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Abstract

Background: Ejection fraction (EF) is widely used as a measure of systolic function. However, it
doesn’t correlate well with exercise tolerance and other measures of peak cardiac output. Present study
was conducted to compare resting ejection fraction and peak exercise left ventricular ejection fraction
as a measure of left ventricular function and correlate it with peak exercise capacity, symptom class
and morbidity index in patients with and without left ventricular systolic dysfunction.

Material and Methods: Baseline and peak exercise LV dimensions, stroke volume and cardiac output
were measured in patients who were referred for stress echocardiography (treadmill or dobutamine
stress testing). We analysed the relationship between exercise capacity, symptom class, morbidity index
and LVH with change in LV dimensions during rest and exercise. In addition, we also analysed the
change in LV dimensions in young adults, elderly hypertensives and patients of ischemic or dilated
cardiomyopathy with exercise.

Results: Exercise time and the maximal achieved workload were similar between elderly hypertensives
and low resting EF patients (total exercise time = 6 and half minutes and MWL~ 8 METS in both the
groups) but were significantly impaired in patient groups compared with young adults (total exercise
time = 10 minutes and MWL= 11 METS). At peak exercise, young adults and patients with HFrEF (Low
EF) showed no change in LVedD, but there was a significant decrease in peak exercise LVedD (43.33
mm to 39.04 mm) in patients with HFpEF. Stroke volume increased in healthy adults (from 60.95 ml
to 74.11 ml) and patients with HFrEF (from 53.55 ml to 60.20 ml) but showed no change in patients
with HFpEF (52.25 ml at rest, 51.75 ml at peak exercise). Increase in peak exercise cardiac output was
2.9-fold in healthy adults, 2.5-fold in HFrEF, and 2.1-fold in elderly hypertensives.

Conclusion: Resting ejection fraction in young patients with past infarctions reflects increased end-
diastolic volume with normal resting stroke volume; it is not due to systolic dysfunction. Elderly
hypertensive patients fail to grow their ventricle by eccentric hypertrophy and they have systolic
dysfunction, with impaired contractile reserve and little augmentation of systolic ejection during stress
and severe worsening of abnormalities of relaxation during stress, with decrease in ventricular end-
diastolic dimension, unlike healthy individuals and young patients with low EF. Therefore, normal
resting echocardiography does not preclude the presence of significant functional abnormalities on
exercise that can contribute to symptoms in patients with HFpEF. LVEF is a flawed measure of

contractility and normal resting LVEF does not imply normal LV systolic function.
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Introduction

Ejection fraction (EF) is widely used as a measure of systolic function. However, it doesn’t correlate

well with exercise tolerance and other measures of peak cardiac output.

Ejection fraction is the LV stroke volume expressed as a percentage of the end-diastolic volume. There
is no ideal measure of myocardial contractility despite extensive investigation. By default, because it is
relatively easy to measure and to understand, the LV ejection fraction has maintained its position as the
most commonly used index. In patients with HFpEF, ejection fraction can be preserved or even be
supranormal if the end-diastolic volume is significantly reduced. Thus, accurate measurement and
reporting of global LV systolic function should include not just ejection fraction but also the volumes,
LV end-diastolic or end-systolic, which reflect the remodeling process. Similar findings are seen with
normal ageing and the typical precursors of heart failure with a normal ejection fraction such as
hypertension, diabetes, and ischemia. There appears to be a spectrum of abnormalities of systolic
function from the truly normal to systolic heart failure with heart failure with a normal ejection fraction

occupying an intermediate position [1].

LVEF is recognized to be a poor measure of contractility because of its sensitivity to load and chamber
remodelingl. Cardiac output may be adequate at rest in heart disease. Abnormalities may be present
only during stress. Stroke volume, cardiac output, and their augmentation during stress or exercise are
biologically relevant measures of systolic function, whereas ejection fraction is a mathematical
calculation and correlate with prognosis but is not a measure of LV function. A normal LVEF does not

imply normal LV function [2].

In order for the left ventricle to function as an effective pump, it must not only be able to empty but
also to fill without requiring an elevated left atrial pressure. Furthermore, the stroke volume must be

able to increase in response to stress, such as exercise, without much increase in left atrial pressure [3].

