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Background: Up to now, Endomyocardial Biopsy (EMB) is the gold
standard for monitoring acute rejection in Heart Transplant (HTx) re-
cipients. This study aims to investigate using the Left Ventricle (LV) de-
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Email: |.nojoamizadeh@gmail.com Methods: For a total of 30 EMBs performed in 19 HTx recipients,

2D-STE was done within 24 hours before or after each biopsy. The LV-
torsional deformity indexes, including LV-twist, LV- rotation, and LV-
torsion, were derived. These values were compared in HTx recipients,
who were subsequently classified into either the ‘no rejection group’
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jection. Mean twist and torsion values decreased more in the rejection
group than in the no-rejection group (P=0.004, P=0.005, respectively).
In LV-twist measurement, a cut-off point of 7.8 degrees had a sensitiv-
ity of 83% and a specificity of 67% in detecting the allograft rejection.

Conclusion: The LV-torsion values derived from 2D-STE could be a
reliable, non-invasive, and valuable tool for screening rejection in HTx
recipients.
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Introduction

Heart transplant is the therapy of choice for patients with
end-stage heart failure who remain refractory to medical treat-
ment. Survival and quality of life after cardiac transplantation
is excellent [1,2]. Data from the International Society for Heart
and Lung Transplantation (ISHLT) indicates that the average an-
nual rate of heart transplants has increased recently, reaching
over 5500 heart transplants in 2016 worldwide [3].

Acute rejection is a frequent complication, particularly in
the first year after transplantation. Among heart transplant re-
cipients, most such cases are acute cellular-mediated rejections
[4]. Improvement in immunosuppression therapy and also early
diagnosis and treatment of allograft rejection have resulted in
reduced mortality rates due to rejection [5]. Up to now, Endo-
myocardial Biopsy (EMB) is the gold standard for diagnosis of
rejections [6,7]. This invasive method has several complications
in 0.09% to 5.2% of cases, including myocardial perforation, tri-
cuspid regurgitation, arrhythmia, etc [8].

Compared with EMB, there are some non-invasive alterna-
tives for detection of rejection, such as Cardiac Magnetic Reso-
nance Imaging (MRI), echocardiography, cardiac troponin level,
etc., which have previously been used by specialists; however,
none of them has replaced the pathologic finding derived from
biopsy, since their reliability has not been established yet [6,9].
2D-STE is an echocardiography modality for assessing myocardi-
al function, providing the early subclinical diagnosis of ventricu-
lar dysfunction [8,10]. Previous studies using 2D-STE-derived
myocardial deformity indexes have indicated that LV global lon-
gitudinal and circumferential strain, torsion, and twist may be
helpful in the early detection of acute allograft rejection. The
results are equivocal, and further evaluation is needed [8,10-
12].

The Left Ventricle (LV) torsional parameters are sensitive in-
dices for evaluating both systolic and diastolic function [13-16].

In definition, LV rotation is referred to as a wringing motion
of the LV cavity away from its long axis. The apex and base of LV
have counter-directional rotation. During systolic contraction,
the base rotates clockwise (expressed with a negative value),
and the apex rotates counter clockwise (expressed with a posi-
tive value) when viewed from the apex. The mode of contrac-
tion is related to the oblique and opposite directions of fibers in
the subepicardium (left-handed direction) and subendocardium
(right-handed direction). The orientation of apex and base rota-
tion follows the fibers in the subepicardium, indicating that the
subepicardium side is predominant as its radius is more than
that of the subendocardium [13,14,17-20].

The LV twist, which is defined as the absolute difference
in the rotational angle between base and apex, is expressed
in degrees; LV torsion is referred to as this gradient along the
longitudinal axis of the LV, expressed in degrees per centimeter
[17,20,21].

