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Comparison of primary repair and patch plasty 
procedure on the p wave in adult atrial septal defect 
closure
Alper Ucak, Veysel Temizkan, Murat Ugur, Ahmet Erturk Yedekci, Omer Uz, Arif Selcuk, Ahmet Turan Yilmaz

abstract
Introduction: In this study we compared the effects of two 
different surgical procedures for closure of adult atrial septal 
defect (ASD) on postoperative P-wave changes.
Methods: Patients who underwent cardiac surgery for 
secundum type ASD closure were evaluated retrospectively. 
Seventy-two patients with primary repair of ASD and 29 
patients with pericardial patch plasty repair were compared 
according to Pmax, Pmin and P-wave dispersions (Pd).
Results: In each group, the increases in postoperative maxi-
mum P-wave duration (Pmax) and minimum P-wave duration 
(Pmin) were statistically significant. There was no statisti-
cally significant difference between post- and pre-operative 
Pd values. In the comparison between group 1 and group 2 
in terms of postoperative P-wave changes (Pmax, Pmin, Pd) there 
was no statistically significant difference.
Conclusion: Comparing patch plasty and primary repair for 
the surgical closure of ASD in the early to mid-postoperative 
period, no difference was found and both surgical procedures 
can be performed in adult ASDs. 
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Atrial septal defect (ASD) is one of the most common congenital 
heart defects in adulthood. It can be repaired percutaneously or 
surgically, depending on the defect size. Primary surgical repair 
or patch plasty (closure with patch) are the two surgical ASD 
closure techniques used depending on diameter of the defect. 

Atrial arrhythmias may develop in repaired and unrepaired 
ASD patients. The inter-atrial conduction pathway may 
influence this, and postoperative arrhythmias may develop due 
to increased size of the right atrium in unrepaired patients, or 
tension in the suture line in the postoperative period.1 Prolonged 
maximum P-wave duration (Pmax) and increased P dispersion 
(Pd) may be pioneer indicators of disturbance of the inter-atrial 
conduction pathway and atrial fibrillation in ASD patients.2 

Many different studies have been carried out for P-wave 
changes following ASD closure surgeries. These studies evaluated 
the effects of percutaneous or surgical closure techniques on the 
P wave after defect repair.3-6 In the literature, there is no study 
investigating the effects of surgical ASD closure techniques on 
the P wave in adults. In our study, we retrospectively investigated 
the electrocardiograms of adult patients who underwent surgical 
closure of ASDs and evaluated the effects of both primary 
closure and pericardial patch plasty techniques on the P wave.

methods
The study design was approved by the institutional review board. 
Patients who underwent surgical ostium secundum type ASD 
closure between the years 2004 and 2014 in the cardiovascular 
surgery clinic of the GATA Haydarpasa Training Hospital were 
included in the study. Patients with primum ASD and patients 
with cardiac pathologies requiring additional surgical treatment 
were excluded from the study. 

Twelve-lead surface electrocardiograms were collected from 
patients’ records who underwent surgical ostium secundum type 
ASD closure. The 101 patients were divided into two groups 
(Table 1) according to their closure procedure; primary surgical 
repair (group 1) and pericardial patch plasty (group 2). 

Seventy-two patients without increased atrial stretch and 
with a small- to medium-sized defect diameter were evaluated as 
suitable for primary surgical repair (group 1) and they underwent 
primary surgical repair for ASD closure. Twenty-nine patients 
with a larger defect diameter and/or patients with accompanying 
sinus venosus type ASD (group 2) underwent the patch plasty 
technique for ASD closure. The demographic data of the 
patients in each group and their pre- and postoperative five- to 
seven-day and three-month 12-lead surface electrocardiogram P 
waves were compared.

All surgeries were carried out under general anaesthesia. A 
median sternotomy, mini-thoracotomy and mini-sternotomy 
were performed in 69, 14 and 18 patients, respectively (Table 
2). Cardiopulmonary bypass was achieved by cannulation of 
the aorta and double venous cannulation in the right atrium 
following median sternotomy, where femoral arterial cannulation 
and femoral vein to selected superior vena cava cannulation were 
achieved following mini-thoracotomy/mini-sternotomy. 
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Cardiopulmonary bypass was established and following 
cardioplegic arrrest, 32°C blood–body temperature was 
provided. Following right atriotomy, the defect was evaluated 
in the presence of pre-operative echocardiographic findings. 
In group 1, the defect was closed with a primary continuous 
suture technique with 4/0 prolene. In group 2, the defect was 
closed by means of a fresh autologous pericardial patch using a 
continuous suture technique with 4/0 prolene.

