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  ABSTRACT

Percutaneous Balloon Mitral Valvuloplasty (PBMV) involves atrial septostomy during the procedure. One of the consequences of 
transseptal puncture is the creation of an Atrial Septal Defect (ASD). Transesophageal Echocardiography (TEE) can detect Left to Right 
(L-R) shunts too small to be detected by other methods. The aim of this study was to evaluate the 3 years follow-up of ASD closure 
after PBMV by TEE. 200 consecutive patients with rheumatic Mitral Stenosis (MS) who underwent successful PBMV by using the Inoue 
balloon catheter were studied prospectively. ASD with small L-R atrial shunting occurred in all the patients (100%) immediately after 
PBMV. Total study 200 patients. All the ASDs were small in size (≤ 5 mm). The puncture site (ASD site) occurred in the fossa ovalis 
(Fo.Ov) in 120 patients (60%), while it occurred outside the Fo.Ov (either in the superior limbus or in the inferior limbus of the Interatrial 
Septum (IAS)) in the other 80 patients (40%). 180 patients presented at 6 month follow-up. ASD was closed in 117 patients (65%), while 
it was persisted in 63 patients (35%). 95 patients presented at 3 years follow-up. ASD was closed in 76 patients (80%) (Group I), while it 
was persisted in 19 patients (20%) (Group II). All the 74 patients who had ASD immediately after PBMV in the Fo.Ov, presented with ASD 
closure at 3 years follow-up. Only 2 patients who had ASD immediately after PBMV outside the Fo.Ov, presented with ASD closure at 3 
years follow-up. All the 19 patients who presented at 3 years follow-up with ASD persistence had ASD immediately after PBMV outside 
the Fo.Ov (14 in the superior limbus and 5 in the inferior limbus). No patient presented at 3 years follow-up with ASD persistence, had 
ASD immediately after PBMV in the Fo.Ov Large LAD, high total Echocardiographic (echo) score of the Mitral Valve (MV), thick Fo.Ov, 
thick superior limbus, thick inferior limbus and ASD site immediately after PBMV outside the Fo.Ov were signifi cant predictors of ASD 
persistence at 3 years follow-up.

In conclusion, ASD with L-R atrial shunting occurs in all the patients after PBMV by using the Inoue balloon catheter. ASD after PBMV 
persists in 20% of the patients at 3 years follow-up. Predictors of ASD persistence at 3 years follow-up are: large LAD, high total echo 
score of the MV, thick Fo.Ov, thick superior limbus, thick inferior limbus and ASD site immediately after PBMV outside the Fo.Ov. ASD 
closes at 3 years follow-up in all the patients who had ASD in the Fo.Ov immediately after PBMV. All the patients with ASD persistence 
at 3 years follow-up had ASD outside the Fo.Ov after PBMV. It is recommended that operators doing transseptal puncture during PBMV 
by using the Inoue balloon catheter should aim to do it in the Fo.Ov.
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ABBREVIATIONS

PBMV: Percutaneous Balloon Mitral Valvuloplasty; IASD: 

Iatrogenic Atrial Septal Defect; CFI; Color Flow Doppler Imaging; 

TTE: Transthoracic Echocardiography; IAS: Interatrial Septum; 

TEE: Transesophageal Echo; MVA: Mitral Valve Area; MR: Mitral 

Regurgitation; TS: Transseptal.

INTRODUCTION

Rheumatic heart disease is a chronic manifestation of rheumatic 

carditis, which occurs in 20% of cases of rheumatic fever (increases 

to 80% if the heart is already aff ected from fi rst attack) [1-4]. Th e 

endocardial lesion most oft en leaves permanent sequela resulting in 

valvular regurgitation, stenosis, or both. Before the advent of PBMV, 

most patients with symptomatic MS were treated with surgical mitral 

commissurotomy, either open or closed.

Percutaneous Balloon Mitral Valvuloplasty (PBMV) is a safe and 

eff ective procedure for relief of severe mitral stenosis. Indications for 

PBMV: Th e management of symptomatic and severe MS is described 

comprehensively in recent guidelines published by the European 

Society of Cardiology (ESC) [1].