In 1987, Hansen et al. investigated acute rejection, con-
firmed by EMB, in heart transplant recipients and documented
an association between acute rejection and decreased LV tor-
sion deformity, measured by intramyocardial markers [22]. A

limited study has applied MRI to survey twist and torsion in
pediatric transplanted hearts [23]. Two recent articles, one on
monitoring acute rejections [6] and the other on clinically stable
HTx recipients [24], have been published on the utility of torsion
deformities derived from echocardiography.

To date, however, it seems that the data available are insuf-
ficient to justify echocardiography as a reliable diagnostic mo-
dality replacement for EMB to monitor acute rejection in heart
transplant recipients. This study investigates the utility of the
LV-deformity index derived from 2D-STE for screening heart
transplant rejection. Likewise, we aim to determine a cut-off
point for the LV deformity index, which can be used for predict-
ing rejection in HTx recipients.

We, therefore, assessed the efficiency of LV torsion deformi-
ties obtained from 2D Speckle Tracking Echocardiography (2D-
STE) for monitoring acute rejection in heart transplant recipi-
ents.

Methods
Study population

A total of thirty EMBs were performed in nineteen heart
transplant recipients (18 men, one woman), transplanted at
25.8 + 6.7 years of age, between Dec 2015 and Jun 2016. All
heart transplant recipients had received standard immunosup-
pressive therapy, and as the routine protocol, heart catheteriza-
tion was done to monitor the rejection. All the subjects pro-
vided written informed consent for participating in the study.
Diagnosis of acute cellular rejection was based on the definition
provided by the International Society for Heart and Lung Trans-
plantation (ISHLT).

Echocardiography

For each case, an echocardiographic examination, includ-
ing conventional and 2D-STE, was done less than 24 hours ei-
ther before or after the biopsy, using a Philips EPIQ cardiology
ultrasound machine with an X5-1 Transducer. The LV Ejection
Fraction (EF) was measured by the Simpsons method, derived
from both the apical 4- and apical 2-chamber views. Diastolic
function was obtained via mitral inflow pulsed-wave Doppler
and also tissue Doppler imaging. Furthermore, the structure
and function of cardiac valves were evaluated. Interventricular
Septum (IVS) thickness was also measured using 2D echocar-
diography. Data sets, including short-axis and apical views, were
acquired for three consecutive heart cycles in a stable heart rate
period. For minimizing respiration-related variations in HR, the
end-expiration breath-holding acquisition setting was selected.
Heart rate variation <2-3 beats/minute was acceptable during
the acquisition time. Exact supervision was performed to record
imaging in an HR maintained stable through the examination
period. This HR stability is also essential for adjusting time inter-
vals (e.g., AVC) in the cardiac cycle. AVC point was representa-
tive of the end-systolic time, obtained from a 3-chamber apical
view and applied to other views.

The LV short-axis views were acquired at basal, mid, and
apical levels with appropriate frame rate (40-80 frames/s) to
assess the LV mechanics, including LV rotation and circumfer-
ential strain. As far as possible, special attention was paid to
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obtaining circular cross-sectional views; the basal plane was
acquired at the mitral valve level, whereas the mid and the api-
cal plane were obtained at the papillary muscles level and just
above the point of systolic cavity obliteration, respectively. The
LV apical 2-, 3- and 4- chamber views were also applied to de-
fine LV-GLS, moreover; the apical 4-chamber view centered on
the Right Ventricle (RV) was used to examine RV systolic func-
tion by Fractional Area Change (FAC), Tricuspid Annular Plane
Systolic Excursion (TAPSE) and tissue Doppler imaging. Four se-
guential cardiac cycles were sequestrated and reserved for the
subsequent off-line analysis using Q-lab software. Demarcation
of endocardial borders was assigned in both the short axis and
apical views manually. If needed, border readjustments were
done by the operator.

As viewed from the apex, the LV base rotated clockwise (ex-
pressed with a negative value). Reversely, the LV apex rotated
counter clockwise (positive value). Two mean curves for each
case were acquired, representing apical and basal end-systolic
rotations (Figure 1 & Figure 2).