In response to external demands the myocardium undergoes adaptive changes. This process has been
termed cardiac plasticity and changes at the cellular and macroscopic levels have been documented
under various environmental conditions[4]. The most common and best understood cardiac adaptation
is concentric left ventricular remodelling, which most commonly develops in response to pressure

overload due to hypertension and aortic stenosis [5,6].
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The adaptive changes that occur with endurance exercise and deconditioning are not as well understood
but have been described in the exercise physiology literature [7-9]. Adaptive eccentric remodelling with
left ventricular chamber enlargement is well documented in endurance athletes such as long-distance
cyclists [7]. Extreme physical inactivity induced by bed rest or zero-gravity conditions in healthy

subjects has been demonstrated to rapidly reduce left ventricular chamber volumes and mass [8,9].

Although population or disease-based studies provide interesting structural insights into the remodelling
of the left ventricle they typically do not directly relate left ventricular dimensions and cardiac output
to exercise capacity. Moreover, patients with markedly reduced myocardial contractility at rest
(ischemic or dilated cardiomyopathy), but with good residual contractile reserve, have a favourable
exercise capacity. On the other hand, patients with mildly abnormal myocardial contractility at rest, but

reduced contractile reserve have a poor exercise capacity [10].

Therefore, | proposed to study comparison of resting ejection fraction and peak exercise left ventricular
ejection fraction as a measure of left ventricular function and correlate it with peak exercise capacity,

symptom class and morbidity index in patients with and without left ventricular systolic dysfunction.
Aim and Objective:

» Resting ejection fraction versus peak exercise ejection fraction as a measure of left ventricular

function as assessed by peak exercise capacity, symptom class and morbidity index.

Materials and Methods

Study Area

The study was conducted at a tertiary care hospital.
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Study Population

All patients with age more than 18 years who fulfilled the inclusion and exclusion criteria and presented
to the echocardiographic laboratory for physical or dobutamine echocardiography were enrolled as

Cases.

Sample Size

As there were no previous studies on this subject, so we had proposed to do a pilot study with a
minimum of 50 patients, including at least half in symptom class 2 or 3, and also a minimum of 10

patients with resting ejection fraction below 50%.

Study Design

It was a prospective, observational study. The present study compared resting ejection fraction and peak
exercise ejection fraction as a measure of left ventricular function and correlated it with peak exercise

capacity, symptom class and morbidity index.

Time Frame

Jan 2022 to Dec 2022

Inclusion Criteria

« All patients aged 18 years and above referred for stress echocardiography to our laboratory were

screened for inclusion.
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Exclusion Criteria

 Patients with stress induced ischemia, or those who were already known to have significant

coronary obstructions.
+ Patients with atrial fibrillation or other persistent arrhythmia.
« Patients with significant mitral or aortic valvular disease.

« When echo visualization was suboptimal due to poor echo window.

Methodology

Data on age, sex, BMI, co-morbidities, clinical diagnosis, and NYHA class was collected. An informed
consent was obtained from all patients enrolled for study for their will to undergo stress
echocardiography using GE vivid E-9 and Philips CX50 echocardiography machines. Patients were
kept fasting for at least 4 hours prior to stress test and they were advised to avoid tea, coffee and smoking

4 hours prior to stress echocardiography.

Patients were subjected to treadmill stress test using standardized Bruce protocol. Images were obtained
both at rest and at peak exercise following recommended guidelines. Patients who were unable to
exercise underwent pharmacological stress echocardiography using intravenous dobutamine which was
delivered using an infusion pump starting at 5mcg/kg/min which was stepwise increased to 10, 20 &
40 mcg/kg/min every 3 minutes. If even after this dose, 85% of age-predicted maximum heart rate was
not achieved then atropine in divided doses of 0.25-0.5mg to a maximum of 1 mg was given to achieve
target heart rate. Images were obtained at baseline, low dose and peak dose of dobutamine [20,21].

Resting heart rate and resting LV dimensions by M-mode echocardiography were measured. Resting
ejection fraction and resting stroke volume was calculated using Teichholz formula [22]. Resting
Cardiac output was calculated by multiplying resting stroke volume by the resting heart rate. Peak heart
rate and peak exercise LV dimensions were measured. From these measurements, LV ejection fraction,

stroke volume and cardiac output at peak exercise were calculated.
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Change in LV end-diastolic dimension (ALVedD), change in LV end-systolic dimension (ALVesD),

change in left ventricular ejection fraction (ALVEF) and change in stroke volume (AStroke volume) at

peak stress (i.e. peak stress value minus resting value) was also calculated.