Contraindications to PBMV: Persistent left  atrial or left  atrial 

appendage thrombus, more than moderate mitral regurgitation, 

massive or bicommissural calcifi cation.

During PBMV, a transseptal puncture is made. A hole is created 

in the atrial septum, so that dilating balloons can be advanced across 

the septum to the MV. Th us, an atrial communication is an obligatory 

part of the procedure [5-12]. Th e knowledge of iatrogenic Atrial 

Septal Defect (iASD) is vital.

Persistent iatrogenic Atrial Septal Defects (iASD) aft er structural 

TS interventions are not uncommon especially when larger TS 

sheaths are used (25%-50% with 22 Fr sheaths) [6-13]. Th e optimal 

management strategy of postprocedural iASD is currently unknown. 

In the absence of societal recommendations with regards to iASD, the 

decision to close iASD and the timing of the closure pose a clinical 

dilemma to the interventionist caring for these patients [5].

If a very sensitive method to detect an L-R shunt is used, a shunt 

through the atrial septum should be detected immediately aft er 

PBMV. TEE with color Flow Doppler Imaging (CFI) can detect L-R 

shunts too small to be detected by other methods [5-11].

In this study, we evaluated the factors aff ecting the development 

of iatrogenic atrial septal defect and searched for the factors that can 

minimize undue or exaggerated defect.

AIM OF THE WORK

   To evaluate the 3 years follow-up of ASD closure aft er PBMV by 

TEE; and to try to fi nd means to minimize the eff ect of this iatrogenic 

shunt; and to defi ne Predictors of ASD persistence.

PATIENTS AND METHODS

200 consecutive patients with rheumatic MS who underwent 

successful PBMV were studied prospectively at the NHI during the 

period between January 2008 and November 2011. 

Exclusion criteria:

• Patients with intracardiac masses on thrombi

• Patients with signifi cant MR (moderate or severe MR)

• Patients with ASD, patent foramen ovale or interatrial septal 

aneurysm

• Patients with previous PBMV or surgical mitral commissurotomy

• Patients with multiple atrial septal punctures during the 

procedure

• Patients who developed restenosis at 6 month follow-up aft er the 

procedure
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Every patient was subjected to:

1. Complete history taking

2. Clinical examination

3. Chest X-Ray

4. ECG

5. Transthoracic Echocardiography (TTE)

6. PBMV procedure: was done by using the Inouye balloon 

catheter technique [1].

7. TEE:

• TEE was done by using multiplane probe.

• TEE was done before the procedure, within 24 hours aft er the 

procedure, at 6 month follow-up and at 3 years follow-up. 

• Standard transverse and longitudinal views were used for 

precise examination and measurements of the interatrial 

septum. 

• Th e IAS thickness was measured at its thinnest part which is 

the Fo.Ov and at the superior and the inferior limb of the IAS.

• ASD was evaluated aft er PBMV, at 6 month follow-up and at 

3 years follow-up. L-R atrial shunting was determined by CFI 

and PW Doppler.

• Th e MV was scored by using the criteria described by Wilkins 

et al. [8].

 6 Month follow-up

• TTE and TEE were done to the patients who presented at 6 

month follow-up.

• Restenosis: Echocardiographic restenosis was defi ned at 

follow-up as a loss of 50% of the initial gain and a valve area < 

1.5 cm2 [9].

3 Years follow-up

• TTE and TEE were done to the patients who presented at 3 

years follow-up.

• Informed consent was obtained from the patients.

Guidelines for the echocardiographic assessment of atrial septal 

defect and patent foramen ovale are followed [1]. 

STATISTICAL ANALYSIS

· Quantitative data were expressed as mean ± standard deviation

· Student’s t test was used to compare quantitative data between 2 

groups

· Discrete variables were compared with Chi squared and Fisher’s 

exact test

· A value of p < 0.05 was considered statistically signifi cant. P < 

0.01 was considered highly signifi cant

RESULTS

200 consecutive patients with MS who underwent successful 

PBMV were studied prospectively.

