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INTRODUCTION 

Left ventricular (LV) systolic function predicts for perioperative morbidity and 

mortality in patients undergoing coronary artery bypass grafting (CABG) 1,2. Transoesophageal 

echocardiography (TEE) is a valuable tool for assessing intraoperatively LV systolic function. 

Various echocardiographic parameters have been used to define the LV function: such as 

fractional shortening, fractional area change, ejection fraction (EF) and wall thickening. For 

evaluation of regional and global myocardial function reliable and reproducible parameters are 

required which guides the perioperative physician in stratifying perioperative risk and 

management3. Unfortunately, the parameters mention above has several limitations in 

evaluating the LV myocardial function. These limitations include necessity for geometric 

assumptions, dependence on preload and afterload, less reproducibility and alteration with 

hemodynamic changes and translational motion4,5.  

Wall motion severity index (WMSI) is often used to predict outcomes after the CABG6. 

However, it is limited by necessity for expertise, failure to distinguish grades of hypokinesia 

and inability to pick up subtle abnormalities 7. Wall motion of the endocardium denotes changes 

in the radial mechanics of heart, ignoring the longitudinal myocardial function which may be 

altered in the initial stage of myocardial ischemia. In addition, the LVEF may not be reduced 

unless many myocardial segments are involved in ischemic injury. An area of normally 

contracting myocardium surrounding the infarcted area may appear akinetic due to tethering 

effect, which may overestimate the infarct size by the method of WMSI8. Similarly, the LVEF 

may not be sensitive to detect the early changes in myocardial dysfunction9.  

 Tissue doppler imaging (TDI) uses doppler principles to quantify the higher amplitude, 

lower velocity signals of myocardial tissue motion10. Systolic myocardial velocity at the lateral 

annulus measures longitudinal systolic function and correlates well with LV ejection fraction 

measurements. The assessment of myocardial deformation by doppler or speckle tracking 

techniques are considered more sensitive and consistent parameters for detecting subclinical 

dysfunction of myocardium, having a well – defined normal range 11. The myocardial velocity 

and strain quantification performed using doppler based techniques using transthoracic 

echocardiography have been advocated for the quantification of myocardial function12. 

However, the doppler interrogation is limited by angle dependency and noise artifacts in the 

operation suite. 
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 The 2D speckle tracking echocardiography (STE), a relatively newer technique 

introduced in clinical practice measures the tissue deformation and provide accurate and 

objective information pertaining to regional and global myocardial function in real time and 

improves the diagnostic accuracy due to decrease variability in the subjective interpretation. 

Published reports describe identification of subclinical LV dysfunction in ischemic heart 

disease using global longitudinal strain (GLS) derived from STE 13. The GLS has been shown 

to have many advantages over WMSI due to less interobserver variability. Similarly, the GLS 

is more sensitive in detecting wall motion abnormalities than WMSI during dobutamine stress 

echocardiography in ischemic heart disease14. The subendocardial area of the left ventricle, 

which is frequently used for quantification of longitudinal strain is at the risk of developing 

ischemia in CABG patients that may derange the GLS segmental strain15.  

 The mitral annular plane systolic excursion (MAPSE) is often considered a surrogate 

marker for LVEF. Studies has shown that reduced MAPSE correlates with LV systolic 

dysfunction after heart failure, myocardial infarction, shock and atrial fibrillation. Ejection 

fraction may be derived from MAPSE using following formula in adult males, which has been 

validated by published study 16 (LVEF = 4.8 x MAPSE (mm) + 5.8). Willeheiner et al17 in their 

study have shown that the patient mortality was 36% when MAPSE was less than 6.4mm, 

compared to insignificant mortality when MAPSE value exceeded 10mm. In patients with 

normal or preserved LVEF, MAPSE showed good correlation with longitudinal strain at rest as 

per study done by Wenzelburger et al18. MAPSE also had significant correlation serum beta 

natriuretic peptide19 (BNP) levels and could predict long-term survival in patients with heart 

failure. 

 Tissue mitral annular displacement (TMAD) is a new parameter introduced on recent 

echocardiographic platforms for the evaluation of longitudinal systolic function. 

Characteristically, the STE-TMAD measurement has an edge over other methods of 

longitudinal functional evaluation that it is not affected by endocardial definition and dropout 

artifacts of myocardium. In a study published Dai asada et al20, the authors reported a 

significant correlation between LVEF and TMAD (r = 0.71, p < 0.01) and GLS and TMAD (r 

= - 0.77, p < 0.01). Their results suggested that TMAD was useful in assessing LVEF and 

longitudinal function with insignificant influence of changes in heart rate and body surface 

area. Majority of the studies evaluating the TMAD were performed using transthoracic 

echocardiography (TTE) and studies based on intraoperative TEE are lacking. 
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 We prospectively compared the TMAD measurements with other parameters of LV 

systolic function that is MAPSE, TDI- based mitral annular velocity, LVEF and GLS. We 

compared these parameters with two anaesthetic regimens incorporating sevoflurane or 

propofol. 

Figure 1: TMAD measurements in mid-esophageal four-chamber view. 

 

Figure 1 shows mid-esophageal four-Chamber loop opened in Q-lab using CMQ 

software displaying TMAD acoustic markers and measurements. 

 

Figure 2 TMAD measurements in mid-esophageal two-chamber view. 

 

Figure 2 Shows mid-esophageal Two-chamber loop opened in Q-lab using CMQ 

software displaying TMAD acoustic markers and measurements. 
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AIMS AND OBJECTIVES 

 

Hypothesis:  We hypothesize that  

Null Hypothesis:  

1. There is no difference in M-mode MAPSE, mitral annular velocity  

(MAV) with TDI, GLS and TMAD before and after CABG in patients.  

2. There is no difference in the effects of sevoflurane and propofol 

anaesthesia in MAPSE, MAV with TDI and TMAD before and after 

CABG in patients  

3. There is no difference between GLS and M-mode MAPSE, MAV with 

TDI and TMAD, before and after CABG.  

Alternate hypothesis:   

1. MAPSE, MAV with TDI and TMAD are different before and after 

CABG in patients.  

2. There are different effects of sevoflurane and propofol anaesthesia on 

MAPSE, MAV with TDI and TMAD and before and after CABG  

3. GLS, MAPSE, MAV with TDI and TMAD are different before and after 

CABG  

Primary objectives:  

1. To compare effects of sevoflurane and propofol anesthesia on changes in 

MAPSE, MAV with TDI, GLS and TMAD in CABG patients. 

2. To compare differences between GLS, MAPSE, MAV with TDI and 

TMAD in CABG patients. 

Secondary objectives:  

To ascertain intra-observer and inter-observer variability between TMAD 

and GLS. 
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REVIEW OF LITERATURE 

Methods for evaluating intraoperative LV systolic function and their limitations  

In CABG patients intraoperative TEE helps to monitor LV function for 

detection of acute ischemia manifesting as new regional wall motion abnormality. 

Patients with LV systolic dysfunction has poor prognosis, so needs early 

identification.21 Different methods to assess LV systolic function like WMSI, 

fractional shortening, fractional area change, LVEF by 2DE or doppler parameters of 

cardiac structures guide clinicians to decide on various treatment modalities. Out of 

which LVEF is simple and very good predictor of mortality associated with LV systolic 

dysfunction 22. But its use is limited due to many LV geometric assumptions to be 

made, difficulty to get correct endocardial borders and load dependence. Visual 

assessment of LV systolic function and WMSI though popular among clinicians, is 

dependent on operators experience with interobserver variability and not a sensitive 

predictor of subclinical myocardial dysfunction. Other methods like stroke volume, 

cardiac output, fractional area change also depends on load and has interobserver 

variability. Advanced 3D echocardiography systems23, with post processing capability, 

performed by highly trained clinicians is superior to 2DE in assessing LV systolic 

function.  

Necessity for accurate estimation of LV systolic function   

More than 6,00,000 patients undergo CABG annually throughout the world24. 

Intraoperative TEE assessment of LV systolic function by WMSI, LVEF, cardiac 

output may fail to identify early stages of dysfunction. Studies proved WMSI as a poor 

predictor25 of major adverse cardiac events and hospital admissions in coronary artery 

disease (CAD) patients, while GLS is a strong predictor. Cardiovascular risk 

assessment by GLS is more accurate than LVEF. Newer method of speckle tracking – 

based TMAD seems to be more simple and reliable method of assessing LV systolic 

function26. 
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MAPSE (mitral annular plane systolic excursion):  

MAPSE obtained using M mode echocardiography is a reliable method 

in assessing LV systolic function. Patients with myocardial infarction, heart failure and 

cardiogenic shock with LV systolic dysfunction showed reduced MAPSE. As shown in 

Willenheimer et al17 study MAPSE <6.4mm is associated with increased one - year 

mortality (36%) compared to MAPSE > 10mm. Nithin et al found 43.8% incidence of 

hospital admission and mortality in post myocardial infraction patients with MAPSE 

<8mm. In a 10 -year follow-up study on patients with heart failure, serum beta 

natriuretic peptide levels19 and MAPSE showed very good association. TTE studies27 

in patients with normal LV morphology and motion showed, 90% sensitivity and 87% 

specificity of preserved LVEF >55% when MAPSE value of >10 mm and 98% 

sensitivity and 82% specificity with decreased LVEF of <50% when MAPSE was 

<8mm. Global LV longitudinal function assessed by MAPSE is simple and similar to 

tissue doppler velocity and speckle tracking of mitral annulus in patients with heart 

failure with normal or preserved LV ejection fraction. In adult males with LV 

dysfunction, as per a recent study, LV EF can be calculated by the following formula16: 

LVEF = 4.8 X MAPSE (mm) + 5.8. 

 

Myocardial deformation and strain imaging   

In left ventricular myocardium, the myocardial fibres are arranged in layers 

which forms a leftward and rightward, subepicardial and subendocardial helix 

respectively. This arrangement of fibres28 imparts longitudinal motion (mitral annulus 

moving to apex), radial motion (epicardium towards endocardium) and circumferential 

motion (tangential to epicardium) during systole and diastole. This myocardial 

arrangement causes systolic shortening in longitudinal plane, thinning in 

circumferential and thickening in radial plane with inverse changes during diastole. 

Visualisation of heart from apex reveals clockwise rotation at the base and counter 

clockwise rotation at the apex of the LV during systole.  Conventional 2D-TEE 

imaging falls short to delineate the 3D complex motion of the heart.  Function of 

middle layer of the myocardium alone is displayed on 2D-TEE imaging, which can be 

assessed as endocardial excursion inwardly in mid-esophageal (ME) views and 

thickening in trans-gastric (TG) views. The effective myocardial contraction during 
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systole is contributed significantly by radial thickening (40%) and longitudinal 

shortening (14%). The first impact of acute ischemic event29 deteriorates longitudinal 

motion of the subendocardial layer of myocardium.  However, ascertaining the 

longitudinal motion (ME views) and circumferential motion (TG views) may be 

difficult on 2DE.  The assessment of myocardial deformation by STE overcomes most 

of these limitations. 

 

Speckle tracking echocardiography (STE) 

By tracking of the denoted “speckles” the STE ascertains myocardial 

movement and deformation in echocardiographic images. The bright and dark pixels 

in standard B-mode images, which are known as “fingerprints” are consistently 

assigned to small regions of the myocardium. The inhomogeneous design of 

myocardial tissue produces peculiar constructive and destructive interference patterns 

of the speckles continuously in the cardiac cycle which can be tracked by the 

ultrasound signals30. Various parameters such as displacement, velocity, strain and 

strain rate within the predetermined myocardial segments are extracted by the software 

algorithm.  Dependence on insonation angle of ultrasound beam, a major limitation of 

tissue doppler imaging, can be overcome by the STE strain quantification, which 

focuses on speckle displacement within the region of interest with respect to previous 

frames during the cardiac cycle. Therefore, the STE strain quantification remains 

independent of angle of insonation unlike the tissue doppler imaging.  As the STE can 

measure deformation in two planes, it can perform strain quantification simultaneously 

in longitudinal and transverse planes at long axis views and radial and circumferential 

planes at short axis views. Tethering or translation artifacts are rarely encountered 

during STE strain quantification. Due to the tethering effect the ischemic myocardial 

segments contiguous with segments having normal contraction may also appear to 

have displacement and velocity. On the contrary the regional strain and strain rate 
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value is zero in the tethered segment in the absence of deformation 31. Thus, lack of 

strain and SR in the tethered segments may discern between the active contraction and 

passive motion. Therefore, the STE may be considered the reference method for the 

measurement of myocardial strain as it is a robust parameter of myocardial 

deformation with permissible intra-observer variability and inter-observer variability.  

Limitations of STE strain quantification 

Acquiring good echocardiographic images which determines the speckle 

tracking of endocardial borders correctly, limits strain quantification by STE. The 

accuracy of strain measurement is decreased due to inadequate tracking secondary due 

to complex 3D out of plane motion of the heart, acoustic shadowing and reverberation 

artifacts32. Operator based settings such as position of speckles at the region of interest 

(ROI) and defining endocardial borders also limits STE strain quantification. Though 

there are many limitations33, intraoperative myocardial function assessed by STE 

seems simple, easily reproducible and angle independent method of estimating strain. 

Comparison of GLS with gold standard CMR method 

The gold standard method of evaluating cardiac chambers volumes and function is by 

Cardiovascular magnetic resonance (CMR) imaging. In a study done by Brown et al 

(40) reported that GLS is effective in measuring global LV function and has good 

correlation with LVEF measured on CMR than that of 2DE among patients with wall 

motion abnormalities. The global and regional LV strain as quantified with CMR has 

better reproducibility as reported in a study done by Aurish et al 34.  

 

Tissue Mitral Annular Displacement (TMAD):  

TMAD is a newer parameter introduced on recent echocardiographic platforms for the 

evaluation of longitudinal systolic function. Characteristically, the STE-TMAD 

measurement has an edge over other methods of longitudinal functional evaluation that 

it is not affected by endocardial definition and dropout artifacts of myocardium. Dai 

asada et al20, reported a significant correlation between LVEF and TMAD (r = 0.71, p 

< 0.01) and GLS and TMAD (r = - 0.77, p < 0.01). This study shown that TMAD can 
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be useful in evaluating longitudinal systolic function of LV with no significant changes 

with heart rate and body surface area. In a study done in patients with non-ST elevation 

myocardial infarction by Poorzard et al35, reported that TMAD measurements 

correlates with the mortality in patients with occlusion of coronary arteries.  Another 

retrospective study done by Song et al26 in patients with sepsis induced 

cardiomyopathy, TMAD mid value of <9.75mm showed significant correlation with 

higher in-hospital and 28-day mortality. Majority of the studies evaluating the TMAD36 

were performed using TTE36 and studies based on intraoperative TEE are lacking.  

 

Effect of Volatile anaesthetic agents or Propofol on myocardial protection 

Two standard induction regimens used commonly in CABG patients are based on 

sevoflurane or propofol. Many studies comparing the myocardial protection between these 

two regimens37-40 had variable results. Sevoflurane based regimen seems to have better 

myocardial protection in CABG patients due to its anaesthetic preconditioning effects. In 

a study done by De Hert et al37 compared the cardioprotective effects of sevoflurane with 

propofol in cardiac surgery showed decrease rise of myocardial injury biomarkers in first 

36 postoperative hours in sevoflurane group. In the same study postoperative myocardial 

function was found better in elderly patients undergoing cardiac surgery with sevoflurane 

and desflurane based regimen than propofol based regimen. On the contrary, post operative 

troponin levels in patients undergoing CABG, isoflurane based38 regimen did not had any 

benefit compare to propofol regimen with use of opioids in both groups.   A multicentric 

randomized trial done by Landoni et al39 in cardiac surgery patients concluded no 

significant difference in duration of ICU stay or mortality between sevoflurane and 

propofol group. Sevoflurane based regimen did not decrease the incidence of myocardial 

ischemia in patients undergoing major noncardiac surgery compared to propofol based 

regimen as reported by Lurati et al40.  

