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Abstract
Introduction. The formation of an iatrogenic septal defect (iASD) during the MitraClip procedure may be associated with 
adverse consequences, including right ventricular (RV) volume overload resulting in worsening heart failure, hospitali-
zations, and increased mortality.
The aim of the study is to evaluate the effects of closing the iASD simultaneously during MitraClip on the RV function.
Material and methods. Four patients who underwent the MitraClip procedure were analysed. The resulting iASD was 
closed using an Amplatzer occluder during the indexed procedure. The patients were followed up for 12 months.
Results. The complete iASD closure was achieved in all patients. There were no deaths during 12 months of observa-
tion. In all cases, the RV dimensions decreased, on average, from 38 ± 5.35 mm to 34.35 ± 5.06 mm. No patient had 
progression of tricuspid regurgitation to significant regurgitation (TR ≥ 3+). Right ventricular systolic pressure (RVSP) 
decreased from an average of 47.50 ± 7.82 mm Hg to 38.00 ± 8.57 mm Hg.
Conclusions. The results indicate a beneficial effect of concomitant closure of iASD during the MitraClip procedure by 
reducing RV exposure to volume overload and the associated severity of tricuspid valve regurgitation and pulmonary 
hypertension.
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Introduction

Transcatheter reduction of mitral regurgitation procedures 
is frequently used in clinical practice. It can be expected 
that the latest American College of Cardiology and European 

Society of Cardiology guidelines while upgrading the recom-
mendations to class IIa for functional mitral regurgitation, 
will result in an even more frequent qualification for this 
procedure. The MitraClip procedure requires puncture 
of the atrial septum and passage through it with large 
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[7, 8]. In turn, Ikenaga showed that iASD is associated with 
lower left ventricular (LV) ejection fraction, larger diastolic 
and systolic LV volumes, and right heart enlargement [4]. 
So far, the results of iASD closure in the case of persistent 
iASD and immediate in the case of acute deoxygenation 
have been published [9–11]. The validity of closing the iASD 
during MitraClip treatment has not been assessed before 
the leftover leakage led to adverse effects. This study pre-
sents the results of 4 patients who underwent iASD occlu-
sion during the MitraClip procedure, regardless of the flow 
direction between the atria.

Material and methods

The paper presents the procedures performed in 4 patients 
with simultaneous reduction of mitral regurgitation and 
closure of the iASD resulting from the procedure. Patient 
characteristics are given in Table 1. The iASD closure 
procedures were performed with the Amplatzer occluder 

diameter catheters (24 F). The result is fairly frequent ia-
trogenic defects in the atrial septum. Ussia [1] and Saitoh 
[2] demonstrated the presence of iatrogenic septal defect 
(iASD) in over 80% of patients in short-term follow-up. 
Smith [3] and Ikenaga [4] showed that iASD is present in 
43% to 57% of patients after one month. Although iASD 
closes spontaneously in some cases, the iASD presence 
12 months after the procedure is described by other 
authors in up to 50% of patients [5].

The presence of iASD in patients undergoing MitraClip 
procedures may be associated with several adverse effects. 
Schueler et al. [5] draw attention to the possibility of right 
heart volume overload, RV failure, and hence hospitaliza-
tion and deaths. Also, Tayoma et al. [6] showed an increa-
sed frequency of hospitalizations due to worsening heart 
failure in patients with iASD. The direction of flow through 
the iASD affects the frequency of adverse events and the 
prognosis of patients. The iASD with the reverse right-to-
-left flow is also the cause of acute arterial deoxygenation 

Table 1. Clinical characteristics and echocardiographic parameters assessing prior to MitraCip procedure

Patient 1 Patient 2 Patient 3 Patient 4 Mean ± SD

Age [years] 71 59 65 70 66.25 ± 4.76

MR range 4+ 4+ 4+ 4+

LVDD [mm] 59 77 71 61 67.0 ± 7.35

LVSD [mm] 47 66 64 51 57.0 ± 8.15

LVEDV [mL] 136 217 231 169 188.25 ± 37.93

LVED/BSA

[mL/m2]