Peak exercise capacity was calculated from total exercise time (measured in minutes) and maximum
workload (measured as METS). One "metabolic equivalent” (MET) is equated with the resting
metabolic rate (= 3.5ml of O2/kg/min) [23].

Morbidity index was calculated by modified Cardiac index which was derived by modifying the CAD
specific index 24 and included 10 risk factors-

a) a)Current smoking which was divided into mild and moderate to severe depending upon whether
the number of pack-years smoked (pack-year is calculated by multiplying the number of packs
of cigarettes smoked per day by the number of years the person has smoked) was less than or

more than 5 and was given a score of 1 & 2 respectively.

b) Hypertension was divided into mild (mild LVH), moderate (moderate LVVH) and severe (severe

LVH) and was given a score of 1, 2 and 3 respectively.

c) Diabetes mellitus was divided into mild (less than 5 years), moderate (more than 5 years) and

severe (more than 5 years with sequelae) and was given a score of 1, 2 and 3 respectively.

d) Clinical atherosclerotic event included old CVA, old CAD, post PCI and post CABG and was

given a score of 2.
e) Peripheral vascular disease was given a score of 2 as it is associated with severe atherosclerosis.
f) Chronic obstructive pulmonary disease was given a score of 2.

g) Chronic kidney disease was divided into mild to moderate (those without dialysis) and severe

(those on dialysis) and was given a score of 2 and 5 respectively.

h) Malignancy was divided into non-metastatic and metastatic and was given a score of 2 and 4

respectively.
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i) Miscellaneous morbidities (those not included in above like rheumatoid arthritis, osteoarthritis,
hypothyroidism, peptic ulcer disease) were divided into mild to moderate (without

complications) and severe (with complications) and were given a score of 1 and 2 respectively.
j) Inaddition for each decade more than 40 years of age, a score of 1 was added to the above score.

« Symptom class was defined according to NYHA classification which places patients in one of

four categories based on how much they are limited during physical activity [25].

NYHA Class Patient Symptoms

I Patients with cardiac disease but without resulting limitation of physical
activity. Ordinary physical activity does not cause undue fatigue, palpitation,

dyspnea, or anginal pain.

I Patients with cardiac disease resulting in slight limitation of physical activity.
They are comfortable at rest. Ordinary physical activity results in fatigue,

palpitation, dyspnea, or anginal pain.

I Patients with cardiac disease resulting in marked limitation of physical
activity. They are comfortable at rest. Less than ordinary activity causes

fatigue, palpitation, dyspnea, or anginal pain.

v Patients with cardiac disease resulting in inability to carry on any physical
activity without discomfort. Symptoms of heart failure or the anginal
syndrome may be present even at rest. If any physical activity is undertaken,

discomfort is increased.
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Ordinary effort is that of the person himself as regard his previous effort tolerance and usual life style.

To see the relationship between exercise capacity, symptom class, morbidity index and LVH with LV

dimensions, we selected patients from the study group on the basis of-

» Poor exercise capacity versus excellent exercise capacity - poor exercise capacity was defined
as the inability to exercise more than 6 minutes as compared to excellent exercise capacity which
was defined as the ability to exercise more than or equal to 9 minutes according to standard

Bruce treadmill protocol.
» NYHA Class 0-1 versus NYHA Class II-111.

» Low morbidity index versus high morbidity index- low morbidity index was defined as
morbidity index less than 6 and high morbidity index was defined as morbidity index more than

equal to 6.

» LVH versus without LVH - inclusion criteria for LVH patients was an increase in wall thickness

(>12mm regardless of gender)[22].

In order to gain insight into the relationship of young adults, elderly hypertensives and patients of

ischemic or dilated cardiomyopathy with the LV dimensions, we divided the study group into-

A) Young-those with age <60 years with normal resting LVEF (LVEF>50%) along with a total
exercise time more than or equal to 9 minutes when subjected to standard Bruce treadmill stress

testing or a morbidity index less than or equal to 3 in case of Dobutamine stress testing.

B) Old-those with age >60 years with normal resting LVEF (LVEF>50%) and a morbidity index
more than or equal to 6 or presence of LVH.