Meta-analysis done by Feng li et al41 in 15 randomized controlled trials (RCT), 

found sevoflurane-based anaesthesia had more cardioprotective effects than propofol 

based anaesthesia in patients undergoing cardiac surgery. A meta- analysis done among 

cardiac surgery patients by Yao el at42 showed volatile based regimens were superior to 

propofol based regimens in reducing mortality and giving better myocardial protection. 

Another meta-analysis done by Beverstock et al43 found no significant difference in 
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mortality, 24 hour cardiac biomarker levels postoperatively and time to tracheal extubation 

between sevoflurane and propofol groups. 

Effect of Sevoflurane and Propofol on 2D STE derived strain values  

Intraoperative studies comparing sevoflurane and propofol regimens on 2D STE 

derived strain values are limited. Chennakeshavullu et al44 found no significant difference 

in sevoflurane and propofol groups in CABG patients on 2D STE derived GLS values. As 

per study done by Coleman et al45 propofol based anaesthesia did not reduce systolic 

function as measured by GLS in elective endoscopic surgeries.  

MAPSE is a routinely used parameter in the assessment of longitudinal function of 

LV, whereas speckle tracking TMAD is a relatively new parameter that ascertains LV 

longitudinal function. We compared both parameters with speckle tracking -guided GLS, 

which is an established parameter for LV longitudinal function assessment and treated as 

a reference parameter in our study. Both propofol and sevoflurane have different effects on 

LV longitudinal function. Hence, we compared MAPSE and TMAD with GLS when 

patients received two different anaesthetic regimens. TMAD may be an easy and reliable 

way to assess mitral annular movements than M-MODE MAPSE. There are several 

limitations of MAPSE such as interobserver variations. Studies published in international 

literature on this topic are very few. There are no published studies comparing MAPSE and 

TMAD in the intraoperative setting from India and also from our institute.  
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MATERIALS AND METHODS 

 

Approval from institutional ethics committee (IEC) was taken prior to the starting of the 

study. IEC approval number was SCT / IEC/ 1890 / May -2022. Our study was also registered 

with Clinical Trials Registry – India (CTRI) with number CTRI / 2023/ 02/ 049598 on 

09/02/2023. Informed consent was obtained from all patients regarding the conduct of study. 

All patients were thoroughly examined during pre-anaesthetic evaluation and educated 

regarding study protocol.  

This prospective randomised study was conducted in adult elective CABG surgical 

patients. Comparison was made between Group S (Sevoflurane group) and Group P (Propofol 

group) with 44 patients in each group. Study was done in a tertiary referral centre, a university 

level hospital, annually performing more than 1500 cardiac operations. Adult patients in sinus 

rhythm coming for elective CABG under cardio pulmonary bypass (CPB), between age group 

of 18 to 70 years, were included in this study. Patients with other associated complex anomalies, 

more than mild valvular heart diseases, with severe mitral annular calcification and those with 

contraindication to TEE probe placement were excluded from the study. Patient with poor 2D 

& 3D image quality and those coming for emergency and redo surgeries were also excluded 

from the study. Randomization was done by computer generated numbered, sealed, opaque 

envelope to assign patients to one of the following group: Sevoflurane group and Propofol 

group. 

Patients was selected on previous day during our pre-anaesthetic check-up and educated 

on the study in the presence of a witness. The witness could counter question the patient 

whether he/she really understood the proposed study, of which he/she was a part. Patients 

undergoing adult elective cardiac surgery were consecutively recruited and randomized into 

two groups (Group S: Sevoflurane group or Group P: Propofol group). Patients were advised 

to continue all medications except oral hypoglycaemic drugs, insulin, angiotensin - converting 

enzyme inhibitors and angiotensin - receptor blockers. Angiotensin-converting enzyme 

inhibitors and Angiotensin - receptor blockers were stopped 48hours prior to surgery. Insulin 

and oral hypoglycaemic drugs were stopped on the morning of surgery. Oral diazepam 5-10 

mg was administered for sedation the night before the day of surgery.  

The induction of general anaesthesia in the Sevoflurane group (S-Group) was with 

fentanyl (5-10 mcg/kg), midazolam (0.1 mg/kg), pancuronium (0.1 mg/kg) and sleep dose of 

propofol (0.5 to 1mg/kg). Anaesthesia was maintained with sevoflurane with 0.5 to 1 minimum 
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alveolar concentration (MAC) throughout the procedure, including CPB, and was guided using 

bi-spectral index (BIS) values which was maintained between the range of 40 - 50. During 

CPB, sevoflurane was administered in the oxygenator circuit through a calibrated vaporizer. 

Fentanyl was administered to avoid changes of MAP within 20% from baseline but not less 

than 65 mm Hg. Patients in propofol group (P-Group) received TIVA throughout the surgery. 

Propofol (1-2 mg/kg), fentanyl (5-10 mcg/kg), midazolam (0.1 mg/kg) and pancuronium (0.1 

mg /kg) was used for anaesthesia induction. General anaesthesia was maintained with propofol 

infusion (50-100μg/kg/min) throughout the procedure including CPB. Intermittent fentanyl 

boluses (to a total dose of 20mcg/kg/min) were administered to avoid changes of MAP within 

20% from baseline but not less than 65mmHg. BIS was maintained in the range of 40- 50. No 

volatile anaesthetic was administered at any time during the procedure.  

In both groups during pre-CPB period, any hypertension or hypotension was treated with 

nitro-glycerine infusion or phenylephrine boluses, respectively to a target MAP of >65mmHg. 

Patients requiring repeated boluses of phenylephrine were treated with noradrenaline infusion 

(0.05 - 0.1 mcg/kg/min). All patients were mechanically ventilated with volume control 

ventilation mode. Intraoperative continuous monitoring in both groups included 5-lead 

electrocardiography with ST analysis, heart rate, invasive blood pressure, pulse oximetry, body 

temperature, respiratory gas monitoring, central venous pressure and BIS. All patients 

underwent coronary artery bypass grafting with CPB using heart lung machines with a roller 

pump for non-pulsatile perfusion and membrane oxygenators with a flow appropriate for the 

core temperature. Electromechanical quiescence was achieved using intermittent antegrade 

cold blood cardioplegia.  

At CPB weaning, if MAP < 65 mm Hg and TEE guided left ventricular outflow tract 

(LVOT) cardiac index (CI) >2L/min/m2, phenylephrine boluses of 1 - 2 mcg/kg were given. If 

desired targets were not achieved, despite repeated boluses, norepinephrine was added (starting 

dose of 0.05mcg/kg/min). Inotropes were administered only if contractility was found reduced 

on echocardiography. At the end of the surgical procedure, patients were transferred to the 

intensive care unit, where they were kept sedated with a continuous infusion of 20 mcg/kg of 

morphine. When hemodynamically stable and rewarmed, the patients were weaned from the 

ventilator and trachea was extubated. The study data was manually entered in the study chart 

as documented in annexure.  
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Echocardiographic protocols 

 After anaesthesia induction Real time 3dimensional trans-oesophageal 

echocardiography (RT-3D-TEE) probe was inserted and heart was inspected using 3D 

echocardiography system IE33, Philips Medical Systems, Andover, MA, USA. Data was 

acquired from mid-esophageal four-chamber view, two-chamber view, three-chamber view 

focussed on LV and aortic valve. Mitral annular movement both in lateral and septal area was 

evaluated using M mode to measure MAPSE and tissue doppler imaging to measure mitral 

annular velocity.  All images were acquired with 2D frame rate more than 50 frames / sec after 

optimizing gain and compression as describe by the European guidelines 2015 for speckle 

tracking. For tissue doppler the frame was narrowed to acquire frame rate >120. During 

MAPSE and tissue doppler measurements the movement of the mitral valve annulus was 

maintained as much parallel as possible to ultrasound beam (<15 degree). For MAPSE 

measurement the values were averaged between septal and annular motions and they were 

compared with the long axis length of the LV in diastole, acquired in two-chamber view. 

MAPSE was also measured in deep trans-gastric long axis view and higher value measured 

between ME and TG views was considered. LVEF was measured using modified Simpson’s 

method in X - plane mode.  

During measurement for TMAD the ME four-chamber loop and two-chamber loop 

were opened using Q-Lab (Version 7.0, Philips Medical systems, USA) and through cardiac 

motion quantification (CMQ) inbuilt software. In four-chamber view, at the origin of mitral 

valve leaflets, the acoustic markers were selected manually in the region of interest (ROI) at 

the septal and lateral parts and in two-chamber view at the anterior and inferior parts. The third 

ROI was placed at the apex of the LV. The movement of mitral annulus towards apex was 

automatically tracked by software and measurements were calculated as the average of base to 

apex displacement of both annulus in millimetre and the midpoint between the ROI. Midpoint 

displacement with respect to LV length at end-diastole was measured as percentage TMAD. 

The mean of three cardiac cycles of three measurements was recorded for analysis.  

 The GLS was measured after opening four-chamber, three-chamber and two-chamber 

loops in CMQ. The endocardial borders were adjusted manually as required. GLS value and 

bull’s eye representation was displayed by the system. Offline analysis was performed from 

the acquired data. All echocardiographic images were transferred from the ultrasound system 

to a portable hard disc by the principle or coinvestigator in Diacom format. Patient details, date 
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of study performed and institute details were kept confidential before transferring to the hard 

disc.   

This prospective randomized trial consisted of Group S: Sevoflurane anaesthesia group 

and Group P: Propofol anaesthesia group having 44 patients each. The sample size was 

calculated assuming with 80% power and based on an expected sample correlation of 0.70 and 

hypothesized correlation of 0.50 between the two methods of assessing LV systolic function. 

To conclude statistical significance at 5% level, the sample size of 88 was required. To assess 

the difference between the two treatment groups it is decided to take 44 in each group. 

To compare the difference between the two anaesthesia regimens quantitative variables 

were summarised with mean and standard deviation. Categorical variables were expressed as 

frequency and percentage. Statistical comparisons were attempted using Chi-square test or 

Fisher's exact test for categorical variables and t-tests for continuous variables. Association 

between continuous variables were assessed by Pearson correlation. P valve less than 0.05 was 

considered statistically significant. Data analysis was performed using SPSS version 21.0. Our 

study results obtained were shown as tables and graphs. 
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RESULTS 

 

In our study out of 104 patients eligible, we included 88 patients, randomised by 

computer generated sequencing into two groups Group S (Sevoflurane group) and Group P 

(Propofol group) with 44 in each group. 16 patients were excluded from study in which ten 

patient images could not be analysed, two patients had atrial fibrillation post-CPB and four 

patients needed pacing post- CPB. 

 

Figure 3: Consort diagram showing patient selection. 

 

Figure 3 shows consort diagram explaining patient selection. Total patients eligible 

were 104. 16 patients were excluded from study in which images could not be 

analysed10 patients: 2 patients had atrial fibrillation in the post-CPB period and 4 of 

them need pacing in the post-CPB. 88 patients included in the study were distributed 

equally (44 each) between sevoflurane and propofol groups. 

The mean ± SD of percentage TMAD (%) in four-chamber view in pre-CPB and post-

CPB period was 11.4 ± 1.8 and 11.3 ± 1.4 in sevoflurane group and 11.7 ± 1.8 and 12 ± 1.7 in 

propofol group. The mean ± SD of average MAPSE (mm) in four-chamber view in pre-CPB 

and post CPB period was 111.4 ± 1.6 and 11.5 ± 1.6 in sevoflurane group and 11.5 ± 2.1 and 

14 ± 1.8 in propofol group. The mean ± SD of average mitral annular velocity by TDI (m2) in 

pr-CPB and post-CPB period was 7.8 ± 1.2 and 8.6 ± 1.3 in sevoflurane group and 8.0 ± 1.0 

and 8.2 ± 1.2 in propofol group. The mean ± SD of GLS % in four-chamber view in pre-CPB 

and post-CPB period was -13.6 ± 5.2 and -15.0 ± 4.0 in sevoflurane group and -12.4 ± 6.8 and 

-13.4 ± 5.5 in propofol group.  
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Table 1: Demographic parameters between the study groups. 

 
Demographic parameter Study group (Mean ± SD) p value 

 
Sevoflurane Propofol 

 
Age (years) 61 ± 7.9 59.7 ± 7.2 0.416 

BSA (m2) 1.7 ± 0.1 1.7 ± 0.1 0.766 

Height (cm) 161.8 ± 4.4 161.8 ± 5.1 0.982 

Weight (Kg) 69.7 ± 4.6 69.2 ± 6.2 0.655 

 

Conclusion: Table 1 shows that there was no significant differences in the demographic or 

baseline characteristics between the two groups.  

Abbreviation: Body Surface Area:-BSA. 

Figure 4: Gender distribution among the study groups. 

 
Figure 4 shows pie diagram of gender distribution between the study groups. Both groups had 

predominantly male patients as participants. 
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Table 2: Comorbidities among the two study groups 

 

Sl. No Comorbidity Sevoflurane Propofol P value 

1 Hypertension 77.3% 72.7% 0.622 

2 Dyslipidemia 40.9% 25% 0.112 

3 Diabetes mellitus 75% 59.1% 0.112 

4 Cardiovascular accident 13.6% 2.3% 0.049* 

5 Chronic Kidney disease 4.5% 0% 0.153 

6 Hypothyroidism 7% 4.6% 0.295 

7 Peripheral Occlusive vascular disease 6.8% 4.5% 0.645 

 

Conclusion: Table 2 shows no significant difference in the comorbidities between the two 

groups except more incidence of cerebrovascular accident (CVA) in sevoflurane group.  

* Indicates p value of < 0.005. 

 

 

Table 3: Comparison of mean of hemodynamic parameters in the Pre-CPB and 

Post-CPB period between study groups (n=44) 

 

PARAMETER 

Pre-CPB data  p value Post-CPB p value 

Sevoflurane Propofol 
 

Sevoflurane Propofol  

HR (beats/min) 70.7 ± 10.2 66.1 ± 9.7 0.032 75.5 ± 9.7 75.0 ± 8.9 0.802 

SBP (mmHg) 148.0 ±28.5 156.5 ± 34.4 0.205 

121.3 ± 10.5 122.1 ± 

9.1 

0.690 

DBP (mmHg) 85.7± 14.2 86.4 ± 15.1 0.828 

68.1 ± 9.1 68.9 ± 

10.0 

0.706 

MBP (mmHg) 99.9 ± 19.5 106.3 ± 22.3 0.154 79.0 ± 8.2 80.0 ± 8.6 0.580 

SpO2 % 98.6 ± 0.7 98.8 ± 1.0 0.144 98.6 ± 0.7 98.8 ± 1 0.144 

CVP (mmHg) 7.9 ± 1.5 7.3 ± 1.5 0.071 6.5 ± 1.3 6.7 ± 1.9 0.558 

 

Conclusion: Table 3 shows there was no significant difference in the mean of hemodynamic 

characteristics between the two groups during Pre-CPB and Post-CPB periods. 
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Table 4: Comparison of CPB time and ACC time between the groups. 

Time in minutes Sevoflurane Propofol P value 

CPB  116.8 ± 13.3 118.2 ± 15 0.653 

ACC 66.3 ± 11.3 67.1 ± 12.9 0.766 

 

Conclusion: Table 4 shows that there was no significant difference in CPB time 

and ACC time between the groups.  

CPB :-Cardiopulmonary bypass, ACC :- Aortic cross clamp. 

 

Table 5: Comparison of Post-CPB values of selected variables. 