Pre-operative, fifth- and seventh-day postoperative and three-
month 12-lead surface electrocardiograms were provided from 
patients’ records, which were obtained at a paper speed of 50 
mm/s with 1-mV/cm standardisation. Electrocardiograms were 
scanned for evaluation of the P waves. Electrocardiograms 
exhibiting P waves at least nine in 12 derivations were analysed 
for the existing P waves.4 

Measuring the length of the P waves using Photoshop® 
(Adobe), the longest P wave was denoted as Pmax whereas the 
shortest P wave was Pmin. The difference between Pmax and Pmin   was 
the P-wave dispersion (Pd) (Pd = Pmax – Pmin).

Statistical analysis

The 5.0 version of the GraphPad Prism program was used 
for statistical analysis. Data are shown as mean ± standard 
deviation. Postoperative P-wave changes of the patients in 
group 1 and 2 were compared with pre-operative values and the 
differences were evaluated. Continuous variables were compared 
using Mann–Whitney U- and Student’s t-tests. A p-value ≤ 0.05 
was considered statistically significant.

results
Pre-operative demographic characteristics of the two groups 
were similar. Demographic characteristics and transthoracic 

echocardiographic data of our patients are shown in Table 1. All 
of the patients were in sinus rhythm in the pre-operative period. 
Arrhythmia was not observed in the postoperative follow up and 
there was no need for pace implementation. The patients were 
discharged 6.2 ± 1.4 days postoperatively. 

In group 1, compared to the pre-operative period, Pmax was 
significantly increased in the five to seven days postoperatively, 
and Pmax was still significantly longer three months after the 
procedure (Table 3). Pmax was also increased in the postoperative 
period in group 2 but this change gained statistical significance 
at three months following the procedure (Table 4). In the 
evaluation of Pmin, compared to the pre-operative period, Pmin was 
significantly increased in the five to seven days postoperatively 
and three months after the procedure in both groups (Tables 3, 
4). 

Evaluation of the P-wave dispersion revealed that in group 1, 
compared to the pre-operative period, no significant difference 
was found in the five to seven days postoperatively and three 
months after the procedure. Similarly, in group 2, compared to 
the pre-operative period, no significant difference was found in 
any postoperative follow-up periods. No statistically significant 
difference was found in a comparison of group 1 and 2, both 
pre-operatively and at the postoperative follow up in terms of 
P-wave analysis (Pmax, Pmin and Pd) (Table 5).

discussion

The presence of ASD causes volume overload and increased 
stretch induces right heart dilatation and dysfunction. In these 
patients, Pmax and Pd extension develops as a result of prolongation 
of the atrial depolarisation time.2,4,7 The prolongation of Pd 
and Pmax reflect non-homogeneous and discontinuous sinus 
stimulation and may be predictors of atrial fibrillation.2 

In the literature, P-wave changes have been compared in 
repaired and unrepaired ASDs, or in repaired ASDs by surgical 
or percutaneous means. There is no study comparing the effects 
of two different surgical techniques on the P wave. In our study, 
two different surgical ASD closure techniques were compared in 
terms of P-wave analyses using primary repair and pericardial 
patch plasty techniques. 

The incidence of  dysrhythmia increases with increasing 
age in patients with unrepaired ASD.8 Additionally, the risk 

table 1. Comparison of pre-operative patients’ characteristics

Demographics Group 1 (n = 72) Group 2 (n = 29)

Age (years) 21.8 ± 2.4 22.3 ± 3.7

BMI (kg/m2) 25.2 ± 1.2 24.7 ± 1.3

Diameter of defect (mm) 20.6 ± 8.5 23.9 ± 10.3

Qp/Qs 2.0 ± 0.7 2.3 ± 0.9

EF (%) 60.9 ± 6.2 64.3 ± 5.2

PASB (mmHg) 30 ± 10.7 32.3 ± 11.8

≤ Mild tricuspid regurgitation (n) 5 1

≤ Mild pulmonary regurgitation (n) 1 0

Anomalous pulmonary venous return (n) 0 1

≤ Mild pulmonary stenosis (n) 2 1

≤ Mild aortic regurgitation (n) 1 0

BMI: body mass index, EF: ejection fraction, PASB: pulmonary artery systolic 
pressure.

table 2. Comparison of surgical data

Surgery Group 1 (n = 72) Group 2 (n = 29)

Median sternotomy (n) 44 25

Mini-sternotomy (n) 17 1

Mini-thoracotomy (n) 11 3

CPB time (min) 38.5 ± 12.2 42.4 ± 16.6

Cross-clamp time (min) 20.3 ± 7.6 23.3 ± 10.6

Revision (n) 1 0

Hospital stay (days) 6.2 ± 1.4 6.4 ± 1.4

CPB: cardiopulmonary bypass.