Immediate results

ASD occurred in all the patients (100%) aft er PBMV (Iatrogenic 

ASD). Small L-R atrial shunting occurred in all the patients 

determined by CFI (Figures 1-3) and PW Doppler (Figure 4). All the 

ASDs were small in size (≤ 5 mm). Th e diameter of the ASDs (ASD 

size) ranged from 2.0 to 5.0 mm with a mean of 3.02 ± 0.94 mm

Th e puncture site (ASD site) occurred in the Fo.Ov in 120 patients 

(60%) (Figure 1-A), while it occurred outside the Fo.Ov in 80 patients 

(40%). In 30 patients (37.5%) of these 80 patients, it occurred in the 

superior limbus (Figure 2-A), while in the other 50 patients (62.5%), 

it occurred in the inferior limbus (Figure 3-A).

6 Month follow-up results

• 180 patients presented at 6 months aft er PBMV.

• ASD was closed in 117 patients (65%). In 88 patients (75.2%) 

of these 117 patients, ASD immediately aft er PBMV (before 

closure) was present in the Fo.Ov, while it was present outside 

the Fo.Ov in 29 patients (24.8%). In 11 patients (38%) of these 

29 patients, it was in the superior limbus, while in the other 18 

patients (62%); it was in the inferior limbus.

 
 

 

 

 

  

(A) ASD with L-R shunt immediately after PBMV 

  

                  (B) ASD closed at 3 years follow-up 

Figure 1: TEE, showing ASD in the Fo.Ov which was closed at 3 years follow-up.
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• ASD persisted in 63 patients (35%). All of them had L-R 

atrial shunting with the same degree as that immediately aft er 

PBWV. All the ASDs were small in size (≤ 5 mm) and with 

the same size as that immediately aft er PBMV in all the 63 

patients. ASD site was in the Fo.Ov in 18 patients (28.6%), 

while it was outside the Fo.Ov in 45 patients (71.4%). In 17 

patients (37.8%) of these 45 patients, it was in the superior 

limbus, while in the other 28 patients (62.2%); it was in the 

inferior limbus.

• 18 patients (10%) developed restenosis of the MV. So, they 

were excluded from subsequent follow-up study.

• No patients developed severe MR.

3 years follow-up results

• 95 patients presented at 3 years aft er PBMV. ASD was closed 

in 76 patients (80%) (Figure 1,3), while it was persisted in 19 

patients (20%) (Figure 2).

• Th e patients were classifi ed into 2 groups:

Group I: Included 76 patients (80%) with closed ASD. Th eir age 

ranged from 25 to 52 years old with a mean of 39.30 ± 10.46 years. 49 

patients (64.5%) were females and 27 patients (35.5%) were males. 50 

 

 

 

 

 

 

 

(A) ASD with L-R shunt immediately after PBMV 

  

                         (B) ASD persisted at 3 years follow-up 

Figure 2: TEE, showing ASD in the superior limbus which was persisted at 3 years follow-up.

  

 

 

 

 
 

(A) ASD with L-R shunt immediately after PBMV 

  

                           (B) ASD closed at 3 years follow-up 

Figure 3: TEE, showing ASD in the inferior limbus which was closed at 3 years follow-up.

Figure 4: TEE, showing PW Doppler fl ow across the ASD after PBMV.
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patients (65.8%) were in sinus rhythm and 26 patients (34.2%) were 

