
The septum normally shows a characteristic right con-
vexity that is determined by a left-to-right positive trans-
septal pressure gradient, and this shape is maintained
during the cardiac cycle (1, 2). Changes in the position
and geometry of the ventricular septum occur when
there is an acute or chronic imbalance between the left
and right ventricular loading conditions, such as a post-
operative state of tetralogy of Fallot, an atrial septal de-
fect, pulmonary thromboembolism, mitral stenosis, con-
strictive pericarditis or left bundle branch block (2-4).

The phenomenon that alters the function of one ventric-
ular function by changes in the filling of the other ven-
tricle is called interventricular dependence or ventricu-
lar coupling (4). Delayed left ventricular filling leads to
an abnormal trans-septal pressure gradient and this ac-
centuates early diastolic septal movement, which gradu-
ally returns rightward when the left ventricular filling
continues. Further, the anterior movement of the ven-
tricular septum in systole can be detected during the
cardiac cycle after coronary artery bypass grafting, al-
though the cause of this is unclear (5). Doppler echocar-
diography is currently the first choice of image modali-
ties for assessing septal motion. The advent of magnetic
resonance imaging (MRI) with stronger and faster gradi-
ent systems has recently enabled evaluating the septal
motion and the real-time dynamic contraction of the
heart chambers, and this potentially gives cardiac MRI
the same ability as that of echocardiography for evaluat-
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Real-time cine MRI studies using the steady-state free precession (SSFP) technique
are very useful for evaluating cardiac and septal motion. During diastole, the septum
acts as a compliant membrane between the two ventricles, and its position and geome-
try respond to even small alterations in the trans-septal pressure gradients. Abnormal
septal motion can be caused by an overload of the right ventricle, delayed ventricular
filling and abnormal conduction. In this study, we illustrate, based on our experiences,
the causes of abnormal septal motion such as corrective surgery for tetralogy of Fallot,
an atrial septal defect, pulmonary thromboembolism, mitral stenosis, constrictive peri-
carditis and left bundle branch block. In addition, we discuss the significance of para-
doxical septal motion in the context of cardiac MR imaging. 
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ing septal motion and the real-time dynamic contraction
of the heart chambers (6). The purpose of this study was
to demonstrate the various MR images of paradoxical
septal motion and to correlate these findings with the
clinical appearances and pathophysiologic findings. 

General Considerations for Cardiac MR Imaging

Subjects and MRI Techniques

We recruited the patients who showed paradoxical
septal motion on cardiac MRI and we retrospectively re-
viewed their medical records. All the MR images were

acquired with the patients in the supine position and us-
ing a 1.5-T MRI system (Intera CV release 10; Philips
Medical Systems, Best, Netherlands) with a flexible
body array coil. The two or three four-chamber views
and the two-chamber views, as well as the contiguous
short-axis CINE images of the entire heart, were ac-
quired with steady-state free precession (SSFP) (3
msec/1.5 msec, flip angle: 60 ). For the short axis im-
ages, 8 mm slices were acquired at 9-12 base-to-apex
short-axis locations during repeated breath holds (2~3
sec/slice). The ECG triggered sequence was used with
various repetition times (TRs). The typical parameters
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Fig. 1. The real-time cine-MR images acquired in a midventricular short-axis plane during deep inspiratory and expiratory move-
ments in a normal subject. The ventricular septum shows a convex shape towards the right ventricle at end diastole. The septal po-
sition and configuration are not modified by respiratory activity during the cardiac cycle. The horizontal dotted line shows the level
of the diaphragm at end-inspiration. DA (DL) means that distance measured from the reference point to the anterior border of the
septum (the posterior border of the lateral wall). R: stationary anterior reference point, Ex-ED: expiration-end diastole, Ins-ED: in-
spiration-end diastole, ES: end systole.



were a repetition time of 3 to 4 ms, an echo time of 1 to
2 ms, a flip angle of 50 to 60 , a field of view of 270 ×
270 mm and a matrix of 256 × 256. 