Parameter 
Sevoflurane Propofol 

P value 
Mean ± SD Mean ± SD 

Heart Rate (beats/ min) 74.5 ± 12.1 74.9 ± 10.5 0.858 

Systolic Blood Pressure (mmHg) 117.1 ± 11.6 120.0 ± 12.1 0.242 

Diastolic Blood Pressure (mmHg) 63.7 ± 8.7 68.8 ± 8.3 0.006* 

Mean arterial pressure (mmHg) 74.9 ± 8.1 78.5 ± 8.3 0.043* 

Central Venous Pressure (mmHg) 6.6 ± 1.6 7.1 ± 2.4 0.246 

Hemoglobin (gm / dl) 9.9 ± 0.7 9.7 ± 0.8 0.178 

LVOT diameter (cm) 19.6 ± 1.3 19.6 ± 1.0 0.928 

LVOT cross sectional area (cm2) 3. 2 ± 2.3 3.0 ± 0.4 0.566 

LVOT VTI (cm) 18.7 ± 5.1 20.5 ± 5.0 0.099 

LVOT stroke volume (ml) 60.0 ± 13.7 63.9 ± 8.2 0.107 

LVOT cardiac output (l/min) 4.9 ± 1.3 4.7 ± 1.1 0.592 

LVOT Cardiac Index (ml/m2) 2.8 ± 0.7 2.7 ± 0.6 0.686 

 
Conclusion: Table 5 shows that there was no significant difference in immediate post-CPB 

values between the groups except that the mean and diastolic blood pressures were better in 

propofol group. CPB - cardiopulmonary bypass 
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Table 6: Comparison of 2DE and STE parameters in the Pre-CPB and Post-CPB 

period in Sevoflurane group (n =44). 
 

PARAMETER 

Sevoflurane  group 

p value Pre-CPB data Post-CPB data 

LV EF %  60.3 ± 3.3  60.6 ± 3.0 0.563 

MAPSE (mm) 

Lateral 12 ± 2.1  12.0 ± 2.1 0.962 

Septal 11.1 ± 1.7 10.9 ± 1.6 0.443 

Average 11.4 ± 1.6 11.5 ± 1.6 0.969 

Tissue doppler 

velocity (cm/s) 

Lateral 8.2 ± 1.6 8.7 ± 1.7 0.222 

Septal 7.4 ± 1.1 8.5 ± 1.4 0.010* 

Average 7.8 ± 1.2 8.6 ± 1.3 0.012* 

TMAD 4C (mm) 

Lateral 9.0 ± 1.9  8.7 ± 1.5 0.365 

Septal 8.0 ± 2.2  8.4 ± 1.3 0.332 

Midpoint 8.0 ± 1.7 8.2 ± 1.2 0.425 

Percentage 11.4 ± 1.8 11.3 ± 1.4 0.664 

TMAD 2C (mm) 

Anterior 8.7 ± 2.0 9.0 ± 2.2 0.499 

Inferior 8.1 ± 2.2  8.7 ± 1.9 0.208 

Midpoint 8.5 ± 1.7 8.4 ± 1.6 0.786 

Percentage 11.5 ± 1.8 12 ± 1.3 0.157 

GLS % 4C 

Lateral -12.3 ± 5.4 -13.5 ± 3.3 0.209 

Septal -12.3 ± 6.9 -15.8 ± 4.3 0.002* 

Regional -13.6 ± 5.2 -15 ± 4.0 0.135 

GLS % 2C 

Lateral -12.2 ± 3.9 -13.3 ± 4.4 0.197 

Septal -12.2 ± 6.4 -12.3 ± 5.5 0.906 

Regional -12.3 ± 5.0 -13.0 ± 4.3 0.516 

GLS % 3C 

Lateral -13.3 ± 5.4 -13.3 ± 4.3 0.800 

Septal -12.6 ± 5.1 -13.2 ± 3.6 0.456 

Regional -12.0 ± 3.6 -13.3 ± 3.3 0.109 

Final GLS %  -14.0 ± 3.4 -14.9 ± 2.7 0.120 

 

 

Conclusion: Table 6 shows that there is no significant difference in the 2D 

transoesophageal, doppler echocardiographic parameters and TMAD 

characteristics between the Pre-CPB and Post-CPB in sevoflurane group.  

Except septal and average tissue doppler velocities and septal GLS % in 4C view 

were significant in post-CPB period. 
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Table 7: Comparison of 2DE and STE parameters in the Pre-CPB and Post-CPB 

period in Propofol group (n =44). 
 

PARAMETER 

PROPOFOL 

p value Pre-CPB data Post-CPB data 

LV EF %  59 ± 3.7  59.3 ± 3.6 0.372 

MAPSE (mm) 

Lateral 11.9 ± 2.4  11.8 ± 2.0 0.662 

Septal 10.9 ± 2.2 10.7 ± 2.1 0.250 

Average 11.5 ± 2.1 11.4 ± 1.8 0.600 

Tissue doppler 

velocity (cm/s) 

Lateral 8.4 ± 1.2 8.8 ± 1.4  0.012* 

Septal 7.6 ± 0.9 7.7 ± 1.3 0.719 

Average 8.0 ± 1.0 8.2 ± 1.2 0.099 

TMAD 4C (mm) 

Lateral 8.7 ± 1.6  8.6 ± 1.7 0.508 

Septal 8.4 ± 1.8 8.6 ± 1.9 0.115 

Midpoint 8.1 ± 1.6 8.4 ± 1.7 0.010* 

Percentage 11.7 ± 1.8 12.0 ± 1.7 0.003* 

TMAD 2C (mm) 

Anterior 9.0 ± 2.1 9.1 ± 2.1 0.233 

Inferior 9.3 ± 2.5 9.4 ± 2.5 0.156 

Midpoint 8.7 ± 2.0 9.0 ± 2.1 0.002* 

Percentage 12 ± 1.7 12.3 ± 1.6 0.010 

GLS % 4C 

Lateral -13.3 ± 6.5 -13.5 ± 4.3 0.769 

Septal -13.4 ± 8.7 -14.5 ± 5.1 0.272 

Regional -12.4 ± 6.8 -13.4 ± 5.5 0.194 

GLS % 2C 

Lateral -12.8 ± 5.2 -13.0 ± 6.2 0.856 

Septal -12.9 ± 7.0 -10.5 ± 7.1 0.096 

Regional -12.3 ± 3.6 -11.6 ± 5.2 0.469 

GLS % 3C 

Lateral -12.9 ± 4.1 -13.0 ± 5.2 0.901 

Septal -13.5 ± 4.0 -12.7 ± 4.6 0.325 

Regional -11.4 ± 3.9 -12.7 ± 4.8 0.106 

Final GLS %  -14.1 ± 3.4 -14.0 ± 3.1 0.885 

 

Conclusion: Table 7 shows there was no significant difference in the 2D 

transoesophageal, doppler echocardiographic parameters and TMAD 

characteristics between the Pre-CPB and Post-CPB in Propofol group except 

percentage TMAD in 4C view and midpoint and percentage TMAD in 2C view 

were better in post-CPB period. 
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Table 8: Comparison of 2DE and STE parameters in the Pre-CPB period between 

the study groups (n=44). 
 

 

PARAMETER 

Study group 

p value Sevoflurane Propofol 

LV EF %  60.3 ± 3.3  59 ± 3.7  0.088 

MAPSE (mm) 

Lateral 12 ± 2.1  11.9 ± 2.4  0.859 

Septal 11.1 ± 1.7 10.9 ± 2.2 0.604 

Average 11.4 ± 1.6 11.5 ± 2.1 0.982 

Tissue doppler 

velocity (cm/s) 

Lateral 8.2 ± 1.6 8.4 ± 1.2  0.635 

Septal 7.4 ± 1.1 7.6 ± 0.9 0.369 

Average 7.8 ± 1.2 8.0 ± 1.0 0.470 

TMAD 4C (mm) 

Lateral 9.0 ± 1.9  8.7 ± 1.6  0.412 

Septal 8.0 ± 2.2  8.4 ± 1.8 0.313 

Midpoint 8.0 ± 1.7 8.1 ± 1.6 0.751 

Percentage 11.4 ± 1.8 11.7 ± 1.8 0.502 

TMAD 2C (mm) 

Anterior 8.7 ± 2.0 9.0 ± 2.1 0.432 

Inferior 8.1 ± 2.2  9.3 ± 2.5 0.022* 

Midpoint 8.5 ± 1.7 8.7 ± 2.0 0.631 

Percentage 11.5 ± 1.8 12 ± 1.7 0.188 

GLS % 4C 

Lateral -12.3 ± 5.40 -13.3 ± 6.5 0.424 

Septal -12.3 ± 6.9 -13.4 ± 8.7 0.507 

Regional -13.6 ± 5.2 -12.4 ± 6.8 0.108 

GLS % 2C 

Lateral -12.2 ± 3.9 -12.8 ± 5.2 0.582 

Septal -12.2 ± 6.4 -12.9 ± 7.0 0.612 

Regional -12.3 ± 5.0 -12.3 ± 3.6 0.980 

GLS % 3C 

Lateral -13.0 ± 5.4 -12.9 ± 4.1 0.947 

Septal -12.6 ± 5.1 -13.5 ± 4.0 0.323 

Regional -12.0 ± 3.6 -11.4 ± 3.9 0.480 

Final GLS %  -14.0 ± 3.4 -14.1 ± 3.4 0.802 

 

 

Conclusion: Table 8 shows that there was no significant difference in the 2D 

transoesophageal, doppler echocardiographic parameters and TMAD 

characteristics in pre-CPB period between the two groups except septal TMAD 

in 2C view. 

 

 

 

 

 

 

 



 

SCTIMST, Thiruvananthapuram.                     22 

 

Table 9: Comparison of 2DE and STE parameters in the Post-CPB period 

between the study groups (n=44). 
 

 

PARAMETER 

Study group p value 

Sevoflurane Propofol  
LV EF %  60.6 ± 3.0 59.3 ± 3.6 0.077 

MAPSE (mm) 

Lateral 12.0 ± 2.1 11.8 ± 2.0 0.742 

Septal 10.9 ± 1.6 10.7 ± 2.1 0.746 

Average 11.5 ± 1.6 11.4 ± 1.8 0.832 

Tissue doppler 

velocity (cm/s) 

Lateral 8.7 ± 1.7 8.8 ± 1.4  0.771 

Septal 8.5 ± 1.4 7.7 ± 1.3 0.008* 

Average 8.6 ± 1.3 8.2 ± 1.2 0.219 

TMAD 4C (mm) 

Lateral 8.7 ± 1.5 8.6 ± 1.7 0.889 

Septal 8.4 ± 1.3 8.6 ± 1.9 0.614 

Midpoint 8.2 ± 1.2 8.4 ± 1.7 0.570 

Percentage 11.3 ± 1.4 12.0 ± 1.7 0.031 

TMAD 2C (mm) 

Anterior 9.0 ± 2.2 9.1 ± 2.1 0.790 

Inferior 8.7 ± 1.9 9.4 ± 2.5 0.152 

Midpoint 8.4 ± 1.6 9.0 ± 2.1 0.133 

Percentage 12 ± 1.3 12.3 ± 1.6 0.335 

GLS % 4C 

Lateral -13.5 ± 3.3 -13.5 ± 4.3 1.000 

Septal -15.8 ± 4.3 -14.5 ± 5.1 0.218 

Regional -15 ± 4.0 -13.4 ± 5.5 0.108 

GLS % 2C 

Lateral -13.3 ± 4.4 -13.0 ± 6.2 0.798 

Septal -12.3 ± 5.5 -10.5 ± 7.1 0.190 

Regional -13.0 ± 4.3 -11.6 ± 5.2 0.171 

GLS % 3C 

Lateral -13.3 ± 4.3 -13.0 ± 5.2 0.823 

Septal -13.2 ± 3.6 -12.7 ± 4.6 0.554 

Regional -13.3 ± 3.3 -12.7 ± 4.8 0.505 

Final GLS %  -14.9 ± 2.7 -14.0 ± 3.1 0.190 

 

Conclusion: Table 9 shows that there is no significant difference in the 2D 

transoesophageal, doppler echocardiographic parameters and TMAD 

characteristics between the two groups in Post CPB except septal Tissue doppler 

velocities and percentage TMAD in 4C view. 
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Table 10: Pearson correlation of Midpoint TMAD 4C Post-CPB with other 

methods of assessment of LV systolic function. 

Midpoint TMAD 4C Post-CPB R value P value 

Sevoflurane 

 

MAPSE average Post-CPB 0.879 <0.001 

Average TDV Post-CPB 0.803 <0.001 

LVEF % Post-CPB 0.527 <0.001 

Final GLS %Post-CPB - 0.697 <0.001 

Propofol 

MAPSE average Post-CPB 0.775 <0.001 

Average TDV Post-CPB 0.561 <0.001 

LVEF % Post-CPB 0.572 <0.001 

Final GLS %Post-CPB - 0.897 <0.001 

 

Conclusion: Table 10 shows midpoint TMAD in four-chamber had strong positive correlation 

with average of MAPSE, average of tissue doppler velocity (TDV), and strong negative 

correlation with GLS % in both groups in post-CPB period. LVEF had moderate positive 

correlation in both groups.  

Table 11: Pearson correlation coefficient ranges and inference. 

Sl.No Pearson correlation coefficient Inference 

1 -0.01 to 0.01 No correlation 

2 -0.3 to -0.1 weak negative correlation 

3 0.1 to 0.3 weak positive correlation 

4 -0.6 to -0.3 moderate negative correlation 

5 0.3 to 0.6 moderate positive correlation 

6 > 0.6 strong positive correlation 

7 < - 0.6 strong negative correlation 

Pearson correlation coefficient ranges from -1 to +1  
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Table 12: Time taken for calculating TMAD and GLS using Q-lab with CMQ software. 

Sl.No Parameter Average time (Seconds) 

1 TMAD 15.3 

2 GLS 70.3 

 

Table 13: Intra-observer and inter-observer variability between TMAD 4C percentage and 

GLS % 

Sl. No Parameter Intra-observer variability Inter-observer variability 

1 Percentage TMAD % 0.9864* 0.9641* 

2 GLS % 0.9713* 0.9652* 

 

 Intra-observer and Inter-observer variability 

Figure 5 : Intra-observer Bland-Altman plots of TMAD % and GLS%. 
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Bland-Altman Plot: TMAD %
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Bland-Altman Plot: GLS %
 difference vs average
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The Bland–Altman plots of intra-observer variability as shown in figure 5 comparing the 

difference of parameter (TMAD% and GLS%) with its average. This shows that the differences 

between the measurements observed were dispersed around the mean, with the majority staying 

within the limits of agreement (-0.551 to 0.606 in TMAD % and -1.662 to 1.480 in GLS%). 

The mean difference between the two measurements was found to be statistically significant, 

with a coefficient of variation of 0.9864 in %TMAD and 0.9713 in GLS %. 
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Figure 6: Inter-observer Bland-Altman plots of TMAD % and GLS%. 
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B

Bland-Altman Plot: GLS %
 difference vs average
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The Bland–Altman plots of inter-observer variability as shown in figure 6 comparing the 

difference of parameter (TMAD% and GLS%) with its average. This shows that the differences 

between the measurements observed were dispersed around the mean, with the majority staying 

within the limits of agreement (-0.752 to 0.721 in TMAD % and -1.868 to 1.589 in GLS%). 

The mean difference between the two measurements was found to be statistically significant, 

with a coefficient of variation of 0.9641 in %TMAD and 0.9652 in GLS %. 

 

Figure 7:  Scatter plot showing correlation between TMAD 4C and MAPSE (average) between 

the study groups in Post-CPB period. 

A 
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Scatter plot in figure 7 shows correlation between TMAD 4C and MAPSE (average) in post-

CPB period. Upward direction of the trend line showing Positive correlation between the 

parameters in both the study groups. 
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Figure 8: Scatter plot showing correlation between TMAD 4C and LVEF % between the study 

groups in Post-CPB period. 

A  
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Scatter plot in figure 8 shows correlation between TMAD 4C and LVEF % in post-CPB period. 

Upward direction of the trend line showing Positive correlation between the parameters in both 

the study groups. 

        

Figure 9: Scatter plot showing correlation between TMAD 4C and average tissue doppler 

velocity of mitral annulus between the study groups in Post-CPB period. 
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Scatter plot in figure 9 shows correlation between TMAD 4C and average tissue doppler 

velocity of mitral annulus in post-CPB period. Upward direction of the trend line showing 

Positive correlation between the parameters in both the study groups. 

