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Twisting/rotationTwisting/rotation
Sir William Harvey in 
1628, ‘Exercitatio 
Anatomica De Motu 
Cordis et Sanguinis in 
Animalibus’, a twisting 
motion of the ventricle 
during contraction was 
first described after 
observation of open 
chested animal hearts. 
(Harvey W, Leake CD. Exercitatis 
A t i d M t C di tAnatomica de Motu Cordis et 
Sanguinis in Animalibus. Frankfurt, 
1628. 



T i f h l k i i f LVT i f h l k i i f LVTorsion refers to the counterclockwise rotation of LV Torsion refers to the counterclockwise rotation of LV 
apex with respect to the LV base during systole, apex with respect to the LV base during systole, 
followed by untwisting in the opposite direction duringfollowed by untwisting in the opposite direction duringfollowed by untwisting in the opposite direction during followed by untwisting in the opposite direction during 
isovolumic relaxation and fillingisovolumic relaxation and filling

Ascribed to assymetrical shortening of the internal and Ascribed to assymetrical shortening of the internal and 
the external spiral muscle layers of the ventricular wall the external spiral muscle layers of the ventricular wall 

l i i f i l h l dl i i f i l h l dresulting in storage of potential energy when released resulting in storage of potential energy when released 
contribute to ventricular suction and early diastolic contribute to ventricular suction and early diastolic 
fillingfillingfillingfilling



Buckberg  G. D.; J Thorac Cardiovasc Surg 2002;124:863-883
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Torrent-Guasp et al Eur J Cardiovasc Surgery 2004;25:376-386



Importance of AV plane displacement- long axis function

Carlsson M et al Am J Physiol Heart Circ Physiology 2007;H636-H644



Importance of longitudinal 
ventricular function.

Carlsson, M. et al. Am J Physiol Heart Circ Physiol 2007;293: H636-H644



Mitral Annular Velocity
Tissue Doppler

Mitral Annular Velocity
Tissue DopplerTissue DopplerTissue Doppler
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Long Axis in heart failure mortalityLong Axis in heart failure-mortality

(Willenheimer et al Heart 1997;78:230-236)EF (%)= (AVPD (mm) x 5.5) - 5





Figure 1 Survival curves are displayed for each quartile of left ventricular long-axis systolic 
amplitude. There was an overall difference between the curves as assessed by the log-rank test 
(p8.7 mm. Q3 vs Q4, hazard ratio (HR) = 0.72 (95% confidence interval 0.41 to 1.29), p = 0.27. Q2 

Q4 HR 0 6 (0 0 99) 0 049 Q1 Q4 HR 0 2 (0 60 0 86)vs Q4, HR = 0.76 (0.57 to 0.99), p = 0.049. Q1 vs Q4, HR = 0.72 (0.60 to 0.86), p

Svealv, B G. et al. Heart 2008;94:284-289



Mitral annular velocities by TDI in systole (Sm) and 
early diastole (Em) are Important Predictors of 

Mortality in CVS Disease. 
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Incremental Predictive Value of Em & E/Em 
in Heart Failure -

Wang M, et al, JACC 2005;45:272-7.
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Longitudinal Functional Reserve Index (LFR Index)

Patient, ♀ 77 years Control, ♀ 72 years
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Diastolic (Systolic ) LFR Index = ΔEm (or Sm) * (1-1/Em (or Sm) at rest) *
*(Ha et al., Heart 2007)



Longitudinal Functional Reserve Index (LFR Index)

Echo Results Patients (n=39) Controls (n=21)

Em at Rest (cm/s) 7.9±4.2 7.9±2.1( )

Em at Exercise (cm/s) 9.9±2.3
p=0.000

12.5±2.6 
p 0.000

Sm at Rest (cm/s) 7.9±1.6 8.0±1.5

Sm t E er ise ( m/s) 8 9±1 9 10 6±2 2Sm at Exercise (cm/s) 8.9±1.9
p=0.003

10.6±2.2

Diastolic LFR Index 
(cm/s)

2.0±1.5
p=0.001

3.9±2.4

Systolic LFR Index (cm/s) 0.9±1.5
p=0.001

2.3±1.5



Quantification of TorsionQuantification of TorsionQuantification of TorsionQuantification of Torsion

