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Abstract
The LV torsion and untwisting velocity was evaluated using two-dimensional speckle-tracking imaging (2D-STE), in infants with mVSDs before and after surgery.
Methods: The study included 36 infants with mVSDs (Group A, preoperative patients; Group B-1,
patients within 2 months of the operation; Group B-2, patients 2–4 months after the operation) and 16
healthy control infants. The LV torsion and untwist were normalized by LV length and defined as
torsion N (TN), and the peak untwisting velocity/torsion N (UTN).
Results: No significant differences were noted among the four groups for LV ejection fraction (EF)
or the Tei index. The diastolic index E/e’ and UTN were significantly higher in Group A than in the
control group, and significantly decreased in Groups B-1 and B-2. Excluding B-1 patients, E/e’ and UTN
tended to correlate (r =−0.618; p < 0.0001).
Conclusion: The present study was the first to reveal that elevated UTN is associated with increased E/e’ under preserved LV systolic function, presumably compensating diastolic capacity for
increased preload due to the VSD shunt. 2D-STE facilitates the serial evaluation of the LV torsional
behavior and its physiological implications in clinical settings, even in infants with rapid heart rates.
和文要旨
多 発 性 心 室 中 隔 欠 損（mVSD）手 術 前 後 の 乳 児 において， 2 次 元 スペックルトラッキング 法
（ 2 D-STE）を用いて，左室のねじれとほどけを評価した。
方法：対象はmVSDを有する36人の乳幼児（グループA，術前，グループB- 1 ，術後 2 カ月以内，グ
ループB- 2 ，術後 2 ～ 4 カ月）および対照健常乳幼児16人。
左 室 のねじれとほどけは，左 室 長 径 によって 標 準 化 し，torsion N（TN）およびpeak untwisting
velocity / torsion N（UTN）と定義した。
結果：左室駆出率およびTei indexは， 4 群間で有意差は認められなかった。
拡張期指標E / e’ およびUTNは，対照群よりもA群で有意に高く，B- 1 群およびB- 2 群で有意に減少
した。 B- 1 患児を除くと，E / e’およびUTNは相関する傾向があった（r =－0.618; p ＜0.0001）
。
結論：本研究では左室収縮能が正常の場合，UTNの上昇は，E / e’の増加と関連していることを最初
に明らかにした。 2 D-STEは速い心拍数を有する乳幼児においても，左室のねじれの継時的変化とその
生理学的意義を評価する上で有用であることが示唆された。
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BACKGROUND
Cardiac performance is greatly affected by ventricu(Received 14 May 2018 / Accepted 29 November 2018)
1Department of Pediatrics, University of Toyama

lar rotation in addition to contraction and dilatation
along the short and long axes of the cardiac ventricles.
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When viewed from the apex, the left ventricle (LV) base

aim of this study was to evaluate the ventricular torsion

rotates in a clockwise direction, whereas the apex ro-

and untwisting in infants with mVSD before and after

tates in a counterclockwise direction, thereby causing

surgery using 2D speckle-tracking echocardiography

torsion. Torsion plays a major role in decreasing shear

(STE), and to elucidate the hemodynamic significance of

stress on the myocardial fibers during efficient LV ejec-

these rotational behaviors.

tion, whereas untwisting works as the driving mechanism for the inflow of blood during LV diastolic phase1).

METHODS

LV torsion increases as preload increases, decreases as

Subjects

afterload increases, and increases when myocardial con-

The study included 52 infants and children; 36 pa-

tractility is accelerated . To date, there have been few

tients (mean age: 11.8 ± 7.2 months) diagnosed with

studies on how untwisting is affected by changes in

mVSDs and 16 normal control patients (mean age: 11.3

loading conditions and cardiac contractility

2)

. However,

± 7.5 months; median: 14.5 months) who underwent

while there are reports assessing developmental chang-

2D-STE at the University of Toyama. The patients

es of ventricular rotation in children, the untwisting in

were divided into three groups; preoperative Group A,

the diastolic phase has not been fully examined as well

seven patients with mVSDs (mean age: 7.4 ± 4.7

as in adults

3, 4)

. Furthermore, in patients with congenital

months; median: 7 months), Group B-1, 17 patients <2

heart disease, there are few reports examining ventric-

months post-operation and Group B-2, consisting of 12

ular torsion and untwisting associated with hemody-

patients 2–4 months post-operation. (Table 1-a, 1-b). De-

namic changes (e.g., preload and afterload) .

tails regarding surgical procedure and location of mVSD

5–8)

9)

For infants with multiple ventricular septum defects

are presented in Table 2 and Figure 1.