in Atrial Fibrillation (AF). LAD ranged from 4.0 to 6.4 cm with a 

mean of 5.31 ± 0.96 cm. Total echo score of the MV ranged from 6.0 

to 9.0 with a mean of 7.16 ± 0.99. Mitral Valve Area (MVA) before 

PBMV ranged from 0.6 to 1.1 cm2 with a mean of 0.85 ± 0.19 cm2. Th e 

IAS thickness at the Fo.Ov (Fo.Ov thickness) ranged from 1.0 to 2.0 

mm with a mean of 1.27 ± 0.19mm. Th e IAS thickness at the superior 

limbus (superior limbus thickness) ranged from 2.0 to 6.0 mm with 

a mean of 3.32 ± 1.16 mm. Th e IAS thickness at the inferior limbus 

(inferior limbus thickness) ranged from 2.0 to 8.0 mm with a mean of 

3.12 ± 1.12 mm. In 74 patients (97.4%) of these 76 patients, the ASD 

immediately aft er PBMV (before closure) was present in the Fo.Ov, 

(Figure 1), while it was present outside the Fo.Ov in 2 patients (2.6%). 

In these 2 patients, it was in the inferior limbus (Figure 3).

• 18 patients (23.7%) developed restenosis at 3 years follow-up.

• 15 patients (19.7%) developed severe MR at 3 years follow-up.

Group II: Included 19 patients (20%) with ASD persistence. 

All of them had L-R atrial shunting with the same degree as that 

immediately aft er PBMV. All the ASDs were small in size (≤ 5.0 mm) 

and with the same size as that immediately aft er PBMV in all the 19 

patients. Th eir age ranged from 30 to 54 years old with a mean of 

41.47 ± 10.88 years. 12 patients (63.2%) were females and 7 patients 

(36.8%) were males. 12 patients (63.2%) were in sinus rhythm and 7 

patients (36.8%) were in Atrial Fibrillation (AF). LAD ranged from 

4.4 to 7.1 cm with a mean of 6.22 ± 1.19 cm. Total echo score of the 

MV ranged from 6.0 to 10.0 with a mean of 8.63 ± 1.67. Mitral Valve 

Area (MVA) before PBMV ranged from 0.6 to 1.0 cm2 with a mean 

of 0.80 ± 0.18 cm2. Th e IAS thickness at the Fo.Ov (Fo.Ov thickness) 

ranged from 1.0 to 2.1 mm with a mean of 1.71 ± 0.15 mm. Th e IAS 

thickness at the superior limbus (superior limbus thickness) ranged 

from 2.0 to 7.0 mm with a mean of 4.26 ± 1.76 mm. Th e IAS thickness 

at the inferior limbus (inferior limbus thickness) ranged from 2.0 to 

8.0 mm with a mean of 5.84 ± 1.89 mm. Th e ASD site was outside the 

Fo.Ov in all the 19 patients (100%). In 14 patients (73.7%) of these 19 

patients, it was in the superior limbus (Figure 2), while in the other 

5 patients (26.3%); it was in the inferior limbus. So, no patients who 

had ASD in the Fo.Ov immediately aft er PBMV had ASD persistence.

• So, in all the 74 patients who had ASD site in the Fo.Ov 

immediately aft er PBWV, the ASD was closed at 3 years 

follow-up.

• 5 patients (26.3%) developed restenosis at 3 years follow-up.

• 4 patients (21%) developed severe MR at 3 years follow-up.

- No signifi cant diff erence was found between the 2 groups as 

regards restenosis at 3 years follow-up 

(Table 1).

- No signifi cant diff erence was found between the 2 groups as 

regards severe MR at 3 years follow-up (Table 1).

Predictors of ASD persistence 

• Several factors were compared in both groups (Table 2).

Patients with ASD persistence (Group II) at 3 years follow-up 

had: 

1. A larger LAD (P < 0.01).

2. A higher total echo score of the MV (P < 0.001).

3. A thicker Fo.Ov of the IAS (P < 0.001).

4. A thicker superior limbus of the IAS (P < 0.5).

5. A thicker inferior limbus of the IAS (P < 0.001).

6. ASD site immediately aft er PBMV outside the Fo.Ov (100%).

DISCUSSION

PBMV involves atrial septostomy during the procedure. One of 

the consequences of transseptal technique is the creation of an ASD 

[6-11].

Th e present study was designed to evaluate the 3 years follow-up 

of ASD closure aft er PBMV by TEE. 

