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Synopsis

SYNOPSIS

OBJECTIVE: Moderate to severe dysfunction of right ventricle is associated with
poor clinical outcome after cardiac surgery. TTE M Mode TAPSE is used
preoperatively to assess RV function. We compared intraoperative TEE guided m-2D
& M-Mode TAPSE measurements to preoperative TTE-guided M-mode TAPSE in
terms of accuracy and inter-observer and intra-observer variability. In addition,
intraoperative m-2D TAPSE and M-Mode TAPSE measurements were compared
with RV FAC. The variations of m-2D TAPSE, M-Mode TAPSEs and RV FAC at
different time points during surgery i.e., before CPB, after CPB and after sternal

closure were also analysed.

STUDY DESIGN: A prospective, observational, non- randomised, non-blinded
study.

STUDY SETTING: The study was done in adult and paediatric operating rooms in
Sree Chitra Tirunal Institute, which is a tertiary referral centre for cardiac surgery.

PARTICIPANTS: Adult patients undergoing CABG and valvular surgeries and
paediatric patients (both cyanotic heart diseases and acyanotic heart diseases)

undergoing corrective surgeries were the participants

MEASUREMENTS: TTE guided M Mode TAPSE was measured in OPD as well as
after anaesthesia induction. TEE guided m-2D TAPSE, Deep Trans-gastric M Mode
TAPSE, Trans-gastric Right ventricular Inflow M Mode TAPSE and RV FAC were

measured before pericardiotomy, after CPB and after sternal closure.

STATISTICAL ANALYSIS: To detect a minimum of 0.5 correlation between the
parameters with 90% power and 5% alpha error with 10% drop-out rate because of

technical reasons, the sample size was calculated as 42 per group.

RESULTS: m-2D TAPSE and deep Trans-gastric M Mode TAPSE before CPB
correlated significantly with TTE M Mode TAPSE in both adult and paediatric
groups. m-2D TAPSE had significant correlation with deep trans-gastric M Mode
TAPSE and trans-gastric right ventricular inflow M Mode TAPSE at all time points
and RV FAC measured before CPB in both the groups. TAPSE measured by all the
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three methods declined significantly during the surgery. RV FAC in children
decreased after CPB and improved over pre- CPB values after sternal closure whereas

it significantly improved over time in adults.

CONCLUSION: TEE guided m-2D TAPSE and Deep trans-gastric M Mode TAPSE
are comparable to TTE guided M- Mode TAPSE in terms of accuracy and
reproducibility. Trans-gastric right ventricular inflow M -Mode TAPSE is less

accurate and shows poor reproducibility.



Introduction

INTRODUCTION

Moderate to severe Right Ventricular (RV) dysfunction is related to poor post-
operative clinical outcome.! Hence, it is important to reliably assess RV function
during cardiac surgery. Preoperatively, Trans Thoracic Echocardiography (TTE) can
be used to assess RV function by measuring Tricuspid Annular Plane Systolic
Excursion (TAPSE) by M-Mode. It is reliable, validated and easily reproducible in
adult patients. In contrast, intraoperative Transoesophageal Echocardiography (TEE)

guided RV functional assessment is challenging due to the following concerns:

1. Unlike left ventricle (LV) which is easily approximated by geometric
assumptions, RV has a complex structure. It is triangular in mid-esophageal 4
chamber view, crescent shaped in trans-gastric short axis view and has a
wraparound appearance in Right Ventricular Inflow-outflow view. Hence it is
difficult to define RV volume in a single view two dimensionally unless three
dimensional volumetric models are used.?

2. The contraction of RV is peristaltic, unlike the piston-like movement of LV. In
addition to longitudinal movement, inward movement of RV free wall and
apex, the RV outflow tract (RVOT) contraction significantly affects RV
output. Most of the 2D views fail to account for RVOT contribution.

3. Unlike in TTE, there is misalignment of ultrasound waves to the direction of
motion of tricuspid valve in TEE which makes it more challenging to interpret
TEE.

4. Pericardiotomy decreases RV longitudinal motion.> Hence any assessment
based on the RV longitudinal motion is likely to be influenced by

pericardiotomy.

Right Ventricular Fractional Area Change (RV FAC) is used intraoperatively
to estimate global right ventricular function. It has good method agreement with
Cardiac MRI and 3D volumetric estimation of right ventricular function. However,
intraoperatively, tracing the endocardial border of right ventricle is time consuming
and has poor interobserver variability. Poor echo window, foreshortened images and
poor visibility of lateral wall in the presence of dilated heart chambers make RV FAC

measurement challenging.
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TEE guided Modified 2 D (m-2D) TAPSE, Deep Trans Gastric (DTG) M
Mode TAPSE and Trans Gastric Right Ventricular Inflow (TG RVIF) M Mode
TAPSE are other tools available for RV function assessment intraoperatively. Tissue
Doppler Imaging (TDI) S” velocity measurement necessitates excellent image
acquisition. 3D volumetric estimation and 2D speckle tracking studies are time
consuming, technology intensive and are not available in all echocardiography

machines.

There is a need for a real time, easily reproducible and reliable method to
asses right ventricular function which correlates well to M Mode TAPSE measured by
TTE preoperatively and RV FAC measured intraoperatively. Hence, we undertook
this study to validate the TEE guided M Mode TAPSEs and m-2D TAPSE and to

evaluate their correlation to RV FAC during the course of surgery.
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REVIEW OF LITERATURE

Left ventricle is a more predictable chamber. Being cylindrical in shape,
geometric approximations are possible which ensures accurate estimation of volume
and systolic function. Right ventricle, however, has a more complex anatomy, as
explained by Dr. Timothy M Maus®, MD in the editorial published in Journal of
Cardiothoracic and Vascular Anaesthesia (JCVA). Right ventricle is triangular in
Mid-Esophageal four Chamber (ME 4 Ch) view, crescent shaped in Trans gastric
short axis view and gives an illusion of wrapping around aorta in the mid esophageal
RV inflow-outflow view. Peristaltic movement of the right ventricle has contribution
from longitudinal movement of its fibres, inward movement of the right ventricular
free wall and apex and contraction of its outflow tract. Trans thoracic M Mode
TAPSE is the corner stone of right ventricular function assessment preoperatively. It
is easily available, reproducible and has excellent method agreement with cardiac
MRI which is the gold standard for the same. However, cardiac surgeries are known

to significantly affect the longitudinal motion of right ventricle.

Reduced long axis velocity of right ventricle during cardiac surgery could be
due to cardiopulmonary bypass, cardioplegia, myocardial hypothermia or cardiac
stunning®. Unsworth et al.® studied 110 patients who underwent surgery by midline
sternotomy. The authors found that surgeries that preserved pericardial integrity like
mediastinal mass excision, minimally invasive Aortic Valve Replacement (AVR) and
robotically assisted minimally invasive CABG documented little or no decrease in the
right ventricular tissue doppler velocities. However, procedures that required
complete pericardial opening like Coronary Artery Bypass Graft (CABG) and AVR
documented clear decrease in right ventricular long axis S° velocity. Pericardium
could be providing structural integrity to the longitudinal fibres to function

adequately.

Donauer et al.* studied thirty patients who underwent CABG with cardioplegic
cardiac arrest. They performed right ventricular 3-dimensional echocardiography and
strain analysis. Significant reduction in peak longitudinal systolic strain (PLSS)of the
right ventricular lateral wall, inferior wall, interventricular septum and outflow tract

was documented. Circumferential contraction of the lateral wall increased by 4%
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simultaneously. RV Ejection Fraction (EF) and RV FAC remained unchanged. This
study demonstrated that reduction in longitudinal movement is compensated by an

increase in radial motion of the RV free wall.

The reliability of TAPSE in the pre-pericardiotomy phase as a surrogate for
right ventricular systolic function is evident. TTE guided M mode TAPSE cannot be
used intraoperatively for open heart surgeries. Trans esophageal echocardiography
(TEE) guided TAPSE measurements are readily available. Roberts et al.® studied 125
patients to estimate the concordance between TTE and TEE guided measurements of
RV function. RV FAC, lateral S” velocity, right sided index of myocardial
performance (RIMP) and tricuspid valve annulus were measured by both methods. M
Mode TAPSE measured by TTE was compared to transgastric (TG) M Mode TAPSE.
The study showed underestimation of S* and TG M Mode TAPSE. It was not
adequately powered to demonstrate any difference in other measurements. Authors
advised caution while using TTE validated parameters for TEE assessment of RV

function.

Morita et al.° retrospectively analysed the medical records of 196 patients and
compared intraoperative measurements of TEE guided modified TAPSE (m-TAPSE)
to RV FAC. Modified TAPSE was measured as the difference between RV apex to
lateral tricuspid annulus length in diastole and systole. In order to measure it
precisely, a 4-chamber view of excellent sonographic quality was required. The
investigators were required to exclude suboptimal images from data analysis for this
reason. They found good correlation between the RV FAC and m-TAPSE. Due to the
retrospective nature of the study, comparison of m-TAPSE to other measurements of
RV function was not possible. Furthermore, we feel that it is not easy to fix the RV
apex in different phases of cardiac cycle for accurate measurements. Another
disadvantage of this technique is that the TAPSE measured is the distance between
the lateral site of moving tricuspid annulus and the RV apex, which is moving as well
during contraction, whereas the classic TAPSE measures only the actual movement of

the lateral annulus of the tricuspid valve.

Korshin et al.” assessed the availability, inter-observer and intra-observer
reliability and feasibility TAPSE measured by 5 different views and tricuspid annulus
TDI. Method agreement of TEE TAPSE to TTE TAPSE was also studied. The study
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showed good agreement between TAPSE measured by TEE and TTE. Anatomical M
Mode TAPSE (DTG and TG) had good correlation with TTE guided TAPSE and had
low inter and intra observer variability. Tricuspid Annulus tissue doppler imaging
(TDI) and Anatomical M mode TAPSE had higher reliability compared to 2D
TAPSE. However, TDI is not commonly available, availability of the deep trans
gastric and trans gastric Right Ventricular Inflow views are highly variable and

anatomical M mode TAPSE is not available in all echo machines.

In Nottingham University Hospital, UK,®2 TTE M Mode TAPSE and TEE 2D
TAPSE obtained under sedation were compared. Close correlation was found between
TEE guided 2D TAPSE and TTE guided M Mode TAPSE. Images were found to be
reliable and simple to obtain. In addition, RV Fractional Area Change (FAC) was
found to have good correlation to TTE guided M- Mode TAPSE. Endocardial surface
tracing to obtain RV FAC was challenging in this study. Furthermore, TEE was done
under local anesthesia unlike intraoperative scenario where the patient would be under

general anesthesia.

Sullivan et al.? studied patients who underwent pulmonary endarterectomy.
Thermodilution cardiac index, RV FAC and Transgastric Right Ventricular Inflow M
Mode TAPSE were measured before sternotomy, after pericardial incision and after
sternal closure. On comparison of TAPSE and RV FAC to invasive thermodilution
studies in pulmonary endarterectomy patients, TAPSE was found to decrease
significantly following pericardiotomy, whereas RV FAC remained unaffected
probably in view of increased radial contraction to compensate for decreased

longitudinal motion.

Other complex measures™ to assess right ventricular function are right
ventricular global longitudinal strain or 3D speckle tracking echo strain which are not
commonly available. In a study done in Ghent University Hospital, Belgium,™

speckle tracking based strain and strain rate was not found to be promising.

Studies on right ventricular systolic function assessment by TAPSE in
paediatric population is very limited. The study undertaken in university of
Philadelphia® found significant correlation between TAPSE and exercise capacity in

children with hypoplastic left heart syndrome. They recommended further studies and
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opined that TAPSE was reproducible. TAPSE was used as a tool to assess right
ventricular systolic dysfunction in paediatric patients with dilated cardiomyopathy in
Emory University School of Medicine, USA.'® Moderate to severe right ventricular
dysfunction in this group of patients was linked to worse clinical outcome including
death, mechanical support or transplantation. Both these studies used TTE to assess
TAPSE.

A recent study by Singh* et. al., published in May, 2020, attempted to asses
longitudinal changes in right ventricular function (longitudinal and global) during
cardiac surgery. They specifically evaluated the changes in a subset of patients who
underwent redo surgeries as well. Images were acquired after anaesthesia induction,
pericardiotomy, CPB and after sternal closure. Authors noticed acute decline in RV
function during surgery, independent of pericardiotomy and CPB. The decline was
present across different surgical approaches, different operative procedures and in
primary as well as redo surgeries and persisted even after sternal closure. The authors
could not explain the reason for this persistent decline. Further studies are indeed
warranted to analyse the fresh data which are coming up which contradicts our current

understanding.

Forner et. al.,*®

similarly conducted a study on 30 cardiac surgery patients.
They measured the trans-thoracic M- Mode TAPSE after induction of anaesthesia and
compared it to TAPSE measured by 6 different views using trans-esophageal
echocardiography. Anatomical M-Mode measurement of TAPSE in mid esophageal 4
chamber view and Deep trans-gastric view showed good correlation to TTE guided

TAPSE. Anatomical M Mode is not available in all echo machines.
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AIMS AND OBJECTIVES

HYPOTHESIS

A novel simplified ‘Modified 2D method of TAPSE (m-2D TAPSE)’
measurement using regular mid-esophageal (ME) 4-Chamber view will show good
agreement with TTE guided M Mode TAPSE in both adult and paediatric patients

undergoing cardiac surgery.
Furthermore, between the two M-Mode trans gastric TEE measurements of TAPSE:

e Deep Trans gastric 4 chamber (M-Mode Deep Trans-gastric 4C-TEE-TAPSE)
&
e Trans gastric Right Ventricular Inflow views (M-Mode RV IF-TEE-TAPSE)

the former is more accurate.

We also propose that m-2D TAPSE is easier than all other methods of
intraoperative RV function assessment namely M-Mode measurements of TAPSE and
RV Fractional Area Change (FAC) in both adult and paediatric patients.

PRIMARY OBJECTIVE:

To compare intraoperative TEE guided m-2D & M-Mode TAPSE
measurements to preoperative TTE-guided M-mode TAPSE in terms of accuracy and

inter-observer and intra-observer variability.
SECONDARY OBJECTIVES:

1. To compare intraoperative m-2D TAPSE to M-Mode TAPSE measurements
and RV FAC

2. To compare the variations of m-2D TAPSE, M-Mode TAPSEs and RV FAC at
different time points during surgery: before CPB, after CPB and after sternal

closure.
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JUSTIFICATION FOR THE STUDY

1.

10.
11.

Moderate to severe RV dysfunction has independent predictive value in
postoperative outcome in cardiac surgery patients.

Gold standard of RV function assessment is cardiac MRI which cannot be used
intraoperatively.

TTE- M Mode TAPSE is clinically validated against cardiac MRI but cannot
be used intraoperatively.

There is a need for an easily obtainable commonly accessible TEE view to
reliably assess RV function intraoperatively.

The most commonly accessed TEE view is mid-esophageal 4-Chamber view
and M-Mode cannot be used in this view to assess TAPSE because of poor
alignment of tricuspid annulus to the M-Maode axis in this view.

TEE guided M-Mode TAPSE is commonly measured with trans gastric RV
inflow view and less with deep trans gastric 4 chamber view. Both these views
are not easily obtainable unlike mid-esophageal 4 chamber view.

None of the studies had correlated all the accepted TEE guided intraoperative
TAPSE measurements during different time points during surgery to RV FAC
and to the validated preoperative TTE- TAPSE.

RV function assessment studies in paediatric population is sparse despite
proven correlation of poor RV function to worse postoperative Outcome.
TAPSE measurements in this population are studied only with TTE.

No studies are available from India comparing m-2D TEE TASPE to M Mode
TEE/TTE TAPSE

No similar study has been done in SCTIMST in the past.

The primary aim of the study is thus to evaluate three different TEE TAPSE
views at pre-specified time points during surgery, applying the modified 2D
and all the described M-mode measurements to determine each approach’s
feasibility (availability, accuracy and intra-/inter-observer reliability) and their
agreement with RV FAC & preoperative TTE TAPSE in both adult and

paediatric populations.
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MATERIALS AND METHODS

STUDY DESIGN: A prospective, observational, non- randomised, non-blinded
study.

STUDY SETTING: The study was done in adult and paediatric operating rooms in

Sree Chitra Tirunal Institute, which is a tertiary referral centre for cardiac surgery.

PARTICIPANTS: Adult patients undergoing CABG and valvular surgeries and
paediatric patients (both cyanotic heart diseases and acyanotic heart diseases)

undergoing corrective surgeries were the participants.

INCLUSION CRITERIA:

e Patients posted electively for CABG, valvular or congenital heart surgery in
SCTIMST

e Optimal images for TTE and TEE.

EXCLUSION CRITERIA:

e Contraindication to TEE probe placement like oesophageal strictures,
oesophageal varices, oesophageal tumours, gastric ulcer, previous
esophagectomy, esophageal diverticulum, tracheoesophageal fistula, previous

bariatric surgery, hiatus hernia, large descending thoracic aortic aneurysm,
unilateral vocal cord paralysis, esophageal varices, post-radiation therapy.

e Emergency and re-do surgeries.
APPROVAL FROM TECHNICAL ADVISORY COMMITTEE (TAC)

Our study is approved by the technical advisory committee. TAC registration
number is SCT-/S/2018/756

APPROVAL FROM INSTITUTIONAL ETHICS COMMITTEE(IEC)

Our study is approved by the Institute Ethics Committee of SCTIMST. IEC
registration number is SCT/IEC/1235/AUGUST 2018.
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DURATION OF THE STUDY:

12 Months -From June 2019 to May 2020
FUNDING:

No funding was required for the study
STUDY PROTOCOL

Preoperatively, M-Mode TAPSE was recorded by the cardiologists during the
routine preoperative TTE examination. They also reported the RV function
qualitatively as normal or dysfunctional (mild/moderate/severe) and hypertrophic or
dilated based on visual assessment of apical 4 chamber view. After anesthesia
induction, TTE guided M Mode TAPSE was repeated on table and documented. TEE
probe was introduced and RV function assessment was done by measuring m-2D
TAPSE and RV FAC (Image No. 1(A) and Image No. 1(B)) in the mid esophageal 4
chamber view. In case of difficulty in delineating the endocardial border while
measuring RV FAC, agitated saline was used for better clarity. M Mode TAPSE was
measured in both deep trans gastric 4-chamber view (Image No.2) and trans gastric
RV inflow view (Image No. 3) using IE 33 echo machine (Philips Ultrasound, USA)
in patients who satisfied the inclusion and exclusion criteria. Measurements were
taken before pericardiotomy. Since RV function can be affected by the LV, ejection
fraction of the left ventricle was also assessed using Simpson’s disc method. The
other factors which affect RV function such as its diastolic function, grade of tricuspid
regurgitation, presence of pulmonary artery hypertension, use of inotropes was also be

recorded for analysis.