Normal Septal Motion and Respiration

Under normal conditions, the septum has a right con-
vexity and this configuration is maintained during the
cardiac cycle. This ventricular shape is caused by ven-
tricular coupling or interventricular dependence, which
is altered by the pressure changes during ventricle fill-
ing. Ventricular coupling is normally significantly influ-
enced by the respiration. The intrathoracic pressure in-
creases during expiration, and this increases the pul-
monary venous return and left ventricular filling, and it
diminishes the systemic venous return and right ventric-

ular filling, whereas the opposite occurs during inspira-
tion (Fig. 1).

Paradoxical Septal Motion

Paradoxical septal motion or distortion of the inter-
ventricular septum has been reported in situations of
right ventricular (RV) pressure and volume overload (7).
In the presence of increased systolic pressure in the RV,
the interventricular septum flattens and sometimes it
even bows leftward into the left ventricle (LV). The flat-
tening and bowing of the septum were quantitatively
expressed as curvature and the obtained results suggest-
ed that septum curvature could be used as a marker of
systolic RV hypertension. Changes in the position of the
ventricular septum occur when there is an acute or
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Fig. 2. A 21-year-old man with complete repair of tetralogy of Fallot. The early systolic paradoxical septal motion (convex toward
the left ventricle, arrowed) and the sustained paradoxical motion during mid-late systole are shown. DA (DL) means that distance
measured from the reference point to the anterior border of the septum (the posterior border of the lateral wall). R: stationary ante-
rior reference point, ED: end diastole, ES: end systole. 



chronic imbalance between the left and right ventricular
loading conditions, which is called “altered ventricular
coupling”. Further, ventricular coupling is significantly
influenced by the respiration. In particular, assessments
of the impact of respiration on ventricular coupling are
crucial for differentiating the patients with constrictive
pericarditis from those with restrictive cardiomyopathy
(RCM) (4). 

RV Overload

Corrective Surgery for Tetralogy of Fallot 

Tetralogy of Fallot (TOF) is the most common congeni-
tal cyanotic heart disease in non-infants (8). Long-term
follow-up studies have reported that following TOF re-
pair, these patients may suffer from altered right and
left ventricular dysfunction (8). This LV dysfunction
may be partially related to paradoxical interventricular
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Fig. 3. A 35-year-old woman with the
sinus venous type ASD. Systolic ante-
rior motion of the ventricular septum
parallel to the posterior wall of the left
ventricle is evident (arrowed). In addi-
tion, enlargement of the right ventri-
cle, which indicates more than a mod-
erate volume overload, is shown. ED:
end diastole, ES: end systole (Image
courtesy of Kim YJ, Yonsei University
Severance Hospital). 

A B
Fig. 4. Diastolic flattening of the septal wall in the short-axis view of a 57-year-old man with pulmonary thromboembolism. 
A. Massive thromboemboli in the right main pulmonary artery (arrowed) and pericardial effusion. 
B. During diastole, marked inward bending of the interventricular septum toward the left ventricle was observed (arrows). 



septal motion. For the patients with LV asynchrony af-
ter repair of their TOF repair, the progressive mechani-
cal interaction between an enlarged failing RV and the
LV that’s mediated through paradoxical septal motion is
a possible explanation for the LV asynchrony. The right
ventricular volume overload in patients following cor-
rective surgery for TOF is not the only cause of the para-
doxical septal movements, and other factors such as the
duration of preoperative hypoxia, the presence of my-
ocardial fibrosis and the surgical repair techniques
should not be ignored (9). The paradoxical septal motion
in asymptomatic postoperative patients following TOF
repair and who are without significant right ventricular
volume overload is related to electrical delay and the re-
duced septal systolic function, and the latter is mainly
secondary to the diminished regional septal systolic
function and paradoxical septal motion (Fig. 2). 

