electrocardiographic parameters (Pmax, Pmin and P-wave dis-
persion) related to AF risk are unknown. We aimed to docu-
ment the relationship between electrocardiographic changes 
and mitral valve replacement through right or left atrial sur-
gical approaches.

Methods: We retrospectively studied 154 patients, who 
underwent mitral valve replacement surgery from 2008 to 
2018. Seventy-nine patients were operated with right atri-
otomy and transseptal approach (Group 1), and 75 patents 
were operated with left atriotomy (Group 2). ECGs obtained 
at hospital admittance and postoperatively at 24 hours were 
blindly analyzed.

Results: Preoperative demographic characteristics were 
similar. Pmax, Pmin and P-wave dispersion were similar preop-
eratively. All parameters increased in both groups compared 
with the preoperative values (P < .05). Postoperative Pmax, 
Pmin and P-wave dispersion all were statistically significantly 
higher with the right atrial approach (P < .05). Postoperative 
AF also was more common in Group 1 (P < .05).

Conclusion: Right atrial approach may lead to higher 
P-wave changes and atrial arrhythmias. This may be due to 
more extensive surgical disruption. The changes in atrial ana-
tomic structure can increase atrial arrhythmic propensity and 
can cause atrial fibrillation.

INTRODUCTION

Rheumatic mitral stenosis (MS) is mostly encountered in 
developing countries and atrial fibrillation (AF) is the most 
common atrial arrhythmia in these patients. Left atrial remod-
eling (dilatation and fibrosis) within the wall, disorganiza-
tion of the atrial muscle fibers due to mitral valve disease and 
atrial inflammation secondary to rheumatic carditis lead to 

electrical chaos and conduction disturbance within the atrial 
wall [Nishimura 2017]. It was documented that maximum and 
minimum P-wave duration (Pmax, Pmin) P-wave dispersion (Pd) 
significantly were correlated with mitral valve area and mean 
mitral gradient. Although association between Pd and left 
atrial size was not meaningful at the beginning of the disease, it 
became significant, following increase in left atrial dimensions. 
Progressive shortening of Pd after percutaneous mitral balloon 
valvuloplasty was reported. It was hypothesized that this may 
be due to decrease in sympathetic activity and the regression of 
the pathologic changes in the atrial wall, which results in more 
homogeneous and organized conduction of sinus impulses. A 
significant correlation between Pmax and Pd with mean diastolic 
gradient of the mitral valve previously was reported [Kazemi 
2014]. Interatrial electromechanical delay also is longer in MS 
patients and is correlated with Pd [Demirkan 2013]. Inflamma-
tory response also affects atrial structure and results in P-wave 
parameter changes [Van Wagoner 2018].

Postoperative AF (POAF) still is an issue following car-
diac surgery. Its incidence changes with surgical procedure 
and is as high as 40%–50% in valve surgery patients. It is 
associated with early and late mortality, increased risk of 
stroke, and increased health care costs. For prevention, anti-
arrhythmic or anti-inflammatory medications are prescribed 
[O'Brien 2019]. Despite prophylactic regimens, routine pre-
vention protocols are not employed in most cardiac surgery 
units. Moreover, etiopathology of POAF is not clearly dem-
onstrated, which may affect surgeons' preferences. In this 
study, we aimed to document perioperative P-wave changes 
in mitral valve replacement surgery and compare right and 
left atrial approaches.

MATERIALS AND METHODS

This retrospective study was performed at the Bicard clinic 
in Bishkek, Kyrgyzstan and Private Usak Medical Hospital in 
Usak, Turkey. The Institutional Ethics Committees of Bicard 
clinic and Scientific Board of Medical Park Usak Hospital 
approved the study protocol, waiving informed consent based 
on its retrospective nature. The study was conducted, accord-
ing to the latest version of Helsinki Declaration. Patients with 
severe rheumatic mitral stenosis who underwent mitral valve 
replacement surgery with mechanical prosthesis from 2008 to 
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2018 were retrospectively analyzed. All patients were in sinus 
rhythm preoperatively. Exclusion criteria were concomitant 
coronary artery disease, additional valvular pathology rather 
than functional tricuspid regurgitation, dilated cardiomyopa-
thy, coexisting bundle branch block, rhythm other than sinus 
rhythm, chronic obstructive pulmonary disease, renal failure, 
anti-arrhythmic medication use (including beta-blockers), 
and redo procedures. All patients were operated by the same 
surgeon in each clinic, with either a right transseptal or left 
atrial approach based on the surgeon's preference. The choice 
of approach mostly was transseptal in Bishkek, whereas it was 
left atrial in Usak.