70.45 90.02 101.45 84.50 86.60 ± 11.15

LVEF [%] 30 26 26 31 28.25 ± 2.28

ERO [cm2] 0.6 0.3 0.2 0.47 0.39 ± 0.15

RVD [mm] 41 43 42 35 38.0 ± 5.35

TR range 3+ 2+ 1 2+ —

TAPSE [mm] 11 15 21 15 15.6 ± 3.2

PVR  [WU] 5.36 4.2 3.56 3.2 4.10 ± 0.80

RVSP [mm Hg] 32 63 37 46 44.5 ± 11.80

TAPSE/sPAP [mm/mm Hg] 0.23 0.25 0.56 0.32 0.24 ± 0.13

(TR dP/dt)/TR Vmax 100.42 68.77 97.00 68.18 88.59 ± 12.29

RVEe [mm/WU] 2.05 3.57 5.89 4.57 4.02 ± 1.40

6MWT [m] 281 409 120 177 246 ± 110.07

Max O2 consmp. [mL/kg] 12.6 20.6 13.4 17.1 15.53 ± 3.6

NT-proBNP pre 
[ng/mL]

3782 841 347.6 1155 1531.40 ± 1330.87

6MET — six-minute walking test; BSA — body surface area; ERO — effective regurgitant orifice; LVDD — left ventricular diastolic dimension; LVEDV — left ventricular end-diastolic volume; LVEF — left ventricular 
ejection fraction; LVSD — left ventricular systolic dimension; MC — MitraClip; MR — mitral regurgitation; NT-proBNP — N-terminal pro-B-type natriuretic peptide; PVR — pulmonary vascular resistance; RVD — 
right ventricular dimension; RVEe — echo-derived right ventricular ejection efficiency; RVSP — right ventricular systolic pressure; SD — standard deviation; sPAP — systolic pulmonary artery pressure; TAPSE 
— tricuspid annular plane systolic excursion; TR — tricuspid regurgitation; Vmax — maximal velocity; WU — Wood Unit
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immediately after attaching the MitraClip to the valve le-
aflets. The iASD occlusion was performed regardless of the 
right heart geometry and function at baseline assessment. 
Right ventricular geometry and function were assessed ba-
sed on transthoracic echocardiography performed the day 
before the MitraClip procedure. The following parameters 
were assessed: right ventricular dimension (RVD), right 
ventricular systolic pressure (RVSP), pulmonary vascular 
resistance (PVR), echo-derived right ventricular efficiency 
(RVEe), tricuspid annular plane systolic excursion (TAP-
SE) and tricuspid regurgitation (TR) range. The PVR was 
calculated using the TR peak velocity/right ventricular 
(RV) outflow tract velocity-time integral, and RVEe was 
defined as TAPSE/PVR. The follow-up data were collected 
at 12 months and included clinical and echocardiographic 
parameters. 

Results

In the analysed cases where the iASD closure procedure 
was performed, all patients at baseline had severe functio-
nal mitral regurgitation. All of them had a reduction in MR 
grade by at least 1+, but after a one-year follow-up, one 
person had a regurgitation recurrence to grade 4+. Left 
ventricular remodelling, expressed as a reduction in left 
ventricular end-diastolic volume, was noticeable in 2 of 
the four reported cases and occurred only in cases where 
mitral regurgitation was significantly reduced. 

Parameters evaluating the RV are presented in Table 2. 
In all cases, the RV dimension in distant observation was 
reduced. RVSP decreased in all cases where MitraClip 
treatment was effective. Pulmonary resistance increased 
> 6 Wood units only in a patient who had a recurrence of 
severe mitral regurgitation. No deterioration in the RV sy-
stolic function was observed. TAPSE before MitraClip and 
in distant observation were similar. At the same time, the 
parameters assessing RV performance considering the 
follow-up load (TAPSE/sPAP, [TR dP/dt]/TR Vmax) improved 
or remained almost unchanged (PVEe) in patients with re-
duced mitral regurgitation. The RV-pulmonary artery cou-
pling evaluated by TAPSE/sPAP ratio improved in all cases.

Discussion

According to the current recommendations, the MitraClip 
procedures should be avoided in patients with pulmonary 
hypertension exceeding 70 mm Hg and with severe RV 
dysfunction. Right ventricular volume overload resulting 
from left-to-right shunt causes an increase in pulmonary 
pressure, RV dilatation, and RV failure, and consequently 
is associated with increased mortality. Therefore, the 
qualification considering the recommendations reduces 
the deoxygenation risk described in the case of right-to-left 
leakage. However, the problem is the RV volume overload. 
There are no clear recommendations, mainly due to the 
difficulties in assessing the RV function.