Atrial Septal Defect 

The paradoxical septal motion in patients with atrial
septal defect (ASD) occurs due to right ventricular vol-
ume overload (10). In these patients, the degree of septal
paradoxical motion is significantly related to the degree
of volume overload. Paradoxical motion of the ventricu-
lar septum is usually observed by M-mode echocardiog-
raphy at the level of the papillary muscles of the left
ventricle, and this paradoxical septal motion is frequent-
ly seen in patients with ASD and who have more than

moderate volume overload of the right ventricle (Fig. 3).
It is well known that the upper part of the ventricular
septum moves toward the anterior chest wall during
systole, while the lower part of the ventricular septum
moves toward the posterior wall. A pivot point is a
hinge point for the wall motion of the ventricular sep-
tum during systole, and presumably also in diastole, and
this hinge joint is believed to be located at the upper one
third of the ventricular septum. Several causes for para-
doxical ventricular septum motion have been proposed,
yet the exact mechanism remains unclear.

Pulmonary Thromboembolism 

Impaired left ventricular filling due to right ventricu-
lar pressure overload in patients with primary pul-
monary hypertension has been described (11).
Flattening of the interventricular septum is a certain
sign of pulmonary hypertension, and negative curvature
is only observed at systolic pressures higher than 67 mm
Hg (12). Echocardiography can also be used to evaluate
the septal curvature and to estimate the RV pressure or
the pulmonary pressure. While the relative simplicity
and low costs of echocardiography are certainly impor-
tant arguments in its favor, its reliability is questionable.
On the other hand, MRI can achieve high accuracy and
reproducibility (Fig. 4).
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Fig. 5. Early diastolic septal flattening
depicted in the short-axis view of a 63-
year-old man with mitral stenosis.
During early filling, the septum (ar-
rowed) flattened, but it regained a nor-
mal appearance at the end of diastolic
filling. 



Delayed Left Ventricular Filling

Mitral Stenosis 

Patients with mitral stenosis often have abnormal left-
ward motion of the ventricular septum during early di-
astole, which has been termed paradoxical diastolic sep-
tal motion, although it actually reflects an exaggeration
of the normal slight posterior septal movement during
this phase of the cardiac cycle. Some patients with mi-
tral stenosis and atrial fibrillation show marked variabil-
ity during diastolic filling. With continued filling of the
left ventricle, the normal (left ventricle > right ventricle)
trans-septal gradient is reestablished and the septum
moves progressively rightward. Leftward motion is initi-
ated at a time when the trans-septal gradient, although
decreasing, is still substantially positive (left ventricle >
right ventricle). The marked degree of early diastolic
leftward motion that is characteristic of patients with
mitral stenosis reflects an abnormal trans-septal gradi-
ent, which often is the reverse of the normal gradient
(Fig. 5). Thompson et al. (13) demonstrated a tight linear
correlation between the septal position and the trans-
septal gradient both at end-diastole and end-systole.
Ryan et al. (14) used an eccentricity index to quantitate
the degree of septal flattening and they showed that end-
diastolic septal flattening occurs in patients with right
ventricular volume-overload, and that those patients
with right ventricular systolic pressures greater than 45
mm Hg (pressure overload) also had septal flattening at
end-systole. Depending on the degree of leftward septal

displacement, the septal motion during subsequent sys-
tole may be reduced leftward, flattened or reversed
(paradoxic septal motion). 

Constrictive Pericarditis 

The main characteristic of constrictive pericarditis
(CP) is a thickened, fibrotic and/or calcified pericardium
that constricts the heart and impairs cardiac filling. One
of the main manifestations of CP is increased ventricu-
lar interdependence, a phenomenon whereby the func-
tion of one ventricle is altered by changes in the filling of
the other ventricle (3). Because the pericardial sac has a
fixed volume in patients with CP, the position of the
ventricular septum during diastole depends on the fill-
ing characteristics of both ventricles. This phenomenon
of pathologic ventricular coupling, or increased ventric-
ular dependence, is a major direct cause of pericardial
inflexibility. Accordingly, the filling pressures are in-
creased, and during early diastole, the rate of filling is
rapid and the rate of change of the ventricular pressure
is particularly rapid. This rapid change in ventricular
pressure can lead to abrupt changes in the septal posi-
tion with septal flattening or eventually septal inversion
(paradoxical motion) (3). Furthermore, this ventricular
septal shift is influenced by respiration. In addition, the
ventricular interdependence is increased by the pres-
ence of a noncompliant pericardium, which impedes
the outward movement of the ventricular free wall dur-
ing filling. Accordingly, the instantaneous diastolic
transseptal gradient changes and this leads to septal re-
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Fig. 6. Early diastolic septal flattening
depicted in the short-axis view of a 54-
year-old woman with constrictive
pericarditis. During early filling, the
septum (arrowed) flattened, but it re-
gained a normal appearance at the end
of diastolic filling. DA (DL) means that
distance measured from the reference
point to the anterior border of the sep-
tum (the posterior border of the lateral
wall). R: stationary anterior reference
point, ED: end diastole, ES: end sys-
tole. 