C) Low EF-those with resting LVEF<50% irrespective of age.
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Statistical Methods

 Statistical correlation of resting measurements and peak exercise measurements was done with
peak exercise time and with NYHA symptom class in patients who underwent exercise
echocardiography. In patients who underwent dobutamine stress echocardiography, we
correlated resting and peak stress measurements with morbidity index. In addition, statistical
correlation of resting and peak stress measurements was done between young adults (Young),
elderly hypertensives (Old) and ischemic or dilated cardiomyopathy (Low EF) patients.

« Data contained both continuous and categorical variables. Therefore, mean with SD for
continuous and frequency with proportions was used for their presentation. Student‘t’ or Mann-
Whitney ‘U’ test was used for the quantitative variables with two independent groups and Chi-
square/Fisher’s test was used for statistical significance between qualitative variables. The
oneway analysis of variance (ANOVA) was used for the three group comparisons and the
Dunnett’s (2-sided) t test and Tukey’s HSD (honest significant difference) were performed to
explore the significant pair(s) in the multiple comparison tests. The two sided p value less than
0.05 considered as statistical significant. Data was entered and coded in MS Excel (version 7).
The statistical software IBM PASW (Version 22.0) was used for entire data analysis.

Ethical Considerations
The Research Ethics Committee of the Hospital reviewed and approved the study protocol.
Observation:

A total of 93 patients, with or without heart muscle disease were enrolled for stress testing in our study

over a one Yyear study period.

58 patients underwent treadmill stress testing using Bruce protocol and 35 patients underwent

Dobutamine stress testing.
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The results of the study are tabulated as follows:

Age (years) No. of patients (n=93) %
<50 24 25.8
50-69 51 54.8
>70 18 194

MEAN = SD AGE =57+ 14

Table 1: Age Distribution of study group (n=93)

74.2% (n=69) of the patients in our study were aged 50 years or above with 19.4% (n=18) aged more
than 70 years of age. The mean age of study population was 57 years (Table 1, Figure 1).

AGE (in Years)

B No. of patients (n=93) ®E%

54.8
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Gender No. of Patients (n=93) %
Male 62 66.7
Female 31 33.3

Male: Female ratio- 2: 1
Table 2: Sex Distribution of study group (n=93)

62 patients were male (66.7%) and 31 patients were females (33.3%) with male: female ratio of 2: 1
(Table 2).

BMI No. of Patients (N=93) %

<18.5 2 2.2
18.5-24.9 32 34.4
25-29.9 40 43.0
>30.0 19 20.4

MEAN + SD BMI = 26.75 £ 4.48
Table 3: Distribution of study group (n=93) on the Basis of BMI

Patients were divided on basis of BMI into four groups- underweight [BMI (<18.5)], normal [BMI
(18.5-24.9)], overweight [BMI (25-29.9)] and obese [BMI (>30)]. 63.4% (n=59) patients in our study
were either overweight or obese (43.0% and 20.4% respectively). (Table 3, Figure 2).
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BMI

m<175 m185-249 m25-299 m230.0

2%

NYHA Class No. of Patients (N=93) %
0 15 16.1
I 18 19.3
I 46 49.5
Il 14 151

Table 4: Distribution of study group (n=93) on the Basis of NYHA Class

Patients were divided on basis of NYHA Class into five groups- 0, I, 11, Il and IV.

In our study, 64.6% (n=60) patients were in NYHA Class Il or more. There was no patient in NYHA
Class IV in our study (Table 4, Figure 3).

Dr Ayesha Mohammed Abdul Raoof, (2024). The Assessment of Left Ventricular Function in Patients with

and without Left Ventricular Systolic Dysfunction by the Resting Versus Peak Exercise Left Ventricular
Ejection Fraction-An Observational Study. MAR Cardiology & Heart Diseases, 03(11).