(mVSDs), corrective surgery is technically difficult, and
is often complicated by more severe heart failure post-

Conventional Echocardiographic parameters

operatively than in single VSD patients . In particular,

For echocardiographic examination, either an M7S or

it has been reported that the total patch area correlates

M10S sector transducer was used with a Vivid 7 (Gen-

to the degree of decreased regional wall motion of the

eral Electrics, Inc., USA). Conventional echocardio-

ventricular septum and prolonged heart failure11).

graphic parameters, LV ejection fraction (LVEF) Tei

10)

The hearts of children tend to twist, untwist, and de-

index, E/A, E/e’, and LV end-diastolic length (LV

form faster than those of young adults6). During the neo-

length), were calculated according to the guidelines of

natal period and infancy, when contractile motion along

the American Society of Echocardiography (ASE)

the short and long axis of the ventricles is under devel-

Right ventricular (RV) systolic pressure was estimated

opment, cardiac rotational motion may have a signifi-

from the flow velocity of tricuspid regurgitation (TR).

2, 12)

.

cant influence on cardiac function. The three muscular

The normal LV end-diastolic diameter (LVDd) was cal-

layers of the heart differ in their orientation, and are

culated using Henry’s formula13) (LVDs = 45.2 × BSA0.333–

twisted together to form the shape of the heart seam-

6.6), and defined as enlarged when the diameter exceed-

lessly from the pulmonary artery to the left and right

ed 110% of normal value.

atria and ventricles to the aorta, with the efficiency of

Echocardiographic parameters (Torsion N, UTN, Tei

cylindrical motion. The interventricular septum is the

index, E/A, and E/e’) were compared both preopera-

central axis of this motion. Therefore, surgery for

tively (Group A) and postoperatively (Groups B-1 and

mVSD (e.g., the placement of patches etc. at this site)

B-2).

may decrease the efficiency of this cylindrical motion.
Furthermore, it is expected that torsion and untwisting

Torsion and untwist

will also change greatly according to sudden hemody-

Using 2D-STE and offline analysis with an Echo Pack

namic changes and loading conditions after surgical clo-

workstation (GE Medical Systems, Wauwatosa, Wiscon-

sure of mVSD.

sin), torsion and untwisting were measured according
to the method of Notomi et al.7,14). The torsion denotes

We hypothesized left ventricular (LV) rotation is af-

rotation of the segment during systole while untwist

fected by different loading conditions, and influences

denotes rotation during diastole. LV short-axis planes at

cardiac function, particularly diastolic capacity, in in-

the basal and the apical levels were obtained, and 3

fants subjected to the surgical closure of mVSDs. The

consecutive cardiac cycles acquired at end-expiration
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Table 1a. Characteristics of patients in Group A
Case

Sex

Age
(months)

Other CHD
operation

BSA
(m2)

PH

LVDd
(mm)

LVDd
(%)

1

Male

7

PFO

0.38

-

26.4

101

2

Female

10

None

0.38

-

33.3

127

3

Male

2

ASD, PAB

0.24

+

27.2

127

4

Female

5

PDA, PAB

0.24

+

19.9

93

Male

2

Bilat SVC,
TCRV

0.27

+

20.7

92

6

Male

13

TOF

0.43

-

24.7

109

7

Male

13

ASD, PAB

0.42

+

24.6

90

5

CHD: Congenital Heart Disease, BSA: Body surface area; PFO: patent foramen ovale, ASD: ostium secundum
atrial septal defect, PDA: patent ductus arteriosus, Bilat. SVC: bilateral superior vena cava, TCRV: Two chamber right ventricle, TOF: Tetralogy of Fallot. PAB: Pulmonary artery banding, PH: Pulmonary Hypertension,
PAP: Pulmonary Artery Systolic Pressure, LVDd: Left ventricular diastolic dimension, PH: estimated right
ventricular systolic pressure ≥ 30 mmHg from peak velocity of tricuspid regurgitation.