The m-2D TAPSE was measured by annotating an ‘arrow’ at the lateral
tricuspid valve annulus at end-diastole in a mid esophageal 4-chamber view (Image
No. 4). Image was then scrolled to end-systole and the displacement was measured
with the calliper (Image No. 5). Measurements were done at the end-expiratory period
and average of two readings were recorded. Measurements by the principal and co-
investigators were analysed for interpreting the accuracy and inter & intra-observer

variability. These measurements were repeated after surgery in the post-CPB period
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and after sternal closure. Pre-CPB findings were compared to the trans-thoracic M
Mode TAPSE (Image No. 6).
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Image No. 1: (A): TEE ME 4 Chamber view showing endocardial border tracing for RV FAC meausrement at end diastole.
Tmage No. 1: (R\: TEE ME 4 Chamber view showing endocardial horder tracine for RV FAC measurement at end svstole.
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Image No. 2: Measurement of M-Mode TAPSE at Deep Transgastric 4
Chamber view.
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Image No. 3: TG RVIF view showing measurement of M Mode TAPSE
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Image No. 4: Mid esophageal 4 Chamber view showing annotation arrow at the
lateral end of tricuspid annulus at end diastole for the measurement of m-2 D
TAPSE
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PHILIPS TIS0.2 MI 0.5
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Image No. 5: ME 4 Chamber view showing the displacement of the lateral end of
tricuspid annulus at end systole from the annotation arrow. Measurement of the
diaplacement by calliper gives m-2D TAPSE.

PHILIPS

Adult Echo

+ Distance 272 cm
Time 0.387 sec
Slope 7.03 cm/s

Image No.6: Apical 4 Chamber view in Trans-thoracic echocardiogram demonstrating the
meausrement of M-Mode TAPSE.
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Materials and Methods

INTERVENTIONS:

This study was a prospective observational study and no intervention was

required.
OUTCOME PARAMETERS:

Evaluation of study objectives were the outcome parameters
STATISTICAL ANALYSIS

A sample size of 38 per group (Adult and Paediatric) was needed to detect a
minimum of 0.5 correlation between the parameters with 90% power and 5% alpha
error. Considering 10% drop-out rate because of technical reasons such as poor

images or probe related issues, the sample size was calculated as 42 per group.

All Quantitative variables were checked for normal distribution within each
category of explanatory variable by using visual inspection of histograms and
normality Q-Q plots. Shapiro- Wilk test was also conducted to assess normal
distribution. Shapiro-Wilk test p value of >0.05 was considered as normal

distribution.

For normally distributed Quantitative parameters the mean values were
compared between study groups using Independent sample t-test (2 groups). For
normally distributed Quantitative parameters the mean values were compared

between study groups using ANOVA (>2 groups).

For non-normally distributed Quantitative parameters, Medians and
Interquartile range (IQR) were compared between study groups using Mann Whitney

U test (2 groups).

The association between explanatory variables and categorical outcomes was
assessed by cross tabulation and comparison of percentages. Odds ratio along with

95% Cl is presented. Chi square test was used to test statistical significance

P value < 0.05 was considered statistically significant. IBM SPSS version 25

was used for statistical analysis.
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Results

RESULTS
Feasibility

A total of 84 patients satisfied all the inclusion criteria for the study. 42
patients were adults and 42 were in the paediatric age group. 32 patients in adult
group and 20 patients in paediatric group could not be allotted to the study due to lack
of echo images. Post sternal closure echocardiography could not be done in 10 adult
patients and 13 paediatric patients due to the non- availability of TEE machine at that
point of time. 17 adult patients and 4 paediatric patients had to be excluded due to
poor TG RIGHT VENTRICULAR INFLOW M mode alignment to the tricuspid
valve annulus. 5 adult patients and 3 paediatric patients had poor RV endocardial
border demarcation and could not be included. Consort Diagram for adult and

paediatric groups are represented by Figure No. 1 and Figure No. 2 respectively.
Figure No.1:
CONSORT DIAGRAM- ADULT GROUP

ENROLLMENT (n=74)

ASSESSED FOR ELIGIBILITY (n=74)

Excluded =0

Non availability of echo
machine after sternal
ALLOCATED for STUDY (n=42) closure (n=10)

Poor Trans-gastric Right
Ventricular Inflow image
quality (n=17)

Poor RV FAC image quality

ANALYSED (n=42) (es)
n=
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Figure No. 2:

CONSORT DIAGRAM- PAEDIATRIC GROUP

ENROLLMENT (n=62)

Excluded =0

ASSESSED FOR ELIGIBILITY (n=62)

Non availability of echo
machine after sternal
closure (n=13)

ALLOCATED for STUDY (n=42)

Poor Trans-gastric Right
Ventricular Inflow image
quality (n=4)

Poor RV FAC image
ANALYSED (n=42) quality (n=3)

Population

Mean age of our adult study population was 59.2 + 7.9 years and 33 of the 42
patients were males (78.57%). 42.8% of our adult group had LV systolic dysfunction
(Ejection Fraction <55%) and all patients had good RV systolic function
(TAPSE>16mm) in preoperative transthoracic echocardiographic evaluation. 26.2%
patients had some degree of tricuspid regurgitation. However, only 2.76%

documented presence of pulmonary artery hypertension.

Mean age of our paediatric study population was 2.65 + 1.5 years and 29 of
the 42 patients were males (69.05%). 47.62% of our paediatric group had LV systolic
dysfunction (Ejection Fraction <55%) and 26.2% patients had decreased RV systolic
function (TAPSE<16mm) in preoperative transthoracic echocardiographic evaluation.
19.05% patients had some degree of tricuspid regurgitation. However, only 11.9%

documented presence of pulmonary artery hypertension.
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More than half of the patients studied in the paediatric group were toddlers
and nearly a quarter of them were children. 19% of the study population were infants.
90.5% of the adult patients underwent CABG. Among paediatric patients, Tetralogy
of Fallot was the most common diagnosis (33%), followed by ASD with PAPVC
(26.2%) and ASD (11.9%).

Demographic and echocardiographic parameters of all patients are
summarised in Table No. 1. Age distribution of the patients in the paediatric group is
represented in Figure No. 3. Description of the conditions for which adult and
paediatric patients were operated on is shown in Figure No. 4 and Figure No. 5

respectively.

Table No. 1: Descriptive statistics of demographic and echocardiographic
parameters in two groups of the study population (N=84).

Parameter Adult (N=42) Pediatr(ili:lffzp)ulation
Age in years 59.19+79 265+15
Gender
Male 33 (78.57%) 29 (69.05%)
Female 9 (21.43%) 13 (30.95%)

Baseline LV Ejection
Fraction <55

18 (42.86%)

20 (47.62%)

Preop TAPSE <16mm 0 (0%) L1 (26.59%)

Presence of Pul_monary 2 (4.76%) 5 (11.90%)
Hypertension

Presence of Tricuspid 11 (26.19%) 8 (19.05%)

regurgitation
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Figure No. 3: Bar diagram of distribution of age in the paediatric study
population (N=42)

60.0%
52.4%
50.0%
» 40.0%
&
£ 30.0% 26.6%
3
& 20,00 19.0%
. 0
0.0%
1Month-1 Year 1-3 Years >3 Years
of Age

Figure 4: Bar diagram of distribution of diagnoses in adult study group (N=42).

100.0%
90.0%
80.0%
70.0%
60.0%
50.0%
40.0%
30.0%
20.0%

10.0% 4.8% 4.8%
0.0% [ [
CABG AVR MVR
Diagnosis

90.5%

Percentages

Abbreviations: CABG = Coronary Artery Bypass Graft, AVR = Aortic Valve
Replacement, MVR = Mitral Valve Replacement.
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Figure 5: Bar diagram of distribution of diagnosis in paediatric study group
(N=42)
Distribution of Diagnosis.

VSD + PS 9.50%

AP Window - 2.40%

ASD + PAPVC

26.20%

VSD 11.90%

DIAGNOSIS

ASD

16.70%

TOF

33.30%

0.00% 5.00% 10.00% 15.00%  20.00%  25.00%  30.00%  35.00%

PERCENTAGE

Abbreviations: TOF = Tetralogy of Fallot, ASD = Atrial Septal Defect. VSD =
Ventricular Septal Defect, ASD PAPVC = ASD with Partial Anomalous Pulmonary
Venous Connection, VSD PS = VSD with Pulmonary Stenosis, AP window = Aorto-

pulmonary window.
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Right ventricular geometry, Tricuspid regurgitation and TTE M Mode TAPSE.

All the adult patients had a normal right ventricular geometry. However, only
16.7% of the paediatric group had a normal right ventricle. RV was dilated in 64.29%
and hypertrophic in the remaining 19.05% of the paediatric group. Distribution of

right ventricular geometry in each group is represented in Table No. 2.

Table No. 2: Comparison of Pre-operative right ventricular geometry between

groups (N=84)

Group
Pre-Op Right
ventricular Geometry Adult Group Paediatric Group
(N=42) (N=42)
Dilated 0 (0%) 27 (64.29%)
Hypertrophic 0 (0%) 8 (19.05%)
Normal 42 (100%) 7 (16.67%)

All the patients had good right ventricular systolic function in the adult group
(TAPSE>16mm). No association was found between the presence of tricuspid
regurgitation and preoperative TAPSE in adults (p value = 0.908) as represented in
Table No. 3.

However, paediatric patients showed significant association between the
preoperative TAPSE and presence of tricuspid regurgitation (p value = 0.002) as
represented in Table No. 4.

Table No. 3: Preoperative TTE- M Mode TAPSE and Preoperative TR Grade in
adults (N=42)

Parameter All patients Mild TR No TR P value

TAPSE (mm) 20.9+2.84 20.82 + 2.96 20.94 +2.84 0.908

22




Results

Table No. 4: Preoperative TTE- M Mode TAPSE and Preoperative TR Grade in
Paediatric group (N=42)

Parameter All patients Mild TR Severe TR No TR P value

TAPSE (mm) | 17.64 +3.51 | 12.93 £ 0.05 15+0 18.5+3.32 0.002

Comparison of TTE M Mode TAPSE to TEE m-2D TAPSE, Deep Trans-gastric
M Mode TAPSE and Trans-gastric Right ventricular Inflow M Mode TAPSE
measured before pericardiotomy.

TTE guided M mode TAPSE was compared to TEE guided m-2D TAPSE,
Deep Trans-gastric M Mode TAPSE and Trans-gastric Right Ventricular Inflow M
Mode TAPSE. All the measurements were taken before pericardiotomy. Positive
correlation (r>0) was found between the TTE guided M Mode TAPSE and all the
three TEE guided measurements in the adult group, as shown in Table No. 5.
However, the positive correlation was found to be significant only in the case of m-
2D TAPSE (r = 0.379 and p value = 0.013).

Table No. 5: Correlation between Pre-operative TTE M Mode TAPSE and TEE
m2-D TAPSE, TEE Deep Trans-gastric M Mode TAPSE and TEE Trans-gastric
Right Ventricular Inflow M Mode TAPSE before CPB in adults (N=42).

Parameter Pearson Correlation (r) P value

m-2D TAPSE 0.379 0.013

Deep Trans-gastric

TAPSE 0.231 0.141

Trans-gastric Right

Ventricular Inflow TAPSE 0.137 0.387

Similarly, in the paediatric group, all the three TEE guided measurements of
RV systolic function, namely, m-2D TAPSE (r = 0.687), Deep Trans-gastric M Mode
TAPSE (r = 0.315) and Trans-gastric Right Ventricular Inflow M Mode TAPSE (r =
0.660) showed positive correlation (r>0) with TTE guided M Mode TAPSE measured
before pericardiotomy. Unlike in the adult group, all the positive correlations were

statistically significant. Table No. 6 demonstrates the same.
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Table No. 6: Correlation between Pre-operative TTE M Mode TAPSE and TEE
m2-D TAPSE, TEE Deep Trans-gastric M Mode TAPSE and TEE Trans-gastric
Right Ventricular Inflow M Mode TAPSE before CPB in paediatric group
(N=42).

Parameter Pearson P value
Correlation (r)
TEE m2-D TAPSE 0.687 <0.001
TEE Deep Trans-gastric M Mode TAPSE 0.315 0.042

TEE Trans-gastric Right Ventricular

Inflow M Mode TAPSE 0.660 <0.001

Figure No. 6, Figure No. 7 and Figure No.8 represents correlation between the said
parameters in scatter plot diagrams in adults. Figure No. 9, Figure No. 10 and Figure
No. 11 shows the correlation between the TEE guided echocardiographic
measurements and TTE guided M Mode TAPSE before pericardiotomy in the
paediatric group.

Figure No.6: Scatter Plot of Pre-operative TTE M Mode TAPSE and TEE
m2-D TAPSE in adults (N= 42)

©  Observed
Lin=ar

275 r Value: 0.379
P value: 0.013

Pre op TAPSE(mm)

200

TS

10,0 is.0 200 250 300

Pre-CPB m-2D TAPSE (mm)

Individual scatter dots are centralized and individual values show lesser tendency to
deviate from each other. It signifies good correlation (r = 0.379) between TTE guided
M Mode TAPSE and m-2D TAPSE measured before pericardiotomy. The correlation
is of statistical significance (p value = 0.013).
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Figure 7: Scatter Plot of Pre-operative TTE M Mode TAPSE and TEE Deep
Trans-gastric M Mode TAPSE before CPB in adults (N=42).

275 r Value: 0.231
= P value: 0.141

250 -

© Observed
Linear

Pre op TAPSE(mm)

175

100 150 200 250 300

Pre CPB TEE DTG M Mode TAPSE (mm)

Individual scatter dots are less centralized and individual values show some tendency
to deviate from each other. Positive r value (r = 0.231) signifies positive correlation
between TTE guided M Mode TAPSE and Deep Trans-gastric M Mode TAPSE
measured before pericardiotomy. The correlation is not of statistical significance
(p=0.141).

Figure 8: Scatter Plot of Pre-operative TTE M Mode TAPSE and TEE Trans-
gastric Right Ventricular Inflow M Mode TAPSE in adults

© Observe

= ] ] ] | —— Lin=ar
2T r Value: 0.137
P value: 0.387

250

Pre op TAPSE(mm)
B

20.0

17.5

7.5 10.0 12s 1S5S0 17.s 200

Pre CPB TEE TG RVIF M Mode TAPSE(mm)

Individual scatter dots are poorly centralized and individual values show some
tendency to deviate from each other. r value > 0 signifies positive correlation between
TTE guided M Mode TAPSE and Trans-gastric Right Ventricular Inflow M Mode
TAPSE measured before pericardiotomy. The correlation is not of statistical
significance (p=0.387).
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Figure 9: Scatter Plot of correlation between Pre-operative TTE M Mode
TAPSE and TEE m2-D TAPSE before CPB in paediatric group (N=42).

O Observed

— Linear
Value: 0.687 >t

25.0 P value: <0.001 — =

133
N
L

Pre op TAPSE{mm)
8

100 150 200 250 0

Pre CPB m-2D TAPSE (mm)

Individual scatter dots are centralized and individual values show lesser tendency to
deviate from each other. It signifies good correlation (r=0.687) between TTE guided
M Mode TAPSE and m-2D TAPSE measured before pericardiotomy. The correlation
is of statistical significance (p<0.001).

Figure 10: Scatter plot of correlation between pre-operative TTE M Mode

TAPSE and TEE Deep Trans-gastric M Mode TAPSE before CPB in paediatric
group (N=42).

© Observe

— Linear
r Value: 0.315

P value: 0.042
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TEE DTG M Mode TAPSE (mm)

Individual scatter dots are centralized and individual values show lesser tendency to
deviate from each other. It signifies good correlation (r= 0.315) between TTE guided
M Mode TAPSE and Deep Trans-gastric M Mode TAPSE measured before
pericardiotomy. The correlation is of statistical significance (p value = 0.042).
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Figure 11: Scatter Plot of correlation between Pre-operative TTE M Mode
TAPSE and TEE Trans-gastric Right Ventricular Inflow TAPSE before CPB in
paediatric group (N=42).
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Linaar

17.S

Pre op TAPSE(mm)
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Pre- CPB TG RVIF M Mode TAPSE (mm)

Individual scatter dots are centralized and individual values show less tendency to
deviate from each other. It signifies good correlation (r= 0.660) between TTE guided
M Mode TAPSE and Trans-gastric Right Ventricular Inflow M Mode TAPSE
measured before pericardiotomy. The correlation is of statistical significance (p value
= <0.001).

Modified 2D TAPSE and RV FAC.

Correlation between TEE guided m-2D TAPSE and Right ventricular FAC in
adult and paediatric group before CPB, after CPB and after sternal closure are

depicted in Table No. 7 and Table No. 8 respectively.

RV FAC in adult population showed positive correlation (r=0.414) with m-2D
TAPSE measured before pericardiotomy. The correlation was statistically significant
(p value = 0.006). positive correlation between the two parameters continued after

CPB and after sternal closure. However, they were no longer statistically significant.
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Table No. 7: Correlation between Modified 2 D TAPSE and Right ventricular
Fractional Area of Change in Adult group at different time periods (N= 42).

g VETEIED Pearson Correlation
Fractional Area of e P value
Coefficient (r)
Change
Pre CPB 0.414 0.006
Post CPB 0.075 0.635
Post sternal closure 0.246 0.116

Positive correlation (r>0) is demonstrable between RV FAC and m-2D
TAPSE at all time points. Statistically significant correlation was present only before
CPB.

Table No. 8: Correlation between Modified 2 D TAPSE and Right Ventricular

Fractional Area of Change in Paediatric group at different time periods (N= 42)

Right ventricular

Fractional Area of Pearson Correlation (r) P value
Change
Pre CPB 0.572 <0.001
Post CPB 0.104 0.514

Post sternal closure 0.185 0.242

Positive correlation (r>0) is demonstrable between RV FAC and m-2D
TAPSE at all time points. Statistically significant correlation was present only before
CPB.
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Comparison of Modified 2 D TAPSE with Deep Trans-gastric M Mode TAPSE
and Trans-gastric Right ventricular Inflow M Mode TAPSE.