Cineangiography of radioCineangiography of radio--opaque opaque 
markers/sonomicrometrymarkers/sonomicrometrymarkers/sonomicrometrymarkers/sonomicrometry
2 D Echocardiography2 D Echocardiography
Magnetic resonance imagingMagnetic resonance imaging
Tissue Doppler ImagingTissue Doppler Imaging
22 dimensional (2D) echocardiographydimensional (2D) echocardiography22--dimensional (2D) echocardiography dimensional (2D) echocardiography ––
speckle trackingspeckle tracking



Simple 2D EchocardiographySimple 2D EchocardiographySimple 2D EchocardiographySimple 2D Echocardiography
Tischler et al Am Soc J Echo 2003Tischler et al Am Soc J Echo 2003



MRI Tagging







T i ti dTwisting and 
Untwisting 
by TDI

Notomi et al
CirculationCirculation
2006;113;2524



Assessment of Left Ventricular Torsional Deformation byAssessment of Left Ventricular Torsional Deformation byAssessment of Left Ventricular Torsional Deformation byAssessment of Left Ventricular Torsional Deformation by
Doppler Tissue ImagingDoppler Tissue Imaging

Validation Study With Tagged Magnetic Resonance ImagingValidation Study With Tagged Magnetic Resonance Imaging
Notomi Y et al Circ 2005Notomi Y et al Circ 2005



Enhanced Ventricular Untwisting During ExerciseEnhanced Ventricular Untwisting During Exercise
A Mechanistic Manifestation of Elastic Recoil DescribedA Mechanistic Manifestation of Elastic Recoil Described

by Doppler Tissue Imagingby Doppler Tissue Imagingby Doppler Tissue Imagingby Doppler Tissue Imaging
Notomi Y et al Circ 2006Notomi Y et al Circ 2006



Notomi et al Circulation 2006;113:2524-2533



Normal subjects





Notomi et al Circulation 2006;113:2524-2533Notomi et al Circulation 2006;113:2524 2533



HCM patients (n=7)



To understand the interaction between LV mechanics and inflow during early diastole, 
Doppler tissue images (DTI) and catheter-derived pressures (apical and basal LV leftDoppler tissue images (DTI) and catheter-derived pressures (apical and basal LV, left 
atrial, and aortic) and LV volume data were obtained at baseline, during varying pacing 
modes, and during dobutamine and esmolol infusion in 7 closed-chest anesthetized 
dogs. LV torsion and torsional rate profiles were analyzed from DTI data sets (apical anddogs. LV torsion and torsional rate profiles were analyzed from DTI data sets (apical and 
basal short-axis images) with high temporal resolution (6.5±0.7ms).







Dobutamine enhanced untwisting velocity both during isovolumic relaxation (ES to
MO) and early filling (i.e., the suction phase, shown by the asterisk mark). Thus, 
untwisting occurs over both phases, releasing elastic energy









Pressure-volume (PV), Pressure-
torsion (PT) and torsion volumetorsion (PT) and torsion-volume 

relationshipsp



Systole and diastole are linked.
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2D speckle tracking2D speckle tracking



Graphic representation of the principal myocardial deformations: 
longitudinal (A), radial and circumferential (B), and torsion (C)

Abraham, T. P. et al. Circulation 2007;116:2597-2609



Apical RotationApical Rotation



Basal RotationBasal Rotation



Rotation by STIRotation by STIRotation by STIRotation by STI





TorsionTorsionTorsionTorsion



Circulation 2005;112:3149-3156





Wang, J. et al. Eur Heart J 2008 0:ehn141v1-7; doi:10.1093/eurheartj/ehn141



Wang, J. et al. Eur Heart J 2008 0:ehn141v1-7; doi:10.1093/eurheartj/ehn141



Longitudinal Strain and Torsion Assessed by Two-dimensional Speckle Tracking 
Correlate with the Serum Level of Tissue Inhibitor of Matrix Metalloproteinase-1, a 
Marker of Myocardial Fibrosis in Patients with HypertensionMarker of Myocardial Fibrosis, in Patients with Hypertension 

Soo-Jin Kang MD, PhD, Hong-Seok Lim MD, Byoung-Joo Choi MD, So-Yeon Choi MD, 
PhD, Gyo-Seung Hwang MD, PhD, Myeong-Ho Yoon MD, PhD, Seung-Jea Tahk MD, PhD 
and Joon-Han Shin MD
Division of Cardiology, Ajou University Hospital, Suwon, South Korea

JASE Available online 6 March 2008. JASE Available online 6 March 2008. 