 

 

 

 

 

 

 



 

SCTIMST, Thiruvananthapuram.                     27 

 

Figure 10: Scatter plot showing correlation between TMAD 4C and GLS % between the study 

groups in Post-CPB period. 
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B  

       

 

Scatter plot in figure 10 showing correlation between TMAD 4C and GLS% in post-CPB 

period. Downward direction of the trend line showing Negative correlation between the 

parameters in both the study groups. 
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Discussion 

This prospective randomized study was done in patients undergoing CABG, where the 

effects of sevoflurane and propofol on MAPSE, MAV by TDI, GLS and TMAD were compared 

at equal anesthetic doses monitored by BIS. Throughout the surgery (including CPB) patients 

received either sevoflurane or propofol to maintain BIS value of 40 to 50. All adult patients 

with CAD having good LVEF > 55% and in sinus rhythm were included in our study. The 

following echocardiographic parameters MAPSE, LVEF, MAV by TDI, GLS and TMAD were 

compared between the groups and within the group in both pre-CPB and Post-CPB period. The 

baseline values for CVP, SBP and MAP were maintained within 20 % of the limits, as 

myocardial strain is affected by loading conditions. During CABG, LV systolic function can 

be influenced by many factors like patient age, BSA, extent of CAD, severity of LV 

dysfunction, number and quality of grafts, cardioplegia solution, duration of CPB and aortic 

cross clamp time. In our study there was no significant difference in the patient demographic 

characteristics or surgery and CPB related factors. In our study the cardioprotective effect of 

opioids was similar as the dosage of fentanyl given was same. 

The use of conventional echocardiographic techniques for assessment of LV systolic 

function are LVEF, MAPSE, TDI of MAV and GLS have been well studied and published. 

TMAD, a new method, for assessing LV systolic function by TEE is not commonly used in 

intraoperative period. Commonly used WMSI has many limitations like operator dependent 

and highly subjective scoring. LVEF is affected only when significant number of myocardial 

fibers are dysfunctional. So, it may not predict early longitudinal LV systolic dysfunction. 

Hence strain quantification is more valuable in assessing different types of LV contractile 

forces. 

At present, methods used for myocardial strain quantification are TDI of mitral annular 

velocity and GLS by STE. TDI strain cannot quantify the mid and apical segments of LV due 

to its angle dependency. STE strain assessment being angle independent gives strain value more 

accurately. STE can estimate deformation in two axes simultaneously and measure strain in 

longitudinal and transverse direction in long-axis views and radial and circumferential direction 

in short axis views. Hence it can be considered as a reference method for the evaluation of 

regional myocardial function, although it needs more time than other methods. TMAD a new 

method of assessing LV longitudinal function may be comparable, easier and faster than GLS.  
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Feasibility of GLS and TMAD in pre CPB and post CPB period 

 

The Feasibility of a method of assessment of LV systolic function was predicted by its easy in 

acquiring 2DE parameters, intra-observer and inter-observer variability and time taken for 

measurement. In our study out of 104 patients, strain quantification was feasible both in pre-

CPB and post-CPB period in only 88 patients. The feasibility of TMAD was 100% and GLS 

was 84%. Ten patients in whom GLS was difficult to analyse due to poor tracking of the 

myocardium in more than 3 LV segments were excluded from the study. In our study we 

compared the time taken to analyse TMAD and GLS with Qlab software and found that average 

time for TMAD and GLS was 15 and 70 seconds respectively. Sujuki etal46 could analyse 

TMAD% in 10 seconds and 15 seconds in another study47. Even though several studies48 have 

reported 90% feasibility of segmental strain imaging during cardiac surgery, post-CPB period 

strain quantification can be influenced by use of inotropes and tissue edema. 

 

Intra-observer and Inter-observer variability 

 

To evaluate the reproducibility of STE data, a random sample of 22 loops in each group 

were reassessed by same principal investigator after four weeks from the initial assessment 

which was considered as intra-observer variability. For inter-observer variability the same 22 

samples of each group were assessed by another investigator who was blinded to the results of 

the principal investigator. Intraclass correlation coefficient was used to evaluate intra-observer 

and inter-observer agreement, which ranged from +1 (100% agreement) to −1 (100% 

disagreement). In our study intra-observer and inter-observer intraclass correlation for TMAD 

% was 0.986 and 0.964 and for GLS % was 0.971 and 0.965. There was very good intra-

observer agreement between difference of TMAD % and average TMAD % with 95% limits 

of agreement -0.551 to -0.606 and for GLS% -1.66 to -1.48. There was very good inter-observer 

agreement between difference of TMAD % and average TMAD % with 95% limits of 

agreement -0.753 to -0.721 and for GLS% -1.816 to -1.589. Chiu et al47 also showed that 

TMAD had low inter- and intra-observer variability with small biases and narrow limits of 

agreement (LOA) (bias of −0.01 ± 1.32 (95 % LOA was −2.60 to 2.58) and −0.07 ± 1.27 (95 % 

LOA −2.55 to 2.41) respectively.  
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Effect of sevoflurane and propofol on hemodynamics: 

 

In our study sevoflurane was administered in the concentration of 0.5-1.0 MAC 

whereas the propofol was given as infusion at a dose range of 50-100μg/kg/min to maintain 

BIS in the range of 40 to 50. Patients with poor LV systolic function are known to have 

profound hypotension with use of propofol. However, we expected minimal hemodynamic 

disturbances in both the groups as patients included in our study had good LV function. Use of 

large doses of fentanyl in propofol group can be associated with bradycardia but in our study 

we used moderate doses of fentanyl (5-10μg/kg) during induction. The average heart rate in 

pre-CPB and post-CPB period was comparable to baseline heart rate in both the groups. During 

CPB weaning time the MAP and DBP were better in propofol group with p value of 0.006 and 

0.043 in our study. In a study done by Nishikawa et al 49 MAP was lower in both sevoflurane 

and propofol groups. But MAP values were similar to baseline values after the patients were 

weaned from CPB6. This can be attributed to the use of inotropes in both the groups. 

Hypotension incidence in our patients was minimal and managed with fluid replacement, 

adjustments of inhalational agents and injection of boluses of vasopressors in both the groups. 

 

Effect of sevoflurane and propofol on conventional echocardiographic parameters 

 

Use of higher concentration of sevoflurane and propofol produces hemodynamic 

disturbances. Propofol infusion is known to cause arterio-venodilatation resulting in 

hypotension. Many studies have shown beneficial effects of sevoflurane in maintaining the 

myocardial function 50,51. This variable effect on myocardial function by both agents can be 

reflected on conventional echocardiographic parameters. In our study there was no significant 

difference in the conventional echocardiographic parameters between the groups. Our findings 

are consistent with those published by Lindholm et al52. In another study they found that 

echocardiographically derived cardiac index was more and troponin level were less in 

sevoflurane group compared to propofol group after revascularization in patients operated for 

CABG53. These changes were attributed to the cardio-protective effects of sevoflurane54 by 

reducing ischemia-induced metabolic changes in myocardium despite hypotension which were 

not seen with the propofol. In our study there was no significant difference in the conventional 

echocardiographic parameters between the groups except septal TMAD in two-chamber view 

in pre-CPB period and septal TDV and % TMAD in four-chamber view in post-CPB periods, 
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which did not have clinical relevance. We conclude that when sevoflurane and propofol based 

anaesthetic regimens were titrated to maintain BIS between 40 to 50 do not defer significantly 

in their effect on longitudinal function of myocardium. 

 

MASPE for LV function assessment  

It is the amount of displacement of mitral annulus towards the LV apex measured by 

M-mode so helps in assessing longitudinal function of LV. The average normal value of 

MAPSE derived from previous studies26 ranged between 12 and 15 and MAPSE <8 mm was 

associated with a depressed LV EF (50%) with a specificity of 82% and a sensitivity of 98%. 

In our study the mean ± SD of average MAPSE (mm) in four-chamber view in pre-CPB and 

post-CPB periods was 11.4 ± 1.6 and 11.5 ± 1.6 in sevoflurane group and 11.5 ± 2.1 and 14 ± 

1.8 in propofol group which was similar to above study. MAPSE27 is less dependent on 2D 

image quality, easy reproducibility, with high temporal resolution and good correlation with 

LVEF. But it is angle and load dependent and not suitable for regional myocardial function 

evaluation  

 

Tissue doppler imaging for LV function assessment  

 

Tissue Doppler imaging measure the mitral annular motion velocity using the principle 

of pulse wave doppler and its derivative the color flow doppler55. Signals from red blood cells 

which are high-velocity low-amplitude are eliminated to display only the low-velocity high-

amplitude signals arising from myocardium. The advantages of TDI is similar to MAPSE like 

less dependent on 2D imaging, with high temporal resolution and good correlation with LVEF. 

But TDI is limited due to its angle dependency and its inability to differentiate the velocity 

generated by actual myocardial contraction and that of translational motion due to pull of 

normal myocardium contraction on akinetic myocardial segments.  In our study there was no 

significant difference in the mean ± SD of average mitral annular velocity by TDI (m2) in pre-

CPB and post-CPB period. The mean and SD of TDI of MAV was 7.8 ± 1.2 and 8.6 ± 1.3 in 

sevoflurane group and 8.0 ± 1.0 and 8.2 ± 1.2 in propofol group. 
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BIPLANE SIMPSON’S METHOD for assessing LV function:  

 

LVEF by biplane Simsons method55 is the most commonly used method for assessing 

LV systolic function using 2DE. This method uses the principle of summation of twenty 

cylindrical discs of equal height. LV volumes are measured at end diastole and end systole in 

both the planes and used in the equation for calculating the EF. This method is limited in 

patients with poor image quality where endocardial border tracing is not possible and in 

arrythmias. Several measurement and averaging may be needed during analysis by this method. 

This may be because LVEF is assessed by circumferential and radial myocardial fibers 

contraction while TMAD measures longitudinal deformation. Because of this there may be 

disparity between these methods, in our study we found moderate correlation between LVEF 

and TMAD. In our study there was no significant difference in pre-CPB and post-CPB period 

as patients with good LV function are only included in the study.  

 

 Advantages of TMAD by speckle-tracking echocardiography over other methods of 

assessment of LV systolic function:  

 

MAPSE and TDI of MAV are based on the longitudinal movement of mitral annulus 

which may reflect the global shortening deformation of the heart56 considering that the apex of 

heart is stationary in cardiac cycle base of the heart moves towards the apex. Both methods 

reportedly to be simple to use with high temporal resolution and independent of image quality. 

However, MAPSE record mitral annular motion along the direction of ultrasound beam and 

not the actual excursion of the mitral annulus. And the measurements are taken in lateral or 

septal side of mitral annulus may not reflect the entire mitral motion. Similarly, MAV by TDI 

is also measured in the direction of ultrasound beam so limited by its angle dependency. TMAD 

by STE provides easier and faster assessment of LV function and gives angle independent 

displacement of midpoint between the two annular ROI. The other advantage is Percentage 

TMAD, which normalizes the motion with respect to LV length at end- diastole. Studies 

comparing TDI with TMAD recommended use of TMAD for assessing longitudinal function 

of LV56. In our study also TMAD % was in the range of 11 to 12 mm. 

GLS by STE needs good quality 2D image with higher frame rate and regular and 

constant heart rate with clear ECG trace and aortic valve closure time. It is also dependent on 
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age and loading conditions. GLS needs tracking of subendocardial and sub epicardial borders 

of LV and takes times for bull’s eye representation to give global GLS %.   

TMAD is less dependent on image quality and technique of automated tissue tracking 

helps is tracing mitral annular motion even in patients with unfavourable acoustic windows. 

TMAD requires only three-point selection which can be done faster, easier and without all 

endocardial borders. Whereas other methods need manual tracing and may lead to unreliable 

results depending on the experience of investigator. A recent report has shown that TMAD 

accurately estimates EF, irrespective of LV endocardial definition57. In our study we were able 

to record TMAD in 15 seconds, which GLS requires average 70 seconds to complete the 

measurements. Perioperatively to decide on volume status or need for inotropic support TMAD 

can be preferred over GLS as it takes less than 15 second.  Buss et al 58 reported that TMAD 

was fast and less time consuming compared to longitudinal strain imaging.  Another study also 

reported TMAD was simple, sensitive, and reproducible LV systolic longitudinal function 

evaluation56.  

 

Correlation of TMAD with other methods of assessing LV function 

 

In our study the midpoint TMAD in four-chamber had strong positive correlation with 

average of MAPSE (r=0.879 in S-group and r= 0.775 in P-group), and with average of tissue 

doppler velocity of mitral annulus (r= 0.803 in S-group and r= 0.561 in P-group). MAPSE 

measures mitral annular velocity in lateral and septal and so it is averaged, whereas in TMAD 

in addition to lateral and septal, we get computed measurement of midpoint displacement and 

percentage TMAD. LVEF had moderate positive correlation in both groups when compared to 

TMAD in four- chamber view (r=0.527 in S-group and r=0.572 in P-group).  This may be 

because LVEF is assessed by circumferential and radial myocardial fibers contraction while 

TMAD measures longitudinal deformation. Midpoint TMAD showed strong negative 

correlation with GLS % in both the groups (r=-0.697 S-group and r= -0.897 in P-group) GLS 

also measures longitudinal function and takes into consideration of apical segments also, so we 

found good correlation with TMAD. 

In a study done in heart failure patients with normal or preserved LVEF, found good 

correlation between MAPSE and longitudinal strain at rest34. Strachinaru et al44 recently 

proposed STE derived TMAD is a clinically useful robust tool for rapid, accurate, and 

estimation of LVEF irrespective of LV endocardial definition. In another study46 TMAD 
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showed good linear correlation with LVEF by simsons method (r 2 = 0.69, p<0.001) and very 

strong correlation with MAPSE and TDI (r 2 = 0.77, p <0.001), 

 

Limitations of our study:  

 

1) No reference values of STE-based intraoperative TMAD have been published 

by any STE guidelines. Hence, our TMAD values are compared with previously published TTE 

studies.  

2) TMAD and GLS values obtained by different software packages provided by 

various vendors are not interchangeable. Hence our results cannot be generalised to all vendors. 

3) Our is a small study comparing the two anaesthetic regimens and their effect on 

longitudinal function of the myocardium. So many larger studies are required to validate our 

observations. 

4)  Our results were applicable in a small subset of patients operated for CABG 

having good LV systolic function. The results many vary in other cardiac surgical patients 

having deranged LV systolic function. 
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Summary and Conclusion 

1) When sevoflurane and propofol based anaesthetic regimens were titrated to 

maintain BIS between 40 to 50, it was observed that they do not defer significantly in their 

effect on longitudinal systolic function of myocardium. 

2) Intra-group differences: There were no significant intra-group differences in the 

Propofol regimen between the pre-CPB and post-CPB periods in terms of LVEF, MAPSE, TDI 

of MAV, TMAD and GLS in patients undergoing CABG, except TMAD in four-chamber view 

midpoint and % TMAD in two-chamber view were better in post-CPB period. However, these 

exceptions were clinically not relevant. Similarly, there were no significant intra-group 

differences in patients receiving sevoflurane regimen between the pre-CPB and post- CPB 

periods concerning these parameters of LV systolic function, except septal and average tissue 

doppler velocities and septal GLS% in four-chamber view were better in the post-CPB period. 

However, these exceptions were clinically not relevant. 

3) Inter-group differences: There were no significant inter-group differences between 

sevoflurane and propofol groups in the pre-CPB period related to LVEF, MAPSE, TDI of MAV, 

TMAD and GLS in patients undergoing CABG, except higher septal TMAD in two-chamber 

view in Propofol group. However, this exception was clinically irrelevant. Similarly, there were 

no significant inter-group differences between sevoflurane and propofol groups in the post-

CPB period related to LVEF, MAPSE, TDI of MAV, TMAD and GLS in patients undergoing 

CABG, except septal tissue doppler velocities and %TMAD in four-chamber view. However, 

this exception was clinically irrelevant. 

4) The midpoint TMAD in four-chamber had a strong positive correlation with 

average of MAPSE, average of TDV and strong negative correlation with GLS % in both 

sevoflurane and propofol groups in post-CPB period. LVEF had a moderate positive correlation 

in both groups.  

5) Average time taken for processing TMAD and GLS using Phillips Q-lab 

software were 15.3 seconds and 70.3 seconds respectively. TMAD% values can be acquired 

quickly, which will be useful in the intraoperative period to estimate mitral annular 

displacement. 