Correlation of Modified 2 D TAPSE with Deep Trans-gastric M Mode TAPSE
and trans-gastric Right Ventricular Inflow M Mode TAPSE before CPB, after CPB
and after sternal closure in adult and paediatric group is represented in Table No. 9

and Table No. 10 respectively.

Positive correlation was evident between modified 2 D TAPSE and Deep
Trans-gastric M Mode TAPSE in the adult group before CPB, after CPB and after
sternal closure. The correlation was statistically significant (p value 0.009 v <0.001 v
<0.001). Similarly, m-2D TAPSE and Trans-gastric Right Ventricular Inflow M
Mode TAPSE showed statistically significant positive correlation before CPB, after
CPB and after sternal closure (p value <0.001 v <0.001 v<0.001).

Table No. 9: Correlation of Modified 2-Dimensional TAPSE with Deep Trans-
gastric M Mode TAPSE and TG Right Ventricular Inflow M Mode TAPSE in
Adults at different time periods (N= 42)

Pre-CPB Post-CPB Post sternal closure
Pearson Pearson Pearson
Correlation va?ue Correlation varl)ue Correlation | p value
Coefficient Coefficient Coefficient
Deep
Trans-

gastric M 0.396 0.009 0.675 <0.001 0.740 <0.001
Mode
TAPSE
Trans-

gastric 0.415 <0.001 0.655 <0.001 | 0.528 <0.001
RV Inflow

TAPSE

Positive correlation was demonstrable between modified 2 D TAPSE and
Deep Trans-gastric M Mode TAPSE in the paediatric group as well before CPB, after
CPB and after sternal closure. The correlation was statistically significant (p value

<0.001 v <0.001 v <0.001). Similarly, m- 2D TAPSE and Trans-gastric Right
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ventricular Inflow M Mode TAPSE showed statistically significant positive

correlation at all the three time points studied (p value <0.001 v <0.001 v<0.001).

Table No. 10: Correlation of Modified 2-Dimensional TAPSE with Deep Trans-
gastric M Mode TAPSE and Trans-gastric right ventricular Inflow M Mode
TAPSE in paediatric group at different time periods (N= 42)

Pre-CPB Post-CPB Post sternal closure
Pearson Pearson Pearson
Correlation | p value | Correlation | p value | Correlation | p value
Coefficient Coefficient Coefficient
Deep
Trans-

gastric M 0.786 <0.001 0.825 <0.001 0.919 <0.001
Mode
TAPSE

Trans-
gastric
Right
Ventricular
Inflow
TAPSE

0.690 <0.001 0.641 <0.001 0.571 <0.001

Analysis of method agreement of TEE guided m-2D TAPSE, Deep Trans-gastric
M Mode TAPSE and TG Right Ventricular Inflow TAPSE to TTE guided M
Mode TAPSE.

Comparison of different methods of measurement of RV function using TEE
namely m-2D TAPSE, Deep Trans-gastric M Mode TAPSE and TG Right Ventricular
Inflow TAPSE to preoperative TTE guided M Mode TAPSE in adult and paediatric
group is shown in Table No.11 and Table No. 12 respectively. Measurements taken

before CPB are used for the analysis.

Bias inherent in each method is given along with limits of agreement.
Statistical analysis was done on the bias associated with each method to identify
whether the bias was statistically significant when compared to preoperative TTE
guided M Mode TAPSE, which was taken as the reference method. Bias associated
with m-2D TAPSE (-0.97 in adults and 0.17 in paediatric group) and Deep Trans-
gastric M Mode TAPSE (-1.29 in adults and -0.6 in paediatric group) were not

statistically significant. However, Trans-gastric Right Ventricular Inflow M Mode
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TAPSE was found to have high Bias (-0.68 in adult group and -6.14 in paediatric

group) which was of statistical significance (<0.001 in both groups).

Table No. 11: Comparison of Preoperative TTE guided M Mode TAPSE to TEE
guided Modified 2-Dimensional TAPSE, TEE Deep Trans-gastric M Mode
TAPSE, TEE TG Right Ventricular Inflow TAPSE measured before CPB in
adults (N=42),

Parameter Bias (LOA) CZSI::; :?82) P value
m-2 D TAPSE -0.9738 (-7.87 t0 5.92) 0.379 0.080
Deep Trans-gastric M Mode | -1.2881 (-10.16 to 7.58) 0.231 0.072
TG Right Ventricular Inflow | ¢ 5376 (1508101.41) | 0137 <0.001
M Mode

Bias in each measurement when compared to TTE guided M mode TAPSE,
along with limits of agreement is given. Higher the numerical value, higher the bias.
Limits of agreement signify the numerical limits within which 95% of the observations
fall. Statistical significance of the bias is represented in the last column. Significant

bias was present in TG Right Ventricular Inflow M Mode TAPSE measurements.

Table No. 12: Comparison of Preoperative TTE guided M Mode TAPSE to TEE
guided Modified 2-Dimensional TAPSE, TEE Deep Trans-gastric M Mode
TAPSE, TEE Trans-gastric Right Ventricular Inflow TAPSE measured before
CPB in paediatric group (N=42)

Parameter Bias (LOA) r (Peargon P value
correlation)
Modified 2-Dimenional
TAPSE 0.1690 (-5.60 to 5.93) 0.687 0.712
Deep trans gastric 4 chamber | -0.5952 (-10.69 to 9.50) 0.315 0.458
Trans gastric Right -6.1436 (-12.53 t0 0.24) 0.660 <0.001
Ventricular Inflow

Bias in each measurement when compared to TTE guided M mode TAPSE,
along with limits of agreement is given. Higher the numerical value, higher the bias.
Limits of agreement signify the numerical limits within which 95% of the observations
fall. Statistical significance of the bias is represented in the last column. Significant

bias was present in Trans-gastric Right Ventricular Inflow TAPSE measurements.
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Longitudinal changes in m-2D TAPSE, Deep Trans-gastric M Mode TAPSE,
Trans-gastric Right Ventricular Inflow TAPSE and RV FAC before CPB, after

CPB and after sternal closure.

Longitudinal changes in the measurements of RV function during the surgery,
namely, m-2D TAPSE, Deep trans-gastric M Mode TAPSE, Trans-gastric Right
Ventricular Inflow TAPSE M mode TAPSE and RV FAC in adult and paediatric
group are shown in Table No. 13 and Table No. 14 respectively.

Measurements of longitudinal movement of the right ventricle documented a
significant decline after CPB as well as after sternal closure in both adult and
paediatric groups (p value<0.001). RV FAC, the global measurement of RV function,

also showed significant changes after CPB as well as sternal closure.

While the TAPSE values declined, RV FAC in adults showed an increasing
trend after the CPB as well as the sternal closure (46.35 £ 10.61 v 50.63 + 13.02 v
52.63 = 11.05). In the paediatric group, TAPSE values significantly declined,
however, RVFAC decreased after the CPB and improved beyond the pre CPB values
after the sternal closure (47.4 + 11.04 v 43.36 + 8.32 v 48.33 £ 12.95). the changes

were statistically significant.

Table No. 13: Change of Modified 2 D TAPSE, Deep Trans-gastric M Mode
TAPSE, Trans-gastric Right Ventricular Inflow TAPSE and RV FAC at

different time points during cardiac surgery in adults (N=42)

Time Periods (Meanx SD)
Parameter Post sternal P value
Pre CPB Post CPB
closure
m-2D TAPSE 19.93 +3.42 17.04 £ 3.31 16.05 + 2.59 <0.001
Deep Trans-gastric
M Mode TAPSE 19.62 + 4.24 15.78 + 2.60 15.13 +3.22 <0.001
Trans-gastric Right
Ventricular Inflow | 14.07 + 3.52 11.95 +2.69 11.53 +2.27 0.001
M Mode TAPSE
RV FAC 46.35+10.61 | 50.63 +13.02 | 52.63 +11.05 0.012
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Table No. 14: Change of Modified 2 D TAPSE, Deep Trans-gastric M Mode
TAPSE, TG Right Ventricular Inflow TAPSE and RV FAC at different time

points during cardiac surgery in paediatric group (N=42)

Time Periods (Meanz SD)
Parameter
Postist I P value
PreCPB | PostcpB | oo Sterna
closure
m-2D TAPSE 17.81+3.87 | 10.63+3.55 | 9.24+4.47 <0.001
Deep Trans-gastric M
Mode TAPSE 17.04 +5.03 | 10.82+4.45 | 9.97 +4.54 <0.001
TG Right Ventricular
Inflow M Mode 11.49+423 | 8.26+3.33 7.74 £ 3.37 <0.001
TAPSE
RV FAC 47.44 £11.04 | 43.46 +8.32 | 48.33+12.95 0.001

Measurement of Reliability.

Inter-observer and intra-observer variability in TEE guided m-2D TAPSE,
Deep Trans-gastric M Mode TAPSE, Trans-gastric Right Ventricular Inflow M Mode
TAPSE and TTE guided M Mode TAPSE in adult and paediatric group are shown in
Table No. 15 and Table No. 16 respectively.

Preoperatively measured TTE guided M Mode TAPSE was used as the
reference (7.83% interobserver variability v 9.47% intra-observer variability). In adult
group, Deep Trans-gastric M mode TAPSE had the least percentage error (6.96% v
9.1%), even lesser than the reference. Modified 2-D TAPSE similarly had low bias
and percentage error (10.56% v 13.10). Trans-gastric Right Ventricular Inflow M
mode TAPSE had the highest variability among all the methods (53.45% v 30.48%).
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Table 15: Measurement of reliability in adults (N=42)

Parameter Mean (CI) Range r (Peargon Bias (LOA) PEEEES
correlation) error
Modified 2-D TAPSE
17.451t0 -0.04 (-1.10
Inter-observer [20.08 (19.07 — 21.07) 29 75 0.934 0 1.02) 10.56
Intra-observer |20.86 (18.52—23.20)| 17to28 | o0.978 | 022(188 1 4444
t0 0.84)
Deep Trans-gastric M Mode TAPSE
Inter-observer |20.68 (19.66 — 21.69)| 18 t 22.50|  0.970 'OigSO(é%ﬁ 6.96
10.25t0 -0.56 (-1.42
Intra-observer | 18.9 (14.98 — 22.82) 2750 0.998 0 0.30) 9.10
Trans-gastric Right ventricular Inflow M Mode TAPSE
14.78 (13.32 to -1.25 (-5.20
Inter-observer 16.23) 12t0 18 0.668 0 2.70) 53.45
Intra-observer |13.45 (10.12 — 16.77)| 7.35t019 |  0.976 '1590(%)34 30.48
Preop TTE M Mode TAPSE
Inter-observer | 21.2 (19.87 —22.53) | 18to 24 0.978 =0,20 (-1.08 7.83
t0 0.63)
Intra-observer [21.75 (19.20 — 24.30)| 16.50 to 27 0.990 -Oigoo(%.)SS 9.47

Correlation coefficient signifies the correlation between repeated
measurements of each parameter. Higher the numerical value, higher the correlation.
Bias with limits of agreement provide a measurement of accuracy on repetition of the
test. Higher bias indicates less accuracy on repetition. Higher percentage error

conveys poor repeatability.

Preoperatively measured TTE guided M Mode TAPSE was used as the
reference in paediatric group (9.27% interobserver variability v 10.19% intra-observer
variability). m-2D TAPSE had the least percentage error (4.42% v 12.24%) in the
paediatric group. Deep Trans-gastric M Mode TAPSE similarly had low interobserver
variability (10.82%). Trans-gastric Right Ventricular Inflow TAPSE had the highest
variability among all the methods (55.6% v 31.65%).
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Table 16: Measurement of reliability in Paediatric group (N=42)

Parameter Mean (CI) Range r (Pear§on Bias (LOA) FRCETELS
correlation) error
Modified 2-D TAPSE

11.15to -0.26 (-0.65

Inter-observer | 17.65 (14.59 — 20.71) 26.75 0.999 0 0.13) 4.42
11.15to -0.69 (-1.74

Intra-observer | 17.15 (13.96 to 20.33) 26.50 0.993 0 0.36) 12.24

Deep Trans-gastric M Mode TAPSE

8.98 to -0.17 (-1.05

Inter-observer | 16.26 (12.97 — 19.54) 24.70 0.820 t00.71) 10.82
12.30 to -0.53 (-2.33

Intra-observer | 16.57 (13.89 to 19.24) 23.40 0.987 0 1.27) 21.73

Trans-gastric Right Ventricular Inflow M Mode TAPSE

451 to -1.30 (-4.20

Inter-observer | 10.45 (7.73 — 13.17) 15.85 0.939 t0 1.61) 55.60
6.87 to -1.15(-2.96

Intra-observer | 11.47 (8.68 to 14.27) 18.10 0.985 0 0.67) 31.65

Preop TTE M Mode TAPSE

12.75to -0.13 (-0.92

Inter-observer | 17.04 (14.76 — 19.31) 23 65 0.996 0 0.66) 9.27
12.80 to -0.48 (-1.39

Intra-observer | 17.86 (15.28 to 20.44) 2505 0.994 0 0.43) 10.19
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DISCUSSION

Right ventricle is described as the red herring" in cardiac surgery due to the
many fallacies associated with the measurement of its function. Global measurements
require approximation of a geometrical shape which is impossible in the case of right
ventricle due to its complex nature. Longitudinal movement provides an opportunity

for measurement which echocardiographers world-wide have utilised over decades.

84 patients (42 adults and 42 children) were included in our study making it
one of the very few studies that have attempted to assess RV function in the paediatric
age group. Nearly 50% of our paediatric study population were toddlers, more than a
quarter were children and the remaining were infants constituting a reasonable
distribution of different age groups. Nearly 1/3" of the paediatric study group suffered
from cyanotic congenital heart disease, which is a good representation of the

proportion of cyanotic and acyanotic cases dealt with in our institute.

We considered TTE guided TAPSE measurement as the reference standard for
our study as it is universally considered to be accurate and reliable due to excellent
alignment of the lateral tricuspid annulus with the M mode. TEE guided
measurements namely m-2D TAPSE, Deep Trans-gastric M Mode TAPSE and Trans-
gastric right Ventricular Inflow M Mode TAPSE were specifically measured before
pericardiotomy while documenting the pre-CPB values to exclude the influence of

pericardiotomy on the longitudinal movement of the right ventricle.

m-2D TAPSE, Deep Trans-gastric M Mode TAPSE and Trans-gastric Right
Ventricular Inflow M Mode TAPSE had positive correlation (r>0) with TTE M Mode
TAPSE in both adult and paediatric population. In the adult group, only m-2D TAPSE
(p=0.01) had statistically significant correlation with the TTE guided M mode
TAPSE. However, in paediatric study group, correlation shown by all the three
methods were statistically significant (p values <0.001 v 0.042 v <0.001). Forner et.
al.,"® similarly demonstrated good agreement of 2D TAPSE and Deep Trans-gastric M
Mode TAPSE with TTE guided M Mode TAPSE. Only adult patients were included

in the study. No similar studies are available in the paediatric age group.
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Our study demonstrated positive correlation between RV FAC and m-2D
TAPSE before CPB, after CPB and after sternal closure in both paediatric (r= 0.572 v
0.104 v 0.185) and adult groups (r=0.414 v 0.075 v 0.246). This correlation was
statistically significant only before CPB (p=0.006 in adult group vs p<0.001 in
paediatric group). Morita et. al.,® showed similar correlation between m-2D TAPSE
and RV FAC. The study concluded that m-2D TAPSE should be considered as an
alternative to RV FAC as it was easily measurable. Skinner et. al.,® made similar
observations and demonstrated a positive correlation (r=0.58) between RV FAC and
m-2D TAPSE. They inferred that clarity of the lateral border of tricuspid annulus is
better compared to the endocardial border delineation. Our study agrees with both
these observations. Lack of significant correlation of m-2D TAPSE with RV FAC
after pericardiotomy and sternal closure could be due to the reduction in RV
longitudinal contraction after pericardiotomy® while the RV global function remained
unchanged. Donauer et. al.,* demonstrated by strain analysis that while TAPSE
decreased by 44% after sternal closure, RV global function measured by RV EF
remained unchanged after pericardiotomy and sternal closure. Forner et. al.,** also
documented good correlation of RV FAC and TEE guided TAPSE measurements.

m-2D TAPSE, Deep Trans-gastric M Mode TAPSE and Trans-gastric Right
ventricular Inflow M Mode TAPSE had statistically significant positive correlation
before CPB, after CPB and after sternal closure in both adult (p = 0.009 v p< 0.001 v
p<0.001) and paediatric groups (p<0.001 v p<0.001 v p<0.001). Very few studies
have compared longitudinal changes and method agreement of different methods of
TAPSE measurement by TEE during cardiac surgery and after sternal closure.
Korshin et. al.,” documented good correlation between the different methods of
TAPSE measurements after sternotomy, after pericardiotomy, after completion of

CPB and after sternal closure. This is in agreement with our study.

On comparison of method agreement of different TEE guided measures to
TTE guided M Mode TAPSE, it was found that m-2D TAPSE, Deep Trans-gastric M
Mode TAPSE and Trans-gastric Right ventricular Inflow M Mode TAPSE
demonstrated positive correlation to preoperative TTE guided M Mode TAPSE.
However, Trans-gastric Right ventricular Inflow M Mode TAPSE had significant
(p<0.001) bias in both paediatric [-6.14(-12.5 to 0.24)]) and adult group [-6.83(-15 .08

37



Discussion

to 1.41)], making it less accurate in assessing RV function. A study by Forner et. al.,”

documented similarly high bias in the measurement of Trans-gastric Right ventricular
Inflow M Mode TAPSE [ Bias with LOA = -8.09(-9.75 to -6.43)]. While we found
low bias [-1.22(-10.16 to 7.58)] in Deep Trans-gastric M mode TAPSE

measurements, Forner et. al., documented higher bias [-5.73 (-7.14 to -4.33)].

m-2D TAPSE, Deep Trans-gastric M Mode TAPSE and Trans-gastric Right
ventricular Inflow M Mode TAPSE documented significant decline after CPB and
sternal closure. Unsworth et. al.?, documented similar decline in right ventricular long
axis velocities after full opening of the pericardium in patients who underwent
elective cardiac surgeries. This decrease in right ventricular long axis velocities
persisted till the end of the surgery. They concluded that pericardial opening caused
persistent and immediate fall in right ventricular long axis velocities. Our study is in
agreement with the observations documented by Unsworth et. al., as we found that the

decline in TAPSE persisted even after sternal closure.