The preoperative first admittance and postoperative 
24th hour surface 12 leads ECGs were obtained and blindly 

analyzed by an experienced cardiologist, using magnifiers to 
eliminate any measurement mistake. A 12-lead ECG (AT-102, 
Schiller AG, and Baar, Switzerland) was recorded. Record-
ings were acquired at a paper speed of 50 mm/s, with 1 mV/
cm standardization. Pmax and Pmin were calculated from the 
standard ECG, during sinus rhythm. Longest and shortest 
P-wave durations in 3 beats were studied for measurements. 
Pd is derived by subtracting the Pmin from Pmax in any of the 12 
ECG leads. P-wave onset is determined as the initial deflec-
tion from the isoelectric baseline defined by the T-P segment 
and the P-wave offset is defined as the junction of the end of 
the P wave and its return to baseline [Magnani 2010]. 

Atrial fibrillation was diagnosed based on ECG. All 
patients were ECG monitored in the intensive care unit and 

Table 1. Preoperative characteristics of patients

Right atriotomy transseptal approach (N = 79) Left atriotomy approach (N = 75) P

Age 35.25 ± 4.99 36.13 ± 5.62 .306*

Sex

Male 36 (54.4%) 39 (52.0%) .425†

Female 43 (45.6%) 36 (48.0%)

BMI (kg/m2) 26.75 ± 2.22 27.59 ± 3.08 .053*

LV EF (%) 52.37 ± 5.77 52.07 ± 5.46 .741*

PASP (mm Hg) 39.19 ± 7.23 38.89 ± 6.58 .835*

RA diameter (mm) 3.88 ± 0.59 3.82 ± 0.55 .524*

LA diameter (mm) 4.22 ± 0.59 4.21 ± 0.62 .883*

Paroxysmal AF 22 (27.8%) 17 (22.7%) .460†

Other arrhythmias† 3 (3.8%) 4 (5.3%) .647†

Heart rate/min 82.28 ± 11.87 83.15 ± 9.69 .621*

P
min

 (msec) 120.72 ± 11.4 120.29 ± 10.79 .812*

P
max

 (msec) 221.97 ± 14.96 222.89 ± 14.78 .702*

P-wave dispersion (msec) 101.25 ± 16.70 102.60 ± 16.24 .613*

BMI: Body Mass Index, LVEF: Left ventricular ejection fraction, LA: Left atrium, PASP: Pulmonary artery systolic pressure, AF: Atrial fibrillation
*Independent sapmples t-test
†Atrial and/or ventricular extrasystole

Table 2. Intraoperative characteristics of patients

Right atriotomy transseptal approach (N = 79) Left atriotomy approach (N = 75) P

Prosthetic valve size 28.32 ± 3.21 28.68 ± 3.30 .490*

Cross clamp time (min) 54.39 ± 5.65 52.37 ± 3.09 .007*

CPB time (min) 66.16 ± 9.93 65.32 ± 7.42 .553*

Revision for hemorrhage 1 (1.3%) - .328†

CPB: Cardiopulmonary bypass
*Independent samples t-test
†chi-square
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in the ward for the first 48 hours. After 48 hours, ECG was 
requested if irregular pulse, palpitation or symptoms related 
with possible AF were detected.

If POAF was diagnosed, intravenous metoprolol was 
given for rate control. For control of rhythm, intravenous 
amiodarone was given (300 mg loading dose in 1 hour, fol-
lowed by 900 mg in 24 hours). Then for maintainance, oral 
amiodarone (3X200 mg) was given. In refractory cases, 450 
mg additional infusion was administered for the next 12 
hours. If sinus rhythm was not maintained in 48 hours, DC 
cardioversion was performed. Low molecular weight heparin 
was given. If sinus rhythm was not maintained after that, oral 
warfarin was given.