6) There were no significant intra-observer variability and inter-observer 

variability between % TMAD at four-chamber view and GLS %. 

7) Percentage TMAD may be considered as a surrogate parameter for the GLS 

percentage during the evaluation of longitudinal systolic function of the LV myocardium. 
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INFORMED CONSENT 

 

I                                             aged 

 (in years/months), 

  (Father/Mother name), give 

consent to participate in this study titled: “Effects of sevoflurane versus propofol on mitral 

annular displacement evaluated using speckle tracking.” 

Please tick the relevant boxes 

 I confirm that I have read and understood the information sheet dated for the above 

study and had the opportunity to ask questions to clarify any doubts that I had. [ ] 

  I also understand that my participation in this study is entirely voluntary and that I am 

free to withdraw permission to continue to participate at any time without affecting my 

usual treatment or my legal rights. [ ] 

 I understand that the investigators, institutional ethics committee members and 

regulatory authorities will not need my permission to look at the health records even 

if I withdraw myself from the trial. I agree to this access. [ ] 

 I understand that my identity will not be revealed in any information released to 

third parties or published. [ ] 

 I agree not to restrict the use of any data of results that arise from this study 

provided such a use is only for scientific purposes. [ ] 

  I have been given contact numbers to know more about the study and rights of 

participants in this study. [ ] 

 I voluntarily agree to take part in this study. [ ] 

 I have received a copy of this signed consent form. [ ] 

 

Name:                                                                         

Signature: 

Date: 

 

Name of witness: Relation 

to participant: Signature: 

Date: 
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I attest that the requirements for informed consent for the medical 

research project described in this form have been satisfied. I 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. I further certify that I 

encouraged the participant to ask questions and that all questions 

asked were answered. 

 

Name and Signature of person obtaining consent  

Date: 

 

Principal investigator:  

Dr. Suda Naveen Kumar  

Ph: 9885520970 

 

Witness: 
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                                      TMAD  DATA COLLECTION PROFORMA 

1.  Sl. No : 

 

2. Age : y/m/d Sex: Male / Female : 

 

3. study ID: 

 

4. Weight (Kg) : Height (cm) : Body surface area (m2) : 

5. Diagnosis : 

 

6. Date of surgery : Surgeons name : 

 

7. Anesthesiologist name : 

 

Preoperative values 

 

1. Heart rate (beats/ min) : Blood pressure (mmHg) : 

 

2. Saturation of oxygen (%)   : Left ventricular ejection fraction (%) : 

 

3. Regional wall motion abnormality : 

 

Intraoperative parameters 

 
Sl No Parameter Pre CPB Post CPB 

1 HR beats/ min   

2 SBP mmHg   

3 DBP mmHg   

4 MBP mmHg   

5 CVP mmHg   

6 INOTROPES (YES / NO)   

    

1 ECHO MEASUREMENTS 

 LVEF (%)   

 MAPSE LATERAL (cm)   

 MAPSE SEPTAL (cm)   

 MAPSE AVERAGE (cm)   

 LONG AXIS LENGTH OF LEFT 

VENTRICLE 

(cm) 

  

 Ratio of MAPSE / LV LENGTH   
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CPB weaning values 

Sl 
No 

PARAMETER VALUE Sl. No PARAMETER VALUE 

1 HR beats/ min  7 LVOT DIAMETER (cm)  

2 SBP mmHg  8 LVOT CROSS SECTIONAL 

AREA 

cm2 

 

3 DBP mmHg  9 LVOT VTI cm  

4 MBP mmHg  10 LVOT STROKE VOLUME 

ml/beat 

 

5 CVP mmHg  11 LVOT CARDIAC OUTPUT 
(L/min) 

 

6 HEMOGLOBIN 

gm /dl 

 12 LVOT CARDIAC INDEX 

(L/min/m2) 

 

 

 

 

 

 Parameter Pre-CPB Post-CPB 

2 TMAD (cm) 

 SEPTAL (cm)   

 LATERAL (cm)   

 MIDDLE(cm)   

 PERCENTAGE TMAD %   

3 TISSUE DOPPLER VELOCITY (cm/sec) 

 LATERAL   

 SEPTAL   

4 GLOBAL LONGITUDINAL STRAIN (%) 

 FOUR CHAMBER LATERAL   

 FOUR CHAMBER SEPTAL   

 Four chamber regional 
TWO CHAMBER ANTERIOR 

  

 TWO CHAMBER INFERIOR   

 Two chamber regional 

THREE CHAMBER 

  

 ANTERIOR   

 INFERIOR   

 Three chamber regional   

 GLS (%)   
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1 1 55 1 74 171 1.86 CAD,TVD IW rwma DM,HTN, DLP 

2 1 72 1 65 166 1.72 CAD, TVD DLP, Hypothyrroid 

3 1 64 1 68 162 1.73 CAD,TVD IW rwma HTN,DLP,CVA 

4 1 57 1 74 159 1.77 CAD TVD, P/PCI LAX LAD DM,HTN, DLP 

5 1 61 1 67 166 1.75 CAD, TVD DM,HTN, DLP 

6 1 67 1 66 164 1.72 CAD, TVD DM 

7 1 42 1 78 165 1.85 CAD, TVD DM HTN 

8 1 57 1 63 160 1.66 CAD, TVD DM, HTN 

9 1 51 1 71 166 1.79 CAD, TVD p/PCI RCA DLP,HTN, CVA 

10 1 55 1 66 161 1.70 CAD, DVD DM, POVD 

11 1 68 1 65 165 1.72 CAD, TVD, P/Pci LAD DM,DLP,HTN 

12 1 61 1 71 166 1.79 CAD,TVD DM 

13 1 70 1 68 155 1.67 CAD LM TVD DM, DLP 

14 1 57 2 58 156 1.57 CAD, TVD HTN, DLP, Hypothyroid 

15 1 58 1 67 167 1.75 CAD, LM TVD p/PCI HTN, DLP 

16 1 62 1 71 164 1.77 CAD, LM TVD HTN, Dm, Aki 

17 1 63 1 74 164 1.81 Cad, LM TVD, P/PCI RCA DM 

18 1 66 1 68 160 1.71 CAD, LM TVD P/PPI 

19 1 63 1 66 162 1.71 CAD, LM TVD DM 

20 1 51 1 75 158 1.77 CAD, TVD DM, HTN 

21 1 70 1 78 161 1.82 Cad, TVD DLP, HTN 

22 1 67 1 68 162 1.73 CAD,TVD, LM DLP,HTN, CVA 

23 1 69 1 68 166 1.76 CAD,TVD,RCC ,RT nephrectomy DM,HTN 
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24 1 50 2 60 156 1.59 CAD, LM SVD, SR DM, PIVd discectomy 

25 1 48 2 67 157 1.68 CAD, TVD DM,HTN, DLP 

26 1 57 1 75 166 1.83 CAD,TVD DM,CKD,POVD 

27 1 67 2 71 149 1.79 CAD, LM TVD DM,HTN 

28 1 55 1 73 164 1.79 CAD,TVD, DM,HTN, DP, CVA, POVD 

29 1 71 1 68 162 1.73 CAD TVD DM HTN 

30 1 38 1 68 156 1.68 CAD, TVD HTN 

31 1 71 1 77 164 1.84 CAD, LM TVD DM,HTN 

32 1 65 2 68 157 1.69 CAD,TVD DM,DLP,HTN,Hypothyroid 

33 1 56 1 72 158 1.74 CAD,TVD, DM, HTN 

34 1 68 1 77 163 1.83 CAD,TVD,p/PCI LAD,RCA DM,HTN,TB,CVA 

35 1 59 2 72 162 1.77 CAD,DVD DM,DLP,HTN 

36 1 62 1 74 162 1.79 CAD, DVD, GDLV,SR HTN, DLP 

37 1 58 1 72 164 1.78 CAD, TVD, SR HTN, DM 

38 1 58 1 72 166 1.80 CAD,TVD Dm,HTN 

39 1 61 1 76 166 1.84 CAD,TVD DM,HTN 

40 1 66 1 68 159 1.70 CAD,TV. DM,HTN 

41 1 67 2 66 153 1.64 CAD, TVD HTN 

42 1 63 1 65 160 1.68 CAD,TVD,OFF pump DM,HTN 

43 1 61 1 67 166 1.75 CAD,Lm TVD DLP,HTN, CVA 

44 1 76 1 70 164 1.76 CAD, TVD, HTN,DM 

45 2 52 2 67 150 1.62 CAD,TVD, DM,HTN,DLP,Hypothyroid 

46 2 54 1 84 165 1.91 CAD, LM 9, DVD, GDLV, SR DM, HTN 

47 2 60 1 71 165 1.78 CAD, TVD,IW IL hypokinesia at 
Base 

DM, HTN 

48 2 64 1 59 152 1.55 CAD, LM 40 TVD, HTN 

49 2 67 1 74 172 1.87 CAD,TVD, HTN 

50 2 52 1 66 161 1.70 CAD, TVD HTN 

51 2 61 1 71 166 1.79 CAD,TVD, P/PCI LAD DM, DLP,povd 

52 2 59 1 68 162 1.73 CAD,TVD DM,DLP 

53 2 68 1 57 160 1.59 CAD,TVD DM,HTN 
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54 2 67 1 63 159 1.65 CAD,TVD, DM,HTN 

55 2 56 1 71 162 1.76 CAD,TVD DLP,HTN 

56 2 53 1 81 166 1.89 CAD, LM TVD DM 

57 2 75 1 66 161 1.70 CAD, LM TVD HTN 

58 2 61 1 73 159 1.76 CAD, TVD DM, HTN 

59 2 62 1 60 162 1.64 CA,LM TVD DM 

60 2 49 1 73 162 1.78 CAD,DVD, P/PCI RCA,mild LVD DM 

61 2 53 1 65 164 1.71 CAD,TVD DM,DLP,POVD 

62 2 46 1 66 171 1.77 CAD, TVD HTN 

63 2 61 1 80 159 1.82 CAD,LM TVD P/PCI TO LCX, 
GDLV 

HTN 

64 2 54 1 84 165 1.91 CAD, LM DVD HTN 

65 2 49 1 64 164 1.70 CAD,DVD DM,HTN 

66 2 69 2 64 154 1.62 CAD, TVD, P/PCI LAD DM,HTN 

67 2 46 1 66 164 1.71 CAD,LM TVD P/PCI TO LCX, 
GDLV 

DM 

68 2 53 1 63 155 1.62 CAD, TVD DM 

69 2 58 1 74 162 1.79 CAD,TVD HTN 

70 2 57 1 67 164 1.73 CAD,TVD HTN 

71 2 57 1 67 157 1.77 CAD, TVD LM 50% HTN 

72 2 62 1 71 167 1.80 CAD , LM TVD DM,DLP 

73 2 63 2 69 162 1.74 CAD,TVD DM 

74 2 62 1 70 163 1.76 CAD, LM TVD DM,DLP,HTN 

75 2 62 1 73 162 1.78 CAD, TVD P/PCI RCA,LCX HTN 

76 2 75 1 66 155 1.75 CAD, TVD HTN 

77 2 62 1 65 166 1.72 CAD, TVD DLP,HTN 

78 2 62 2 66 166 1.73 CAD, TVD, P/PCI RCA DM,HTN 

79 2 63 1 63 158 1.64 CAD, LM TVDp/PCI RCA DM 

80 2 50 2 71 155 1.70 CAD, DVD DM 

81 2 70 1 75 170 1.87 CAD,TVD HTN,DM, DLP 

82 2 64 1 59 152 1.55 CAD, LM 40 TVD, HTN 
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1 1 1 1 2 2 2 2 60 60 11.0 9.6 10.3 13.0 11.0 

2 1 2 2 2 2 1 2 66 60 12.0 11.0 11.0 9.0 9.0 

3 1 2 1 1 2 2 2 62 62 11.0 10.0 10.5 12.0 11.0 

4 1 1 1 2 2 2 2 57 60 9.0 8.0 8.5 9.0 9.0 

5 1 1 1 2 2 2 2 60 66 15.0 15.0 15.0 10.0 8.0 

6 2 1 2 2 2 2 2 54 62 10.0 15.0 12.5 12.8 11.2 

7 2 1 1 2 2 2 2 58 60 12.0 12.0 12.0 10.6 11.2 

8 2 1 1 2 2 2 2 61 62 14.0 12.0 13.0 14.0 12.0 

9 1 2 1 1 2 2 2 58 64 11.0 8.8 9.9 13.0 11.0 

10 2 1 2 2 2 2 1 60 63 14.0 16.0 15.0 12.0 15.0 

11 1 1 1 2 2 2 2 58 68 14.0 12.0 13.0 16.0 12.0 

12 2 1 2 2 2 2 2 60 58 11.0 9.0 10.0 9.0 8.6 

13 1 1 2 2 2 2 2 58 58 12.0 12.0 12.0 10.0 9.0 

14 1 2 1 2 2 1 2 66 60 12.0 10.0 11.0 8.4 15.0 

15 1 2 1 2 2 2 2 54 58 14.0 10.0 12.0 10.0 9.0 

16 2 1 1 2 1 2 2 60 64 12.0 11.0 11.5 13.0 9.0 

17 2 1 2 2 2 2 2 62 60 14.0 11.0 12.5 10.8 11.4 

18 2 1 2 2 2 2 2 60 64 15.0 11.0 13.0 15.0 12.0 

19 2 1 2 2 2 2 2 58 62 12.0 9.0 9.5 13.0 11.0 

20 2 1 1 2 2 2 2 55 60 17.0 11.0 14.0 14.0 10.0 

21 1 2 1 2 2 2 2 62 55 14.0 12.0 13.0 14.0 12.0 

22 1 2 1 1 2 2 2 59 60 10.0 10.0 10.0 14.0 10.0 

83 2 67 1 74 172 1.87 CAD,TVD, HTN 

84 2 52 1 66 161 1.70 CAD, TVD HTN 

85 2 65 1 71 166 1.79 CAD,TVD DM, DLP 

86 2 56 1 72 158 1.74 CAD,TVD, DM, HTN 

87 2 68 1 77 163 1.83 CAD,TVD,p/PCI LAD,RCA DM,HTN,TB,CVA 

88 2 59 2 72 162 1.77 CAD,DVD DM,DLP,HTN 
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23 2 1 1 2 2 
 