In the present study, 200 consecutive patients with MS who 

underwent successful PBMV were studied prospectively. ASD 

occurred in all the patients (100%) aft er PBMV. Small L-R atrial 

shunting occurred in all the patients and all the ASDs were small in 

size. Th e same result was reported by Rittoo et al. [11] and El-Kady et 

al. [14] and Arora et al. [15] detected ASD aft er PBMV in 92% of their 

series. Th ey suggested that evaluation of the ASD fl ow probably could 

be diffi  cult in some patients in their series. Yoshida et al. [6] detected 

ASD aft er PBMV in 87% of their series, however, they used single 

plane TEE probe for detecting ASD, while multiplane probe was used 

in the present study which is more sensitive than single plane probe 

for detecting ASD.

In the present study, the puncture site (ASD site) occurred in 

the Fo.Ov in 120 patients (60%), while it occurred outside the Fo.Ov 

(either in the superior limbus or in the inferior limbus) in the other 80 

patients (40%). Rittoo et al. [11], reported ASD in the Fo.Ov in 89% of 

their patients, while it was outside the Fo.Ov in 11% of their series. El-

Table 1: Restenosis and severe MR in both groups at 3 years follow-up.

Group I
ASD closed (76)

Group II
ASD persisted (19) P Value

Restenosis 18 (23.7%) 5 (26.3%) NS

Severe MR 15 (19.7%) 4 (21%) NS

(NS = Non-Signifi cant).

Table 2: Predictors of ASD persistence at 3 years follow-up.

Group I
ASD closed 

(76)

Group II
ASD persisted 

(19)
P Value

Age 39.30 ± 10.46 41.47 ± 10.88 NS

Gender (F) 49 (64.5%) 12 (63%) NS

Rhythm (AF) 26 (34.2%) 7 (36.8%) NS

LAD 5.31 ± 0.96 6.22 ± 1.19 P < 0.01

MV score 7.16 ± 0.99 8.63 ± 1.67 P < 0.001

MVA before 0.85 ± 0.19 0.80 ± 1.18 NS

Mild MR before 31 (40.8%) 8 (42.1%) NS

Fo.Ov thickness 1.27 ± 0.19 1.71 ± 0.15 P < 0.001

Superior limbus thickness 3.32 ± 1.16 4.26 ± 1.76 P < 0.5

Inferior limbus thickness 3.12 ± 1.12 5.84 ± 1.89 P < 0.001

ASD size immediately after 
PBMV

2.83 ± 0.89 3.05 ± 1.03 NS

ASD site immediately after 
PBMV (outside Fo.Ov)

2 (2.6%) 19 (100%) P < 0.001
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Kady et al. [10], reported ASD in the Fo.Ov in 71.4% of their patients, 

while it was outside the Fo.Ov in the other 28.6% of their patients.

In the present study, 180 patients presented at 6 month follow-

up. ASD was closed in 117 patients (65%), while it was persisted in 

63 patients (35%). Yoshida et al. [6], reported spontaneous closure 

of ASD in 80% of their series at 6 month follow-up aft er PBMV. 

Th is may be related to the lower incidence of ASD immediately aft er 

PBMV in their series.

95 patients presented at 3 years aft er PBMV in the present study. 

ASD was closed in 76 patients (80%) (Group I), while it was persisted 

in 19 patients (20%) (Group II).

All the 74 patients who had ASD immediately aft er PBMV in 

the Fo.Ov, presented with ASD closure at 3 years follow-up. Only 2 

patients who had ASD immediately aft er PBMV outside the Fo.Ov (in 

the inferior limbus), presented with ASD closure at 3 years follow-up.

All the 19 patients (20%) who presented at 3 years follow-up 

with ASD persistence had ASD immediately aft er PBMV outside the 

Fo.Ov (14 in the superior limbus and 5 in the inferior limbus). No 

patient presented at 3 years follow-up with ASD persistence, had ASD 

immediately aft er PBMV in the Fo.Ov

To determine the factors predicting ASD persistence at 3 years 

follow-up, several factors were compared in both groups. Large LAD, 

high total echo score of the MV, thick Fo.Ov, thick superior limbus, 

thick inferior limbus and ASD site immediately aft er PBMV outside 

the Fo.Ov were signifi cant predictors of ASD persistence at 3 years 

follow-up in the present study.