Figure 1: Representative Left Ventricle (LV) rotational curves, ob-
tained from the patients with no rejection. A: short axis view of the
apex. B: short axis view of the base. AVC: aortic valve closure, a:
time to peak apical systolic rotation, b: time to peak basal systolic

| rotation.
\\ /
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We also obtained the LV Global Longitudinal Strain (LV-GLS)
and LV Global Circumferential Strain (LV-GCS) values through
echocardiographic examination. LV GLS was calculated as the
mean of peak systolic strain values, acquired from all segments
in 4, 2- and 3- chamber views, whereas LV GCS was determined
from the average of peak systolic strain quantities from basal,
mid, and apical short-axis views, measured in all segments. By
definition, the LV myocardium length changings through the
base to the apex of LV and along the circumferential axis are ex-
pressed as longitudinal and circumferential strain, respectively
[10,11,25-27].

Statistical analysis

Quantitative data are presented as mean * SD, and qualita-
tive data are evaluated as percentages. The normality of vari-
ables was assessed based on standard distribution plots and
histograms. Biopsy groups were divided into three catego-

Figure 2: Left Ventricle (LV) rotation deformities in representative
patients with moderate rejection.

A: apical short axis view. B: basal short axis view.

AVC: aortic valve closure, a: time to peak apical systolic rotation, b:
time to peak basal systolic rotation.

LV twist was calculated as the net difference between the apical
and basal end-systolic rotations.

LV torsion was defined LV twist value divided by the end-diastolic

/

| LV longitudinal length.
\ Y,

ries: 1. No rejection; M. Mild rejection and L. Mild to moder-
ate rejection plus moderate rejection. Clinical characteristics,
echocardiographic indexes, and hemodynamic variables were
compared between groups by One-way Anova or Kruscalwalis
analysis. Associations between quantitative variables were ex-
amined based on the Pearson or Spearman coefficient. Multiple
linear regression was applied to predict the effect of confound-
ing demographic variables on EF, such as age, with p values <
0.05 being considered significant. Finally, for analyzing all data
obtained, SPSS software was applied.

Reproducibility

Intra-observer reproducibility was evaluated by repeat-
ing measurements in six random- cases about four weeks af-
ter the first analysis by the same operator on the same image
sets. Inter-observer reproducibility was assessed by comparing
measurements performed between first and second operators
at different times in six random- cases on the same image sets.
We assessed the reproducibility using Bland-Altman (BA) analy-
sis. In this regard, variability percentages of twist deformity in-
dex were reported for Intra and inter-observer analysis with a
Coefficient of Repeatability (CR) of 2.6% and 3.4%, respectively.
The Intra and inter-operator absolute 95% limits of agreement
(between -2.5% and + 2.6%) and (between -3.2% and +3.4%)
described the validity of twist deformityin the order already
mentioned.

Results

Table 1 shows the main clinical characteristics of the study.
Among 30 EMB performed in this study, 12 biopsies (40%)
showed no rejection, 15 (50%) showed mild rejection, and three
biopsies (10%) showed mild to moderate and moderate rejec-
tion. Age was not significantly different between the groups at
the time of transplant surgery.
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Feasibility

In our study feasibility of obtaining 2D-STE analysis was 86%.
A total of 35 individuals attended the examination. We included
only subjects (n=30) in which visualization of the endocardial
border and tracking quality was optimal in LV views needed for
our measurements. Five individuals (14%) were excluded be-
cause of poor endocardial assessment and tracking quality.

Echocardiographic parameters

Conventional echocardiographic parameters, including the
LV EF percentage, grading of diastolic dysfunction, and Right
Ventricle (RV) systolic function, did not significantly differ
amongst the groups. Likewise, the severity of Mitral Regurgita-
tion (MR) and Tricuspid Regurgitation (TR), which could influ-
ence LV torsional deformities subsequently, were similar in the
groups, i.e., not more than mild to moderate in severity (Table
2). The mean IVS thickness did not substantially vary in the dif-
ferent groups, as its value was within the normal range for all
cases.