Statistical analysis: Statistical analyses were performed 
using SPSS software for Windows version 17.0 (Statisti-
cal Package for the Social Sciences Inc, Chicago, IL, USA). 
Continuous variables were expressed as ‘mean values ± stan-
dard deviation (SD).’ Categorical variables were expressed 
as number and percentages. Characteristics were compared 

using “independent samples t-test” for continuous variables, 
and ‘chi-square test’ for categorical variables. Statistical sig-
nificance was set as ‘P < .05.’

RESULTS

We retrospectively studied 154 patients and divided them 
into 2 groups: the right atrial transseptal approach (Group 
1, N = 79) and left atrial approach (Group 2, N = 75). The 
preoperative characteristics of the patients were similar in 
both groups. (Table 1) The mean age of the patients were 
35.25 ± 4.99 and 36.13 ± 5.62 in Groups 1 and 2, respec-
tively. There were 36 (54.4%) male and 43 (45.6%) female 
patients in Group 1, and 39 (52.0%) male and 36 (48.0%) 
female patients in Group 2. Body mass index, left ven-
tricular ejection fraction, pulmonary artery systolic pres-
sure, and left and right atrial dimensions also were studied,  
where similar.

Table 3. Postoperative characteristics of patients

Right atriotomy transseptal approach (N = 79) Left atriotomy approach (N = 75) P

ICU LOS (hours) 46.92 ± 10.69 47.41 ± 10.78 .778*

HLOS (days) 6.08 ± 1.22 5.96 ± 1.23 .560*

AF 33 (41.7%) 18 (24.0%) .019**

Other arrhythmias†† 9 (11.4%) 8 (10.7) .886**

P
min

 (msec) 175.89 ± 46.95 161.24 ± 41.42 .041*

P
max

 (msec) 320.21 ± 31.28 287.69 ± 32.08 .000*

P-wave dispersion (msec) 144.31 ± 42.08 126.45 ± 37.17 .006

In-hospital mortality 1 - .328†

ICU: Intensive care unit length of stay, HLOS: Hospital length of stay, AF: Atrial fibrillation
*Independent samples t-test
†chi-square
††Atrial and/or ventricular extrasystole

Table 4. Comparison of p-wave parameters between groups

Preoperative Postoperative P*

Right atriotomy transseptal approach (N = 79)

P
min

 (msec) 120.72 ± 11.44 175.89 ± 46.95 .000

P
max

 (msec) 221.97 ± 14.96 320.21 ± 31.28 .000

P-wave dispersion (msec) 101.25 ± 16.70 144.31 ± 42.08 .000

Left atriotomy approach (N = 75)

P
min

 (msec) 120.29 ± 10.79 161.24 ± 41.42 .000

P
max

 (msec) 222.89 ± 14.78 287.69 ± 32.08 .000

P-wave dispersion (msec) 102.60 ± 16.24 126.45 ± 37.17 .000

*Paired samples t-test
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Preoperative Pmin was 120.72 ± 11.4, Pmax 221.97 ± 14.96, 
and Pd 101.25 ± 16.70 msec in Group 1, while 120.29 ± 10.79, 
222.89 ± 14.78, and 102.60 ± 16.24 in Group 2, respectively. 
There was no statistically significant difference between 
the groups. Preoperative paroxysmal AF and other arrhyth-
mias (atrial and ventricular extrasystole) were similar in  
both groups.

Perioperative characteristics are shown in Table 2. The 
aortic cross-clamp was higher in Group 1 (P < .05) while 
cardiopulmonary bypass (CPB) times were similar (P > .05). 
Intensive care unit and hospital lengths of stay also were com-
parable between the groups.

When postoperative P-wave changes were analyzed (Tables 
3 and 4), they were statistically significantly higher in Group 
1. Pmin was 175.89 ± 46.95, Pmax was 320.21 ± 31.28, and Pd 
was 144.31±42.08 msec in Group 1, while 161.24 ± 41.42, 
287.69 ± 32.08, and 126.45 ± 37.17 in Group 2, respectively 
(P < .05 for each). Postoperative AF was more common in 
Group 1 (41.7% versus 24.0%; P < .05), while other arrhyth-
mias were similar in both groups.