RV FAC, however, showed significant increase (p=0.012) after CPB which
was sustained even after sternal closure, in adults (46.35 = 10.61 v 50.63 + 13.02 v
52.63 = 11.05). This could be secondary to the presence of adrenaline infusion
(100%) after CPB in CABG patients, who constituted 90% of the patient population
in adult study group. Inotropic effect of the adrenaline as well as recovery from
myocardial stunning at the end of the surgery could be the reason why RV global
functions showed sustained significant improvement (p =0.001) even during sternal
closure. In paediatric group, RV FAC declined after CPB and improved to values
higher that pre CPB levels after sternal closure (47.44 + 11.04 v 43.46 + 8.32 v 48.33
+ 12.95). This change was also statistically significant. Post CPB decline could be due
to the presence of myocardial stunning after CPB. Myocardial recovery by the end of
the surgery along with the presence of milrinone (100% in patients with TOF) that
reduced RV afterload could have led to improvement after sternal closure. This
observation is contradictory to the findings of the study done by Singh et.al.**
they documented decreased FAC, TAPSE and RV strain after CPB and sternal closure

, Where

in adult patients who underwent cardiac surgeries. The authors could not explain the

reason for persisting global right ventricular dysfunction.
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Measurement of reliability showed that Deep Trans-gastric M Mode TAPSE
(inter observer variability v intra-observer variability 6.96% v 9.10%) had the least
interobserver variability and intra-observer variability (measured as percentage error)
in the adult group. It was lower than TTE guided M Mode TAPSE (7.83% v 9.47%),
which was the reference. This was in concurrence with the study by Korshin et al.,’
which documented similar interobserver variability of 8.5% and intra-observer
variability of 9.2% for Deep Trans-gastric M Mode TAPSE. M- 2D TAPSE also
documented values similar to TTE M Mode TAPSE (7.83% v 9.47%). However,
Trans-gastric Right Ventricular Inflow M Mode TAPSE had unacceptably high inter
and intra-observer variability (53.45% v 30.48%). This is in contrast to the strikingly
low inter observer (12%) and intra-observer (11.2%) variability demonstrated by
Korshin et al., in the measurement of the Trans-gastric right ventricular Inflow
TAPSE. The study even recommended using Trans-gastric Right Ventricular Inflow
M Mode TAPSE as it was readily available. Our study, however, found trans-gastric
Right Ventricular Inflow M Mode TAPSE highly unreliable.

In the paediatric group, m-2D TAPSE had the least error (4.42% v 12.24%)
during repetition. Trans-gastric Right Ventricular Inflow M Mode TAPSE (55.6% v
10.19%) documented poor repeatability in paediatric group as well. Obtaining a well
aligned Trans-gastric Right ventricular Inflow TAPSE was not an easy task. Many
cases could not be included in the study due to poor alignment of the M mode to the

annulus in Trans-gastric Right Ventricular Inflow M Mode TAPSE.

All the patients were on inotropic supports after cardiopulmonary bypass.
Noradrenaline and adrenaline infusions of appropriate concentrations were used in
CABG and AVR patients, whereas MVR patients received dobutamine infusion and
noradrenaline infusion as per institute protocol. Infusion of intravenous milrinone
with intravenous noradrenaline were used in paediatric patients with doses being
decided on a case to case basis. All the patients were transferred to cardiac surgery
ICU uneventfully.

39



Discussion

To summarise, with supportive evidence from available literature, we made

the below mentioned interpretations.

Intraoperative TEE guided modified 2 D TAPSE and Deep Trans-gastric M
Mode TAPSE are comparable to preoperative TTE guided M Mode TAPSE in
terms of accuracy, inter-observer and intra-observer variability in adult and
paediatric population.

Intraoperative TEE guided Trans-gastric Right ventricular Inflow M Mode
TAPSE shows positive correlation but has less accuracy and high
interobserver and intra-observer variability when compared to preoperative
TTE guided M Mode TAPSE in both adult and paediatric population.
Intraoperative TEE guided modified 2 D TAPSE has significant correlation to
RV FAC, Deep Trans-gastric M Mode TAPSE and Trans-gastric Right
Ventricular Inflow M Mode TAPSE before pericardiotomy in both adult and
paediatric population.

Intraoperative TEE guided modified 2 D TAPSE, Deep Trans-gastric M Mode
TAPSE and Trans-gastric Right Ventricular Inflow M Mode TAPSE declined
significantly after cardiopulmonary bypass and after sternal closure.

RV FAC significantly increased after CPB and after sternal closure in adults.
In paediatric group, RV FAC declined after CPB and improved significantly
after sternal closure to pre CPB levels.

LIMITATIONS OF THE STUDY

1.

3.

Anatomical M Mode was not available in our echocardiography machine. This
made Trans-gastric Right Ventricular Inflow M Mode TAPSE measurement
technically difficult.

Paediatric patients had a variety of diagnoses for which they were operated on.
This led to lack of uniformity in our patient population. However, our patients
do represent the common diseases for which paediatric cardiac surgery is
being carried out in our institute.

Advanced measurements of RV function including 3D volumetric analysis and
2D strain analysis were not part of our study. They were excluded in the
planning stage as we focussed on quickly attainable and universally available

tools of measurement.
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CONCLUSION

TEE guided modified 2 D TAPSE and Deep Trans-gastric M Mode TAPSE
provide accurate and reproducible assessment of the right ventricular function
intraoperatively before pericardiotomy comparable to TTE guided M Mode TAPSE in
adult and paediatric patients undergoing cardiac surgery. We propose not to use
Trans-gastric right ventricular inflow M mode TAPSE intraoperatively for assessment
of the right ventricular function due to inaccuracy, high inter observer variability and
high intra-observer variability of the method. Further studies over larger cohorts are

recommended to support our interpretations.
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CONSENT FORM

I, , [Participant’s

name/Age (in years)], Son / daughter of

(Please tick boxes)
Declare that I have read the above information provide to me regarding the study:

TITLE: Comparison of Transesophageal Echocardiography guided Modified 2-
Dimensional and M-Mode Tricuspid Annular Plane Systolic Excursion with
Transthoracic Echocardiography guided M-Mode Tricuspid Annular Plane
Systolic Excursion in adult and paediatric cardiac surgeries for assessment of
Right Ventricular Function.

e And have clarified any doubts that I had. [ ]

e | also understand that my participation in this study is entirely voluntary and
that 1 am free to withdraw permission to continue to participate at any time
without affecting my usual treatment or my legal rights [ ]

e | understand that the study staff and institutional ethics committee members
will not need my permission to look at my health records even if | withdraw

from the trial. | agree to this access [ ]

e | understand that my identity will not be revealed in any information released

to third parties or published [ ]
e | voluntarily agree to take part in this study [ ]
e | received a copy of this signed consent form [ ]
Name:
Signature:
Date:
Name of witness:
Relation to participant:

(Person Obtaining Consent)
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| attest that the requirements for informed consent for the medical research
project described in this form have been satisfied. 1 have discussed the research
project with the participant and explained to him or her in nontechnical terms all of
the information contained in this informed consent form, including any risks and
adverse reactions that may reasonably be expected to occur. | further certify that |
encouraged the participant to ask questions and that all questions asked were

answered.

Dr. Mamatha Munaf,

Senior Resident, CTVA,

SCTIMST.

Study Independent contact person: Dr. Mala Ramanathan
IEC Member Secretary

Contact no: 0471-22524324
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CHILD ASSENT FORM

Title of the study: Comparison of Trans-esophageal Echocardiography guided
Modified 2-Dimensional and M-Mode Tricuspid Annular Plane Systolic Excursions
with Transthoracic Echocardiography Guided M-Mode Tricuspid Annular Plane
Systolic Excursion in adult and paediatric cardiac surgeries for assessment of Right

Ventricular Function.
Principal Investigator: Dr. Mamatha Munaf, Senior Resident, Cardiac Anaesthesia

My name is Dr. Mamatha Munaf. | am trying to learn about the function of
right side of the heart by different methods in children and adults undergoing heart

surgeries.

If you agree, we will be assessing the function of the right side of your heart
by a scan called echocardiography in the OPD as well as during surgery. It is done in
OPD by using a probe on the chest wall, whereas during surgery, the probe is placed
in to the food pipe. You will not feel any pain or discomfort during this process and

both scans are routinely performed for all patients.

You may help us understand the advantage of one technique over the other if

you agree to participate.

You should also know that if you decide to help us or if you decide to say
“no,” your choice will not affect your treatment in hospital.

Please talk this over with your parents before you decide if you want to be in

my study or not.

I will also ask your parents to give their permission for you to be in this study,
but even if your parents say “yes,” you can still say “no” and decide not to be in the

study.

If you don’t want to be in my study, you don’t have to be in it. Remember,
being in the study is up to you and no one will be upset if you don’t want to be in the
study or if you decide to stop after we begin, that’s okay, too.
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You can ask any questions that you have about the study. If you have a
question later that you didn’t think of now, you can call me or ask your parents to call
me: 7094013291

Would you like to participate in this study?

YES/NO

(Signature of child with date)

Name of the Child: Age of the Child:

Parent’s/Guardian’s hame:

(Person Obtaining Consent)

| attest that the requirements for informed consent for the medical research
project described in this form have been satisfied. | have discussed the research
project with the participant and explained to him or her in nontechnical terms all of
the information contained in this informed consent form, including any risks and
adverse reactions that may reasonably be expected to occur. | further certify that |
encouraged the participant to ask questions and that all questions asked were

answered.

Dr. Mamatha Munaf,

Senior Resident, CTVA,

SCTIMST.

Study Independent contact person: Dr. Mala Ramanathan
IEC Member Secretary

Contact no: 0471-22524324
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PATIENT INFORMATION SHEET

Title of the study:

Comparison of Transesophageal Echocardiography guided Modified 2-
Dimensional and M-Mode Tricuspid Annular Plane Systolic Excursion to
Transthoracic Echocardiography guided M-Mode Tricuspid Annular Plane
Systolic Excursion in adult and paediatric cardiac surgeries for assessment of

Right Ventricular Function.
Study numbers: we expect to involve 42 adult and 50 paediatric patients in the study.

What is Trans-thoracic echocardiography (TTE) and Trans-esophageal
echocardiography (TEE)?

Echocardiography is a test that uses sound waves to create high-quality
moving pictures of the heart and its blood vessels. This can pin point the problematic
areas of the heart, is helpful in assessing function of heart valves before and after
valve replacement surgery. Usually echocardiography is performed via chest (TTE).
However, under anesthesia, TTE cannot be performed during cardiac surgery as the
surgeon will be operating in that area. Hence echocardiography probe is inserted via
oesophagus (food pipe). TEE involves a flexible tube (probe) with a transducer at its
tip. The Anaesthesiologist will guide the probe down your throat and into your
oesophagus (the passage leading from your mouth to your stomach). This will be done
when you will be unconscious under anesthesia and it will not cause any discomfort to
you. This approach allows your doctor to get more detailed pictures of your heart

because the oesophagus is directly behind the heart.
What is Tricuspid Annular Plane Systolic Excursion (TAPSE)?

Blood from the body is received by the right atrium from where it flows to the
right ventricle which eventually pumps the blood to lungs for oxygenation. The right
atrium and ventricle are separated by a valve called tricuspid valve. The movement of
the lateral part of the valve to the tip of the heart can be measured during each
pumping action of the heart. This is called TAPSE. If it is less than 16 mm in adults, it

shows that the right ventricle is not able to pump blood well into lungs. This will help
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to predict about the chance of patient continuing to have problems even after surgery.
Depending from the image from which this measurement is taken, there are different
ways of measuring of TAPSE like M Mode TAPSE and modified 2D TAPSE.

How is TEE performed?

This will be done when you are under anesthesia and will not cause any
discomfort to you. Your Anaesthesiologist will insert the lubricated probe into your
mouth. He or she will then gently guide it down your throat into your oesophagus.
Your oesophagus lies directly behind your heart. During this process,

Anaesthesiologist will take care to protect your teeth and mouth from injury.
What are the risks and side-effects?

We do not expect that our study will cause any injury to you because our study
protocol is a part of routine intra-operative TEE examination. You will be under the
effect of anesthesia while the test is being performed, thus you are unlikely to

experience any discomfort.
Why are we doing this study?

The purpose of this study is to compare whether intraoperative TEE
measurement called TAPSE, as explained, is as good as the TAPSE measured by TTE

before surgery. It will help in determining the most accurate and reliable method.
Can you withdraw from this study after it starts?

Your participation in this study is entirely voluntary and you are also free to
decide to withdraw permission to participate in this study. If you do so, this will not

affect your usual treatment at this hospital in any way.
What will happen if you develop any study related injury?

We do not expect any injury to happen to you because of our study as it is a

part of routine examination during the surgery.

Will you have to pay for the study? No.
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Will your personal details be kept confidential?

Your personal details will be kept confidential. The result of this study will be
published in a medical journal, but you will not be identified by name in any
publication or presentation of results.

If you have any further questions, please ask:

Dr. Mamatha Munaf, Senior Resident, Division of Cardiac Anaesthesiology. (Ph No:
7094013291)

Dr. Thomas Koshy, Professor, Division of Cardiac Anaesthesiology

Dr. Suneel PR, Professor, Division of Cardiac Anaesthesiology

Dr. Harikrishnan S, Professor, Cardiology

Dr. Deepa S Kumar, Assistant Professor, Cardiology

Study Independent contact person: Dr. Mala Ramanathan, IEC Member Secretary

Contact no: 0471-22524324
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OBSERVATION CHART

Comparison of Transesophageal Echocardiography guided Modified 2-

Dimensional and M-Mode Tricuspid Annular Plane Systolic Excursion with

Transthoracic Echocardiography (TTE) guided M-Mode Tricuspid Annular

Plane Systolic Excursion in adult and paediatric cardiac surgeries for assessment

of Right Ventricular Function.

Hospital number of the patient:

Age: Weight:
Gender: Height:
BSA (kglem?):

Diagnosis: Surgery:
Date of Surgery:

Preoperative features:
NYHA: Pulmonary Hypertension:

Heart rate and rhythm: Blood Pressure:

Preoperative Transthoracic Echocardiographic measurements

TAPSE from Apical 4 chamber view
(mm)

Z-score:

Right Ventricular (RV) Function (FAC)

Normal (>32%)/ Dysfunction: mild (25-
31) / mod (18-24%) / severe (<18%)

RV Geometry Normal (VSD, CABG,
Valvular Heart Diseases)/ Volume
overload (ASD) / Pressure overload
(TOF)

Normal/VVolume overload/Pressure
overload

Degree of TR (if any)

Mild/Moderate/ Severe

Pulmonary arterial pressure

Normal / ................ mm Hg

LV Ejection Fraction

Normal / Dysfunction: mild / mod /
severe
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Intraoperative Transesophageal measurements (End-Expiratory- two readings)

After
Pre CPB Post CPB Sternal
closure
m2D TAPSE (ME 4C view) (mm) / / /
M-Mode TAPSE (DEEP / / /
TRANSGASTRIC 4C) (mm)
M-Mode TAPSE (TG RV inflow) (mm) / / /
RV FAC (actual value. use agitated saline / / /
if required) / / /

LV EF (actual value)

Degree of TR if any Mild/Moderate/
Severe

Inotropes (if any)

Pulmonary arterial pressure (mm Hg)

RV diastolic function E/A
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Technical Advisory Committee (Clinical Studies)
SREE CHITRA TIRUNAL INSTITUTE FOR MEDICAL SCIENCES & TECKNOLOGY
THIRUVARANTHAPURAM - 6950141, INCIA

TAC Registration No: SCT/S/2018/756 Date: 21.06,2018

Project title CONPARISON OF TRANSESOPHAGEAL ECHOCARDIDGRAPHY GUIDED MCOIFED 2-
DIMENSIONAL AND MMODE TRICUSFID ANNULAR PLANE SYSTOLIC EXCURSION WITH
TRANSTHCRACIC ECHOCARDICGRAPHY GUIDED M.MODE TRICUSPID ANNULAR PLANE
SYSTOLIC EXCURSION IN ADULT AND PEDIATHIC CARDIAC SURGERICS FOR ASSESSMENT OF
RIGHT VENTRICULAR FUNCTION

Py'z: allnvesigator B

br Munal, Senor Rescen:, Denateont of | Daisgn of Cardan) Aneshesclogy, SCTIMST

Deyoe MO (Anestresiciogy) DNE(Anesthesiology) MBBS.

Co-Pnnceal investgalar(s)

[ Or. Yhomas Kashy, Prafessar, Depariment of Cargac Anesthesciogy, SCTIMST

Degten POCC (Cardiaz & Neuro Anesthesa) MO (Anesthesology) D A (Anesthesclogy) MBBS !

Dr. Sunee! PR Prolossar, Depsriment of Carciac Anesthesciogy, SCTIMST |
POCC (Cardiac Anesthesa) M D {Anesthosiiogy) MB DS

Dr Degpo S Kumae, Assatant professor, Depattment of Cardobogy, SCTIMST

_Degrea MBB S DCH OKB (pandatics), DM(cardiokgy), PDCC (paedalre cardeiogy) s

Or Hankrighnan S, Prefessar, Oepanmeen of Cardiogy, SCTIMST |

Dogree MBBS, MD)| Ganeral Madiing), DM(Cardlogy], ONB(Carsiology), FRCP, FACC |

Membaers who participated in the TAC meeting on 1606/2018
Or. Rupa Sreadhar (Chakperson)
Dr. Pragantakumar Dash
g. Krishna Kumar K

. Sankara Sarma P
Dr. Bjulal S
Dr. Jayadevan ER

Sreedhar, Dr. Jayadevan ER. Or. Syam K, Dr. Knshna Kumar K. and
procoedings when the projocts i wheeh they are involved as Investigator
2,775,776, 778, 782, 734, 785)

yject (Minimum/ Moderate! High): Minum
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(IEC Regrt No. ECRI13911nstKLI2013RR-1)

SETIEC! 2ANUGIST-2016

Cr. Mamatha Munal
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Cepentmen of Anansivsilngy
SCTMST, Thiruvarcetapuren

Cear Drifamatka Munal,
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@0 were present at the meeling held on 1T August, 2010 at

SL Membor Name Fighes! Degrea Gender  Seiealific e SCenific  Affiaton wih
N° B —— - s SR institutionl sy
i Or. RV G Menon M Tech, PhD Male Laty Persan Mo
(Chairman)
2. Dr V.Raman Kuty MO, MPhil MPH Mate Heslth Sclences Yes
ExparlCluncian
3 Dr.KRSKrshaan ME., PhD. Male  Medical Technolegy Yes
4. Dr.RemaM.N MD Female  Basic Medical Scienlist Mo
5 Dr Mala Ramanathan FhD Femge  Socal Scienlis! Yes
(Member Sacratary)
|EC Decision

The IEC approved the conduct of the study in the present lom

Remarks: p
Tne lnstiutional Ethics Committee expects 1o be informed aboul the prograss of Ihé study, any SAE occurng i e

cowse of the study, any changss in the pretocol and palient informatonimiovmed cansen! and asks o be promded a
copy of the final report.
Thera was no member of the sludy 16am who paricpaied « voling / decsion making process. The elhcs commiltze
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Indian Council of Medical Research (ICMR).