2 61 62 14.0 10.0 12.0 13.0 11.0 

24 2 1 2 2 2 2 2 55 55 12.0 10.0 11.0 15.0 12.0 

25 1 1 1 2 2 2 2 66 62 14.0 14.0 14.0 10.0 11.0 

26 2 1 2 2 1 2 1 64 52 10.0 12.0 11.0 11.0 9.0 

27 2 1 1 2 2 2 2 62 60 11.0 10.0 10.5 10.0 12.0 

28 1 1 1 1 2 2 1 60 59 14.0 12.0 11.0 15.0 12.0 

29 2 1 1 2 2 2 2 58 61 8.0 10.0 9.0 13.0 12.0 

30 2 2 1 2 2 2 2 62 61 8.0 8.0 8.0 12.0 10.0 

31 2 1 1 2 2 2 2 60 61 11.0 10.0 10.5 12.0 9.0 

32 1 1 1 2 2 1 2 66 58 12.0 11.0 11.5 11.0 9.0 

33 2 1 1 2 2 2 2 57 65 10.0 11.0 10.5 15.0 12.0 

34 2 1 1 1 2 2 2 62 60 15.0 13.0 14.0 15.0 13.0 

35 1 1 1 2 2 2 2 60 62 11.0 12.0 11.5 10.0 12.0 

36 1 2 1 2 2 2 2 59 60 10.0 10.0 10.0 10.0 11.0 

37 2 1 1 2 2 2 2 65 57 13.0 11.0 12.0 10.0 9.0 

38 2 1 1 2 2 2 2 61 58 9.0 13.0 10.5 9.8 10.2 

39 2 1 1 2 2 2 2 62 62 15.0 10.0 12.5 12.0 9.0 

40 2 1 1 2 2 2 2 68 58 11.0 10.0 10.5 9.0 9.0 

41 2 2 1 2 2 2 2 58 60 12.0 10.0 11.0 13.0 13.0 

42 2 1 1 2 2 2 2 61 66 10.0 11.0 10.5 15.0 13.0 

43 1 2 1 1 2 2 2 60 60 12.0 11.0 11.5 11.8 11.0 

44 2 1 1 2 2 2 2 57 60 10.0 13.0 11.5 12.0 11.0 

45 1 1 1 2 2 1 2 61 55 10.0 10.0 10.0 11.0 11.0 

46 2 1 1 2 2 2 2 60 60 13.0 9.0 11.0 11.2 8.6 

47 2 2 1 2 2 2 2 62 54 11.0 10.0 10.5 11.0 12.0 

48 2 2 1 2 2 2 2 57 64 9.0 8.0 8.5 15.0 12.0 

49 2 2 1 2 2 2 2 54 64 17.0 15.0 16.0 15.1 8.9 

50 2 2 1 2 2 2 2 49 61 15.0 15.0 15.0 15.1 14.7 

51 1 1 2 2 2 2 1 56 55 12.0 11.0 11.5 8.8 9.0 

52 1 1 2 2 2 2 2 61 58 13.0 11.0 12.0 10.8 7.8 

53 2 1 1 2 2 2 2 58 55 10.0 10.0 10.0 10.0 9.0 

54 2 1 1 2 2 2 2 60 61 14.0 16.0 15.0 11.2 8.6 

55 1 2 1 2 2 2 2 58 60 15.0 13.0 14.0 11.0 9.0 

56 2 1 2 2 2 2 2 61 60 18.0 14.0 16.0 10.0 10.0 

57 2 2 1 2 2 2 2 57 64 10.0 10.0 10.0 13.0 11.0 

58 2 1 1 2 2 2 2 66 60 11.0 8.0 10.5 12.0 12.0 

59 2 1 2 2 2 2 2 54 60 9.0 7.0 8.0 12.9 12.0 

60 2 1 1 2 2 2 2 60 60 14.0 11.0 12.5 12.2 11.0 

61 1 1 2 2 2 2 1 62 61 14.0 11.0 12.5 14.0 16.0 
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62 2 2 1 2 2 2 2 60 57 15.0 12.0 13.5 10.0 10.0 

63 2 2 1 2 2 2 2 58 56 10.0 9.0 9.5 9.0 10.0 

64 2 2 1 2 2 2 2 55 50 10.0 11.0 10.5 12.0 8.0 

65 2 1 1 2 2 2 2 62 60 12.0 11.0 11.5 12.0 10.8 

66 2 1 1 2 2 2 2 59 60 11.0 11.0 11.0 12.0 11.0 

67 2 1 2 2 2 2 2 61 58 10.0 10.0 10.0 10.9 10.0 

68 2 1 2 2 2 2 2 55 57 9.8 9.7 9.8 9.0 8.9 

69 2 2 1 2 2 2 2 66 58 10.8 7.8 9.3 9.0 7.0 

70 2 2 1 2 2 2 2 64 56 12.2 11.0 11.6 9.9 9.9 

71 2 2 1 2 2 2 2 62 68 11.0 10.0 10.5 9.8 9.7 

72 1 1 2 2 2 2 2 60 56 14.0 12.0 13.0 11.6 11.0 

73 2 1 2 2 2 2 2 60 62 11.0 8.0 10.5 15.0 11.0 

74 1 1 1 2 2 2 2 60 60 10.0 10.0 10.0 14.0 12.0 

75 2 2 1 2 2 2 2 64 60 10.8 9.2 10.0 10.0 8.4 

76 2 2 1 2 2 2 2 62 49 9.9 9.9 9.9 11.8 9.0 

77 1 2 1 2 2 2 2 59 62 11.0 12.0 11.5 13.0 11.0 

78 2 1 1 2 2 2 2 61 62 10.0 10.0 10.0 15.2 12.0 

79 2 1 2 2 2 2 2 60 61 13.0 13.0 13.0 11.0 8.0 

80 2 1 2 2 2 2 2 60 60 14.0 12.0 13.0 10.0 10.0 

81 1 1 1 2 2 2 2 60 56 11.0 12.0 11.5 9.9 10.2 

82 2 2 1 2 2 2 2 57 59 9.0 8.0 8.5 9.8 9.2 

83 2 2 1 2 2 2 2 54 62 17.0 15.0 16.0 14.3 14.2 

84 2 2 1 2 2 2 2 49 62 15.0 15.0 15.0 15.0 13.0 

85 1 1 2 2 2 2 2 56 61 12.0 11.0 11.5 11.0 15.0 

86 2 1 1 2 2 2 2 60 60 10.0 10.0 11.0 12.0 11.0 

87 2 1 1 1 2 2 2 56 60 8.8 10.2 9.5 14.3 14.2 

88 1 1 1 2 2 2 2 60 65 11.0 9.0 10.0 15.1 14.7 
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1 8.5 5.8 7.2 8.8 8.0 8.4 7.8 5.6 7.6 10.0 

2 9.0 6.7 7.9 6.6 8.6 7.6 7.8 8.6 8.4 11.6 

3 9.8 8.2 9.0 7.8 7.6 7.7 9.4 7.2 7.5 10.8 

4 11.0 8.6 9.8 7.6 7.8 7.7 12.6 8.8 12.1 13.2 

5 5.8 6.2 6.0 6.7 9.7 8.2 9.9 11.3 10.2 14.5 

6 8.4 7.8 8.1 7.9 8.6 8.3 10.6 9.2 11.2 13.8 

7 5.9 5.9 5.9 6.8 7.6 7.2 11.8 7.2 7.6 12.4 

8 8.9 6.8 7.9 11.4 9.0 10.2 9.7 6.7 6.8 11.0 

9 7.8 7.5 7.7 10.0 8.1 9.1 8.6 9.0 7.1 10.8 

10 9.4 8.1 8.8 8.5 7.6 8.1 8.6 10.6 7.2 11.8 

11 10.6 9.2 9.9 10.8 11.6 11.2 10.2 8.8 8.4 10.5 
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12 6.8 9.0 7.9 7.8 7.2 7.5 8.5 8.8 7.9 10.6 

13 7.8 6.0 6.9 7.6 7.3 7.5 7.2 8.6 7.8 11.3 

14 8.6 6.3 7.5 6.8 7.5 7.2 12.0 11.8 8.9 12.8 

15 8.7 7.8 8.3 5.8 6.2 6.0 8.6 12.0 8.5 13.4 

16 9.4 6.8 8.1 10.0 9.0 9.5 7.8 7.6 7.5 10.6 

17 8.0 9.4 8.7 8.2 8.7 8.5 7.2 7.6 5.8 10.8 

18 10.2 7.3 8.8 9.4 11.0 10.2 7.2 5.8 5.5 9.8 

19 11.0 9.7 10.4 5.8 8.2 7.0 8.5 6.2 5.9 10.0 

20 8.8 8.4 8.6 8.8 7.8 8.3 8.6 12.8 6.8 13.4 

21 7.8 7.8 7.8 8.8 8.1 8.5 10.4 9.8 7.5 12.7 

22 9.1 7.5 8.3 9.6 8.4 9.0 8.2 7.2 7.6 12.2 

23 8.0 7.4 7.7 11.8 11.6 11.7 8.3 8.2 9.3 13.2 

24 7.9 8.9 8.4 12.8 5.8 9.3 7.5 4.8 5.8 8.9 

25 8.5 8.2 8.4 8.8 9.0 8.9 11.5 2.6 7.2 12.6 

26 9.1 8.1 8.6 7.8 9.8 8.8 8.6 8.2 8.2 13.6 

27 9.0 7.6 8.3 8.8 7.8 8.3 11.0 10.6 10.6 14.6 

28 8.6 7.5 8.1 10.2 8.1 9.2 7.2 7.2 7.8 10.9 

29 5.6 6.4 6.0 8.2 10.2 9.2 11.0 5.8 8.7 9.9 

30 7.4 6.8 7.1 8.9 9.1 9.0 11.6 10.8 10.0 13.5 

31 7.9 8.2 8.1 7.5 7.1 7.3 9.4 7.8 8.5 10.7 

32 8.6 7.6 8.1 7.6 8.8 8.2 8.6 7.8 8.5 11.1 

33 8.8 7.7 8.3 10.2 11.4 10.8 8.1 7.6 7.6 10.1 

34 9.9 8.2 9.1 11.0 10.2 10.6 8.2 8.1 7.6 12.2 

35 10.5 9.1 9.8 9.4 7.5 8.5 5.8 8.2 7.5 10.7 

36 4.2 5.6 4.9 8.8 7.6 8.2 6.4 7.5 5.8 9.8 

37 9.8 8.6 9.2 9.3 6.8 8.1 11.6 9.3 10.3 13.8 

38 7.8 7.1 7.5 8.2 8.3 8.3 11.0 10.6 10.0 13.0 

39 6.7 5.6 6.2 8.5 8.6 8.6 11.9 7.8 10.2 13.2 

40 6.8 5.6 6.2 5.4 6.7 6.1 9.9 4.8 7.2 8.2 

41 5.5 6.8 6.2 8.3 7.8 8.1 5.8 6.7 5.8 9.5 

42 5.6 5.8 5.7 12.6 11.0 11.8 4.7 2.9 4.1 6.3 

43 5.6 6.3 6.0 7.8 7.4 7.6 6.3 6.7 6.2 8.2 

44 8.5 7.5 8.0 7.8 8.4 8.1 11.7 8.3 9.5 11.3 

45 6.5 5.8 6.2 8.6 8.1 8.4 8.4 7.2 7.6 10.2 

46 7.8 6.7 7.3 10.3 8.1 9.2 9.5 8.6 8.8 13.4 

47 10.2 7.8 9.0 6.5 6.3 6.4 10.5 5.4 7.5 9.8 

48 8.8 8.6 8.7 12.4 9.0 10.7 11.2 8.8 12.1 12.8 

49 7.6 7.9 7.8 12.0 13.0 12.5 9.9 11.3 10.2 14.5 

50 8.4 8.1 8.3 7.6 7.4 7.5 10.6 9.2 11.2 13.8 

51 9.3 5.9 7.6 8.2 5.8 7.0 12.8 7.8 6.5 11.0 

52 9.3 6.8 8.1 8.1 7.5 7.8 8.2 6.5 5.8 9.4 

53 7.8 7.2 7.5 7.8 7.7 7.8 8.6 7.2 7.1 8.8 

54 8.2 8.1 8.2 8.5 5.8 7.2 7.8 7.8 7.2 9.8 

55 11.0 9.2 10.1 7.8 7.6 7.7 9.7 8.8 8.4 10.5 

56 10.2 9.0 9.6 8.0 7.8 7.9 8.5 9.0 7.9 9.6 

57 6.6 5.9 6.3 11.6 8.6 10.1 11.6 10.8 10.0 13.5 

58 5.8 6.3 6.1 10.5 8.9 9.7 9.4 7.8 8.5 10.7 

59 7.8 7.8 7.8 9.2 6.8 8.0 8.6 7.8 8.5 11.1 

60 7.5 6.8 7.2 8.9 8.1 8.5 8.1 7.6 7.6 10.1 
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61 8.0 9.0 8.5 8.6 7.8 8.2 8.2 8.1 7.6 12.2 

62 6.6 7.3 7.0 7.9 7.4 7.7 5.8 8.2 7.5 10.7 

63 8.2 8.3 8.3 8.0 6.8 7.4 6.4 7.5 5.8 9.8 

64 9.2 8.4 8.8 7.5 7.5 7.5 7.2 7.5 7.8 11.3 

65 8.3 7.8 8.1 8.7 8.3 8.5 10.0 11.8 8.9 12.8 

66 7.7 7.5 7.6 9.5 7.1 8.3 9.9 12.0 8.5 13.4 

67 7.8 7.4 7.6 7.9 7.5 7.7 6.1 7.6 7.5 10.6 

68 11.4 8.9 10.2 6.8 7.1 7.0 7.2 7.6 5.8 10.8 

69 7.9 8.0 8.0 7.0 6.8 6.9 7.2 5.8 5.5 9.8 

70 8.8 8.1 8.5 10.0 9.2 9.6 8.5 6.2 5.9 11.0 

71 7.9 7.6 7.8 7.9 8.1 8.0 8.6 12.8 6.8 13.4 

72 7.6 7.5 7.6 7.6 6.8 7.2 8.2 10.7 7.5 12.7 

73 9.5 8.3 8.9 8.0 8.3 8.2 7.6 10.6 10.8 14.0 

74 9.5 8.9 9.2 8.9 7.5 8.2 7.2 7.8 9.0 11.8 

75 9.1 8.1 8.6 7.8 6.7 7.3 6.2 8.3 7.8 12.0 

76 7.0 6.8 6.9 9.5 8.4 9.0 9.8 7.2 7.5 12.0 

77 8.1 7.8 8.0 8.8 7.2 8.0 10.0 8.6 8.7 13.0 

78 8.1 7.6 7.9 7.9 7.1 7.5 10.2 7.4 9.4 15.4 

79 6.2 7.0 6.6 8.6 7.0 7.8 8.4 8.2 8.1 13.5 

80 7.9 7.1 7.5 7.9 6.8 7.4 9.0 8.2 7.8 12.5 

81 8.3 5.8 7.1 7.5 6.4 7.0 6.2 6.2 5.5 7.4 

82 8.8 8.6 8.7 7.6 7.8 7.7 7.8 7.9 5.8 8.8 

83 7.6 7.9 7.8 11.6 8.6 10.1 9.9 11.2 11.1 14.5 

84 8.4 8.1 8.3 11.0 10.2 10.6 8.9 7.2 7.5 11.9 

85 9.3 5.9 7.6 8.5 5.8 7.2 7.6 7.2 7.8 12.6 

86 7.5 7.1 7.3 9.2 6.8 8.0 7.2 5.5 8.8 10.0 

87 9.5 8.5 9.0 8.0 8.3 8.2 11.0 10.6 8.4 13.5 

88 11.0 9.0 10.0 11.3 9.0 10.2 9.9 11.2 11.1 14.5 
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1 -14 -11 -9 -10 -11 -15 -11 -8 -6 -11 

2 -10 -12 -13 -21 -16 -14 -9 -18 -11 -16 

3 -13 -18 -15 -10 -9 -14 -15 -17 -11 -16 

4 -20 -21 -16 -6 -15 -12 -9 -15 -8 -12 

5 -15 -21 -16 -11 -18 -11 -16 -17 -8 -14 

6 -15 -13 -10 -9 -8 -9 -10 -13 -11 -10 

7 -8 -9 -10 -14 -18 -13 -11 -13 -12 -13 
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8 -17 -9 -24 -11 -17 -16 -14 -15 -17 -17 