table 3. p-wave changes in primary repair procedure for asd closure

Pre-operative
Postoperative 

5th day
Postoperative 

3rd month P1 P2

Pmax 205.9 ± 29.4 220.6 ± 31.5 231.1 ± 39.4 0.0033 0.0001

Pmin 108.1 ± 29.4 121.2 ± 32.7 129.5 ± 36.9 0.0162 0.0003

Pd 97.2 ± 33.1 98.8 ± 35.9 101.7 ± 42.2 0.7011 0.4432

p1: comparison of the pre-operative period and the fifth day postoperatively; p2: 
comparison of the pre-operative period and the third month postoperatively.

table 4. p-wave changes in pericardial patch  
plasty procedure for asd closure

Pre-operative
Postoperative 

5th day
Postoperative 

3rd month P1 P2

Pmax 219.4 ± 37.7 236.1 ± 39.4 254.3 ± 51.1 0.1092 0.0089

Pmin 107.1 ± 28.7 120.3 ± 27.7 132.8 ± 35.6 0.06 0.043

Pd 110.6 ± 43.6 115.9 ± 39.9 121.7 ± 47.9 0.5659 0.2796

p1: comparison of the pre-operative period and the fifth day postoperatively; p2: 
comparison of the pre-operative period and the third month postoperatively.
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of arrhythmia increases due to right atrial volume overload 
and atrial remodelling related to atrial hypertrophy.3 One of 
the indications of  ASD closure is to avoid arrhythmia, which 
increases the risk of  morbidity and mortality.2,7 The risk 
of  atrial arrhythmia decreases with recovery of  right atrial 
dilatation and electrophysiological changes after surgical 
closure of  the ASD.9 

In our study, we compared the effects of two surgical 
techniques on atrial conduction pathways and remodelling 
caused by inflammatory fibrosis, by analysis of the P wave. 
In both primary repair and patch plasty groups, Pmax and Pmin 
values increased but Pd values did not change. Increase in Pmax 
and Pmin values in the third month may have been related to early 
remodelling, however because of the unchanged Pd, we believe 
that the risk of arrhythmia will not increase in the long term. 

In the postoperative period, the Pd value decreased in patients 
who had regressed right atrial dilatation. However, Pmax and Pd 
were longer in patients with persistent atrial dilatation.10 From 
the results of Fang et al.,10 longer Pd values in patients with 
permanent atrial dilatation support the notion that Pd may 
be used as a non-invasive parameter for prediction of atrial 
arrhythmia. 

Our findings showed that the risk of atrial arrhythmia was 
similar in both primary closure and patch plasty techniques, 
since there was no difference between Pd values. By contrast, 
Thilen et al.11 declared that increased P-wave duration did not 
decrease with surgical repair in older patients and it was not 
related to atrial dilatation. In haemodynamically significant 
ASD, the increase in P-wave duration may depend on regional 
damage of the atrial conduction pathways rather than atrial 
enlargement.12,13 

In our study, we were able to obtain three-month follow-up 
records of the patients. During the follow up, although Pmax 
values had increased, Pd values did not change and there was no 
arrhythmia. From our results, we believe that in repair of ASD 
in adults, the Pd value could be a more meaningful predictor for 
the risk of arrhythmia.

The age of the patient at ASD closure may be a risk factor 
for the development of arrhythmia in the follow-up period.11,14 
ASD repair in childhood prevents permanent changes in the 
atrial myocardium and regresses Pmax and Pd, thus decreasing the 
risk for atrial fibrillation in older patients.2,15 In adult patients, 
the chance of returning to normal atrial size is lower with ASD 
repair. Repair of ASD after 25 years of age is a risk factor for the 
development of atrial fibrillation in the long term.14,16 

In our study we investigated 101 patients who had had 
a diagnosis of ASD. Ninety of them were younger than 25 
years and their mean age was 21.9 ± 2.8 years. None of the 
patients had arrhythmia before the surgery and none had atrial 
arrhythmia during the three-month follow-up period. In our 
patients, the Pd value did not change after surgical repair and the 
rate of returning normal atrial size may have been higher since 
most of our patients were young adults. 

The ASD closure technique did not affect the P wave in a 
comparison of different percutaneous techniques, or surgical 
repair and percutaneous techniques in previous studies.3,11 
Javadzadegan et al.3 suggested that in both percutaneous ASD 
closure and surgical treatment, the P-wave duration was decreased 
at six months’ follow up and this decrease was not related to the 
defect size. In comparison, surgical and transcatheter ASD 
closure, Baspınar et al.7 declared that in the surgical group, 
decrease in the Pd was more meaningful in the early period. 