Table 1b. Characteristics of patients in Group B-1 and B-2
Group

B-1

B-2

Sex

Age
(months)

Duration after
Operation
(months)

1

Male

8

2

Female

5

3

Male

4

Male

5

Other CHD
Operation

BSA
(m2)

PH

LVDd
(mm)

LVDd
(%)

0.5

PAB

0.35

－

22.8

91

1

None

0.29

－

17.9

77

31

1

None

0.49

－

25.8

89

4

1

None

0.27

－

16.2

72

Female

8

1

ASD, PAB

0.36

+

25.0

98

6

Male

9

1

None

0.40

－

29.3

110

7

Female

11

1

PDA

0.31

+

25.5

106

8

Male

14

1

TOF

0.43

+

27.2

99

9

Male

6

1

bilat.SVC,
TCRV

0.32

－

25.5

105

10

Female

11

1

PAB

0.36

+

28.7

113

11

Female

13

1

None

0.39

+

29.2

110

12

Male

9

1

ASD, PAB

0.37

+

26.0

101

13

Female

15

1.5

TOF

0.41

+

25.2

94

14

Female

9

2

ASD

0.36

－

30.1

118

15

Female

14

2

TOF

0.42

－

20.4

75

16

Male

11

2

PDA

0.36

－

22.7

89

17

Female

8

2

None

0.33

+

19.9

81

18

Female

17

2

TOF

0.43

－

30.6

111

19

Male

11

2

None

0.42

－

30.9

113

20

Male

15

2

TOF

0.45

+

25.5

91

21

Female

23

3

TOF

0.42

+

29.5

108

22

Female

13

3

None

0.42

+

21.3

78

23

Female

11

3

PDA, PAB

0.35

+

25.8

102

24

Male

10

3

ASD, PAB

0.36

+

30.9

121

25

Male

11

3

ASD, PAB

0.39

+

29.6

112

26

Male

39

3

None

0.51

－

28.1

105

27

Female

10

3

None

0.35

+

23.3

93

28

Female

8

4

None

0.37

－

23.5

91

29

Female

17

4

None

0.31

－

26.0

109

Case

Abbreviations are same as Table1a.
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Types and number of VSDs, and operative procedure

Operation area

Group B

Operative procedure

Perimembranous

14

patch 14

Infundibular

0

High trabecular

9

Mid trabecular

14

direct 14

Low trabecular

17

direct 15, sandwich 2

Inlet

4

direct 4

Total number of VSDs

58

Total number of operations
by technique

direct 7, patch 1,
sandwich 1

direct

40

patch

15

sandwich

3

VSD type was according to Soto’s classification. direct: direct closure technique,
patch: stitching of patches technique, sandwich: a felt sandwich technique.

Fig. 1: VSD position and surgical procedure
Locations of the ventricular septal defects and closure techniques.
The three methods of VSD closure according to the location of the ventricular septal defect (VSD) based
on Soto’s classification. The items in the parentheses show the closure method and associated number
of cases.

on the respiratory trace were selected. Clockwise rota-

diastole. The torsion value (in degrees) was automatical-

tion of the heart base as viewed from the apex is ex-

ly converted to the radian according to the formula:

pressed as a negative value, whereas the counterclock-

radian = 3.1415 × degrees /180. Because of the elastic

wise rotation of the apex is expressed as a positive val-

recoil of the LV, in addition to intrinsic relaxation in di-

ue. The maximum difference between the two net val-

astole, peak untwisting velocity is enhanced by greater

ues was considered torsion (apex-base rotation), and is

torsion. Thus, we corrected peak untwisting velocity by

expressed in degrees (°
; Fig. 2a, 2c). To standardize the

the degree of peak torsion, and UTN was defined as the

changes associated with growth, using the value nor-

peak untwisting velocity/torsion N, which is relatively

malized by LV length, torsion N was defined as torsion/

constant throughout childhood7).