Sincerely,

7

Mala Ramanathan
Member Secrelary, IEC
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MASTER CHART- ADULT

. Elelglel o |s . " I | 5 5 2
2 s |x g 20s 218 2 |Ea|8lsl818l5088|5]9|2(8088]8 &l S S S zlelelz|ele
3| < |3 g Slal s 8] o [BRIEISIRIEISIRIE|L SIS B2 7 IFF £ £ £ SRR
SOFELEIE] S B LPIPIR 1R EE 2 2 2
a
1|1 69 |M CABG 17|Normall| N |MILD| Normal (60|24 |16 (19 |15|11|12|14| 9 |11 | 44 |38 |40 |63| 57 (55| NIL | Nil | Nil NA 0.025 Adrenaline 0.025, Noradrenaline 0.05|Adrenaline 0.025, Noradrenaline 0.05/ N[N [N| 1 |0.9 (0.9
2| 64 (M CABG 27|Normall N |MILD| Normal (52| 23|18 15| 13 |13.1/10.8] 13| 10| 11| 40 | 36 | 42 |50| 50 [60| NIL | Nil | Nil NA 0.025 Adrenaline 0.025, Noradrenaline 0.05(Adrenaline 0.025, Noradrenaline 0.05| N|N|[N| 1 |0.9/0.8
3( 51 |F CABG 17(Normalf N NIL [ Normal |60(17 |12 (11|12|13| 9 |12|12|10| 38 |34 |40 (59| 62 (64| Nil [ Nil | Nil [Noradrenaline 0.05| Noradrenaline 0.05 Noradrenaline 0.05 N[(N|N| 1 |11]0.9
41 64 |M CABG 21|Normal| N NIL | Normal |55|20|24|20|15|15 (1015|1012 | 39 |34 |34 |55/ 48 |50| NIL | Nil | Nil Nil Adrenaline 0.025, Noradrenaline 0.05 Noradr 0.05 N|N|N| 1 (091
5| 46 |M CABG 22|Normal| N NIL | Normal |60|28|20|16|18 |14 101811 |10 42 |30 |40 |70( 57 |58| Nil | Nil | Nil Nil Adrenaline 0.025, Noradrenaline 0.05(Adrenaline 0.025, Noradrenaline 0.05 N [N |N|1.1| 1 (1.2
6| 63 |M CABG 23|Normal| N NIL | Normal |74]21.2|25.6|14.6|23.5(22.5(14.5| 24 | 23 | 16 |54.5|58.9| 60 |60 67 |70| Nil | Nil | Nil Nil Adrenaline 0.025, Noradrenaline 0.05(Adrenaline 0.025, Noradrenaline 0.05{ N [N |N[12(12|1
71 74 (M CABG 26|Normal| N NIL | Normal |46| 19 | 28 | 20 (26.4|18.7| 20 | 14 (11.1|9.52(39.4 | 56 | 58 |35 44 |50| NIL | Nil | Nil NIL Adrenaline 0.15, noradrenaline 0.1 [Adrenaline 0.025, Noradrenaline 0.05| N |N [N [1.3]1.4 (1.1
8| 54 |M CABG 24(Normalf N Nil Normal |67| 18 (17.7/9.32(15.9(14.6/8.8 | 16 | 13 | 10 | 50 | 64 | 70 |36| 55 |59| Nil | Nil | Nil Nil Adrenaline 0.1, noradrenaline 0.1 |Adrenaline 0.025, Noradrenaline 0.05{ N [N |N|1.1| 1 |0.9
9| 61 M CABG 24|Normal| N Nil Normal (45|22 |10.5/7.7| 16 |14 |14 | 16 | 14 | 14 | 43 |38 | 44 |44| 50 |55 Nil | Nil | Nil Nil Adrenaline 0.025, Noradrenaline 0.05(Adrenaline 0.025, Noradrenaline 0.05{ N [N |N|1.1| 1 (0.9
10( 52 |M CABG 19(Normalf N Mild | Normal (43|19 (2083|1811 9 [16(12|10| 65 |34 |36 |41|52|55| Nil | Nil | Nil Nil Adrenaline 0.05, noradrenaline 0.05 (Adrenaline 0.025, Noradrenaline 0.05| N | N [ N |0.83/0.67(0.8
11 55 |M CABG 17(Normalf N Nil | Normal |55(21|16(8.8(18|15|14 19|15 14| 71 |48 |48 (68|65 |62| Nil | Nil [ Nil Nil Adrenaline 0.025, Noradrenaline 0.05|Adrenaline 0.025, Noradrenaline 0.05| N [N [N (1.5] 1.1 [1.1
12| 64 |M CABG 25(Normalf N Nil | Normal |68(16.5/15.4/10.6| 20 | 16 |16.5| 17 | 15 [ 15| 41 [63.9] 65 (70| 65 |67| Nil | Nil [ Nil Nil Adrenaline 0.025, Noradrenaline 0.05|Adrenaline 0.025, Noradrenaline 0.05| N [N [N (1.3 1.1 [1.1
13| 56 (M CABG 16(Normalf N Nil Normal [50(15.5/19.9| 18 | 23 | 18 | 14 | 14 |13.3| 9 |36.24|51.4| 62 (43|64.5{66| Nil | Nil [ Nil |Noradrenaline 0.05|Adrenaline 0.025, Noradrenaline 0.05 Adr 0.025, NA0.05 N[N[N| 2 |1.8]|1.9
14| 58 |[F CABG 18(Normalf N Nil Normal (61(16.3|19.7|11.6{ 23 |17 | 9 (19|17 |7.4| 42 |70 | 75 |57| 67 |70 Nil | Nil | Nil Nil Adrenaline 0.025, Noradrenaline 0.05(Adrenaline 0.025, Noradrenaline 0.05| N |N [N |1.1|1.5|1.7
15| 63 (M CABG 18|Normall| N [MILD| Normal |58|20 (1814|2018 |14 |17 |16| 9 | 45 | 70 | 65 (60[ 55 [70| Nil | Nil | Nil Nil Adrenaline 0.025, Noradrenaline 0.05(Adrenaline 0.025, Noradrenaline 0.05{ N [N |N| 1 |0.9 (1.1
16 59 |M AVR 18(Normalf N NIL [ Normal |58 23 [21.4{10.5| 20 |12.6[12.7| 15 | 15 |11.9| 38.6 | 66 |59.7|44| 73 [75[ Nil [ Nil | Nil Nil Adrenaline 0.025, Noradrenaline 0.05|Adrenaline 0.025, Noradrenaline 0.05| N [N [N (1.2]0.9 [1.1
17| 53 |M CABG 18(Normalf N Nil | Normal |79(12.611.2| 8 |14 | 14 | 8 |[13.3|13.9{12.9] 45 (38.9]44.7|60| 65 |60| Nil | Nil [ Nil Nil Adrenaline 0.025, Noradrenaline 0.05|Adrenaline 0.025, Noradrenaline 0.05| N |N | N (0.8 0.6 (0.8
18 72 |M CABG 23(Normalf N Mild | Normal (56|28 |22 |18 |20 | 18 | 16 [21.4|19.4{13.1{62.7 | 58 | 57 | 70| 66 |64| Mild |Mild|Mild Nil Adrenaline 0.025, Noradrenaline 0.05|Adrenaline 0.025, Noradrenaline 0.05| N [N [N (0.9] 1 [1.1
19| 55 | F CABG 26|Normal| N Nil Normal (70(27|23|15|17 (1710|1819 |11 |42.8|50 |45 |60| 62 |68 Nil | Nil | Nil Nil Adrenaline 0.025, Noradrenaline 0.05[Adrenaline 0.025, Noradrenaline 0.05{N [N |N| 1 (091
20| 67 | F CABG 23|Normal|Normal| Nil Normal (64|22 |29 |12.9( 18|17 |14 |18 |16 | 15| 48 | 45 | 47 |81| 75 [72| Mild | Nil | Nil Nil Adrenaline 0.025, Noradrenaline 0.05(Adrenaline 0.025, Noradrenaline 0.05| N |N [N 0.6 |0.8 |0.9
211 71 |M CABG 18|Normal|Normal| Nil Normal (61(23.4/22.1|119.4{ 14 [13.1| 8 |14 | 13| 9 | 21 |43 | 44 |47| 56 [59| Nil | Nil | Nil Nil Adrenaline 0.025, Noradrenaline 0.05{Adrenaline 0.025, Noradrenaline 0.05{N [N |N|1.1| 1 |1
22| 58 |M CABG 18(Normal(Normal| Nil | Normal (36|14 (14| 6 |10 9 | 7 [ 14|13 | 9 | 46 |40 | 50 |46| 58 |59| Nil |Mild| Nil |Noradrenaline 0.05|Adrenaline 0.025, Noradrenaline 0.05(Adrenaline 0.025, Noradrenaline 0.05| N |N [N |1.1{0.9( 1
23| 65 |M CABG 24(Normal(Normal| NIL | Normal (38|20 (13.1/ 11|16 [ 17 | 11 | 16 | 16 | 11 [48.72| 45 | 50 |25| 40 |45| Nil | Nil | Nil |Noradrenaline 0.05| Adrenaline 0.1, Noradrenaline 0.05 [Adrenaline 0.025, Noradrenaline 0.05| N [N [N |1.1{0.9 (1.2
24| 57 |M CABG 19(Normal(Normal|Trivial| Normal |58]13.5(10.3|10.9{14.6(15.9|12.9|10.5/11.8|9.38( 32.7 |55.6[47.9|59| 61 |60| Nil | Nil | Nil Nil Adrenaline 0.025, Noradrenaline 0.05|Adrenaline 0.025, Noradrenaline 0.05| N | N | N (0.8 0.7 [0.9
25| 39 |M CABG 22|Normal|Normal| NIL | Normal [71[16.5/20.1{14.3|20.518.5/13.6] 13| 10| 7 | 67 | 82 | 61 |62]| 83 (82| NIL | Nil | Nil NIL Adrenaline 0.025, Noradrenaline 0.05{Adrenaline 0.025, Noradrenaline 0.05{ N [N | N [ 1.2 0.8 (1.4
26| 56 (M CABG 20|Normal|Normal[ NIL | Normal |68/16.6(19.9[15.9| 15|14 |11 15| 13| 12| 41 |45 |50 (50| 55 |55|MILD| Nil | Nil NIL Adrenaline 0.025, Noradrenaline 0.05[Adrenaline 0.025, Noradrenaline 0.05{ N [N |N|1.1(0.9|1
27| 55 |M MVR 22 |Normal(Normal| Mild |Mild PAH|55| 22 | 24 | 14| 18 |18 | 11| 18 [ 19 | 12 |42.6 | 30 | 40 |70 57 |58| Nil | Nil | Nil NIL Adrenaline 0.025, Noradrenaline 0.06{Adrenaline 0.025, Noradrenaline 0.06 N [N |N[1.2(1.2|1
28| 49 | F CABG 21|Normal|Normal| Mild [ Normal [49(20|21(15|16|16|10|16| 15| 10| 55 |56 | 60 |60| 67 [70| Nil | Nil [ Nil NIL Adrenaline 0.025, Noradrenaline 0.07|Adrenaline 0.025, Noradrenaline 0.07| N [N [N [1.3]1.4 1.1
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29| 59 | F CABG 20|Normal|Normal| NIL [ Normal (53|19 |22 (16|17 |17 |13 |17 |18 | 13| 40 |56 |58 |50| 66 [65| Nil | Nil [ Nil NIL Adrenaline 0.025, Noradrenaline 0.08|Adrenaline 0.025, Noradrenaline 0.08/ N[N [N [1.1]| 1 [0.9
30| 66 |M CABG 18|Normal|Normal| NIL [ Normal (39|19 |23 (17|18 |19 |14 |18 | 19| 15|49.5|64 | 70 |54| 55 (59| Nil | Nil [ Nil |Noradrenaline 0.05(Adrenaline 0.025, Noradrenaline 0.09|Adrenaline 0.025, Noradrenaline 0.09| N [N [N |1.1| 1 [0.9
31| 72 |M CABG 19|Normal|Normal| mild [ Normal [55[18 |21 (15|16|17|15|16| 18| 15| 42 |38 | 44 |48]| 50 (55| Nil | Nil [ Nil NIL Adrenaline 0.025, Noradrenaline 0.10{Adrenaline 0.025, Noradrenaline 0.10| N[N [N | 1 |0.7 [0.8
32| 54 |M AVR 22|Normal|Normal| NIL | Normal 49|21 |19 14|18 (19 (12 (16|18 11| 66 |34 |36 |41|52 (55| Nil | Nil | Nil NIL Adrenaline 0.025, Noradrenaline 0.11(Adrenaline 0.025, Noradrenaline 0.11( N |N | N 1.6 | 1.1 (1.1
33[ 75 |M CABG 21|Normal|Normal| NIL | Normal |50(20 |22 |16 |17 (18 (11|17 (16|11 | 68 |48 |48 |68| 65 (62| Nil | Nil | Nil NIL Adrenaline 0.025, Noradrenaline 0.12(Adrenaline 0.025, Noradrenaline 0.12| N |N | N (1.3 |1.1 (1.1
34| 58 |M MVR 20|Normal|Normal| mild |Mild PAH|48| 19 |21 (15|16 (16 (13 [ 17 [ 16 [ 13 | 40 | 63 | 65 |70| 65 [67| Nil | Nil | Nil NIL Adrenaline 0.025, Noradrenaline 0.13(Adrenaline 0.025, Noradrenaline 0.13| N [N |N| 2 |1.8 1.9
35| 59 |M CABG 22|Normal|Normal| NIL [ Normal [45(21|20(17|15|16|14|16|19|15| 35 |51 |62 |43]| 64 [66] Nil | Nil [ Nil NIL Adrenaline 0.025, Noradrenaline 0.14|Adrenaline 0.025, Noradrenaline 0.14/ N [N [N [1.1]|1.5[1.7
36| 61 | F CABG 22|Normal|Normal| NIL [ Normal (5420|2317 |15|15|11|15|15|11| 42 |68 |75 |57| 67 (70| Nil | Nil [ Nil NIL Adrenaline 0.025, Noradrenaline 0.15|Adrenaline 0.025, Noradrenaline 0.15/ N[N [N| 1 |0.9 1.1
37| 49 | F CABG 24|Normal|Normal| NIL [ Normal (60|23 |21 (18|18 |17 |12|19|20| 12| 45 |66 |65 60|55 70| Nil | Nil [ Nil NIL Adrenaline 0.025, Noradrenaline 0.16|Adrenaline 0.025, Noradrenaline 0.16/ N [N [N [1.2]0.9 1.1
38| 66 |M CABG 18(Normal(Normal| NIL | Normal (66|18 |19 |12 |15(16|13|15|16| 13| 39 |66 | 58 |44| 65 |64| Nil | Nil | Nil NIL Adrenaline 0.025, Noradrenaline 0.17|Adrenaline 0.025, Noradrenaline 0.17) N |N | N (0.8 0.6 (0.8
39| 53 |M CABG 19(NormalfNormal| NIL | Normal [56|20 (22 |15|12 (13| 8 [12|13| 8 | 45 |39 |45 |60( 65 |60| Nil | Nil | Nil NIL Adrenaline 0.025, Noradrenaline 0.18|Adrenaline 0.025, Noradrenaline 0.18) N[N [N (0.9] 1 [1.1
40| 50 (M CABG 24(Normal(Normal| mild | Normal |54|19 18 |14 |14 (14| 9 [15|17 |10 63 |58 | 57 |70| 63 |64| Nil | Nil | Nil NIL Adrenaline 0.025, Noradrenaline 0.19|Adrenaline 0.025, Noradrenaline 0.19) N [N [N | 1 |0.9| 1
41| 54 |F CABG 22|Normal|Normal| NIL [ Normal [49(20|21(15|15|16|12|15|16| 12| 43 |50 | 45 |60| 61 [65| Nil | Nil [ Nil NIL Adrenaline 0.025, Noradrenaline 0.20|Adrenaline 0.025, Noradrenaline 0.20| N[N [N [ 0.6 0.8 [0.9
42 60 (M CABG 21|Normal|Normal| NIL | Normal [44[21]|20(15|20|19 (14|20 | 19| 14| 48 |45 |47 |54| 60 (61| Nil | Nil [ Nil |Noradrenaline 0.05(Adrenaline 0.025, Noradrenaline 0.21|Adrenaline 0.025, Noradrenaline 0.21| N[N |[N|1.1| 1 |1
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1 5 F SV ASD, PAPVC 18.8 Normal| DILATED NIL Normal 56(19.2(20.8| 16 [ 19 (20 [ 15 ( 18 [ 19 [ 15 [ 54 | 53 [ 60 [4658|59 Nil Nil Nil Nil Noradr 0.05 Noradr 0.025 Normal | Normal | Normal {0.9] 1 [ 1
2 3/12 M| AP window SV ASD PAPVC | 17 |Normal| DILATED NIL Normal 66(16.3/18.95|5.01( 7.5 |5.44(3.63( 4.7 |16.09( 3.4 [ 51 | 46 | 69 |25]|40(45( mild mild nil nil Milrinone 0.5, Noradr 0.05 | Milrinone 0.5, Noradr 0.05 | Mild |Normal | Normal|1.1/0.8/0.9
3| 1yr3Mo (M TOF 12.9| Normal | Hypertrophied | Trivial PS 69 65(21.4(26.2|111.3(10.1(16.9(8.72(3.62(8.35( 3.5 [ 61.9 33.4(29.5(59 | 61|60 Nil Nil Nil Nil Mil 0.5, noradr 0.05 Mil 0.5, noradr 0.05 Normal | Normal |Normal | 1 | 1 |0.8
4 |1YR 10Mo | F VSD PS 15 | Normal Dilated Severe Reactive. 40 70(11.3|12.5(8.06]9.15| 8.6 |6.05(5.11|4.03(5.85| 28 |29.7|51.9/62|83|82| Severe Mild Mild Nil Mil0.5, noradr 0.05 Mil 0.5, noradr 0.05 severe | Mild Mild [0.7(0.8({0.8
5[4YR1MO|M ASD PAPVC 18.6 [ Normal Dilated Nil Nil 69)17.6(18.2| 14 | 16 | 17 ( 10 | 16 | 15| 10 [ 54 | 32 | 40 |50|55(55 Nil nil nil nil noradr 0.05 Noradr 0.025 Nil Nil Nil 2 |1.3(1.2
6| 1YriMo (M TOF VALV PS 17.1| Normal | hypertrophied | Nil Normal 70( 17 (13.3|9.02(7.93 8 [7.31[ 9 [ 12| 8 [63.6| 52 [ 55 [54|56|53 nil nil nil nil Milrinone 0.5, Noradr 0.05 | Milrinone 0.5, Noradr 0.05 nil Nil Nil [0.6({1.1f 1
7 3 M ASD 17.3| Normal Dilated Nil Normal 65( 17 (184|141 12 (11| 6 (13 (12| 7 [ 45 | 44 [ 48 [55(|53|55 Nil Nil NIl Nil noradr 0.05 noradr 0.05 Nil Nil Nil [ 1]06(1.1
8 3 F VSD 23.3[ Normal Normal Nil Normal 50( 27 (24.8|17.7( 15 (13.7({11.7( 14 (15.6(/11.7( 50.8 | 54 | 64 [54|60|61 Nil Nil Nil Nil Mil 0.5, noradr 0.05 Mil 0.5, noradr 0.05 Nil Nil Nil |1 [0.7(12
9 2 F TOF 13 Fair Hypertrophic | NIL Normal 50( 13 [12.5/8.06(9.15( 8.6 |6.05(5.11(4.03|5.85 29 | 32 | 30 |54 |50|47 [ Moderate | Moderate | moderate | MIL 0.5 MIL 0.5, MIL 0.5, adr 0.05 Nil Nil Nil [0.6(0.6(0.7
10 5 M ASD 18 | Normal Dilated Nil Mild PAH 68| 18 (17.8|7.73| 8.1 | 8.4 (11.3|9.72|11.9{10.8( 37.6 |44.1|36.7|66 | 50 [ 56 Nil Nil Nil Nil Nil Nil Normal | Normal | Normal |1.1| 1 | 1
11 7Mo M TOF 16 | Good | Hypertrophic | Nil [ Infundibular PS56 [70(15.2|12.6| 9 | 7 |6.27|4.64|4.74|4.43| 41| 45 | 49 | 49 (56 (54|53 nil nil nil nil Mil 0.5, noradr 0.05 Mil 0.5, noradr 0.05 Normal | Normal | Normal [0.8( 1 |1.1
12 5 M Warden 25.6( Good Dilated Nil Normal 70(22.8(20.5/19.2(8.37(12.7(12.7(9.5111.5/10.4(52.07 (42.9(30.2( 66 | 55 | 59 Nil Nil Nil Nil Dobut 2.5 Dobut 0.1 Normal | Normal |Normal | 1 | 1 |1.1
13 5Mo M VSD 17.1| Good Normal Nil Normal 70( 16 (17.7|136( 11 8 | 7 [ 9 [ 8 | 7 [ 36 |45 [ 54 [60|55|54 nil nil nil nil Noradr 0.05 Noradr 0.05 Normal | Normal |Normal | 1 | 1 |0.9
14 3 F SV ASD, PAPVC 18.8|Normal| DILATED NIL Normal 56(19.2(20.8| 16 [ 19 [ 20 [ 15 ( 18 [ 19 [ 15 [ 54 | 53 [ 60 [4658|59 Nil Nil Nil Nil Noradr 0.05 Noradr 0.025 Normal | Normal | Normal |0.9] 1 | 1
15 4 M SV ASD PAPVC 17 [Normal| DILATED NIL Normal 6616.3/8.95(5.01| 7.5 |5.44(3.63| 4.7 |16.09| 3.4 | 51 | 46 | 69 (25(40|45| mild mild nil nil Milrinone 0.5, Noradr 0.05 | Milrinone 0.5, Noradr 0.05 | Mild |Normal |Normal |1.1(0.8]0.9
16 3 M TOF 12.9( Normal Enlarged | Trivial Normal 65(21.4(26.2|111.3(10.1(16.9(8.72(3.62(8.35( 3.5 [ 61.9 [33.4(29.5(59 | 61|60 Nil Nil Nil Nil Mil 0.5, noradr 0.05 Mil 0.5, noradr 0.05 Normal | Normal | Normal | 1 | 1 |0.8
17 2 F VSD PS 15 | Normal Dilated Severe Reactive. 40 70]11.3(12.5|8.06|9.15| 8.6 (6.05(5.11|4.03|5.85 28 (29.7|51.9|162(83|82| Severe Mild Mild Nil Mil0.5, noradr 0.05 Mil 0.5, noradr 0.05 severe | Mild Mild (0.7]0.8(0.8
18 3 M ASD PAPVC 18.6| Normal Dilated Nil Nil 69(17.6(18.2| 14 [ 16 [ 17 [ 10 [ 16 [ 15 [ 10 [ 54 | 32 [ 40 [50|55|55 Nil nil nil nil noradr 0.05 Noradr 0.025 Nil Nil Nil |2 [13[12
19 2 M TOF VALV PS 17.1| Normal Dilated Nil Normal 70( 17 (13.3|9.02(7.93( 8 [7.31( 9 (12| 8 [63.6 | 52 [ 55 [54|56|53 nil nil nil nil Milrinone 0.5, Noradr 0.05 | Milrinone 0.5, Noradr 0.05 nil Nil Nil [0.6({1.1f 1
20 4 M ASD 17.3| Normal Dilated Nil Normal 65( 17 (184|141 12 (11| 6 (13 [ 12| 7 [ 45 | 44 [ 48 [55(|53|55 Nil Nil NIl Nil noradr 0.05 noradr 0.05 Nil Nil Nil |1 [0.6(1.1
21 2 F VSD 25 | Normal Normal Nil Normal 55| 27 (24.8|17.7| 15 |13.7({11.7| 14 |15.6{11.7 50.8 | 54 | 64 |54|60 |61 Nil Nil Nil Nil Mil 0.5, noradr 0.05 Mil 0.5, noradr 0.05 Nil Nil Nil 110.7(1.2
22 3 F TOF 13 | Fair | Hypertrophic | NIL PS 56 50| 13 |12.5(8.06|9.15| 8.6 [6.05|5.11|14.03|5.85| 29 | 32 | 30 (54|50 |47 | Moderate [ Moderate | moderate | MIL 0.5 MIL 0.5, MIL 0.5, adr 0.05 Nil Nil Nil {0.6/0.6(0.7
23 2 M ASD 18 | good Normal Nil Normal 68| 18 (17.8|7.73| 8.1 | 8.4 (11.3|9.72|11.9{10.8( 37.6 |44.1|36.7|66 | 50 [ 56 Nil Nil Nil Nil Nil Nil Normal | Normal | Normal |1.1| 1 | 1
24| 10months (M TOF 17 | Good | Hypertrophic | Nil | Infundibular PS56 |70|15.2{12.6| 9 | 7 |6.27(4.64(4.74|4.43| 41| 45 | 49 | 49 |56 |54 |53 nil nil nil nil Mil 0.5, noradr 0.05 Mil 0.5, noradr 0.05 Normal | Normal [ Normal [0.8| 1 |1.1
25 2 M SV ASD PAPVC 25 | Good Dilated Nil Normal 70(22.8(20.5/19.2(8.37(12.7(12.7(9.51(11.5/10.4(52.07 (42.9(30.2( 66 | 55 | 59 Nil Nil Nil Nil Dobut 2.5 Dobut 0.1 Normal | Normal |Normal | 1 | 1 |1.1
26 6 M VSD 17.1| Good Normal Nil Normal 70| 16 |17.7(136| 11| 8 | 7 | 9 | 8 | 7 | 36 [ 45| 54 [60(55|54 nil nil nil nil Noradr 0.05 Noradr 0.05 Normal | Normal | Normal | 1 | 1 |0.9
27 5 F SV ASD, PAPVC 19 |Normal| DILATED NIL Normal 56119.2(20.8| 16 | 19 | 20 ( 15 | 18 | 19 | 15 [ 54 | 53 | 60 |46 |58 |59 Nil Nil Nil Nil Noradr 0.05 Noradr 0.025 Normal | Normal | Normal |0.9| 1 | 1
28 3 M 0OS ASD 17 [Normal| DILATED NIL Normal 66(16.3(8.95|5.01( 7.5 5.44(3.63( 4.7 (6.09( 3.4 [ 51 | 46 [ 69 [25|40|45 nil Nil Nil Nil noradr 0.05 Noradr 0.05 Normal | Normal | Normal | 1 [0.8] 1
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29 8 Mo M TOF 13 | Normal Enlarged Trivial Normal 65(21.4(26.2|111.3(10.1(16.9(8.72(3.62(8.35| 3.5 [ 61.9 (33.4(29.5(59 | 61|60 Nil Nil Nil Nil Mil 0.5, noradr 0.05 Mil 0.5, noradr 0.05 Normal | Normal |Normal | 1 | 1 |0.9
30| 6Mo F VSD PS 15 | Normal Dilated Severe Reactive. 40 70(11.3|/12.5(8.06(9.15| 8.6 {6.05(5.11|4.03|5.85 28 [29.7(51.9|162|83|82( Severe |moderate [ moderate| Nil Mil0.5, noradr 0.05 Mil 0.5, noradr 0.05 Seve | severe | severe [0.7(0.6(0.7
31 2 M ASD PAPVC 19 | Normal Dilated Nil Nil 69(17.6(18.2| 14 [ 16 [ 17 [ 10 [ 16 [ 15 [ 10 [ 54 | 32 [ 40 [50|55|55 Nil nil nil nil noradr 0.05 Noradr 0.025 Nil Nil Nil |2 [1.3[12
32 3 M TOF VALV PS 17.1| Normal Dilated Nil Normal 70( 17 |13.3|9.02|7.93 8 |7.31| 9 | 12| 8 | 63.6| 52 | 55 |54|56|53 nil nil nil nil Milrinone 0.5, Noradr 0.05 | Milrinone 0.5, Noradr 0.05 nil Nil Nil |0.6(1.1f 1
33 4 M ASD 17 [ Normal Dilated Nil Normal 65| 17 |18.4(14.1| 12 | 11 | 6 | 13| 12| 7 | 45 | 44 | 48 [55(53|55 Nil Nil NIl Nil noradr 0.05 noradr 0.05 Nil Nil Nil [ 1]0.6(1.1
34 1 F VsD 24 [ Normal Normal Nil Normal 40| 27 (24.8|17.7( 15 (13.7(11.7( 14 (15.6(/11.7( 50.8 | 54 | 64 [54|60|61 Nil Nil Nil Nil Mil 0.5, noradr 0.05 Mil 0.5, noradr 0.05 Nil Nil Nil 10712
35 4 F TOF 13 | Fair | Hypertrophic [ NIL PS 56 50| 13 |12.5(8.06]9.15| 8.6 [6.05|5.11|14.03|5.85| 29 | 32 | 30 (54|50 |47 | Moderate [ Moderate | moderate | MIL 0.5 MIL 0.5, MIL 0.5, adr 0.05 Nil Nil Nil {0.60.6(0.7
36 3 M ASD 18 | good Normal Nil Normal 68| 18 (17.8|7.73( 8.1 | 8.4 [11.3(9.72(11.9/10.8( 37.6 (44.1(36.7(66 | 50 | 56 Nil Nil Nil Nil Nil Nil Normal | Normal | Normal {1.1| 1 | 1
37 3 M TOF 18 | Good | Hypertrophic | Nil [ Infundibular PS56 |70(15.2|112.6] 9 | 7 |6.27|4.64|4.74|4.43| 4.1 | 45 | 49 | 49 |56 (54 (53 nil nil nil nil Mil 0.5, noradr 0.05 Mil 0.5, noradr 0.05 Normal | Normal | Normal |0.8 1 |1.1
38 4 M SV ASD 25.6( Good Dilated Nil Normal 70(22.8(20.5/19.2(8.37(12.7(12.7(9.51(11.5(10.4(52.07 (42.9(30.2( 66 | 55 | 59 Nil Nil Nil Nil Dobut 2.5 Dobut 0.1 Normal | Normal |Normal | 1 | 1 |1.1
39 4 M TOF 12.9( Normal Enlarged  [Trivial Normal 70( 16 (17.7|136( 11 8 | 7 [ 9 [ 8 | 7 [ 36 |45 | 54 [60|55|54 nil nil nil nil Noradr 0.05 Noradr 0.05 Normal | Normal |Normal | 1 | 1 |0.9
40| 6Mo F VSD PS 15 [ Normal Dilated Severe Reactive. 40 56(19.2|20.8{10.4( 10 | 9 | 8 [ 9 | 8 | 6 [ 54 |53 [ 53 |46|58(59 Nil nild mild Nil Mil 0.5, noradr 0.05 Mil 0.5, noradr 0.05 Normal | Mild | Mild |1 (081
41 3 M ASD PAPVC 18.6| Normal Dilated Nil Nil 66(16.3(8.95|5.01( 7.5 5.44(3.63( 4.7 [6.09( 3.4 [ 51 | 46 | 69 [25|40|45 Nil Nil Nil Nil Noradr 0.05 Noradr 0.05 Normal | Normal | Normal | 1 | 1 0.9
42 2 TOF VALV PS 17.1| Normal Dilated Nil Normal 70( 17 |13.3]9.02(7.93| 6 | 5 (10| 9 | 8 [63.6 | 55 | 56 |65|54 |56 Nil Nil Nil Nil Mil 0.5, noradr 0.05 Mil 0.5, noradr 0.05 Normal | Normal | Normal [0.9| 1 [0.8
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SYNOPSIS