DISCUSSION

The mitral valve surgical approach is the right atrial and 
transseptal approach. Every surgeon mainly has a "one fits 
all" approach based on his/her experience, with except some 
exceptions. However, it’s also very critical to state the advan-
tages of the transseptal approach here. The visualization of 
the mitral valve is straightforward from median sternotomy 
compared with the right lateral exploration of the valve. It 
also provides concomitant tricuspid valve surgery from the 
same incision.

Postoperative AF following cardiac surgery is still a popu-
lar era of research since it is very common and causes deterio-
ration in atrial and subsequently ventricular pumping which 
leads to an increase in perioperative morbidity and mortal-
ity [Durukan 2014; Lomivorotov 2016]. Specifically, mitral 
valve replacement surgery for MS is unique, since the dis-
ease process itself and surgery increases the risk [Mehta 2018; 
Iung 2018]. We hypothesized that a right atrial approach 
causes more disruption in atrial anatomy, due to transseptal 
nature compared with a left atrial approach, and we docu-
mented by P-wave duration and dispersion changes that risk 
of AF is more common in a right atrial approach. However, 
there are conflicting results on this subject. It previously was 
documented that a transseptal approach increases risk of AF, 
where cross-clamp and CPB times were also longer [Reza-
hosseini 2015]. They have compared 163 transseptal and 
652 left atrial-approached mitral valve procedures. Because 
incisions are longer, closing times are longer. This also may 
lead to more bleeding. In contrast to our study, a recent study 
compared 135 transseptal and 882 left atrial-approached 
mitral valve procedures, where incidence of AF was similar 
[Mutjaba 2018]. Guadino et al compared 146 patients under-
going mitral valve surgery with a left atrial and transseptal 
approach. They have documented increased cross-clamp and 
CPB times, but similar AF rates [Gaudino 1997]. Similarly, in 

a study comparing 273 left atrial and 258 transseptal approach 
patients, the incidence for PAF was similar [Nienaber 2006]. 
In our study, only cross-clamp time was longer, but CPB 
times were similar. The reoperation rate for bleeding also was 
similar. However, the incidence for POAF was higher in a 
transseptal approach. 

It previously was reported that the damage caused by sur-
gical incisions initiates an inflammatory scar process and leads 
to deviations in atrial wall contractions and cardiac hemody-
namics structurally and P-wave changes electrophysiologically 
[Wong 2004]. We believe our findings are consistent with this 
fact, where the right atrial approach group had higher inci-
dence of AF, due to more extensive cardiotomy. With surgical 
injury and stress, a systemic inflammatory response is acti-
vated. It previously was documented that this inflammation 
also is proven with increased inflammatory markers, which 
are proportional to intensity stress, surgical wound area, and 
pain [Takenaka 2006]. This local inflammatory reaction con-
tributes to development of POAF [Toutouzas 2009].

P-wave duration is a simple measurement that can be 
performed by 12 lead surface ECG. It correlates well with 
longest duration of right atrial ECG and deflections of right 
atrium. It is also a surrogate of intra and interatrial conduc-
tion time [Okutucu 2016]. Moreover, Pd is a recent contribu-
tion to ECG parameters and has gained popularity since it is 
an estimate AF risk in cardiac and even non-cardiac patients 
[Aytemir 2000]. Pd also negatively correlates with Pmin and 
positively with Pmax. It can estimate heart damage and pre-
disposition to arrhythmias. Simple 12 lead ECG makes 
these estimations possible and helps with prediction of atrial 
arrhythmias [Okutucu 2016]. Our study employed 12 lead 
surface ECG to detect and compare P-wave changes, namely 
Pmax, Pmin and Pd and documented an increase in all param-
eters via right atrial approach.

In conclusion, novel P-wave parameters namely Pmin, Pmax 
and Pd have been shown to correlate well with postoperative 
AF, and we also documented parallel findings. It may be sug-
gested that in patients undergoing mitral valve surgery, ones 
with longer Pd may be directed to a left atrial approach to 
decrease occurrence of atrial arrhythmias since it causes less 
surgical damage to atrial walls.

Limitations: The study is retrospective in nature and com-
prises patients operated by two different surgeons and sur-
geon specific variability was not studied. Despite the universal 
techniques used, there may be personal preferences that may 
not be reflected. Study of more uniform patient profiles may 
be more conclusive in this subject.
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