We compared primary closure and patch plasty techniques 
as two different surgical techniques, to analyse the effects on the 
P wave, and there were no differences between the two surgical 
techniques. When considering the anatomy of the right atrial 
electrophysiological conduction pathway, there are no significant 
conduction pathways into the atrial septum. We believe that 
different surgical closure techniques do not affect the Pd value or 
cause changes.

In long-term follow up after ASD closure, increase in Pd 
values could be a sign of atrial arrhythmia.2 In ASD repair of 
young adults, there was no increase in Pd values following ASD 
closure. Neither primary repair nor patch plasty techniques had 
any effect on the P-wave length or dispersion. Both surgical 
techniques can therefore be performed, depending on the defect 
anatomy and size. 

There are limitations to this study. The majority of patients 
were young and they were in the second and third decades of 
their lives. After three months’ postoperative period, we had 
limited access to long-term follow-up records, because they were 
carried out in their homelands. We need long-term results to 
assess whether the increased Pmax and Pd values in the first three 
months continue in the long term and whether these changes led 
to arrhythmias in the follow-up period.

Conclusion

In this study we compared patch plasty and primary repair for 
the surgical closure of ASD in the early to mid-postoperative 
period. No differences were found between the methods in terms 
of postoperative P-wave changes, and we concluded that both 
surgical procedures can be performed in adult ASDs. 

References
1. Berger F, Vogel M, Kretschmar O, Dave H, Prêtre R, Dodge-Khatami 

A. Arrhythmias in patients with surgically treated atrial septal defects. 

Swiss Med Wkly 2005; 135: 175–178. 

2. Guray U, Guray Y, Mecit B, Yilmaz MB, Sasmaz H, Korkmaz S. 

Maximum p wave duration and p wave dispersion in adult patients 

with secundum atrial septal defect: the impact of surgical repair. Ann 

Noninvasive Electrocardiol 2004; 9: 136–141.

3. Javadzadegan H, Toufan M, Sadighi AR, Chang JM, Nader ND. 

Comparative effects of surgical and percutaneous repair on P-wave and 

table 5. Comparison of primary repair procedure and  
pericardial patch plasty procedure for asd closure

Primary repair Patch plasty p-value

Pre-operative 
Pmax 205.9 ± 29.4 219.4 ± 37.7 0.1112

Pmin 108.1 ± 29.4 108.8 ± 28.7 0.9436

Pd 97.2 ± 33.1 110.6 ± 43.6 0.1742

Postoperative 5th day
Pmax 220.6 ± 31.5 236.1 ± 39.4 0.5805

Pmin 121.2 ± 32.7 120.3 ± 27.7 0.983

Pd 98.8 ± 35.9 115.9 ± 39.9 0.0929

Postoperative 3rd month
Pmax 231.1 ± 39.4 254.3 ± 51.1 0.0639

Pmin 129.5 ± 36.9 132.7 ± 35.6 0.6696

Pd 101.7 ± 42.2 121.7 ± 47.9 0.0711



CARDIOVASCULAR JOURNAL OF AFRICA • Volume 27, No 4, July/August 2016AFRICA 261

atrioventricular conduction in patients with atrial septal defect – ostium 

secundum type. Cardiol Young 2013; 23: 132–137.

4. Pac FA, Balli S, Topaloglu S, Ece I, Oflaz MB. Analysis of maximum 

P-wave duration and dispersion after percutaneous closure of atrial 

septal defects: comparison of two septal occluders. Anadolu Kardiyol 

Derg 2012; 12: 249–254. 

5. Ozyilmaz I, Ozyilmaz S, Tola HT, Saygi M, Kiplapinar N, Tanıdır C, 

et al. Holter electrocardiography findings and P-wave dispersion in 

pediatric patients with transcatheter closure of atrial septal defects. Ann 

Noninvasive Electrocardiol 2014; 19: 174–181.

6. Johnson JN, Marquardt ML, Ackerman MJ, Asirvatham SJ, Reeder 

GS, Cabalka AK, et al. Electrocardiographic changes and arrhythmias 

following percutaneous atrial septal defect and patent foramen ovale 

device closure. Catheter Cardiovasc Interv 2011; 78: 254–261. 

7. Baspinar O, Sucu M, Koruk S, Kervancioglu M, Ustunsoy H, Deniz H, 

et al. P-wave dispersion between transcatheter and surgical closure of 

secundum-type atrial septal defect in childhood. Cardiol Young 2011; 

21: 15–18. 