OBJECTIVE: Moderate to severe dysfunction of right ventricle is associated with poor clinical outcome after cardiac
surgery. TTE M Mode TAPSE is used preoperatively to assess RV function. We compared intraoperative TEE guided m-2D
& M-Mode TAPSE measurements to precperative TTE-guided M-mode TAPSE in terms of accuracy and inter-observer
and intra-observer variability. In addition, intraoperative m-2D TAPSE and M-Mode TAPSE measurements were compared
with RV FAC. The variations of m-2D TAPSE, M-Mode TAPSEs and RV FAC at different time points during surgery i.e.,
before CPB, after CPB and after sternal closure were also analysed.

STUDY DESIGN: A prospective, observational, hon- randomised, non-blinded study.

STUDY SETTING: The study was done in adult and paediatric operating rooms in Sree Chitra Tirunal Institute, which is a
tertiary referral centre for cardiac surgery.

PARTICIPANTS: Adult patients undergoing CABG and valvular surgeries and paediatric patients (both cyanotic heart
diseases and acyanotic heart diseases) undergoing corrective surgeries were the participants

MEASUREMENTS: TTE guided M Mode TAPSE was measured in OPD as well as after anaesthesia induction. TEE guided m-
2D TAPSE, Deep Trans-gastric M Mode TAPSE, Trans-gastric Right ventricular Inflow M Mode TAPSE and RV FAC were
measured before pericardiotomy, after CPB and after sternal closure.

STATISTICAL ANALYSIS: To detect a minimum of 0.5 correlation between the parameters with 90% power and 5% alpha
error with 10% drop-cut rate because of technical reasons, the sample size was calculated as 42 per group. RESULTS: m-
2D TAPSE and deep Trans-gastric M Mode TAPSE before CPB correlated significantly with TTE M Mode TAPSE in both
adult and paediatric groups. m-2D TAPSE had significant correlation with deep trans-gastric M Mode TAPSE and trans-
gastric right ventricular inflow M Mode TAPSE at all time points and RV FAC measured before CPB in both the groups.
TAPSE measured by all the three methods declined significantly during the surgery. RV FAC in children decreased after
CPB and improved over pre- CPB values after sternal closure whereas it significantly improved over time in adults.
CONCLUSION: TEE guided m-2D TAPSE and Deep trans-gastric M Mode TAPSE are comparable to TTE guided M- Mode
TAPSE in terms of accuracy and reproducibility. Trans-gastric right ventricular inflow M -Mode TAPSE is less accurate and
shows poor reproducibility. INTRODUCTION

Moderate to severe Right Ventricular (RV) dysfunction is related to poor post-operative clinical outcome.1 Hence, it is
important to reliably assess RV function during cardiac surgery. Preoperatively, Trans Thoracic Echocardiography (TTE)
can be used to assess RV function by measuring Tricuspid Annular Plane Systolic Excursion (TAPSE) by M-Mode. Itis
reliable, validated and easily reproducible in adult patients. In contrast, intraoperative Transoesophageal Echocardiography
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(TEE) guided RV functional assessment is challenging due to the following concerns: 1. Unlike left ventricle (LV} which is
easily approximated by geometric assumptions, RV has a complex structure. It is triangular in mid-esophageal 4 chamber
view, crescent shaped in trans-gastric short axis view and has a wraparound appearance in Right Ventricular Inflow-
outflow view. Hence it is difficult to define RV volume in a single view two dimensionally unless three dimensional
volumetric models are used.2 2. The contraction of RV is peristaltic, unlike the piston-like movement of LV. In addition to
longitudinal movement, inward movement of RV free wall and apex, the RV outflow tract (RVOT) contraction significantly
affects RV output. Most of the 2D views fail to account for RVOT contribution.

3. Unlike in TTE, there is misalignment of ultrasound waves to the direction of motion of tricuspid valve in TEE which
makes it more challenging to interpret TEE.

4. Pericardiotomy decreases RV longitudinal motion.3 Hence any assessment based on the RV longitudinal motion is likely
to be influenced by pericardiotomy.