LV length. On echocardiography, the diastolic phase
was defined from the S2 to the Q wave, which was de-

Furthermore, the relationship between torsion/un-

fined as strain 0, or the starting point. The peak un-

twisting and the VSD total patch area was examined in

twisting velocity was defined as the maximum torsion

Group B. Using the calculation formula of Murakami et

rate (rad/s) (apex − base rotation ) ( Fig. 2b, 2d) during

al.10), the total patch area/BSA (mm2/cm2) was calculat-

5
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Fig. 2 The curves for torsion and untwisting of the left ventricle.
2a: Normal torsion case. AVC; aortic valve closure. The yellow arrow (q wave of the echocardiogram) indicates the start of
the systolic phase in the measurement using STE. The rotation curve of the apex (blue line), the rotation curve of the base
(purple line), and the torsion line (white line) are shown. Torsion (unit = degrees, white line) = apex rotation (blue line)–base
rotation (purple line). Normally positive values are shown in the counterclockwise rotation viewed from the apex. The maximum value in the systolic phase is considered the peak torsion (red arrow). Positive values are normally identified.
2b: Normal untwist case. The rotation rate curve of the apex (blue line) of the diastolic phase (AVC to the Q wave), the rotation rate of the base (purple line), and the untwist velocity curve (white line) are shown. The untwist velocity (unit = rad/s,
white line) = apex rotation rate (blue line)–base rotation rate (purple line). Positive values represent the counterclockwise
rotation viewed from the apex. Negative values represent the clockwise rotation viewed from the apex. The maximum value
in the diastolic phase is considered the peak untwist velocity. Negative values are normally identified.
2c: Abnormal torsion case. The abnormal case exhibits a clockwise rotation (negative value), which is the opposite direction
of a normal case.
2d: Abnormal untwist case. The abnormal case exhibits a counterclockwise rotation (positive value), which is the opposite
direction of a normal case.

ed by the oval area formula, followed by the addition of

tween the total patch area/BSA (TPA) and torsion N in

the total patch area. Oval area (mm2) = a (long axis) ×

contrast to UTN was examined in the Group B patients

b (short axis) ×π. BSA was calculated using DuBois

using a regression analysis. For all statistical analyses,

formula = height

the significance level was set at p < 0.05.

0.725

× weight

[height (cm), weight (kg)]

0.425

× 0.007184 (m )
2

. The total patch area divid-

15)

ed by BSA (cm2) to calculate the total patch area/BSA
(mm2/cm2).

To avoid the occurrence of bias in the measurements
of the echocardiographic parameters, care was taken to
blind patient information. Intra-rater reliability using

For all echocardiographic data, the mean value of
three consecutive heart beats was used. Echocardiography was performed with all patients in the supine position, without the use of sedatives.

the mean values of three measurements was determined by an intra-class correlation coefficient of > 0.7.
The present study was approved by the ethical review board of the University of Toyama, and written
consent was received from the guardians of all of the

Statistical analysis

patients.

IBM SPSS Version 24 (IBM Corp. Armonk, NY, USA)
was used for statistical analyses. The differences be-

RESULTS

tween groups were compared using a Kruskal–Wallis

In Group A, LV enlargement caused by the left-to-

test. The correlation between UTN and E/e’ was deter-

right shunt of the VSD was observed preoperatively in

mined using Kendall’s tau-b correlation coefficient. For

two of the seven patients.In addition, pulmonary artery

preoperative and postoperative repeated measure-

banding was performed in advance in three patients,

ments (six patients), the Friedman test was used. To

and elevated RV pressure was observed in four pa-

compare between points in time, a Steel–Dwass test for

tients (Table 1-a). In Groups B-1 and B-2, LV enlarge-

multiple comparisons was used. The relationship be-

ment was observed postoperatively in eight patients,
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and pulmonary hypertension (PH) was suspected in 15

terms of LVEF, which were within the normal range

patients (Table 1-b). VSDs were observed in 58 loca-

for all patients. Furthermore, there was no significant

tions, including membranous defects in 14 patients

difference in the Tei index, which is an index for the

(treated with a total patch closure), in the trabecular

combination of diastolic and systolic functions. There

septum in 40 patients (treatment by patch closure in

were no significant differences observed for torsion N

one patient, the sandwich method in three patients, and

or heart rate (HR) between any of the groups.

direct closure in 36 patients), and at the inflow site in

E/e’, which is an indicator of the diastolic phase, was

four patients, who were all treated with direct closure

significantly higher in Group A than in the control

(Fig. 1, Table 2).

group, and significantly lower in Groups B-1 and B-2
than in Group A (14.6 ± 2.0 [p = 0.001], 7.77 ± 2.04 [p =