Large LAD was a signifi cant predictor of ASD persistence in the 

present study. Th is could be explained that larger LAD could make 

directing the balloon catheter towards the MV more diffi  cult. El-Kady 

et al. [14] reported the same result.

High total echo score of the MV was a signifi cant predictor of 

ASD persistence in the present study. Th is result is in agreement with 

the results of Casale et al. [9], and El-Kady et al. [14], Casale et al. [9], 

reported that patients with MS who have high MV score, present the 

most technical diffi  culties at PBMV. Prolonged manipulations of the 

balloons may be necessary to correctly position them across the MV. 

In addition, they reported that when commissural splitting of the 

MV is not easily accomplished, the balloons tend to move toward the 

atrial septum as they are infl ated, which produces a sawing motion of 

the balloon shaft s and may enlarge the ASD [5].

Th ick Fo.Ov, thick superior limbs and thick inferior limbus of the 

IAS were signifi cant predictors of ASD persistence at 3 years follow-

up in the present study. Th is result is in agreement with the results 

of El-Kady et al. [14], Hung et al. [15], Hung et al. [16] reported that 

the risk of creating a signifi cant interatrial shunting logically depends 

on the stress exerted on the IAS. Th ey found that IAS resistance was 

an independent predictor of signifi cant interatrial shunting aft er 

PBMV. Th ey reported that septal thickness in an indicator of septal 

resistance which in turn determines the propensity to withstand the 

stress exerted on the transseptal access site. So, thick IAS results in 

some degree of septal resistance which can lead to ASD persistence 

at follow-up.

ASD site aft er PBMV outside the Fo.Ov was a signifi cant predictor 

of ASD persistence at 3 years follow-up in the present study. Th is 

result is in agreement with the result reported by El-Kady et al. [14]. 

Th is could be explained that the Fo.Ov is the thinnest part of the IAS, 

while either the superior or the inferior limbus of the IAS are much 

thicker than the Fo.Ov so, the chance for spontaneous closure of the 

ASD in the Fo.Ov is much easier.

Arora et al. [15] reported that the Valsalva maneuver may produce 

Right to Left  (R-L) shunting in a patient with an iatrogenic ASD. 

Also known is that a high incidence of interatrial communication 

is seen in patients with an unexplained cerebrovascular accident, 

therefore, realization of a persistent ASD aft er PBMV, however small, 

becomes important, especially if open heart surgery for MV disease 

is undertaken at a later date in these patients when these iatrogenic 

defects should be closed.

Th ere are other publications on the subject of iatrogenic ASD that 

shows how important is this subject [17-28]. 

CONCLUSIONS AND RECOMMENDATIONS1. ASD with L-R atrial shunting occurs in all the patients aft er 

PBMV by using the Inoue balloon catheter.2. ASD aft er PBMV persists in 20% of the patients at 3 years 

follow-up.3. Predictors of ASD persistence at 3 years follow-up are: 

large LAD, high total echo score of the MV, thick Fo.Ov, 

thick superior limbus, thick inferior limbus and ASD site 

immediately aft er PBMV outside the Fo.Ov4. ASD closes at 3 years follow-up in all the patients who had 

ASD in the Fo.Ov immediately aft er PBMV.5. All the patients with ASD persistence at 3 years follow-up had 

ASD outside the Fo.Ov aft er PBMV.

It is recommended that operators doing transseptal puncture 

during PBMV by using the Inoue balloon catheter should aim to do it 

in the Fo.Ov. Serial TEE follow-up for patients with factors predicting 

ASD persistence is recommended. Also, in patients requiring MV 

surgery who had undergone PBMV before, the surgeon should be 

aware of a possible ASD and should assess the IAS at the time of 

surgery.
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