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T hree-dimensional speckle-track-
ing echocardiography (3DSTE) 
is a new, noninvasive method 

for evaluating left ventricular (LV) vol-
umes, strain, and rotational parameters 
through strain analysis in four dimen-
sions.1,2 LV twist can be evaluated by 
3DSTE as the net difference in coun-
terclockwise apical and clockwise basal 
LV rotations during systole in situs soli-
tus (normal situation).3 In situs inversus 
totalis (SIT) the major visceral organs, 
including the heart, are mirrored from 
their normal positions.

A 56-year-old male patient with SIT 
was referred to the cardiac surgery depart-
ment because of significant aortic valve 
stenosis. The patient was enrolled into the 
MAGYAR-Path Study. The institution’s 
human research committee approved the 
study, which complied with the 1975 Dec-
laration of Helsinki. The patient gave in-
formed consent. Complete two-dimen-
sional Doppler echocardiography and 
3DSTE were performed in this patient 
before operation. Apical 4-chamber (A) 
and 2-chamber (B) and short–axis views at 
different levels (C3, C5, C7) of the heart 
extracted from 3D echocardiographic da-

tasets of the SIT patient and of a healthy 
subject are presented in Figures 1 and 2.

LV rotational mechanics showed the 
same deformation sample in SIT as com-
pared to the healthy control, which is 
only partially in agreement with previ-
ous findings. Recently, Frank et al have 
demonstrated in mutant mice that mir-
ror-image cardiac looping does not result 
in mirror-image rotation of the morpho-
logical LV, suggesting that fiber orienta-
tion and cardiac mechanics may be abnor-
mal in individuals with reversal of cardiac 
situs.4 These results could indicate that 
myofiber orientation and cardiac loop-
ing may be independently regulated. In 
another human magnetic resonance im-
aging study by Delhaas et al, LV systolic 
motion in a limited number of SIT pa-
tients was found to be non-uniform and, 
apart from rigid body motion, could be 
described as having both LV base and LV 
apex fixed, while the mid-ventricle rotat-
ed clockwise in between, as viewed from 
the apex.5 Moreover, both basal and api-
cal LV segments showed hyperrotation in 
the presented SIT patient, which could be 
explained by the significant aortic valve 
stenosis. This is in agreement with recent 
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findings demonstrating that peak systolic LV twist 
is increased in aortic valve stenosis and is related to 
the severity of the stenosis and symptoms (angina) or 
electrocardiographic signs (strain) compatible with 
subendocardial ischemia.6 However, further studies 
are warranted with a larger SIT study population to 
confirm our findings.
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Figure 1. Apical 4-chamber (A) and 2-chamber (B) and short-axis views at different levels (C3, C5, C7) of the heart extracted from a three-
dimensional (3D) echocardiographic dataset of the patient with situs inversus totalis. A 3D cast of the left ventricle (LV) (D) and calculated 
volumetric and functional LV parameters (EDV – end-diastolic volume; ESV – end-systolic volume; EF – ejection fraction; estimated LV 
mass) are also demonstrated (E). Counterclockwise rotation of the LV apex (white arrow, positive value) and clockwise rotation of the LV 
base (dashed arrow, negative value) are also shown, demonstrating normal rotational directions in this patient (F).

Time: 376 ms

0 ms
282 ms

[ms]



(Hellenic Journal of Cardiology) HJC • 515

LV Rotational Mechanics in Situs Inversus Totalis

tudinal strain assessed by three-dimensional strain imaging in 
the early detection of anthracyclinemediated cardiotoxicity. 
Hellenic J Cardiol. 2014; 55: 235-244.

3.	 Nakatani S. Left ventricular rotation and twist: why should 
we learn? J Cardiovasc Ultrasound. 2011; 19: 1-6.

4.	 Frank LH, Yu Q, Francis R, et al. Ventricular rotation is in-
dependent of cardiac looping: a study in mice with situs in-
versus totalis using speckle-tracking echocardiography. J Am 
Soc Echocardiogr. 2010; 23: 315-323.

5.	 Delhaas T, Kroon W, Decaluwe W, Rubbens M, Bovend-
eerd P, Arts T. Structure and torsion of the normal and situs 
inversus totalis cardiac left ventricle. I. Experimental data in 
humans. Am J Physiol Heart Circ Physiol. 2008; 295: H197-
201.

6.	 van Dalen BM, Tzikas A, Soliman OI, et al. Assessment of 
subendocardial contractile function in aortic stenosis: a study 
using speckle tracking echocardiography. Echocardiography. 
2013; 30: 293-300.

Figure 2. Apical 4-chamber (A) and 2-chamber (B) and short-axis views at different levels (C3, C5, C7) of the heart extracted from a 3D 
echocardiographic dataset of a healthy subject. A 3D cast of the LV (D) and calculated volumetric and functional LV parameters are also 
presented (E). Counterclockwise rotation of the LV apex (white arrow, positive value) and clockwise rotation of the LV base (dashed ar
row, negative value) are also shown, demonstrating normal rotational directions in a healthy subject (F). Abbreviations as in Figure 1.
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