A comparison of the echocardiographic parameters be-

0.002], 7.10 ± 1.98 [p < 0.0001]; Table 3, Fig. 3a). Similar-

tween Groups A and B

ly, E was significantly higher in Group A than in the

Table 3 presents the echocardiographic parameters

control group, and significantly lower in Groups B-1 and

of each group. No significant differences were observed

B-2 than in Group A (206 ± 14 [p = 0.04], 75 ± 47 [p <

between Group A, B-1, B-2, or the control group in

0.0001], 98 ± 9 [p = 0.001]; Table 3). For both of these

Table 3. Measurements of various parameters in Control Group, and in Group A, B-1, B-2
No. of patients

Control

Group A

Group B-1

Group B-2

16

7

17

12

P value

Age

months

11.3±7.5

6.4±4.0

9.8±4.0

11.6±2.4

ns

BSA

m

0.34±0.10

0.31±0.09

0.36±0.05

0.38±0.05

ns

Sex

male/female

7/9

4/3

8/9

3/9

ns

0.78±0.10

0.79±0.05

0.73±0.07

0.76±0.03

ns

0.30±0.09

0.33±0.18

0.34±0.14

0.25±0.10

ns

125±27

143±16

138±17

129±16

ns

E/A

1.38±0.30

1.08±0.25

1.15±0.51

1.20±0.22

ns

E/e'

7.62±1.70

14.6±2.00

7.77±2.04

7.10±1.98

Control vs A
0.001
A vs B-1
0.002
A vs B-2
<0.0001

2

LVEF
Tei index
Heart rate

beats/min

E

cm/s

108±15

206±14

75±47

98±9

Control vs A
0.04
Control vs B-1
0.035
A vs B-1
<0.0001
A vs B-2
0.001

e'

cm/s

14±3

14±2

9±6

15±5

Control vs B-1
0.022

UTN

[rad/s]/
[degree/cm]

-0.52±0.40

-8.08±3.70

-0.42±0.88

-1.97±3.04

Control vs A
0.003
A vs B-1
<0.0001
A vs B-2
0.019

Torsion N

degree/cm

2.32±1.50

1.75±1.50

1.56±3.23

3.14±4.14

ns

Rad: radian. The torsion value (in degrees) was converted to radian according to the formula: radian = 3.1415 ×
degrees /180. EF: Ejection fraction; E, peak mitral flow velocity during early ventricular diastole; e’, mitral annular velocity during early ventricular diastole. Other abbreviations are same as Table 1a.
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(Kruskal-Wallis test of independent samples)
Fig. 3a: Comparison of E/e’ between the four groups

Fig. 3b: Comparison of UTN between the four groups

3a: A comparison of E/e’ among the four groups.
Group A exhibited elevated values, and there was no significant difference observed between the other three groups. E, peak
mitral flow velocity during early ventricular diastole; e’, mitral annular velocity during early ventricular diastole
3b: A comparison of UTN among the four groups. Group A showed elevated negative values, with no significant differences
observed between the other three groups.

comparisons Groups B-1 and B-2 were indistinguishable

At 1 month postoperative, all six patients received

from the control group indicating normalization post-op-

oral diuretic and aspirin therapy; however, the drugs

eratively. On the other hand, e’ was significantly lower

were discontinued by 3 months postoperative. One pa-

in Group B-1 than in the control group (9 ± 6 [p =

tient was continued on oral beraprost therapy for PH.

0.022]; Table 3) but was not significantly different for

In addition, one patient with tetralogy of Fallot received

other comparisons. UTN was significantly higher in

oral beta-blockers preoperatively; however, the treat-

Group A than in the control group, and significantly

ment was terminated after surgery. None of the six

lower in Groups B-1 and B-2 than in Group A (−8.08 ±

patients showed signs of heart failure at 4 months post-

3.7 [p = 0.003], −0.42 ± 0.88 [p < 0.0001], −1.97 ± 3.04

operative and they are currently progressing well.

[p = 0.019]; Table 3, Fig. 3b) indicating normalization.
UTN for Group B-1 tended to converge around 0

The relationship between UTN and total patch area

(Fig.5b), suggesting the direct influence of surgery,

Although no significant relationship was observed be-

therefore Group B-1 was excluded from the analysis of

tween UTN and the total area of the VSD patch (TPA),

the relationship between UTN and E/e’. This led to the

in patients with a large TPA of approximately 10, UTN

observation of a weak correlation between E/e’ and

became counterclockwise at 1 and 2 months postopera-

UTN (r = −0.618; p < 0.0001; Fig. 4). There was no cor-

tive. In addition, this rotation returned to the clockwise

relation between torsion N and UTN or between HR

direction later, and UTN was normalized. There was no

and UTN (data not shown).

clear relationship between PH and torsion or untwisting.