9 9 8 -7 -15 -6 -11 10 8 -11 -9 

10 -13 -10 -11 -13 -15 -16 -18 -10 -13 -15 

11 -12 -15 -14 -11 -18 -17 -11 -11 -10 -15 

12 -7 -11 -13 -15 -9 -13 -11 -14 -12 -13 

13 -18 -14 -19 -13 -13 -15 -18 -17 -13 -16 

14 -13 -15 -10 -11 -14 -20 -11 -13 -11 -14 

15 -17 -16 -18 -15 -15 -13 -11 -13 -12 -18 

16 -9 7 -9 -11 -15 -13 -11 -15 -17 -10 

17 -17 -12 -17 -13 -11 -14 -13 -11 -12 -15 

18 -13 -15 -14 -18 -16 -11 -20 -18 -11 -18 

19 -15 -13 -17 -11 -9 -12 -14 -11 -13 -11 

20 -12 -15 -14 -18 -15 -17 -16 -13 -11 -15 

21 -19 -22 -20 -17 -24 -17 -18 -9 -12 -22 

22 -9 -11 -7 -9 -14 -11 -15 -14 -10 -10 

23 -1 -2 -1 2 -1 2 -7 0 1 -8 

24 -7 -11 -11 -15 -11 -4 -9 -13 -11 -11 

25 -9 -20 -12 -10 -18 -14 -23 -22 -19 -19 

26 -14 -18 -15 -14 -13 -15 -22 -18 -17 -16 

27 -18 -22 -20 -18 -10 -18 -9 -16 -15 -18 

28 -9 8 -7 -18 10 -10 -11 -10 -10 -9 

29 -11 -10 -9 -10 -13 -16 -15 -15 -17 -17 

30 -14 -13 -15 -10 -11 -13 -14 -15 -16 -16 

31 -10 -9 -8 -10 -18 -14 -12 -15 -11 -14 

32 -7 -10 -8 -10 -11 -10 -22 -9 -11 -15 

33 -17 -12 -22 -14 -12 -14 -10 -9 -8 -10 

34 -12 -14 -18 -11 -11 -16 -15 -9 -10 -14 

35 -15 -15 -22 -14 -15 -12 -10 -16 -15 -16 

36 -20 -17 -14 -6 -10 8 -12 -8 -12 -11 

37 -17 -17 -24 -11 -17 -16 -14 -15 -17 -17 

38 -19 -15 -21 -15 -16 -13 -15 -10 -11 -15 

39 -14 -10 -10 -9 -10 -10 -14 -10 -13 -11 

40 -8 -6 -8 -11 -10 -12 -11 -9 -10 -8 

41 -7 -11 -11 -15 11 -4 -9 -13 -11 -11 

42 -10 -20 -12 -10 -18 -14 -23 -22 -19 -19 

43 -7 -11 -8 -11 -9 -10 -11 -9 -11 -11 

44 -17 -16 -18 -15 -16 -13 -11 -13 -12 -18 

45 -14 12 8 -8 -8 -9 -11 -8 -1 -9 

46 -10 -10 -9 -25 -9 -9 -10 -21 -11 -10 

47 -28 -20 -16 -9 -16 -14 -11 -17 -11 -13 

48 -18 -21 -14 -6 -15 -11 -13 -15 -8 -12 

49 -15 -21 -16 -12 -18 -11 -17 -17 -8 -14 

50 -15 -13 -10 -9 -8 -9 -10 -13 -11 -10 

51 7 7 6 -14 -24 -14 -11 -13 -12 -13 

52 -17 -17 -24 -11 -17 -16 -14 -15 -17 -17 

53 -19 -15 -21 -15 -16 -13 -15 -10 -11 -15 
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54 -14 -10 -10 -9 -10 -10 -14 -10 -13 -11 

55 -8 -6 -8 -11 -10 -12 -11 -9 -10 -8 

56 -14 -22 -18 -15 -17 -17 -11 -14 -12 -17 

57 -11 -14 -12 -13 -15 -15 -18 -17 -13 -16 

58 -7 -11 -8 -11 -9 -10 -11 -10 -11 -11 

59 -17 -16 -18 -15 -15 -13 -11 -13 -12 -18 

60 -14 -20 -11 -10 -12 -15 -18 -16 -12 -13 

61 -20 -12 -17 -13 -11 -14 -10 -11 -7 -14 

62 -18 -22 -18 -25 -11 -10 -10 -20 -11 -18 

63 -14 -13 -14 -11 -20 -12 -14 -11 -13 -14 

64 -9 -10 -11 -10 -18 -17 -10 -13 -11 -15 

65 -19 -22 -17 -17 -24 -17 -18 -9 -12 -22 

66 -9 -7 -7 -9 -14 -11 -15 -14 -10 -10 

67 -1 -2 -1 2 -1 2 1 0 1 -8 

68 -7 -11 -11 -15 11 -4 -9 -13 -11 -11 

69 -10 -20 -12 -10 -18 -14 -23 -22 -19 -19 

70 -9 -18 -15 -14 -13 -15 -22 -18 -17 -16 

71 -18 -22 -20 -18 -10 -18 -9 -16 -15 -18 

72 -9 8 -7 -18 10 -10 -11 -10 -10 -9 

73 -20 -12 -17 -13 -11 -14 -10 -11 -7 -14 

74 -18 -22 -18 -25 -11 -10 -10 -20 -11 -18 

75 -14 -13 -14 -11 -20 -12 -14 -11 -13 -14 

76 -12 -20 -18 -10 -13 -15 -18 -12 -19 -20 

77 -17 -10 -14 -15 -14 -15 -13 -14 -15 -16 

78 -20 -12 -10 -13 -11 -13 -10 -11 -7 -14 

79 -18 -22 -18 -25 -11 -10 -9 -20 -11 -18 

80 -14 -18 -14 -11 -14 -12 -14 -11 -13 -14 

81 -14 -20 -11 -10 -12 -15 -18 -16 -12 -13 

82 -18 -21 -14 -6 -15 -11 -13 -15 -8 -12 

83 -15 -21 -16 -12 -18 -11 -17 -17 -8 -14 

84 -15 -13 -10 -9 -8 -9 -10 -13 -11 -10 

85 7 7 6 -14 -24 -14 -11 -13 -12 -13 

86 -14 -13 -15 -11 -20 -12 -14 -11 -13 -15 

87 -12 -20 -18 -10 -13 -15 -18 -12 -19 -20 

88 -14 -10 -14 -15 -14 -15 -13 -14 -15 -16 
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1 -18 -16 -17 -15 -19 -18 -20 -18 -17 -18 

2 -10 -15 -11 -13 -18 -15 -16 -13 -15 -14 

3 -9 -23 -18 -14 -8 -10 -17 -8 -13 -16 

4 -14 -11 -15 -13 -17 -16 -8 -19 -12 -12 

5 -20 -18 -16 -10 -18 -16 -20 -14 -12 -11 

6 -10 -10 -16 -8 -13 -9 -13 -7 -13 -16 

7 -16 -14 -18 -11 -17 -16 -14 -15 -17 -10 

8 -10 -15 -21 -15 -16 -13 -15 -10 -11 -18 

9 -14 -10 -18 -9 -10 -12 -14 -10 -13 -14 

10 -15 -21 -15 -26 -11 -25 -17 -16 -21 -17 

11 -16 -16 -21 -15 -16 -13 -15 -10 -11 -15 

12 -14 -10 -18 -9 -10 -11 -14 -10 -13 -11 

13 -8 -10 -8 -11 -10 -12 -11 -9 -10 -10 

14 -14 -17 -14 -6 -19 6 -10 -22 -19 -11 

15 -16 -10 -15 -13 -11 -14 -11 -12 -13 -11 

16 -18 -14 -17 -11 -7 -10 -18 -12 -14 -16 

17 -10 -17 -11 -15 -9 -10 -9 -13 -11 -13 

18 -10 -20 -12 -10 -18 -14 -20 -18 -19 -17 

19 -14 -18 -15 -16 -13 -15 -16 -18 -17 -17 

20 -18 -22 -20 -18 -10 -18 -9 -16 -15 -16 

21 -18 -22 -18 -25 -11 -9 -10 -20 -11 -19 

22 -14 -13 -14 -11 -20 -12 -14 -11 -13 -18 

23 -12 -20 -18 -10 -13 -15 -18 -12 -19 -18 

24 -17 -14 -14 -15 -14 -15 -13 -14 -15 -17 

25 -18 -12 -11 -13 -11 -13 -10 -11 -7 -14 

26 -16 -22 -18 -25 -11 -10 -9 -20 -11 -14 

27 -14 -15 -14 -11 -14 -12 -14 -11 -13 -15 

28 -18 -13 -18 -15 -13 -10 -8 -12 -15 -17 

29 -11 -10 -12 -9 -11 -12 -14 -13 -15 -18 

30 -10 -15 -20 -15 -12 -14 -13 -11 -9 -15 

31 -10 -18 -9 -10 -11 -14 -8 -16 -9 -11 

32 -13 -9 -15 -12 -11 -19 -10 -10 -11 -14 

33 -14 -16 -10 -11 -12 -13 -18 -14 -13 -18 

34 -13 -16 -10 -22 -10 -13 -11 -12 -10 -17 

35 -18 -22 -20 -12 -13 -13 -24 -18 -16 -15 

36 -13 -18 -16 -11 -9 -13 -20 -11 -16 -14 

37 -17 -23 -22 -17 -8 -13 -12 -14 -14 -11 

38 -10 -9 -9 -11 -12 -8 -11 -9 -10 -12 

39 -9 -11 -14 -11 -10 -11 -9 -11 -8 -15 

40 -12 -13 -12 -11 -10 -11 -9 -11 -10 -10 

41 -8 -20 -18 -9 -11 -15 -2 -8 -7 -19 
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42 -10 -20 -4 -10 -18 -14 -16 -16 -17 -17 

43 -12 -14 -12 -13 15 -14 -11 -13 -15 -15 

44 -13 -21 -17 -16 -21 -19 -12 -14 -15 -18 

45 -10 -9 6 -8 11 -3 -4 -9 -4 -12 

46 -9 -7 -7 -9 -21 -11 -14 -9 -10 -16 

47 -18 -12 -18 -13 -11 -14 -10 -11 -7 -14 

48 -12 -22 -16 -25 -11 -9 -12 -20 -11 -18 

49 -15 -13 -15 -11 -15 -12 -14 -11 -13 -17 

50 -13 -20 -18 -10 -13 -15 -18 -12 -19 -18 

51 -1 -2 -1 2 -1 2 1 0 1 -10 

52 -13 -13 -15 -8 -15 -16 -20 -15 -17 -9 

53 -12 -15 -16 -22 -18 -15 -20 -13 -16 -11 

54 -10 -11 -11 -10 -10 -11 -9 -8 -18 -15 

55 -14 -11 -15 -13 -17 -16 -8 -19 -12 -15 

56 -13 -17 -14 -10 -8 -11 -22 -10 -12 -15 

57 -10 -10 -9 -8 -7 -11 -13 -12 -13 -17 

58 -17 -14 -18 -11 -17 -16 -14 -15 -17 -15 

59 -20 -15 -21 -15 -16 -13 -15 -10 -11 -15 

60 -14 -10 -10 -9 -10 -12 -14 -10 -13 -16 

61 -15 -21 -15 -26 -11 -25 -17 -16 -21 -17 

62 -19 -15 -21 -15 -16 -13 -15 -10 -11 -11 

63 -14 -10 -10 -9 -10 -11 -14 -10 -13 -11 

64 -8 -10 -8 -11 -10 -12 -11 -9 -10 -14 

65 -14 -17 -14 -6 12 6 -10 -22 -19 -17 

66 -20 -10 -15 -13 -11 -14 -11 -12 -13 -16 

67 -10 -15 -17 -11 -7 -10 -18 -12 -14 -11 

68 -10 -11 -11 -15 -9 -10 -9 -13 -11 -8 

69 -10 -20 -12 -10 -18 -14 -20 -18 -19 -8 

70 -14 -18 -15 -16 -13 -15 -16 -18 -17 -11 

71 -18 -22 -20 -18 -10 -18 -9 -16 -15 -10 

72 -9 -11 -7 -15 10 -10 -11 -10 -10 -11 

73 -17 -12 -17 -13 -11 -14 -10 -11 -7 -17 

74 -18 -22 -18 -25 -11 -9 -10 -20 -11 -16 

75 -14 -13 -14 -11 -20 -12 -14 -11 -13 -14 

76 -12 -20 -18 -10 -13 -15 -18 -12 -19 -11 

77 -17 -14 -14 -15 -14 -15 -13 -14 -15 -16 

78 -18 -12 -11 -13 -11 -13 -10 -11 -7 -17 

79 -16 -22 -18 -25 -11 -10 -9 -20 -11 -14 

80 -14 -18 -14 -11 -14 -12 -14 -11 -13 -14 

81 -20 -13 -11 -13 -10 -9 -12 -12 -17 -10 

82 -12 -22 -16 -25 -11 -9 -12 -20 -11 -10 

83 -15 -13 -15 -11 -15 -12 -14 -11 -13 -18 

84 -13 -20 -18 -10 -13 -15 -18 -12 -19 -17 

85 -1 -2 -1 2 -1 2 1 0 1 -14 

86 -14 -16 -10 -11 -12 -13 -18 -14 -13 -16 

87 -13 -16 -10 -22 -10 -13 -11 -12 -10 -17 

88 -18 -22 -20 -12 -13 -13 -24 -18 -16 -19 
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1 71 138 76 88 98 72 154 82 110 10 74 118 68 82 5 

2 68 128 68 78 99 58 138 84 90 8 72 114 72 88 6 

3 58 142 74 92 99 66 126 80 82 9 82 136 74 88 8 

4 76 188 106 128 98 88 145 91 112 4 71 108 59 67 5 

5 88 162 90 118 99 92 184 114 132 8 68 134 78 93 8 

6 66 142 68 82 99 77 118 78 82 8 78 124 80 94 8 

7 66 128 64 82 98 71 206 105 118 6 74 124 64 76 5 

8 64 176 96 124 98 72 132 88 94 8 85 138 60 85 7 

9 73 158 86 106 99 66 164 88 98 10 68 121 64 81 8 

10 76 118 76 92 97 56 120 84 92 8 88 132 64 80 6 

11 84 128 72 102 98 68 156 88 106 5 78 112 56 63 5 

12 62 132 76 86 99 66 112 65 73 7 66 108 56 71 6 

13 70 141 65 82 99 69 188 88 124 10 88 132 72 83 7 

14 70 128 64 80 99 70 143 86 92 8 81 120 82 88 6 

15 64 126 68 81 99 70 122 73 84 7 58 111 57 67 8 

16 64 167 86 117 99 71 126 80 84 8 68 122 64 81 7 

17 62 142 76 92 99 71 122 63 83 9 77 117 59 65 4 

18 88 130 82 99 99 85 110 64 76 8 66 140 82 88 8 

19 82 138 76 88 99 88 172 90 106 7 82 132 80 75 5 

20 74 124 76 82 99 84 176 110 125 7 69 127 63 78 6 

21 76 144 78 94 99 77 128 75 88 8 88 136 88 89 8 

22 66 130 74 86 98 59 176 86 104 7 70 108 68 78 4 

23 80 177 96 123 99 71 122 72 78 8 78 114 58 68 5 

24 74 128 64 82 96 75 118 78 82 9 97 116 64 76 9 

25 81 152 88 124 99 77 210 116 148 7 88 132 68 88 7 

26 54 144 78 102 98 72 158 93 103 8 86 118 72 84 7 

27 64 118 76 88 99 68 190 116 136 9 88 126 88 89 8 

28 74 128 72 85 97 64 138 66 86 7 68 114 63 78 6 

29 70 188 88 126 99 62 188 106 124 9 78 128 78 86 8 

30 70 128 77 88 98 77 116 80 82 8 58 112 56 72 7 

31 65 122 74 80 99 75 206 116 132 10 66 118 64 76 7 

32 80 140 80 106 99 77 154 92 114 9 72 121 71 80 9 

33 70 138 68 88 99 66 138 66 86 5 83 112 64 74 4 

34 75 140 75 103 97 54 134 76 86 11 78 125 78 81 6 

35 71 138 78 88 99 52 125 82 87 10 60 112 58 64 7 

36 78 138 82 96 98 70 121 83 97 7 68 114 74 81 6 

37 72 110 74 80 99 62 164 94 113 9 90 124 68 76 8 
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38 88 122 82 88 99 60 145 86 98 5 75 103 72 64 5 