Table 2. The follow-up echocardiographic assessment 

Patient 1 Patient 2 Patient 3 Patient 4 Mean ± SD

MR range 4+ 2+ 1+ 1+ —

LVDD [mm] 68 81 71 66 71.5 ± 5.77

LVSD [mm] 41 59 57 43 50.0 ± 8.06

LVEDV [mL] 142 261 200 135 184.50 ± 50.87

LVEF [%] 40 27 20 35 30.50 ± 7.63

RVD [mm] 37 40 30 29 34.35 ± 5.06

TR range 1+ 2+ 1+ 2+ —

TAPSE [mm] 13 16 19 17 16.25 ± 2.16

PVR [WU] 6.68 4.95 2.79 3.94 4.60 ± 1.43

RVSP [mm Hg] 31 52 31 38 38.0 ± 8.57

TAPSE/sPAP [mm/mm Hg] 0.41 0.31 0.61 0.44 0.45 ± 0.11

(TR dP/dt)/TR Vmax 70.0 102.86 113.95 158.87 111.42 ± 31.81

RVEe [mm/WU] 1.94 3.21 7.18 4.31 4.16 ± 1.93
6MET — six-minute walking test; LVDD — left ventricular diastolic dimension; LVEDV — left ventricular end-diastolic volume; LVEF — left ventricular ejection fraction; LVSD — left ventricular systolic dimension; 
MR — mitral regurgitation; PVR — pulmonary vascular resistance; RVD — right ventricular dimension; RVEe — echo-derived right ventricular ejection efficiency; RVSP — right ventricular systolic pressure;  
SD — standard deviation; sPAP — systolic pulmonary artery pressure; TAPSE — tricuspid annular plane systolic excursion; TR — tricuspid regurgitation; Vmax — maximal velocity; WU — Wood Unit
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So far, mainly iASD closures have been described in 
patients with persistent iASD. Proponents of this appro-
ach point out that in some cases, the iASD is spontaneo-
usly closed after a few months. Moreover, in the REDUCE 
LAP-HF study conducted on a population of patients with 
heart failure with preserved systolic function, the implan-
tation of an interatrial shunt device reduced left atrium 
pressure. Also, 52% of patients showed a reduction in pul-
monary capillary wedge pressure at rest, and in 34 cases 
(58%) presented lower pulmonary capillary wedge pres-
sure during exertion, which resulted in increased exerci-
se time [12]. These experiments, however, apply to a dif-
ferent patient population than those with heart failure 
with reduced ejection fraction and mitral regurgitation. 
So far, there is no data in that population to determine 
when iASD should be closed and when it is the optimal 
time for such a procedure. It is questionable whether it 
is rational to postpone the decision until a follow-up after 
a few months and expose the RV to volume overload for 
such a long period. Hence, an alternative approach may 
be to close the iASD immediately after its generation. This 
approach is also supported by the observations of Ussia 
et al. [1], who performed iASD closure in 3 patients who 
developed haemodynamic instability immediately after 
insertion of MitraClip. Two of these patients improved 
immediately [3].

The negative consequences of right heart overload due 
to iASD include increased tricuspid regurgitation, the rise 
of systolic pulmonary artery pressure, and worse NYHA fun-
ctional class. Also, iASD was associated with poorer 6MWT 
results and higher NT-proBNP values [5].

The analysis of cases described in the present work 
shows that closing the iASD immediately after the Mi-
traClip procedure is safe and prevents the development 
of right heart failure. In the cases described in this study, 
iASD closure was associated with a favourable reduction 
in the RV dimensions and the lack of progression of tricu-
spid regurgitation. In the GRASP registry comparing the 
results of MitraClip procedures in groups distinguished 
by the severity of tricuspid regurgitation, it was found that 
TR 4+/3+ deteriorates the patient prognosis. The compo-
site endpoint of deaths and rehospitalizations for heart 
failure was significantly more frequent in the presence of 
4+/3+ (67.7 vs. 88.8%; log-rank p = 0.015) [13]. Similarly, 
Meijerink et al. [14] found differences in the prognosis of 
patients undergoing MitraClip procedures depending on 
the coexisting tricuspid regurgitation. Survival of patients 
with severe TR after transcatheter mitral valve repair was 
58% after two years compared to 82% for those with non, 
mild or moderate TR.