Changes in E/e’ and UTN before and after surgery
Six patients were sequentially followed preoperative-

DISCUSSION

ly, then at 1 and 3 months postoperatively (Fig. 5a and

To date, few studies have been performed investigat-

b). E/e’ was high preoperatively, decreased at 1 month

ing the untwist mechanism and hemodynamic signifi-

postoperative, and decreased further by 3 months post-

cance in both adults and children. The present study is

operative (p = 0.009). On the other hand, UTN was ele-

the first to reveal that UTN is accelerated in association

vated preoperatively, but suddenly dropped to con-

with elevation of the diastolic index of E/e’ under nor-

verge to 0 at 1 month postoperative, and then increased

mal systolic function. A previous study showed young-

slightly by 3 months postoperative (p = 0.016).

er hearts demonstrate greater untwisting and recoiling
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Table 4. Characteristics of 6 patients evaluated 3 times before and after VSD closure
Case

Sex

Age at
operation
(months)

1

Male

8

2

Female

3

EF

E/A

E/e’

UTN

Low trabecular ; 1,
Perimembranous ; 1

0.84

0.86

12.0

-13.55

11

Mid trabecular ; 2,
Perimembranous ; 1

0.74

1.53

12.2

-11.34

Male

3

Infundibular ; 1,
Apex ; 1,
subpulmonary type ; 1

0.73

0.83

17.0

-4.74

4

Female

9

high trabecular ; 2 ,
Apex ; 1

0.82

1.09

15.0

-7.09

5

Male

4

Low trabecular ; 1,
Perimembranous ; 1

0.76

1.10

13.9

-3.51

13

high trabecular ; 1,
Mid trabecular ; 2,
Low trabecular ; 1,
Perimembranous ; 1

0.87

1.06

17.0

-11.96

6

Male

Type and number of VSD

Case number same as Table 1a. Abbreviations are same as Table 1a.

Excluding immediately after surgery (Group B-1)
(Kendall test)
Fig. 4 The correlation between UTN and E/e’ excluding Group B-1. A significant negative
correlation between UTN and E/e’ was observed.

of the apex during isovolumic relaxation and early dias-

The mechanism underlying changes in UTN before and

tole6). Therefore, infants subjected to surgery for mVSD

after surgery

are a good model for understanding the effects on un-

In the six patients for whom ventricular behavior

twist mechanism under different loading conditions.

could be sequentially observed peri-operatively, sudden

Preload increases by mVSD shunt resulted in clear ac-

UTN changes were observed before and after surgery

celeration of UTN in infants in our study, which may

for mVSDs. The underlying mechanism is thought to be

contribute to LV suction and enhanced LV filling as a

as follows. In children with mVSDs, the increase in pre-

compensatory mechanism in the developing heart.

load caused by large left-to-right shunt results in elevated E; however, contractility is maintained as shown by

9
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(P = 0.009, P = 0.016 on Friedman test)
(Comparison between points in time via the Steel–Dwass method)
Fig. 5a: Changes over time in E/e’ (n = 6)

Fig. 5b: Changes over time in UTN (n = 6)

Fig. 5 Changes in E/e’ and UTN followed pre- and post-operatively.
5a: Changes in E/e’. Before surgery (Group A’), at 1 month postoperative (Group B1’), and at 3 months postoperative (Group
B2’). There was a significant difference between Group A’ and both Group B1’ or Group B2’. The line ‘–’ in the graph indicates
the mean value.
5b: Changes in UTN. A significant difference was observed between Group A’ and Group B1’. UTN was elevated preoperatively, but suddenly dropped to converge to 0 at 1 month postoperative, and again increased slightly by 3 months postoperative. The line ‘–’ in the graph indicates the mean value. For repeat measurements before and after surgery, the Friedman
test was used. Comparison between points in time was performed using the Steel–Dwass multiple comparison test.