Background
We hypothesized that the alterations of myocardial collagen turnover in patients with hypertension may be involved in the early 
changes of regional contractile function assessed by a new speckle tracking methodchanges of regional contractile function assessed by a new speckle tracking method.
Methods
In 56 patients with untreated hypertension (48 ± 11 years, ejection fraction > 55%) and 20 age-matched control subjects, the 
serum levels of aminoterminal propeptide of procollagen I/III and tissue inhibitor of matrix metalloproteinase (TIMP)-1 were 
measured by radioimmunoassay and enzyme immunoassay. To assess the regional contractile function, the average of 
negative longitudinal strain of 6 segments at apical 4-chamber view (longitudinal ε), the average of radial strain (radial ε) and 
the average of circumferential strain (circumferential ε) of 6 mid-left ventricular (LV) segments, and basal-to-apical torsion were 
obtained by 2-dimensional speckle tracking imaging.
Results
Compared with control group, longitudinal ε was significantly decreased (−20.4 ± 3.0% vs −22.1 ± 2.2%, P = .030) and basal-p g p, g g y ( , )
to-apical torsion was increased (20.5 ± 5.7 degrees vs 17.4 ± 3.7 degrees, P = .013) in patient group. The serum level of log 
TIMP-1 was higher in the patients (3.6 ± 0.6 vs 3.0 ± 0.5, P < .001). The serum log TIMP-1 significantly correlated with 
longitudinal ε (r = 0.405, P = .015), basal-to-apical torsion (r = 0.331, P = .017), and the LV mass (r = 0.266, P = .047). In 
multivariate analysis, longitudinal ε (β = 0.326, P = .015) and basal-to-apical torsion (β = 0.402, P = .003) independently 
correlated with the serum TIMP-1 levelcorrelated with the serum TIMP-1 level.
Conclusion
In patients who are hypertensive with normal ejection fraction, impaired longitudinal ε and increased LV torsion correlated with
serum TIMP-1, which suggests that the change in collagen turnover and the myocardial fibrotic process may affect the early 
contractile dysfunction of LV.



Assessment of  left ventricular rotation and torsion with two-dimensional 
speckle tracking echocardiography.

Kim HK, Sohn DW, Lee SE, Choi SY, Park JS, Kim YJ, Oh BH, Park YB,Kim HK, Sohn DW, Lee SE, Choi SY, Park JS, Kim YJ, Oh BH, Park YB, 
Choi YS.

Division of  Cardiology, Department of  Internal Medicine, Seoul National 
University College of Medicine Cardiovascular Center Seoul National UniversityUniversity College of  Medicine, Cardiovascular Center, Seoul National University 

Hospital, Seoul, Korea.

BACKGROUND: Speckle tracking echocardiography (STE) has a unique feature of angle independence and thusBACKGROUND: Speckle tracking echocardiography (STE) has a unique feature of  angle independence and, thus, 
may provide a powerful means of  assessing left ventricular (LV) torsion (LVtor). The aims of  this study were to assess: 
(1) the feasibility of  2-dimensional STE in the measurement of  LVtor; and (2) the relationship of  LVtor with age and 
conventional echocardiographic parameters. METHODS: We consecutively recruited 160 healthy volunteers. After 
obtaining conventional echocardiographic parameters apical and basal short axis rotations were assessed with STEobtaining conventional echocardiographic parameters, apical and basal short-axis rotations were assessed with STE. 
LVtor was defined as the net difference between rotation angles in the two short-axis planes normalized for LV 
longitudinal length. RESULTS: Reliable LVtor measurement was possible only in 56 volunteers (35%). This low 
feasibility was largely a result of  the failure to obtain reliable basal rotation values. In 56 volunteers who were finally 
enrolled in this study a significant correlation was found between LV ejection fraction and LVtor (r = 0 56 P < 001)enrolled in this study, a significant correlation was found between LV ejection fraction and LVtor (r = 0.56, P < .001) 
and this correlation was attributed to apical (r = 0.47, P < .001) but not basal (P = .14) rotation. There was no 
significant change in LVtor with aging. However, initial counterclockwise motion (r = -0.51, P = .001) and its interval 
(r = -0.44, P = .001) in the basal rotation gradually decreased with aging, and correlated with early transmitral inflow 
velocity (r = 0 44 and 0 49 respectively) and its deceleration time (r = -0 43 and -0 48 respectively) (all P < 001) Invelocity (r = 0.44 and 0.49, respectively) and its deceleration time (r = -0.43 and -0.48, respectively) (all P < .001). In 
contrast, such correlations were not found for initial clockwise motion and its interval in the apical rotation. 
CONCLUSIONS: Currently, STE has limited feasibility in the measurement of  LVtor. 
There was no significant age-related change in LVtor. In LV rotations, basal rotation was 
affected by the age-related changes in the LV early diastolic filling, whereas apical rotation 
was mainly related to LV systolic performance.
JASE 2007;20:45-53