39 86 142 86 122 99 88 186 94 144 8 94 132 64 88 6 

40 58 134 76 88 99 60 133 78 84 8 65 106 64 73 6 

41 62 130 74 86 99 57 122 84 90 8 68 124 78 84 7 

42 64 166 92 114 99 92 118 80 82 9 72 116 58 76 6 

43 58 152 88 126 99 58 150 68 88 6 76 148 74 84 5 

44 76 144 76 102 98 78 156 84 102 6 64 106 52 72 6 

45 55 180 82 110 98 55 180 82 110 12 71 115 63 74 6 

46 68 186 108 128 99 68 206 110 134 10 72 108 64 72 2 

47 66 120 76 88 97 71 160 96 118 9 75 131 71 88 8 

48 64 128 58 92 99 66 145 91 112 4 71 108 59 67 5 

49 66 148 78 112 99 66 206 108 148 7 78 131 81 93 8 

50 48 166 98 124 100 50 163 99 116 6 68 124 80 94 8 

51 72 138 74 88 99 72 180 105 117 6 74 126 64 75 5 

52 60 213 79 119 99 62 202 88 118 7 71 138 60 85 7 

53 64 132 82 96 100 76 128 85 93 8 78 116 58 74 8 

54 73 146 94 110 99 62 154 90 108 7 88 126 64 76 6 

55 76 132 80 100 98 70 156 88 106 5 78 112 56 63 5 

56 84 116 77 85 99 70 112 65 73 7 66 108 56 71 6 

57 62 120 74 78 100 64 188 88 126 10 71 132 66 83 5 

58 70 128 88 94 99 64 143 86 92 8 81 120 82 88 6 

59 70 185 96 128 99 62 122 73 84 7 58 111 57 67 8 

60 64 136 86 88 99 88 118 72 84 8 82 126 64 81 7 

61 64 117 72 83 100 82 122 63 83 9 77 117 59 65 4 

62 62 122 77 85 98 58 114 64 76 8 66 140 82 88 8 

63 88 160 90 124 99 80 160 90 106 7 82 132 80 75 5 

64 82 154 92 112 99 52 176 110 125 7 69 127 63 78 6 

65 74 133 75 94 100 70 133 75 94 6 88 126 88 89 8 

66 76 156 85 113 100 62 140 86 96 7 70 118 68 78 9 

67 66 142 84 110 100 77 122 63 78 8 78 114 58 68 5 

68 80 113 79 81 99 72 113 78 92 7 97 130 64 87 10 

69 74 188 105 135 100 62 224 104 148 7 88 128 68 88 7 

70 81 190 112 142 96 56 158 93 103 8 86 118 72 84 7 

71 54 138 96 106 97 68 210 116 132 6 88 126 88 89 8 

72 64 195 108 142 99 74 251 101 152 7 78 126 63 86 4 

73 60 152 80 99 99 62 150 78 88 6 66 125 76 88 8 

74 99 118 82 86 99 56 122 67 83 8 61 108 56 66 5 

75 82 116 74 82 99 60 119 86 88 7 71 116 82 85 7 

76 66 148 96 113 99 71 120 68 82 8 88 118 80 84 7 

77 56 131 81 88 99 54 131 81 101 8 71 125 65 77 6 

78 71 122 72 84 97 80 124 64 78 9 72 148 92 88 7 

79 72 122 68 88 97 88 186 88 124 9 71 124 75 83 7 

80 77 152 100 112 100 75 146 96 110 8 50 119 62 78 8 

81 56 188 82 140 98 56 190 90 146 7 72 120 66 82 13 

82 64 128 58 92 99 66 145 91 112 4 71 108 59 67 5 

83 66 148 78 112 99 66 206 108 148 7 78 131 81 93 8 
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84 48 166 98 124 100 50 163 99 116 6 68 124 80 94 8 

85 72 138 74 88 99 72 180 105 117 6 74 126 64 75 5 

86 70 138 68 88 99 66 138 66 86 5 83 112 64 74 4 

87 75 140 75 103 97 54 126 62 76 7 76 116 64 76 8 

88 71 138 78 88 99 52 156 84 100 7 80 118 66 82 7 
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1 72 110 66 76 5 9.1 18 2.20 18.10 75 3.8 2.10 1 110 56 

2 82 156 87 92 8 10.0 22 3.20 26.30 75 6.4 3.70 2 104 61 

3 64 111 65 76 7 11.6 18 3.10 25.00 62 5.4 3.10 2 141 88 

4 72 108 64 71 8 9.6 21 2.60 22.00 63 4.2 2.40 2 105 55 

5 78 126 66 78 6 9.7 19 2.30 18.60 63 4.7 2.70 2 116 66 

6 90 108 76 78 10 9.7 19 3.00 22.00 71 4.9 2.80 2 105 70 

7 86 116 66 76 8 10.6 20 3.20 25.00 78 6.6 3.60 2 153 94 

8 76 108 58 66 7 10.8 19 2.80 22.00 58 3.6 2.20 2 114 70 

9 78 100 58 72 9 8.6 20 2.80 21.00 65 4.5 2.50 2 116 78 

10 72 123 64 79 10 9.4 20 3.20 21.60 68 4.2 2.40 2 108 70 

11 72 108 54 62 4 9.8 19 2.80 1.72 47 2.9 1.68 1 100 55 

12 68 126 76 88 7 10.4 20 4.10 23.00 72 5.7 3.20 2 118 62 

13 77 114 74 83 8 8.8 20 3.80 18.20 62 6.0 3.60 2 109 50 

14 74 120 74 82 6 8.6 19 3.10 25.70 73 5.8 3.70 2 110 55 

15 74 118 70 84 6 10.2 20 3.20 19.00 62 4.2 2.40 2 108 58 

16 84 124 68 72 6 9.3 19 2.70 18.00 63 3.8 2.10 2 128 60 

17 56 112 54 62 7 9.8 19 2.80 17.20 47 3.4 1.80 2 106 61 

18 58 117 65 74 8 9.1 19 2.80 21.00 56 5.6 3.30 1 108 59 

19 64 112 63 75 7 10.0 19 2.70 22.00 58 5.6 3.30 2 114 62 

20 72 108 68 76 5 8.9 19 2.20 18.10 75 3.8 2.10 2 114 62 



 

SCTIMST, Thiruvananthapuram.                     69 

 

21 56 118 68 74 6 9.6 20 2.30 20.00 68 5.4 2.90 2 108 60 

22 76 110 52 66 5 10.2 19 2.60 20.00 63 6.6 3.80 2 104 60 

23 79 128 66 82 6 10.2 21 3.46 13.10 37 2.9 1.60 1 108 62 

24 92 136 74 82 8 9.6 20 3.14 20.40 64 6.2 3.80 2 132 60 

25 56 108 54 68 8 9.6 18 2.27 11.90 27 4.5 2.70 2 120 70 

26 55 110 52 66 5 10.2 19 2.60 20.00 63 6.6 3.60 2 114 70 

27 79 128 66 82 6 10.2 21 3.46 13.10 37 2.9 1.60 1 140 92 

28 95 108 58 75 6 10.2 19 3.14 20.40 57 5.3 2.90 2 120 80 

29 56 99 54 62 6 9.6 17 2.27 18.00 27 2.6 1.50 1 149 78 

30 55 110 52 66 5 10.2 19 2.60 20.00 63 6.6 3.90 2 110 64 

31 79 132 78 90 9 11.4 21 3.46 13.10 57 4.8 2.60 2 135 82 

32 95 124 58 75 6 10.2 20 3.14 20.40 64 6.0 3.60 2 140 90 

33 83 102 54 62 4 9.8 19 2.84 1.72 47 2.9 1.70 1 120 80 

34 87 128 76 88 7 10.4 19 2.30 23.00 72 6.3 3.40 2 108 60 

35 76 114 74 83 7 9.4 20 2.30 18.30 65 5.8 3.30 2 106 60 

36 74 116 54 68 4 9.6 23 4.15 20.10 85 6.0 3.40 2 110 64 

37 78 124 58 72 8 11.1 23 2.27 18.30 57 4.3 2.40 2 120 70 

38 90 106 56 71 4 10.1 18 2.54 17.70 45 4.1 2.20 2 110 56 

39 87 140 68 84 9 9.3 20 2.80 23.00 72 6.3 3.50 2 108 56 

40 76 124 63 71 7 10.2 22 18.10 18.10 75 3.8 2.20 2 108 60 

41 56 99 54 62 6 9.6 17 2.27 11.90 27 2.6 1.60 1 110 60 

42 55 110 52 66 5 9.8 19 2.60 20.00 63 6.6 3.90 2 127 55 

43 79 128 66 82 6 11.2 21 3.46 13.10 48 3.8 2.20 1 107 54 

44 95 124 58 75 6 10.2 20 3.14 20.40 64 5.7 3.20 2 140 82 

45 76 132 76 83 11 9.7 19 3.00 22.00 71 4.9 3.00 2 110 56 

46 112 119 68 78 4 11.4 20 3.10 25.00 58 3.5 1.83 1 104 56 

47 90 118 72 82 5 9.4 19 2.80 23.00 62 4.1 2.30 2 167 111 

48 65 123 62 77 6 8.8 21 3.10 22.40 64 4.2 2.70 2 105 55 

49 76 126 74 90 8 8.6 18 2.80 25.70 73 5.8 3.10 1 116 66 

50 89 131 76 84 6 9.4 20 3.20 17.00 66 4.0 2.30 2 105 70 

51 66 124 68 72 6 9.3 19 2.80 18.00 63 3.8 2.10 1 127 55 

52 72 104 56 71 5 10.2 19 2.80 23.00 62 3.8 2.20 2 107 54 

53 62 122 78 88 7 11.2 21 3.20 25.00 72 6.2 3.80 2 140 82 

54 78 117 65 74 8 9.1 19 2.80 21.00 56 5.8 3.50 2 123 70 

55 76 112 72 76 7 10.0 19 2.70 21.00 58 5.6 3.10 2 100 55 

56 70 108 68 76 5 8.9 19 2.20 18.10 75 3.8 2.10 2 121 56 

57 58 156 87 92 8 10.0 22 3.20 26.30 75 6.4 3.70 2 109 50 

58 64 111 65 76 7 11.6 18 2.80 23.00 62 4.3 2.44 2 110 55 

59 88 108 62 71 8 9.6 21 2.80 22.00 63 4.1 2.60 2 108 58 

60 68 100 56 62 5 9.1 19 2.30 19.00 51 3.5 2.00 2 128 60 

61 77 132 76 83 11 9.7 19 3.00 22.00 71 4.9 2.80 1 106 61 

62 52 116 66 76 8 9.3 20 3.20 25.00 78 6.6 3.70 2 153 94 

63 76 108 58 66 7 10.8 19 2.80 22.00 58 3.6 2.00 2 114 70 

64 78 148 86 92 9 11.8 20 2.80 21.00 65 6.7 3.50 2 116 78 

65 72 119 58 79 14 9.4 20 3.00 21.60 68 4.2 2.50 2 108 70 

66 72 108 54 62 4 9.8 19 2.80 1.72 47 2.9 1.80 2 104 60 

67 80 126 76 88 8 10.4 20 4.10 23.00 72 5.7 3.40 2 108 62 

68 77 114 74 83 5 8.8 20 3.80 18.20 62 6.0 3.70 1 132 60 
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69 75 120 74 82 6 8.6 19 3.10 25.70 73 5.8 3.20 2 120 70 

70 76 131 67 84 6 9.4 20 3.20 19.00 66 4.0 2.30 2 114 70 

71 84 124 68 72 6 9.3 19 2.70 18.00 63 3.8 2.20 2 140 92 

72 66 112 54 62 4 9.8 19 2.80 17.20 47 2.9 1.60 2 120 80 

73 58 117 65 74 8 9.1 19 2.80 21.00 56 5.6 3.20 1 149 78 

74 64 112 63 75 7 10.0 19 2.70 22.00 58 5.6 3.20 2 110 64 

75 72 108 68 76 5 8.9 19 2.20 18.10 75 3.8 2.20 2 135 82 

76 75 146 82 94 8 10.0 22 3.20 25.20 75 5.8 3.30 2 140 90 

77 75 110 66 82 12 11.2 20 3.30 22.00 62 4.8 2.80 1 120 80 

78 76 126 74 76 8 8.9 20 3.20 25.00 63 5.1 2.90 2 108 60 

79 88 120 76 80 7 9.7 18 2.80 18.00 48 3.7 2.30 2 106 60 

80 76 110 70 78 7 10.5 19 2.90 19.00 58 4.3 2.50 2 110 64 

81 76 108 62 80 14 9.4 22 3.80 18.40 70 5.1 2.70 1 123 70 

82 65 123 62 77 6 8.8 21 3.10 22.40 64 4.2 2.70 2 105 55 

83 76 126 74 90 8 8.6 19 3.10 25.70 73 5.8 3.10 1 116 66 

84 89 131 76 84 6 9.4 20 3.20 17.00 66 4.0 2.40 2 105 70 

85 66 124 68 72 6 9.3 19 2.80 18.00 63 3.8 2.20 1 127 55 

86 83 102 54 62 4 9.8 19 2.80 1.72 47 2.9 1.70 1 110 61 

87 87 136 76 88 8 10.4 20 4.10 23.00 72 6.3 3.40 2 104 62 

88 76 114 74 83 5 8.8 20 3.80 18.20 62 6.0 3.50 2 118 58 
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1 10.0 10.2 -11 -11 12.2 12.2 -9 -9 16 58 

2 11.6 11.6 -16 -15 12.0 11.8 -10 -11 14 68 

3 10.8 10.6 -16 -16 9.4 10.0 -13 -13 15 70 

4 13.2 12.8 -12 -12 8.8 8.8 -12 -12 12 72 

5 14.5 14.5 -14 -13 10.4 10.5 -14 -15 15 83 

6 13.8 13.6 -10 -10 10.5 10.5 -10 -10 18 75 

7 12.4 12.6 -13 -13 9.6 9.8 -13 -13 15 76 

8 11.0 11.0 -17 -18 12.0 12.0 -17 -16 16 88 

9 10.8 10.8 -9 -9 11.0 11.1 -15 -15 17 76 

10 11.8 10.6 -15 -15 11.1 11.1 -11 -11 14 80 

11 10.5 10.4 -15 -14 13.8 13.6 -8 -10 15 68 

12 10.6 10.9 -13 -13 11.0 11.5 -17 -15 16 68 

13 11.3 11.1 -16 -16 9.4 9.6 -16 -18 15 64 

14 12.8 12.8 -14 -14 10.5 10.5 -11 -11 12 62 
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15 13.4 13.8 -18 -20 9.8 9.8 -18 -18 16 78 

16 10.6 10.4 -10 -10 10.5 10.4 -13 -13 17 68 

17 10.8 10.8 -15 -15 9.6 9.6 -14 -12 18 62 

18 9.8 10.0 -18 -16 12.5 12.5 -18 -18 15 76 

19 10.0 10.0 -11 -11 10.7 10.6 -14 -14 15 72 

20 13.4 12.6 -15 -15 11.1 11.2 -15 -13 15 65 

21 12.7 12.5 -22 -20 11.3 11.2 -22 -21 15 56 

22 12.2 12.4 -10 -10 10.0 10.0 -10 -10 16 70 

23 13.2 12.8 -8 -7 12.4 12.4 -8 -10 17 70 

24 8.9 9.0 -11 -11 12.2 12.6 -11 -11 18 88 

25 12.6 12.6 -19 -18 11.2 12.0 -19 -18 15 64 

26 13.6 13.5 -16 -16 10.8 11.0 -16 -16 16 60 

27 14.6 14.8 -18 -18 11.8 11.4 -18 -18 14 56 

28 10.9 11.0 -9 -9 14.2 13.6 -9 -9 14 66 

29 9.9 10.1 -17 -16 10.4 12.1 -14 -14 14 72 

30 13.5 13.4 -16 -16 11.6 11.6 -18 -17 14 72 

31 10.7 11.2 -14 -14 12.0 11.8 -14 -14 13 68 

32 11.1 11.1 -15 -15 12.0 12.0 -20 -20 15 58 

33 10.1 10.0 -10 -10 12.6 12.5 -16 -16 15 66 

34 12.2 12.1 -14 -14 11.0 11.0 -14 -14 15 70 

35 10.7 10.7 -16 -16 13.0 13.0 -18 -18 15 78 

36 9.8 9.8 -11 -11 12.4 12.2 -14 -14 17 82 

37 13.8 13.8 -17 -17 11.8 11.3 -13 -12 18 90 

38 13.0 12.9 -15 -15 12.3 11.9 -12 -12 15 82 

39 13.2 13.0 -11 -11 13.5 13.4 -14 -13 15 66 

40 8.2 8.6 -8 -8 7.7 7.8 -10 -10 15 66 

41 9.5 9.5 -11 -14 10.2 10.0 -13 -13 15 58 

42 6.3 6.7 -19 -19 14.5 13.9 -15 -15 19 82 

43 8.2 8.2 -11 -11 11.9 11.6 -20 -19 14 56 

44 11.3 11.3 -18 -18 9.3 9.3 -16 -16 15 66 
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