The values of mean twist and torsion, based on 2D-STE, were
significantly reduced in the rejection groups in comparison with
those without rejection (p=0.004, p=0.005, respectively); based
on this, with each unit increase of rejection grade, the twist de-
creased by 1.04 units according to the linear regression formula.

At Receiver Operating Characteristic (ROC) curve, the
twist showed a good predictive value to individuate rejection
(AUC=0.80, p=0.006). A cut-off value of 7.8 degrees for LV twist
had an 83% sensitivity and a 67% specificity to detect the rejec-
tion. There was a weaker but significant correlation between
changes in rejection grades and values of torsion deformities;
on the contrary, the absolute values of mean apical rotation and
mean basal rotation were insignificantly correlated with rejec-
tion grades (p=0.552, p=0.548, respectively) (Table 3). Figures
1 and 2 show apical and basal rotational curves at short-axis
views in patients without rejection and moderate rejection, re-
spectively.

Moreover, both the time to peak apical and basal rotation
were independently associated with rejection severity (p=0.01,
p=0.004, respectively), such that more severe grades of rejec-
tion resulted in more time to peak apical and basal rotation val-
ues (Table 3).

Despite having a positive correlation between adjusted time
to peak basal rotation as a percentage of R-R cycle length with
rejection severity (p=0.015), there was no meaningful associa-
tion between the time to peak apical rotation/R-R cycle length
and grade of rejection (p=0.08). Furthermore, both the time to
onset of apical and basal rotation were not associated with re-
jection grading (p=0.8, p=0.53, respectively) (Table 3).

Consequently, additional data was also obtained using 2D-
STE. The absolute values of LV-GCS were lower in HT patients
with rejection than those without rejection (p=0.001), while no
significant differences were observed in LV-GLS between rejec-
tion and no rejection groups (p=0.53) (Table 3).

Alternatively, in this study, we assayed the relation between
LVEF and torsional deformities. To some extent, LVEF was direct-
ly correlated with twist and torsion values (p=0.033, p=0.008,
respectively). Although LVEF was not associated with basal ro-
tation values, it directly correlated with apical rotation (p=0.3,
p=0.04, respectively). In addition, there was a meaningful cor-
relation between the absolute values of both GLS and GCS with

the LV ejection fraction (p=0.001 for both) (Table 4).

\/ Table 1: Clinical characteristics of participants. )\
Mild to
. moderate
Parameters No rejection .Mlk.‘ rejection & P-
rejection value
Moderate
rejection
Ageattransplanta- | ooy 7 5 943465  221:028 | 0.19
tion (years)
Age at examination
30.5+7.5 25.6+7.8 23.4+0.57 0.16
(years)
Post-transplantdura- | ) 0q 1 509 6564879 | 78.6%322 074
tion (weeks)
Male, N (%) 11(37.9%) | 15(51.7%)  3(10.3%) 0.46
Female, N (%) 1 (100%) - -
Body surfacearea ') 27,018 | 178026 213%028 | 0.06
(BSA)
Blood pressure (SD) | 103/78 £2.2 | 101/75+3.1 | 98/72+2.7 0.7
Heart Rate (SD) 89+1.7 92+3.8 93+3.2 0.89

Discussion

The LVEF doesn’t differ significantly between a normal heart
and a transplanted heart. But strain values of the entire LV are
considered to be meaningfully lower in HT patients than those
in healthy individuals. In this regard, GLS is the first strain that is
reduced early after transplantation. Furthermore, LV twist and
rotation values of HT patients are significantly lower compared
with healthy individuals. LV remodeling, as a sequence of vari-
ous factors such as reperfusion injury and immunosuppression
therapy, leads to myocardial damage, which is responsible for
the impairment of GLS, twist, and rotation values in the trans-
planted heart. On the other, in healthy individuals, the pericar-
dium maintains cardiac twisting and torsional movement prop-
erly. It is assumed that deterioration of LV twist and rotation
values in HT patients could be related to eliminating the peri-
cardium supportive role too [8,28].