8. Berger F, Vogel M, Kramer A, Alexi-Meskishvili V, Weng Y, Lange PE, 

et al. Incidence of atrial flutter/fibrillation in adults with atrial septal 

defect before and after surgery. Ann Thorac Surg 1999; 68: 75–78.

9. Gatzoulis MA, Freeman MA, Siu SC, Webb GD, Harris L. Atrial 

arrhythmia after surgical closure of atrial septal defects in adults. N Engl 

J Med 1999; 340: 839–846.

10. Fang F, Luo XX, Lin QS, Kwong JS, Zhang YC, Jiang X, et al. 

Characterization of mid-term atrial geometrical and electrical remod-

eling following device closure of atrial septal defects in adults. Int J 

Cardiol 2013; 168: 467–471. 

11. Thilen U, Carlson J, Platonov PG, Olsson SB. Atrial myocardial 

pathoelectrophysiology in adults with a secundum atrial septal defect is 

unaffected by closure of the defect. A study using high resolution signal-

averaged orthogonal P-wave technique. Int J Cardiol 2009; 132: 364–368. 

12. Morton JB, Sanders P, Vohra JK, Sparks PB, Morgan JG, Spence SJ, et 

al. Effect of chronic right atrial stretch on atrial electrical remodeling in 

patients with an atrial septal defect. Circulation 2003; 107: 1775–1782. 

13. Thilen U, Carlson J, Platonov PG, Havmöller R, Olsson SB. Prolonged 

P wave duration in adults with secundum atrial septal defect: a marker 

of delayed conduction rather than increased atrial size? Europace 2007; 

9(Suppl 6): 105–108.

14. Murphy JG, Gersh BJ, McGoon MD, Mair DD, Porter CJ, Ilstrup DM, 

et al. Long-term outcome after surgical repair of isolated atrial septal 

defect. Follow-up at 27 to 32 years. N Engl J Med 1990; 323: 1645–1650.

15. Yavuz T, Nisli K, Oner N, Dindar A, Aydogan U, Omeroglu RE, et 

al. The effects of surgical repair on P-wave dispersion in children with 

secundum atrial septal defect. Adv Ther 2008; 25: 795–800. 

16. Oliver JM, Gallego P, González A, Benito F, Mesa JM, Sobrino JA. 

Predisposing conditions for atrial fibrillation in atrial septal defect with 

and without operative closure. Am J Cardiol 2002; 89: 39–43.

diabetes is often overlooked after a myocardial infarction
At least 10% of people who have a myocardial infarction (MI) 
may also have undiagnosed diabetes. Yet many doctors fail to 
look for diabetes in these patients, a recent study has found.

Dr Suzanne Arnold, assistant professor at Saint Luke’s 
Mid-America Heart Institute and the University of Missouri 
in Kansas City, and her team studied data from 2 854 patients 
who experienced an MI and had never been diagnosed with 
type 2 diabetes. The study tested the patients’ HbA1c levels. 

It revealed that doctors often failed to recognise and begin 
treating diabetes in patients who have experienced MIs with 
no prior history of diabetes, even when the patient tested 
positive for diabetes. The researchers found that 287 or 
10.1% of the patients who experienced MIs tested positive 
for diabetes. Out of the 287 patients who tested positive for 
diabetes, less than one-third received education or medication 
when discharged from hospital. 

According to the results, doctors failed to recognise 
diabetes in 198 or 69% of the previously undiagnosed 
patients. The researchers noted that when a patient’s HbA1c 
test results were checked while they were being treated for 
their MI, there was a 17-fold greater chance that the diabetes 
would be diagnosed.

In a press release, Dr Arnold stated, ‘Diagnosing diabetes 

in patients who have had a heart attack is important because 
of the role diabetes plays in heart disease. By recognising and 
treating diabetes early, we may be able to prevent additional 
cardiovascular complications through diet, weight loss and 
lifestyle changes, in addition to taking medications. Another 
important reason to diagnose diabetes at the time of heart 
attack is that it can guide the treatments for the patient’s 
coronary artery disease.’ 

According to Dr Arnold and her team, two in three 
patients with diabetes die from heart-related conditions. 
Patients with diabetes experience a significantly higher risk 
for MI. The authors concluded that people who have an MI 
should ask for a diabetes test if  they present with other risk 
factors such as being overweight, having high blood pressure 
or a family history of diabetes.

This study was presented on 3 June at the American 
Heart Association’s Quality of Care and Outcomes Research 
Scientific Sessions 2014. 
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