normal e’. Further, the LV diastolic overload is thought

served, E/e’ was significantly increased. Moreover, af-

to reflect an increase in left atrial (LA) pressure and LV

ter surgical closure of mVSD, preloads caused by shunt-

end-diastolic pressure, leading to elevated E/e’. Under

ing flow were alleviated, and a significant decrease in

these conditions, the fact that untwisting is also higher

E/e’ was observed. E/e’ has been shown to be a sensi-

suggests that the drive mechanism for the uptake of

tive parameter for the hemodynamic changes that oc-

inflow during LV diastolic phase acts as a compensato-

cur both before and after surgery. Although diastolic

ry function. Following surgery, preloading is alleviated,

dysfunction with a preserved ejection fraction17) can be

both LA pressure and LV end-systolic pressure de-

observed in pediatric congenital heart disease, particu-

crease, E/e’ is normalized, and UTN decreased. In addi-

larly in infants, no studies have investigated torsion and

tion to this decrease in preloading, mVSD closure using

untwisting in such patients. LV untwisting starts early

a patch physically limits the rotational motion for both

during the isovolumic relaxation phase and proceeds

torsion and untwisting, and it could cause a sudden

throughout the early filling phase, releasing elastic en-

drop in UTN immediately after surgery.

ergy stored by the preceding systolic deformation.Our
data suggest UTN may generate the effective pressure

Physiologic implications and untwisting
Among the indices of the diastolic phase, E/e’ cor-

fall of isovolumic relaxation and accelerate subsequent
suction phase.

relates well with the end-diastolic pressure, and among

It has been reported that during exercise, rotational

echocardiographic parameters it is considered to be the

motion by torsion and untwisting is increased to a

most reliable16). For patients in Group A of the present

greater extent than the contraction and expansion

study, although no significant change in E/A was ob-

along the LV short and long axes13). Increased sympa-

10
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thetic nerve activity and catecholamine secretion

the variety of associated congenital heart disease that

during exercise is thought to increase such rotational

affect hemodynamics. Study limitations included the

motion. Similarly, in the preoperative patients, Group A

small subject sample, particularly in Group A, and the

of the present study, the increased preloading caused

fact that most patients were not followed both preoper-

by shunting flow, as well as the enhanced sympathetic

atively and postoperatively . In the future, prospective

nerve activity and catecholamine secretion caused by

studies should be conducted with a larger sample size.

heart failure, suggests that an elevated UTN could be

The measurement and analysis of the echocardiograph-

involved.

ic parameters in the present study were conducted by
a single author; therefore, the inter-rater analysis could

The effects of VSD patch on torsion and untwisting

not be compared and reproducibility could not be exam-

It has been reported that in neonate and infant

ined. Furthermore, the relationship with heart failure

mVSDs, the total patch area is correlated with the de-

indices (e.g., brain natriuretic peptide) requires future

gree of decreased regional wall motion of the ventricu-

examination.

lar septum and delayed heart failure . Although the
11)

effect of VSD patch on rotation was not clear in the

Conclusions

present study, patients with a large patch area included

The present study is the first to reveal that UTN is

those with a decreased UTN at 1–2 months postopera-

accelerated in association with elevation of the diastolic

tively (i.e., they were patients with a counterclockwise

index of E/e’ under normal systolic function. Preload

rotation, and whose progress subsequently normalized).

increase by mVSD shunt resulted in clear acceleration

In preoperative children with mVSDs, increased pre-

of UTN in infants, which may contribute to LV suction

loading was found to cause an initial elevation of E/e’

and enhance LV filling as a compensatory mechanism

and UTN, followed by a sudden decrease immediately

in the immature myocardial architecture. Untwisting

after surgery. This suggests that this mechanism in-

rate may be a useful marker of diastolic function or

volves changes in preload attributed to large mVSD

even serve as a therapeutic target for improving dia-

shunt, and the direct impact on rotational motion by

stolic function. Our results also suggest that 2D-STE

surgery, including the ventricular septum patch.

can facilitate the serial evaluation of the LV torsional
behavior and its physiological implications in clinical

The relationship between UTN and HR

settings, even in infants with rapid heart rates.

LV torsion increased with age because of the augmentation of apical LV rotation, but was constant when
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Study Limitations
In the present study, when E/e’ was elevated, UTN
increased; however, these correlations varied greatly.
The underlying reasons for this are believed to include
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