Closing the iASD immediately after the MitraClip also 
prevents an increase in RVSP. No patients had a higher 
RVSP on follow-up than in the baseline study in the repor-
ted cases. Preventing the rise of RVSP by closing the iASD 
may positively affect patients’ prognoses. It was shown that 
the mortality rate of patients within a year from MitraClip 
was higher in the group of patients with elevated sPAP va-
lues. In the case of sPAP < 36 mm Hg, the mortality was 
15.2%, for sPAP 37–50 mm Hg 24.4%, and in the group 
of patients with sPAP > 50 mm Hg, the annual mortality 
increased to 26.4% (p < 0.01) [15]. 

However, no studies assess the impact of pulmonary 
hypertension on the prognosis after MitraClip depending 
on the type of pulmonary hypertension: isolated post- 
-capillary and combined pre-, and post-capillary pulmona-
ry hypertension. Also, the COPAT study found that patients 
with PASP of ≥ 50 mm Hg had a higher both unadjusted 
(1.70; 95% CI: 1.34–2.14; p < 0.0001) and adjusted ha-
zard ratio (1.52; 95% CI: 1.17–1.97; p = 0.002) risks of 
the 2-year composite endpoint of death or hospitalization 
for heart failure [16].

Rubbio et al. [17] proposed to evaluate the ratio of 
TAPSE to RVSP as an indicator of the RV-pulmonary artery 
coupling. TAPSE/sPAP ≤ 0.36 remained a sustained pre-
dictor of mortality and hospitalization for heart failure one 
year after MitraClip (hazard ratio: 3.87; 95% CI: 1.83–8.22; 
p ≤ 0.001). This parameter was improved in all patients in 
the described cases and remained lowered below the re-
ference value in only one patient, proving that the closure 
of iASD prevents the deterioration of RV functioning after 
the MitraClip procedure. 

Conclusions

Closing the iASD immediately after inserting the MitraClip 
prevents the RV volume overload. It promotes greater 
efficiency of RV performance, consequently reducing the 
risk of aggravation tricuspid regurgitation and pulmonary 
hypertension, which are recognized factors of worse pro-
gnosis after MitraClip. However, the impact of iASD closure 
on patient prognosis requires a randomized trial.
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Streszczenie
Wstęp. Powstawanie jatrogennego ubytku przegrody (iASD) podczas zabiegu MitraClip może wiązać się z niekorzystnymi 
konsekwencjami, między innymi z przeciążeniem objętościowym prawej komory serca skutkującym nasileniem objawów 
niewydolności serca, hospitalizacjami i zwiększoną śmiertelnością.
Celem tej pracy jest ocena wpływu jednoczesnego zamykania iASD podczas zabiegów MitraClip na funkcję prawej 
komory serca (RV).
Materiał i metody. Przeanalizowano przypadki 4 pacjentów, którzy przeszli zabieg MitraClip, u których zamknięto 
powstały iASD za pomocą okludera Amplatzer podczas indeksowanej procedury. Pacjenci byli obserwowani przez 
12 miesięcy.
Wyniki. Całkowite zamknięcie iASD osiągnięto u wszystkich pacjentów. Nie było zgonów podczas 12 miesięcy obserwa-
cji. We wszystkich przypadkach wymiary RV zmniejszyły się średnio z 38 ± 5,35 mm do 34,35 ± 5,06 mm. U żadnego 
pacjenta nie wystąpiła progresja niedomykalności trójdzielnej do niedomykalności istotnej (TR ≥ 3+). Ciśnienie skurczo-
we prawej komory (RVSP) zmniejszyło się ze średnio 47,50 ± 7,82 mm Hg do 38 ± 8,57 mm Hg.
Wnioski. Wyniki wskazują na korzystny wpływ równoczesnego zamknięcia iASD podczas procedury MitraClip poprzez 
zmniejszanie ekspozycji RV na przeciążenie objętościowe i związane z tym nasilenie niedomykalności trójdzielnej i nad-
ciśnienia płucnego.

Słowa kluczowe: MitraClip, jatrogenny ubytek przegrody międzyprzedsionkowej, zamknięcie ubytku przegrody 
międzyprzedsionkowej
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