In this study, we ascertained that the LV torsion and twist val-
ues were reduced in rejected hearts compared to those derived
from non-rejected hearts. Additionally, the study results dem-
onstrated a significant correlation between LV twist and rejec-
tion severity. A cut-off point of 7.8 degrees for LV twist enables
us to predict rejection in heart transplant recipients with good
sensitivity and specificity. Actually, the novelty of our study was
the determination of a threshold value in one of the STE param-
eters, i.e., twist, which assists us in distinguishing the HT rejec-
tion group from the non-rejection one. Furthermore, we found
that time to peak apical and basal rotation had an independent
correlation with rejection grades.

Acute rejection is an important cause of mortality in the first
year after heart transplantation. Early diagnosis, particularly in
the subclinical phase, is critical. EMB is the gold standard for
detection of rejection, although this method is invasive and as-
sociated with severe complications [29].

In 1987, reduced LV-torsion values were reported in heart
transplants with high-grade rejection by calculating torsion
parameters by invasively applying myocardium markers [22].
However, in our study, as a non-invasive method for measuring
LV-torsion, we used 2D-STE; moreover, we determined a cut-off
point for specifying the rejections, which is not necessarily lim-
ited to the so-called high grade of rejection; hence this study is
based on analysis of LV-torsion, which can identify relatively low
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CTabIe 2: Conventional echocardiographic parameters.

Parameters No rejection Mild rejection Mild to mod?ratfe & P-value
Moderate rejection

PAP, (mmHg) 26.3+6.05 29.2+5.03 25.6+6.35 0.33
LVEF (%) 56.2+2.5 53.7+3.2 56.9+3.7 0.4
MR, n (%)
Mild 12(100%) 15(100%) (100%)

) 0.81
Mild to moderate - - -
Moderate - - -
Severe - - -
TR, n (%)
Mild 9(75%) 10(80%) 2(61.5%) 0.662
Mild to moderate 3(25%) 5(20%) 1(38.5%) ’
Moderate - - -
Severe - - -
Diastolic function, n (%)
Normal 3(25%) 8(80%) 2(46%) 023
Gradel diastolic dysfunction- 9(75%) 7(20%) 1(53%) ’
Grade2 diastolic dysfunctionGrade | - - -
3 diastolic dysfunction - - -
RV function, n (%), assessed by
TAPSE & tissue Doppler
Normal _ - _

; ) 7(58%) 8(53.3%) 2(66.6%) 0.88
Mild RV dysfunction o o o
Mild to moderate RV dysfunction ?(426) 25206/:/)) }(33'36)
Moderate RV dysfunction ) e ? )
Severe RV dysfunction
RV function, n (%), assessed by FAC
Normal (>35%) 12(100%) 11(73.3%) 12(100%) 0.52
Mild RV dysfunction (25-34%) - 3(20%) - ’
Moderate RV dysfunction (18-24%) | - 1(6.66%) -
Severe RV dysfunction (<17%) - - -
PAP: Pulmonary Artery Pressure; LVEF: Left Ventricle Ejection Fraction; MR: Mitral Regurgitation; TR: Tricuspid
Regurgitation; RV: Right Ventricle; FAC: Fractional Area Change.
Data are presented as mean + standard deviation.

CTable 3: Speckle tracking echocardiographic parameters.