Hypothesis:Hypothesis:
Reduced ventricular twist and long axisReduced ventricular twist and long axisReduced ventricular twist and long axis Reduced ventricular twist and long axis 

function (AV plane displacement) function (AV plane displacement) 
l dl dleads to: leads to: 

Reduced ventricular suctionReduced ventricular suction
Reduced and delayed early diastolic fillingReduced and delayed early diastolic fillingReduced and delayed early diastolic filling Reduced and delayed early diastolic filling 
Shortened time for filling of the heartShortened time for filling of the heart
Increased filling pressureIncreased filling pressure
Breathlessness on exerciseBreathlessness on exerciseBreathlessness on exercise.Breathlessness on exercise.



Rotation and Untwist

♀Patient, ♂ 62 years Control, ♀ 61 years

Peak Rotation

25% UT Time

Peak Rotation

25% UT Time

Peak Untwist Peak Untwist

Peak Rotation: 9.95deg (337ms)
Untwist at 25% of
Untwist Duration: 9.25deg = 7% (378ms)

Peak Rotation: 23.36deg (at 425ms)
Untwist at 25% of
Untwist Duration:  16.88deg = 28% (491ms)



Rotation and Untwist at Rest

Echo Results Patients (n=32) Controls (n=22)

H R 66±12 66±10Heartrate at Rest
(bpm)

66±12 66±10

Apical Rotation 
at Rest (Degree)

9.5±3.7
p=0.004

12.7±4.1

Basal Rotation
at Rest (Degree)

-9.5±3.3 -10.7±3.3 

Torsion at Rest
(Degree/cm)

2.6±0.5
p=0.01

3.2±0.6

Percent of  Untwist 
at 25% of

22.3±10.4
p=0.012

30.0±10.2

Untwist Duration 



Mitral Flow Propagation Velocity at Rest and Exercise

Patient, ♀ 77 years Control, ♀ 72 years
Rest

(HR 51b )
Rest

(HR 64b )(HR 51bpm) (HR 64bpm)

Exercise ExerciseExercise
(HR 88bpm)

Exercise
(HR 101bpm)



Mitral Flow Propagation Velocity (MFPV)

Results Patients (n=37) Controls (n=20)

Heartrate at Rest (bpm) 68±12 68±10

Heartrate at Exercise 91±9 93±7Heartrate at Exercise 
(bpm)

91±9 93±7

MFPV Rest (cm/s) 38.6±9.9 36.9±5.4MFPV Rest (cm/s) 38.6±9.9 36.9±5.4

MFPV Exercise (cm/s) 48.8±12.7 
0 025

57.0±13.2
p=0.025

MFPV Increase (cm/s) 10.8±10.8(32%) 
p=0 003

20.6±12.3(58%)
p=0.003



Effects of Ageing on g g
Diastolic function and 
CollagenCollagen.



JASE 2006:19;880-865





f f i iInfluence of Age on  LV long axis changes in 
velocities (TDI) in normal subjects
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Age changes (20-84 years) of mitral annularAge changes (20 84 years) of mitral annular 
excursion (LAX) and velocity (m) in systole and 
diastolediastole

Expected
at age 20

Expected
at age 84

Changes from
age 20 to 84

years

Changes
in %

Linear
correlation to

age

Level of
significance

S LAX 1.49 1.22 -0.28 -18% r = -0.44 p<0.001

Sm 7.48 5.22 -2.26 -30% r = -0.49 p<0.001

E LAX 1.09 0.56 -0.53 -49% r = -0.67 p<0.001E LAX 1.09 0.56 0.53 49% r  0.67 p 0.001

Em 10.99 4.82 -6.17 -56% r = -0.67 p<0.001

A LAX 0.48 0.60 0.12 25% r = 0.35 p<0.001

Am 6.57 8.53 1.96 30% r = 0.31 p=0.002

Yip GW, Zhang Y, Tan PY, Wang M, Ho PY, Sanderson JE 1999Yip GW, Zhang Y, Tan PY, Wang M, Ho PY, Sanderson JE 1999



ConclusionsConclusions

Rotation or twist is a fundamental property of 
ventricular function and its disturbance may be a y
major factor in the development of impaired 
ejection and fillingejection and filling.