configuration and paradoxical motion during filling.
This phenomenon is enhanced during inspiration since
the decreased intra thoracic pressure in patients with CP
is not transmitted to the ventricles because of the thick-
ened fibrotic pericardium (Fig. 6). 

Abnormal Conduction

Left Bundle Branch Block 

The abnormal interventricular activation and mechan-
ical asynchrony in patients with LBBB may result in dy-
namic changes throughout the cardiac cycle in terms of
both the pressure differentials and the ventricular vol-
umes (15). These differences in transseptal pressures
and volumes may cause septal displacement. The onset
of right ventricular contraction occurs before that of the
left ventricle in patients with LBBB. As a result, the in-
creased pressure during right ventricular isovolumic
systole presumably exceeds the left ventricular end-di-
astolic pressure and the septum is displaced into the left
ventricle. Furthermore, the upstroke of the right ven-
tricular systolic pressure occurs earlier than that of the
left ventricle, and the septum is abruptly displaced into
the left ventricle because of the reversal of the transsep-
tal pressure gradient (2, 11). Abrupt anterior septal mo-
tion occurs at the time of decreasing right ventricular
volume with pulmonic ejection. In addition, left ventric-
ular systole begins at this time and this normalizes the
transseptal pressure gradient, which moves the septum

toward its equilibrium position. Tricuspid valve opening
and right ventricular filling occur much earlier than mi-
tral valve opening and left ventricular filling, and the re-
sultant additional right ventricular volume may be re-
sponsible for the early diastolic displacement of the sep-
tum into the left ventricle. The direction of the systolic
septal motion may be influenced by the septal position
during diastole. Displacement of the septum in LBBB
patients may occur as a result of a relative increase in
the right ventricular volume or pressure (the right ven-
tricular contraction during left ventricular end-diastole).
The diastolic displacement of the septum in LBBB pa-
tients reduces the paradoxic systolic septal motion and it
diminishes the septal contribution to the ejection frac-
tion (Fig. 7). 

We conclude that an understanding of the imaging
findings and the causes of paradoxical septal motion are
important in terms of achieving accurate diagnoses and
for analyzing the various regional abnormalities of the
LV. Furthermore, given the expected advances in MRI
technology, we are confident that MRI will play an in-
creasingly important role in assessing the abnormal re-
gional movements of the LV.
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김동훈∙최상일2∙전은주2∙최성훈3∙박재형4

심혈관 자기공명영상 방법 중 항정상태자유세차(steady-state free precession, 이하 SSFP) 기법을 사용하는

영화 영상은 심실 중격 운동을 포함하여 심장의 움직임을 연구하는 데 유용한 방법이다. 이완기에 심실 중격은 두 심

실 사이의 유동적인 격막으로 양 방간의 미세한 압력차에 반응하여 위치와 형태가 바뀐다. 비정상적인 중격 운동은

우심실의 과부하, 심실충만의 지연, 비정상적인 전도로 발생한다. 본 화보에서 저자들의 경험을 바탕으로 심혈관 자

기공명영상에서 이상성 심실 중격 운동을 보이는 술 후 팔로 사징후군, 심방중격 결손, 폐동맥 색전증, 승모판 협착,

교착성 심막염, 좌방실다발갈래차단 등의 증례를 보여주고자 한다. 