Parameters No rejection Mild rejection Mild Itwoorgzlii;ate & P-value

Apical rotation (degrees) 5.09+2.3 4.5+1.52 2.2+0.43 0.552
Basal rotation (degrees) -3.51+2.6 -3.41+0.9 -3.02+0.4 0.548
Time to peak apical rotation (msec) 220 £ 0.04 460+ 0.01 730 £ 0.02 0.01
Time to peak basal rotation (msec) 250 £ 0.05 440 + 0.04 550 +£0.11 0.004
Time to peak apical rotation/R-R 0.32 £0.001 0.35+0.004 0.71+£0.001 0.08
Time to peak basal rotation/R-R 0.28+0.005 0.39+0.003 0.74 +0.02 0.015
Time to onset of apical rotation (msec) 32.5+0.06 36.5+0.01 41.5 +0.02 0.8

Time to onset of basal rotation (msec) 54.8+0.1 61.5+0.1 64.8+0.2 0.53
LV Torsion (degrees/cm) 1.24+0.25 1.03+0.22 0.7+0.25 0.005
LV Twist (degrees) 9.53+1.94 7.92+16 5.2+0.28 0.004
Global longitudinal strain (%) -17.6+2.2 -16.5+2.17 -15.7+1.1 0.53
Global circumferential strain (%) -27.2+23 -23.5+1.78 -22.5+2.34 0.001

R-R indicates R-R interval on ECG.
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\/ Table 4: Correlation between LV deformities and EF. )\
LV Ejection Fraction
Parameters Corre.I a.ﬂ on P-value
coefficient
LV Torsion 0.58 0.008
LV Twist 0.62 0.033
Apical Rotation 0.6 0.04
Basal Rotation 0.3
Global longitudinal strain 0.59 0.001
Global circumferential strain 0.577 0.001
Time to peak apical rotation/RR 0.18 0.36
Time to peak basal rotation/RR 0.03 0.88
LV: Left Ventricle, R-R indicates: R-R interval on ECG

grades of rejection. Other than echocardiography, MRI has been
employed for measuring LV-torsion, although it is an expensive
and time-consuming procedure [14]. Conversely, 2D-STE has
been known as a non-invasive and easily available method for
measuring LV-Torsion parameters [6].

Data from echocardiographic studies support the substitu-
tion of echocardiography as a non-invasive, readily available,
and sensitive method for diagnosing acute rejection. In 2015,
Ambardekar et al. concluded that strain and strain rate derived
from STE are unable to predict acute rejection in HTx recipients
[30].

In 2016, although Kato et al. also applied strain rate imaging,
derived from tissue Doppler, to monitor HTx recipients, they
reported that strain rate imaging could predict acute rejection
[29]. However, tissue Doppler is an angle-dependent method,
and for more accuracy, it is necessary to have the patient lying
in a lateral position [29]. In our study, torsion deformity derived
from 2D-STE, an angle-independent method, was applied for
monitoring HTx recipients.

Sato et al. recently reported that LV-torsion values obtained
from 2D-STE are helpful in diagnosing rejections [6]; this study
was conducted following Takahiro’s observation to confirm his
results. Furthermore, in our study, we investigated the direct
correlation of rejection severity with time to peak apical and
basal rotation values independently.

In parallel, we also evaluated GLS & GCS values derived from
2D-STE in the HTx recipient groups. By definition, changes in the
myocardium length from the base to the apex of LV and along
the circumferential axis of LV are expressed as longitudinal and
circumferential strain, respectively [25]. Previous studies have
aimed to assess the reliability of STE-derived strain measure-
ments, including GLS and GCS, as a non-invasive method for
early detection of acute rejection in HTx. Unfortunately, there
were significant discrepancies in the results [8,10,11,30]. An-
drew et al. investigated that GCS is significantly decreased in
patients with rejection, while there was no significant differ-
ence in GLS values between rejection and no rejection groups
[8]. Conversely, another study concluded that lower absolute
values of GLS were present in acute rejection HT patients
compared with those without rejection [31]. In this study, we
verified no meaningful difference in the LV longitudinal strain
between no rejection and rejection groups. Conversely, lower
absolute values of the LV circumferential strain were present in
the rejection group compared to those without rejection. From

the results of studies, GLS is impaired in normal HT patients.
Decreased GLS values occur soon after transplantation as a
consequence of injuries (e.g., reperfusion injury, cell rejection
reaction after surgery, immunosuppressive agents). It appears
that preserved GCS value is the main strain deformation that
maintains LV function in HT patients. After acute subclinical re-
jection, GCS is impaired, resulting in cardiac dysfunction. In this
setting, LVEF and other 2D echocardiographic parameters could
still be within normal limitation [8].