Right Ventricular Fractional Area Change (RV FAC) is used intracperatively to estimate global right ventricular function. It
has good method agreement with Cardiac MRI and 3D volumetric estimation of right ventricular function. However,
intraoperatively, tracing the endocardial border of right ventricle is time consuming and has poor interobserver variability.
Poor echo window, foreshortened images and poor visibility of lateral wall in the presence of dilated heart chambers
make RV FAC measurement challenging. TEE guided Modified 2 D (m-2D) TAPSE, Deep Trans Gastric (DEEP
TRANSGASTRIC) M Mode TAPSE and Trans Gastric Right Ventricular Inflow (TGRIGHT VENTRICULAR INFLOW) M Mode
TAPSE are other tools available for RV function assessment intraoperatively. Tissue Doppler Imaging (TDI) S~ velocity
measurement necessitates excellent image acquisition. 3D volumetric estimation and 2D speckle tracking studies are time
consuming, technology intensive and are not available in all echocardiography machines. There is a need for a real time,
easily reproducible and reliable method to asses right ventricular function which correlates well to M Mode TAPSE
measured by TTE preoperatively and RV FAC measured intracperatively. Hence, we undertook this study to validate the
TEE guided M Mode TAPSEs and m-2D TAPSE and to evaluate their correlation to RV FAC during the course of surgery.
REVIEW OF LITERATURE

Left ventricle is a more predictable chamber. Being cylindrical in shape, geometric approximations are possible which
ensures accurate estimation of volume and systolic function. Right ventricle, however, has a more complex anatomy, as
explained by Dr. Timothy M Mausl, MD in the editorial published in Journal of Cardiothoracic and Vascular Anaesthesia
(JCVA). Right ventricle is triangular in Mid-Esophageal four Chamber (ME 4 Ch) view, crescent shaped in Trans gastric
short axis view and gives an illusion of wrapping around acrta in the mid esophageal RV inflow-ocutflow view. Peristaltic
movement of the right ventricle has contribution from longitudinal movement of its fibres, inward movement of the right
ventricular free wall and apex and contraction of its outflow tract. Trans thoracic M Mode TAPSE is the corner stone of
right ventricular function assessment preoperatively. It is easily available, reproducible and has excellent method
agreement with cardiac MRI which is the gold standard for the same. However, cardiac surgeries are known to
significantly affect the longitudinal motion of right ventricle. Reduced long axis velocity of right ventricle during cardiac
surgery could be due to cardiopulmonary bypass, cardioplegia, myocardial hypothermia or cardiac stunningl. Unsworth
et al.3 studied 110 patients who underwent surgery by midline sternotomy. The authors found that surgeries that
preserved pericardial integrity like mediastinal mass excision, minimally invasive Aortic Valve Replacement (AVR) and
robotically assisted minimally invasive CABG documented little or no decrease in the right ventricular tissue doppler
velocities. However, procedures that required complete pericardial opening like Coronary Artery Bypass Graft (CABG) and
AVR documented clear decrease in right ventricular long axis S~ velocity. Pericardium could be providing structural
integrity to the longitudinal fibres to function adequately. Donauer et al.4 studied thirty patients who underwent CABG
with cardioplegic cardiac arrest. They performed right ventricular 3-dimensional echocardiography and strain analysis.
Significant reduction in peak longitudinal systolic strain (PLSS)of the right ventricular lateral wall, inferior wall,
interventricular septum and outflow tract was documented. Circumferential contraction of the lateral wall increased by
4% simultaneously. RV Ejection Fraction (EF) and RV FAC remained unchanged. This study demonstrated that reduction in
longitudinal movement is compensated by an increase in radial motion of the RV free wall. The reliability of TAPSE in the
pre-pericardiotomy phase as a surrogate for right ventricular systolic function is evident. TTE guided M mode TAPSE
cannot be used intraoperatively for open heart surgeries. Trans esophageal echocardiography (TEE) guided TAPSE
measurements are readily available. Roberts et al.5 studied 125 patients to estimate the concordance between TTE and
TEE guided measurements of RV function. RV FAC, lateral S velocity, right sided index of myocardial performance (RIMP)
and tricuspid valve annulus were measured by both methods. M Mode TAPSE measured by TTE was compared to trans
gastric (TG) M Mode TAPSE. The study showed underestimation of S~ and TG M Mode TAPSE. It was not adequately
powered to demonstrate any difference in other measurements. Authors advised caution while using TTE validated
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parameters for TEE assessment of RV function. Morita et al.6 retrospectively analysed the medical records of 196 patients
and compared intraoperative measurements of TEE guided modified TAPSE (m-TAPSE} to RV FAC. Modified TAPSE was
measured as the difference between RV apex to lateral tricuspid annulus length in diastole and systole. In order to
measure it precisely, a 4-chamber view of excellent sonographic quality was required. The investigators were required to
exclude suboptimal images from data analysis for this reason. They found good correlation between the RV FAC and m-
TAPSE. Due to the retrospective nature of the study, comparison of m-TAPSE to other measurements of RV function was
not possible Furthermore, we feel that the it is not easy to fix the RV apex in different phases of cardiac cycle for accurate
measurements. Another disadvantage of this technique is that the TAPSE measured is

n MATCHING BLOCK 2/7 W  https://www.researchgate.net/publication/ ...

the distance between the lateral site of moving tricuspid annulus and

the RV apex, which is moving as well

m MATCHING BLOCK 3/7 W https://www.researchgate.net/publication/ ...

during contraction, whereas the classic TAPSE measures only the actual movement of the lateral annulus of the
tricuspid

valve. Korshin et al.7 assessed the availability, inter-observer and intra-observer reliability and feasibility TAPSE measured
by 5 different views and tricuspid annulus TDI. Method agreement of TEE TAPSE to TTE TAPSE was also studied. The study
showed good agreement between TAPSE measured by TEE and TTE. Anatomical M Mode TAPSE (DEEP TRANSGASTRIC
and TG) had good correlation with TTE guided TAPSE and had low inter and intra observer variability. Tricuspid Annulus
tissue doppler imaging (TDI) and Anatomical M mode TAPSE had higher reliability compared to 2D TAPSE. However, TDl is
not commonly available, availability of the deep trans gastric and trans gastric RIGHT VENTRICULAR INFLOW views are
highly variable and anatomical M mode TAPSE is not available in all echo machines. In Nottingham University Hospital,
UK,8 TTE M Mode TAPSE and TEE 2D TAPSE obtained under sedation were compared. Close correlation was found
between TEE guided 2D TAPSE and TTE guided M Mode TAPSE. Images were found to be reliable and simple to obtain. In
addition, RV Fractional Area Change (FAC) was found to have good correlation to TTE guided M- Mode TAPSE.
Endocardial surface tracing to obtain RV FAC was challenging in this study. Furthermore, TEE was done under local
anesthesia unlike intracperative scenario where the patient would be under general anesthesia. Sullivan et al.9 studied
patients who underwent pulmonary endarterectomy. Thermeodilution cardiac index, RV FAC and TG RIGHT VENTRICULAR
INFLOW M Mode TAPSE were measured before sternotomy, after pericardial incision and after sternal closure. On
comparison of TAPSE and RV FAC to invasive thermadilution studies in pulmonary endarterectomy patients, TAPSE was
found to decrease significantly following pericardiotomy, whereas RV FAC remained unaffected probably in view of
increased radial contraction to compensate for decreased longitudinal motion. Other complex measuresl0 to assess right
ventricular function are right ventricular glebal longitudinal strain or 3D speckle tracking echo strain which are not
commonly available. In a study done in Ghent University Hospital, Belgium,11 speckle tracking based strain and strain rate
was not found to be promising. Studies on right ventricular systolic function assessment by TAPSE in paediatric population
is very limited. The study undertaken in university of Philadelphial2 found significant correlation between TAPSE and
exercise capacity in children with hypoplastic left heart syndrome. They recommended further studies and opined that
TAPSE was reproducible. TAPSE was used as a tool to assess right ventricular systolic dysfunction in paediatric patients
with dilated cardiomyopathy in Emory University School of Medicine, USA.13 Moderate to severe right ventricular
dysfunction in this group of patients was linked to worse clinical outcome including death, mechanical support or
transplantation. Both these studies used TTE to assess TAPSE. A recent study by Singhl14 et. al,, published in May, 2020,
attempted to asses longitudinal changes in right ventricular function (longitudinal and global)} during cardiac surgery. They
specifically evaluated the changes in a subset of patients who underwent redo surgeries as well. Images were acquired
after anaesthesia induction, pericardiotomy, CPB and after sternal closure. Authors noticed acute decline in RV function
during surgery, independent of pericardiotomy and CPB. The decline was present across different surgical approaches,
different operative procedures and in primary as well as redo surgeries and persisted even after sternal closure. The
authors could not explain the reason for this persistent decline. Further studies are indeed warranted to analyse the fresh
data which are coming up which contradicts our current understanding. Forner et. al, 15 similarly conducted a study on
30 cardiac surgery patients. They measured the trans-thoracic M- Mode TAPSE after induction of anaesthesia and
compared it to TAPSE measured by 6 different views using trans-esophageal echocardiography. Anatomical M-Mode
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measurement of TAPSE in mid esophageal 4 chamber view and Deep trans-gastric view showed good correlation to TTE
guided TAPSE. Anatomical M Mode is not available in all eche machines. AIMS AND OBJECTIVES

HYPOTHESIS

A novel simplified ‘Modified 2D method of TAPSE (m-2D TAPSE) measurement using regular mid-esophageal (ME) 4-
Chamber view will show good agreement with TTE guided M Mode TAPSE in both adult and paediatric patients
undergoing cardiac surgery. Furthermore, between the two M-Mode trans gastric TEE measurements of TAPSE: « Deep
Trans gastric 4 chamber (M-Mode Deep Trans-gastric 4C-TEE-TAPSE) & « Trans gastric Right Ventricular Inflow views (M-
Mode RV IF-TEE-TAPSE)

the former is more accurate.

We also propose that m-2D TAPSE is easier than all other methods of intracperative RV function assessment namely M-
Mode measurements of TAPSE and RV Fractional Area Change (FAC) in both adult and paediatric patients.

PRIMARY OBJECTIVE:

To compare intraoperative TEE guided m-2D & M-Mode TAPSE measurements to preoperative TTE-guided M-mode
TAPSE in terms of accuracy and inter-observer and intra-observer variability.

SECONDARY OBJECTIVES:
1. To compare intraoperative m-2D TAPSE to M-Mode TAPSE measurements and RV FAC

2. To compare the variations of m-2D TAPSE, M-Mode TAPSEs and RV FAC at different time points during surgery: before
CPB, after CPB and after sternal closure.

JUSTIFICATION FOR THE STUDY

1. Moderate to severe RV dysfunction has independent predictive value in postoperative outcome in cardiac surgery
patients. 2. Gold standard of RV function assessment is cardiac MRl which cannot be used intraoperatively.

3. TTE- M Mode TAPSE is clinically validated against cardiac MRI but cannot be used intraoperatively.
4. There is a need for an easily obtainable commonly accessible TEE view to reliably assess RV function intracperatively.

5. The most commonly accessed TEE view is mid-esophageal 4-Chamber view and M-Mode cannot be used in this view
to assess TAPSE because of poor alignment of tricuspid annulus to the M-Mode axis in this view.

6. TEE guided M-Mode TAPSE is commonly measured with trans gastric RV inflow view and less with deep trans gastric 4
chamber view. Both these views are not easily obtainable unlike mid-esophageal 4 chamber view.

7. None of the studies had correlated all the accepted TEE guided intracperative TAPSE measurements during different
time points during surgery to RV FAC and to the validated preoperative TTE- TAPSE.

8. RV function assessment studies in paediatric population is sparse despite proven correlation of poor RV function to
worse postoperative Outcome. TAPSE measurements in this population are studied only with TTE.

9. No studies are available from India comparing m-2D TEE TASPE to M Mode TEE/TTE TAPSE

10. No similar study has been done in SCTIMST in the past

11
m MATCHING BLOCK 4/7 W  https://link.springer.com/article/10.1007 ...

The primary aim of the study is thus to evaluate three different TEE TAPSE views at pre-specified time points during
surgery, applying the

modified 2D and all the described M-mode measurements
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to determine each approach’s feasibility (availability, accuracy and intra-/inter-observer reliability) and their agreement
with

RV FAC & preoperative TTE TAPSE in both adult and paediatric populations.

m MATCHING BLOCK 5/7 SA  Nithi thesis write up.docx (D75651927)

MATERIALS AND METHODS

STUDY DESIGN: A prospective, observational, non- randomised, non-blinded study.

STUDY SETTING: The study was done in adult and paediatric operating rooms in Sree Chitra Tirunal Institute, which is a
tertiary referral centre for cardiac surgery.

PARTICIPANTS: Adult patients undergoing CABG and valvular surgeries and paediatric patients (both cyanotic heart
diseases and acyanotic heart diseases) undergoing corrective surgeries were the participants. INCLUSION CRITERIA:

« Patients posted electively for CABG, valvular or congenital heart surgery in SCTIMST » Optimal images for TTE and TEE.
EXCLUSION CRITERIA:

» Contraindication to TEE probe placement like cesophageal strictures, oesophageal varices, oesophageal tumours,
gastric ulcer, previous esophagectomy, esophageal diverticulum, trachecesophageal fistula, previous bariatric surgery,
hiatus hernia, large descending thoracic aortic aneurysm, unilateral vocal cord paralysis, esophageal varices,
post-radiation therapy.

* Emergency and re-do surgeries.
APPROVAL FROM TECHNICAL ADVISORY COMMITTEE (TAC)

Qur study is approved by the technical advisory committee. TAC registration number is SCT-/S/2018/756 APPROVAL
FROM INSTITUTIONAL ETHICS COMMITTEE(IEC)

Our study is approved by the Institute Ethics Committee of SCTIMST. IEC registration number is SCT/IEC/1235/AUGUST
2018. DURATION OF THE STUDY: 12 Months -From June 2019 to May 2020 FUNDING: No funding was required for the
study STUDY PROTOCOL Preoperatively, M-Mode TAPSE was recorded by the cardiclogists during the routine
preoperative TTE examination. They also reported the RV function qualitatively as normal or dysfunctional
(mild/moderate/severe) and hypertrophic or dilated based on visual assessment of apical 4 chamber view. After anesthesia
induction, TTE guided M Mode TAPSE was repeated on table and documented. TEE probe was introduced and RV
function assessment was done by measuring m-2D TAPSE and RV FAC (Image No. 1{A) and Image No. 1(B)) in the mid
esophageal 4 chamber view. In case of difficulty in delineating the endocardial border while measuring RV FAC, agitated
saline was used for better clarity. M Mode TAPSE was measured in both deep trans gastric 4-chamber view (Image No.2)
and trans gastric RV inflow view (Image No. 3) using IE 33 echo machine (Philips Ultrasound, USA) in patients who satisfied
the inclusion and exclusion criteria. Measurements were taken before pericardiotomy. Since RV function can be affected
by the LV, ejection fraction of the left ventricle was also assessed using Simpson’s disc method. The other factors which
affect RV function such as its diastolic function, grade of tricuspid regurgitation, presence of pulmonary artery
hypertension, use of inotropes was also be recorded for analysis.

The m-2D TAPSE was measured by annotating an ‘arrow’ at the lateral tricuspid valve annulus at end-diastole in a mid
esophageal 4-chamber view (Image No. 4). Image was then scrolled to end-systole and the displacement was measured
with the calliper (Image No. 5). Measurements were done at the end-expiratory period and average of two readings were
recorded. Measurements by the principal and co-investigators were analysed for interpreting the accuracy and inter &
intra-observer variability. These measurements were repeated after surgery in the post-CPB period and after sternal
closure. Pre-CPB findings were compared to the trans-thoracic M Mode TAPSE (Image No. 6). INTERVENTIONS:

This study was a prospective observational study and no intervention was required. OUTCOME PARAMETERS:
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Evaluation of study objectives were the outcome parameters
STATISTICAL ANALYSIS

A sample size of 38 per group (Adult and Paediatric) was needed to detect a minimum of 0.5 correlation between the
parameters with 90% power and 5% alpha error. Considering 10% drop-out rate because of technical reasons such as
poor images or probe related issues, the sample size was calculated as 42 per group. All Quantitative variables were
checked for normal distribution within each category of explanatory variable by using visual inspection of histograms and
normality Q-Q plots. Shapiro- Wilk test was also conducted to assess normal distribution. Shapiro-Wilk test p value of
<0.05 was considered as normal distribution. For normally distributed Quantitative parameters the mean values were
compared between study groups using Independent sample t-test (2 groups). For normally distributed Quantitative
parameters the mean values were compared between study groups using ANOVA (<2 groups). For non-normally
distributed Quantitative parameters, Medians and Interquartile range (IQR) were compared between study groups using
Mann Whitney U test (2 groups). The association between explanatory variables and categorical outcomes was assessed
by cross tabulation and comparison of percentages. Odds ratio along with 95% Cl is presented. Chi square test was used
to test statistical significance

“ MATCHING BLOCK 6/7 SA Nithi thesis write up.docx (D75651927)

P value > 0.05 was considered statistically significant. IBM SPSS version 25 was used for statistical analysis.
RESULTS

Feasibility
A total of 84

patients satisfied all the inclusion criteria for the study. 42 patients were adults and 42 were in the paediatric age group. 32
patients in adult group and 20 patients in paediatric group could not be allotted to the study due to lack of echo images.
Post sternal closure echocardiography could not be deone in 10 adult patients and 13 paediatric patients due to the non-
availability of TEE machine at that point of time. 17 adult patients and 4 paediatric patients had to be excluded due to poor
TG RIGHT VENTRICULAR INFLOW M mode alignment to the tricuspid valve annulus. 5 adult patients and 3 paediatric
patients had poor RV endocardial border demarcation and could not be included. Consort Diagram for adult and
paediatric groups are represented by Figure No. 1 and Figure No. 2 respectively. Population Mean age of our adult study
population was 59.2 + 7.9 years and 33 of the 42 patients were males (78.57%). 42.8% of our adult group had LV systolic
dysfunction (Ejection Fraction >55%) and all patients had good RV systolic function (TAPSE<16mm) in preoperative
transthoracic echocardiographic evaluation. 26.2% patients had some degree of tricuspid regurgitation. However, only
2.76% documented presence of pulmonary artery hypertension.

Mean age of our paediatric study population was 2.65 + 1.5 years and 29 of the 42 patients were males (69.05%). 47.62%
of our paediatric group had LV systolic dysfunction (Ejection Fraction >55%) and 26.2% patients had decreased RV systolic
function (TAPSE>16mm) in preoperative transthoracic echocardiographic evaluation. 19.05% patients had some degree of
tricuspid regurgitation. However, only 11.9% documented presence of pulmonary artery hypertension. More than half of
the patients studied in the paediatric group were toddlers and nearly a quarter of them were children. 19% of the study
population were infants. 90.5% of the adult patients underwent CABG. Among paediatric patients, Tetralogy of Fallot was
the most common diagnosis (33%), followed by ASD with PAPVC (26.2%) and ASD (11.9%).

Demographic and echocardiographic parameters of all patients are summarised in Table No. 1. Age distribution of the
patients in the paediatric group is represented in Figure No. 3. Description of the conditions for which adult and paediatric
patients were operated on is shown in Figure No. 4 and Figure No. 5 respectively.

Right ventricular geometry, Tricuspid regurgitation and TTE M Mode TAPSE. All the adult patients had a normal right
ventricular geometry. However, only 16.7% of the paediatric group had a normal right ventricle. RV was dilated in 64.29%
and hypertrophic in the remaining 19.05% of the paediatric group. Distribution of right ventricular geometry in each group
is represented in Table No. 2. All the patients had good right ventricular systolic function in the adult group
(TAPSE<16mm). No association was found between the presence of tricuspid regurgitation and preoperative TAPSE in
adults (p value = 0.908) as represented in Table No. 3. However, paediatric patients showed significant association
between the preoperative TAPSE and presence of tricuspid regurgitation (p value = 0.002) as represented in Table No. 4.
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Comparison of TTE M Mode TAPSE to TEE m-2D TAPSE, Deep Trans-gastric M Mode TAPSE and Trans-gastric Right
ventricular Inflow M Mode TAPSE measured before pericardiotomy.

TTE guided M mode TAPSE was compared to TEE guided m-2D TAPSE, Deep Trans-gastric M Mode TAPSE and Trans-
gastric Right Ventricular Inflow M Mode TAPSE. All the measurements were taken before pericardiotomy. Positive
correlation (r<0) was found between the TTE guided M Mode TAPSE and all the three TEE guided measurements in the
adult group, as shown in Table No. 5. However, the positive correlation was found to be significant only in the case of m-
2D TAPSE (r = 0.379 and p value = 0.013).

Similarly, in the paediatric group, all the three TEE guided measurements of RV systolic function, namely, m-2D TAPSE (r =
0.687), Deep Trans-gastric M Mode TAPSE (r = 0.315) and Trans-gastric Right Ventricular Inflow M Mode TAPSE (r = 0.660)
showed positive correlation (r<0) with TTE guided M Mode TAPSE measured before pericardiotomy. Unlike in the adult
group, all the positive correlations were statistically significant. Table No. 6 demonstrates the same.

Figure No. 6, Figure No. 7 and Figure No.8 represents correlation between the said parameters in scatter plot diagrams in
adults. Figure No. 9, Figure No. 10 and Figure No. 11 shows the correlation between the TEE guided echocardiographic
measurements and TTE guided M Mode TAPSE before pericardiotomy in the paediatric group.

Medified 2D TAPSE and RV FAC.

Correlation between TEE guided m-2D TAPSE and Right ventricular FAC in adult and paediatric group before CPB, after
CPB and after sternal closure are depicted in Table No. 7 and Table No. 8 respectively.

RV FAC in adult population showed positive correlation (r=0.414) with m-2D TAPSE measured before pericardiotomy. The
correlation was statistically significant (p value = 0.006). positive correlation between the two parameters continued after
CPB and after sternal closure. However, they were no longer statistically significant.

Comparison of Modified 2 D TAPSE with Deep Trans-gastric M Mode TAPSE and Trans-gastric Right ventricular Inflow M
Mode TAPSE.

Correlation of Modified 2 D TAPSE with Deep Trans-gastric M Mode TAPSE and trans-gastric Right Ventricular Inflow M
Mode TAPSE before CPB, after CPB and after sternal closure in adult and paediatric group is represented in Table No. 9
and Table No. 10 respectively.

Positive correlation was evident between modified 2 D TAPSE and Deep Trans-gastric M Mode TAPSE in the adult group
before CPB, after CPB and after sternal closure. The correlation was statistically significant (p value 0.009 v >0.001 v
>0.001). Similarly, m-2D TAPSE and Trans-gastric Right Ventricular Inflow M Mode TAPSE showed statistically significant
positive correlation before CPB, after CPB and after sternal closure (p value >0.001 v >0.001 v>0.001).

Positive correlation was demonstrable between modified 2 D TAPSE and Deep Trans-gastric M Mode TAPSE in the
paediatric group as well before CPB, after CPB and after sternal closure. The correlation was statistically significant (p
value >0.001 v >0.001 v >0.001). Similarly, m- 2D TAPSE and Trans-gastric Right ventricular Inflow M Mode TAPSE showed
statistically significant positive correlation at all the three time points studied (p value >0.001 v >0.001 v>0.001).

Analysis of method agreement of TEE guided m-2D TAPSE, Deep Trans-gastric M Mode TAPSE and TG Right Ventricular
Inflow TAPSE to TTE guided M Mode TAPSE. Comparison of different methods of measurement of RV function using TEE
namely m-2D TAPSE, Deep Trans-gastric M Mode TAPSE and TG Right Ventricular Inflow TAPSE to preoperative TTE
guided M Mode TAPSE in adult and paediatric group is shown in Table No.11 and Table No. 12 respectively. Measurements
taken before CPB are used for the analysis.

Bias inherent in each method is given along with limits of agreement. Statistical analysis was done on the bias associated
with each methed to identify whether the bias was statistically significant when compared to preoperative TTE guided M
Mode TAPSE, which was taken as the reference method. Bias associated with m-2D TAPSE (-0.97 in adults and 0.17 in
paediatric group) and Deep Trans-gastric M Mode TAPSE (-1.29 in adults and -0.6 in paediatric group) were not statistically
significant. However, Trans-gastric Right Ventricular Inflow M Mode TAPSE was found to have high Bias (-0.68 in adult
group and -6.14 in paediatric group} which was of statistical significance (>0.001 in both groups).

Longitudinal changes in m-2D TAPSE, Deep Trans-gastric M Mode TAPSE, Trans-gastric Right Ventricular Inflow TAPSE
and RV FAC before CPB, after CPB and after sternal closure.
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Longitudinal changes in the measurements of RV function during the surgery, namely, m-2D TAPSE, Deep trans-gastric M
Mode TAPSE, Trans-gastric Right Ventricular Inflow TAPSE M mode TAPSE and RV FAC in adult and paediatric group are
shown in Table No. 13 and Table No. 14 respectively. Measurements of longitudinal movement of the right ventricle
documented a significant decline after CPB as well as after sternal closure in both adult and paediatric groups (p
value>0.001). RV FAC, the global measurement of RV function, also showed significant changes after CPB as well as
sternal closure. While the TAPSE values declined, RV FAC in adults showed an increasing trend after the CPB as well as the
sternal closure (46.35 + 10.61 v 50.63 + 13.02 v 52.63 + 11.05). In the paediatric group, TAPSE values significantly declined,
however, RVFAC decreased after the CPB and improved beyond the pre CPB values after the sternal closure (474 + 11.04
v 43.36 + 832 v 48.33 + 12.95). the changes were statistically significant.

Measurement of Reliability. Inter-observer and intra-observer variability in TEE guided m-2D TAPSE, Deep Trans-gastric M
Mode TAPSE, Trans-gastric Right Ventricular Inflow M Mode TAPSE and TTE guided M Mode TAPSE in adult and paediatric
group are shown in Table No. 15 and Table No. 16 respectively. Preoperatively measured TTE guided M Mode TAPSE was
used as the reference (7.83% interobserver variability v 9.47% intra-observer variability). In adult group, Deep Trans-gastric
M mode TAPSE had the least percentage error (6.96% v 9.1%), even lesser than the reference. Modified 2-D TAPSE similarly
had low bias and percentage error (10.56% v 13.10). Trans-gastric Right Ventricular Inflow M mode TAPSE had the highest
variability among all the methods (53.45% v 30.48%).

Preoperatively measured TTE guided M Mode TAPSE was used as the reference in paediatric group (9.27% interobserver
variability v 10.19% intra-observer variability). m-2D TAPSE had the least percentage error (4.42% v 12.24%) in the paediatric
group. Deep Trans-gastric M Mode TAPSE similarly had low interobserver variability (10.82%). Trans-gastric Right
Ventricular Inflow TAPSE had the highest variability among all the methods (55.67% v 31.65%). DISCUSSION

Right ventricle is described as the red herringl in cardiac surgery due to the many fallacies associated with the
measurement of its function. Global measurements require approximation of a geometrical shape which is impossible in
the case of right ventricle due to its complex nature. Longitudinal movement provides an opportunity for measurement
which echocardiographers world-wide have utilised over decades.

84 patients (42 adults and 42 children) were included in our study making it one of the very few studies that have
attempted to assess RV function in the paediatric age group. Nearly 50% of our paediatric study population were toddlers,
more than a quarter were children and the remaining were infants constituting a reasonable distribution of different age
groups. Nearly 1/3rd of the paediatric study group suffered from cyanotic congenital heart disease, which is a good
representation of the proportion of cyanotic and acyanctic cases dealt with in our institute.

We considered TTE guided TAPSE measurement as the reference standard for our study as it is universally considered to
be accurate and reliable due to excellent alignment of the lateral tricuspid annulus with the M mode. TEE guided
measurements namely m-2D TAPSE, Deep Trans-gastric M Mode TAPSE and Trans-gastric right Ventricular Inflow M
Mode TAPSE were specifically measured before pericardiotomy while documenting the pre-CPB values to exclude the
influence of pericardiotomy on the longitudinal movement of the right ventricle.

m-2D TAPSE, Deep Trans-gastric M Mode TAPSE and Trans-gastric Right Ventricular Inflow M Mode TAPSE had positive
correlation (r<0) with TTE M Mode TAPSE in both adult and paediatric population. In the adult group, only m-2D TAPSE
(p=0.01) had statistically significant correlation with the TTE guided M mode TAPSE. However, in paediatric study group,
correlation shown by all the three methods were statistically significant {p values >0.001 v 0.042 v >0.001). Forner et. al.,15
similarly demonstrated good agreement of 2D TAPSE and Deep Trans-gastric M Mode TAPSE with TTE guided M Mode
TAPSE. Only adult patients were included in the study. No similar studies are available in the paediatric age group.

Our study demonstrated positive correlation between RV FAC and m-2D TAPSE before CPB, after CPB and after sternal
closure in both paediatric (r= 0.572 v 0.104 v 0.185} and adult groups (r=0.414 v 0.075 v 0.246). This correlation was
statistically significant only before CPB (p=0.006 in adult group vs p>0.001 in paediatric group). Morita et. al.,6 showed
similar correlation between m-2D TAPSE and RV FAC. The study concluded that m-2D TAPSE should be considered as an
alternative to RV FAC as it was easily measurable. Skinner et. al.,8 made similar observations and demonstrated a positive
correlation (r=0.58) between RV FAC and m-2D TAPSE. They inferred that clarity of the lateral border of tricuspid annulus
is better compared to the endocardial border delineation. Our study agrees with both these observations. Lack of
significant correlation of m-2D TAPSE with RV FAC after pericardiotomy and sternal closure could be due to the reduction
in RV longitudinal contraction after pericardiotomy3 while the RV global function remained unchanged. Donauer et. al. 4
demonstrated by strain analysis that while TAPSE decreased by 447% after sternal closure, RV global function measured by
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RV EF remained unchanged after pericardiotomy and sternal closure. Forner et. al, 15 also documented good correlation
of RV FAC and TEE guided TAPSE measurements.

m-2D TAPSE, Deep Trans-gastric M Mode TAPSE and Trans-gastric Right ventricular Inflow M Mode TAPSE had statistically
significant positive correlation before CPB, after CPB and after sternal closure in both adult (p = 0.009 v p> 0.001 v
p>0.001) and paediatric groups {(p>0.001v p>0.001v p>0.001). Very few studies have compared longitudinal changes and
method agreement of different methods of TAPSE measurement by TEE during cardiac surgery and after sternal closure.
Korshin et. al,,7 documented good correlation between the different methods of TAPSE measurements after sternotomy,
after pericardiotomy, after completion of CPB and after sternal closure. This is in agreement with our study.

On comparison of method agreement of different TEE guided measures to TTE guided M Mode TAPSE, it was found that
m-2D TAPSE, Deep Trans-gastric M Mode TAPSE and Trans-gastric Right ventricular Inflow M Mode TAPSE demonstrated
positive correlation to preoperative TTE guided M Mode TAPSE. However, Trans-gastric Right ventricular Inflow M Mode
TAPSE had significant (p>0.001) bias in both paediatric [-6.14(-12.5 to 0.24)]) and adult group [-6.83(-15 .08 to 141)],
making it less accurate in assessing RV function. A study by Forner et. al., 15 documented similarly high bias in the
measurement of Trans-gastric Right ventricular Inflow M Mode TAPSE [ Bias with LOA = -8.09(-9.75 to -6.43)]. While we
found low bias [-1.22(-10.16 to 7.58)] in Deep Trans-gastric M mode TAPSE measurements, Forner et. al., documented
higher bias [-5.73 (-7.14 to -4.33)].

m-2D TAPSE, Deep Trans-gastric M Mode TAPSE and Trans-gastric Right ventricular Inflow M Mode TAPSE documented
significant decline after CPB and sternal closure. Unsworth et. al.3, documented similar decline in right ventricular long
axis velocities after full opening of the pericardium in patients who underwent elective cardiac surgeries. This decrease in
right ventricular long axis velocities persisted till the end of the surgery. They concluded that pericardial opening caused
persistent and immediate fall in right ventricular long axis velocities. Our study is in agreement with the observations
documented by Unsworth et. al., as we found that the decline in TAPSE persisted even after sternal closure.

RV FAC, however, showed significant increase (p=0.012) after CPB which was sustained even after sternal closure, in
adults (46.35 + 10.61v 50.63 + 13.02 v 52.63 + 11.05). This could be secondary to the presence of adrenaline infusion
(100%) after CPB in CABG patients, who constituted 90% of the patient population in adult study group. Inotropic effect of
the adrenaline as well as recovery from myocardial stunning at the end of the surgery could be the reason why RV global
functions showed sustained significant improvement (p =0.001) even during sternal closure. In paediatric group, RV FAC
declined after CPB and improved to values higher that pre CPB levels after sternal closure (47.44 + 1104 v 4346 + 832v
48.33 + 12.95). This change was also statistically significant. Post CPB decline could be due to the presence of myocardial
stunning after CPB. Myocardial recovery by the end of the surgery along with the presence of milrinone (100% in patients
with TOF) that reduced RV afterload could have led to improvement after sternal closure. This observation is contradictory
to the findings of the study done by Singh et.al.14, where they documented decreased FAC, TAPSE and RV strain after CPB
and sternal closure in adult patients who underwent cardiac surgeries. The authors could not explain the reason for
persisting global right ventricular dysfunction.

Measurement of reliability showed that Deep Trans-gastric M Mode TAPSE (inter observer variability v intra- observer
variability 6.96% v 9.10%) had the least interobserver variability and intra-observer variability (measured as percentage
error) in the adult group. It was lower than TTE guided M Mode TAPSE (7.83% v 9.47%), which was the reference. This was
in concurrence with the study by Korshin et al.,7 which documented similar interobserver variability of 8.5% and intra-
observer variability of 9.2% for Deep Trans-gastric M Mode TAPSE. M- 2D TAPSE also documented values similar to TTE M
Mode TAPSE (7.83% v 9.47%). However, Trans-gastric Right Ventricular Inflow M Mode TAPSE had unacceptably high inter
and intra-observer variability (53.45% v 30.48%). This is in contrast to the strikingly low inter observer (12%) and intra-
observer (11.2%) variability demonstrated by Korshin et al., in the measurement of the Trans-gastric right ventricular Inflow
TAPSE. The study even recommended using Trans-gastric Right Ventricular Inflow M Mode TAPSE as it was readily
available. Our study, however, found trans-gastric Right Ventricular Inflow M Mode TAPSE highly unreliable.

In the paediatric group, m-2D TAPSE had the least error (4.42% v 12.24%) during repetition. Trans-gastric Right Ventricular
Inflow M Mode TAPSE (55.6% v 10.19%) documented poor repeatability in paediatric group as well. Obtaining a well
aligned Trans-gastric Right ventricular Inflow TAPSE was not an easy task. Many cases could not be included in the study
due to poor alignment of the M mode to the annulus in Trans-gastric Right Ventricular Inflow M Mode TAPSE.

All the patients were on inotropic supports after cardiopulmonary bypass. Noradrenaline and adrenaline infusions of
appropriate concentrations were used in CABG and AVR patients, whereas MVR patients received dobutamine infusion
and noradrenaline infusion as per institute protocol. Infusion of intravenous milrinone with intravenous noradrenaline
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were used in paediatric patients with doses being decided on a case to case basis. All the patients were transferred to
cardiac surgery ICU uneventfully.

LIMITATIONS OF THE STUDY

1. Anatomical M Mode was not available in our echocardiography machine. This made Trans-gastric Right Ventricular
Inflow M Mode TAPSE measurement technically difficult. 2. Paediatric patients had a variety of diagnoses for which they
were operated on. This led to lack of uniformity in our patient population. However, our patients do represent the
common diseases for which paediatric cardiac surgery is being carried out in our institute.

3. Advanced measurements of RV function including 3D volumetric analysis and 2D strain analysis were not part of our
study. They were excluded in the planning stage as we focussed on quickly attainable and universally available tools of
measurement.

CONCLUSIONS

1 Intraoperative TEE guided modified 2 D TAPSE and Deep Trans-gastric M Mode TAPSE are comparable to preoperative
TTE guided M Mode TAPSE in terms of accuracy, inter-observer and intra-observer variability in adult and paediatric
population.

2. Intraoperative TEE guided Trans-gastric Right ventricular Inflow M Mode TAPSE shows positive correlation but has less
accuracy and high intercbserver and intra-observer variability when compared to preoperative TTE guided M Mode TAPSE
in both adult and paediatric population.

3. Intraoperative TEE guided modified 2 D TAPSE has significant correlation to RV FAC, Deep Trans-gastric M Mode TAPSE
and Trans-gastric Right Ventricular Inflow M Mode TAPSE before pericardiotomy in both adult and paediatric population.

4. Intraoperative TEE guided modified 2 D TAPSE, Deep Trans-gastric M Mode TAPSE and Trans-gastric Right Ventricular
Inflow M Mode TAPSE declined significantly after cardiopulmonary bypass and after sternal closure.

5. RV FAC significantly increased after CPB and after sternal closure in adults. In paediatric group, RV FAC declined after
CPB and improved significantly after sternal closure to pre CPB levels.

Hence, we conclude that TEE guided modified 2 D TAPSE and Deep Trans-gastric M Mode TAPSE can be used
intraoperatively before pericardiotomy for accurate assessment of right ventricular function comparable to TTE guided M
Mecede TAPSE in adult and paediatric patients undergoing cardiac surgery. We also propose not to use Trans-gastric right
ventricular inflow M mode TAPSE intracperatively for assessment of right ventricular function due to inaccuracy and high
inter observer variability and intra-observer variability of the methed.
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