It seems that more evaluation is needed via further studies
to clarify these discrepancies.

Clinical implications

EMB is the gold standard for early diagnosis of acute rejec-
tion in heart transplants, which is an invasive method accompa-
nied by several complications. Up to now, no non-invasive mo-
dality has replaced the biopsy. Echocardiography is an available
method for evaluating cardiac dysfunction resulting from acute
HT rejection. As we know, LVEF impairment occurs relatively
late in acute rejection HT patients when extensive myocardial
damage has been established. Early detection of acute rejection
in the subclinical stage has an important clinical implication,
and it seems to be one of the indications for using 2D -STE. In
the present study, we demonstrated that the utility of some de-
formity indexes derived from STE could be helpful for the early
diagnosis of acute rejection. In this regard, we ascertained that
mean twist and torsion values were significantly reduced with
rejection. It was determined a threshold value for twist defor-
mity to detect rejection.

Furthermore, we found that absolute values of LV-GCS were
decreased in acute rejection. These deformity impairments pro-
ceed of reduction in LVEF, which occurs late. It appears that 2D-
STE deformity indexes could serve as a reliable method for as-
sessing HT rejection. Hopefully, in the future, EMB will replace
with non-invasive tools for monitoring HT patients.

Limitations

This study has some limitations; firstly, since our study was
conducted in a short time, we could not follow each heart trans-
plant recipient after heart surgery up to their regular consecu-
tive rejection screening by EMB; as far as possible, we compared
different patients with each other; secondly, we were unable to
evaluate transplant vasculopathy, because of which we could
not consider its effect on the transplanted heart and subse-
qguent changes in the LV-torsion deformities; thirdly, considering
the low rate of heart transplantation surgeries, the number of
HTx recipients was limited, hence our small sample size.Finally,
despite the advantages served by 2D-STE, this modality has sev-
eral limitations. The main limitation of 2D-STE is the difficulty of
acquiring high-quality images with optimal echocardiographic
visual assessment of the endocardial border. This limitation
leads to excluding subjects with suboptimal-quality images.
(About 14% in our study). In appropriate low or high frame
rates, obtaining views with foreshortening of the LV, and incor-
rect positioning of the standard anatomic landmarks are other
limitations of 2D-STE [15,32,33]. Some 2D-STE limitations could
be overcome by 3D-STE. But 3D-STE by itself has multiple limita-
tions too, that have made it more used as a research modality
rather than a routine clinical tool. 3D-STE image acquirement
requires cooperative patients for breath-holding. Achievement
of optimal quality data is an essential factor for analyzing 3D-
STE too. Patients with irregular heart rhythms are another limi-
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tation for using 3D-STE because 3D-STE needs multi-beats’ util-
ity for imaging acquisitions. Besides, 3D echocardiography has a
low temporal and spatial resolution. Ultimately, lack of practical
experience leads to 3D-STE modality for clinical purposes [34].
On the other hand, the restricted availability of 3D echocardiog-
raphy, prevents the routine utility of this technique. For these
reasons, we didn’t apply 3D-STE in our study.

Conclusion

LV torsion deformity index derived from 2D-STE could be a
useful method for non-invasive screening of acute rejection in
HTx recipients. Further research is required to underscore the
usefulness of LV-torsion deformities obtained from echocar-
diography as an alternative non-invasive, simple, and reliable
screening method for EMB in the diagnosis of rejection in heart
transplant patients.
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