Dr Ayesha Mohammed Abdul Raoof, MAR Cardiology & Heart Diseases (2024) 03:11

Page 14 of 43

NYHA CLASS

B No. of patients (n=93) ®%

49.5
46

LVH No. of patients (n=93) %
Absent 51 54.8
Mild 33 35.5
Moderate 9 9.7

Table 5: Distribution of study group (n=93) on the Basis of LVH

Patients were divided on basis of LVH into three groups- mild, moderate and severe. In our study,
45.2% (n=42) of patients had LVH, out of which 35.5% (n=33) had mild LVH and 9.7% (n=9) had

moderate LVVH. There was no patient of severe LVH in our study (Table 5, Figure 4).
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LVH

W ABSENT mMILD m MODERATE

T.DM No. of Patients (N=93) %
Absent 68 73.1
Mild 9 9.7
Moderate 7 7.5
Severe 9 9.7

Table 6: Distribution of study group (n=93) on the Basis of T.DM

26.9% (n=25) patients who underwent stress echocardiography in our study had diabetes mellitus. Out
of which 9.7% (n=9) had mild (less than 5 years of diabetes), 7.5% (n=7) had moderate (more than 5
years of diabetes) and 9.7% (n=9) had severe (more than 5 years of diabetes with sequelae) diabetes
mellitus (Table 6, Figure 5).
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T2DM

B ABSENT mMILD ™ MODERATE m SEVERE

Current Smoking No. of patients (n=93) %
Absent 71 76.3
Mild 17 18.3
Moderate To Severe 5 5.4

Table 7: Distribution of study group (n=93) on the Basis of Current Smoking

In our study, 23.7% (n=22) of the patients were current smokers with 18.3% (n=17) in the Mild group
and 5.4% (n=5) patients in the moderate to severe group depending upon whether the number of pack-
years smoked (pack-year is calculated by multiplying the number of packs of cigarettes smoked per day
by the number of years the person has smoked) is less than or more than 5 (Table 7, Figure 6).

Dr Ayesha Mohammed Abdul Raoof, (2024). The Assessment of Left Ventricular Function in Patients with
and without Left Ventricular Systolic Dysfunction by the Resting Versus Peak Exercise Left Ventricular
Ejection Fraction-An Observational Study. MAR Cardiology & Heart Diseases, 03(11).



Dr Ayesha Mohammed Abdul Raoof, MAR Cardiology & Heart Diseases (2024) 03:11 Page 17 of 43

SMOKING

B ABSENT m®mMILD = MODERATE TO SEVERE

CAD No. of patients (n=93) %
Absent 58 62.4
Present 35 37.6

Table 8: Distribution of study group (n=93) on the Basis of CAD

Procedure No. of patients (n=93) %
Post PCI 23 24.7
Post CABG 5 5.4

Table 9: Distribution of study group (n=93) on the Basis of Post PCI/ Post CABG Status
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Number of patients who had CAD in our study was 35 (37.6%). Out of those who had CAD, 23 patients
(24.7%) had undergone PCI and 5 patients (5.4%) had undergone CABG (Table 8, 9).

Resting LVEF No. of patients (n=93) %
<50% 20 215
>50% 73 78.5

Table 10: Distribution of study group (n=93) on the Basis of Resting LVEF

21.5% (n=20) of the patients in our study had resting LVEF less than 50% while rest 78.5% (n=73) of
the patients had resting LVEF more than or equal to 50% (Table 10).

TEC (min)/ MWL (METYS) No. of Patients (n=58) %
<6/<7 14 24.1
6:01-8:59/7.1-10.0 23 39.7
>9/>10.1 21 36.2

Table 11: Distribution of study group (n=58) subjected to Treadmill Stress testing on the Basis of
Total Exercise Capacity (TEC) & Maximum Workload (MWL)

Out of the 58 patients who were subjected to treadmill stress testing in our study, 36.2% (n=21) patients
had excellent exercise capacity (TEC >9minutes and MWL >10.1METS) while 24.1% (n=14) patients
had poor exercise capacity (TEC <6 minutes and MWL <7.0 METS). 39.7% (n=23) of the patients had
good exercise capacity (TEC 6:01-8:59 minutes and MWL 7.1-10.1 METS) [Table 11, Figure 7].
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Total Exercise Capacity (min)/
Maximum Workload (METS)

H No. of Patients W%

39.7
36.2

24.1

<6/<7 6.01-8.59/7.1-10.0 28/510.1
Morbidity Index No. of Patients (n=35) %
0-5 13 37.14
6&7 11 31.43
>8 11 31.43

Table 12: Distribution of study group (n=35) subjected to Pharmacological (Dobutamine) Stress
testing on the Basis of Morbidity Index

35 patients in our study were subjected to dobutamine stress testing; out of which 37.14% (n=13)
patients had morbidity index less than 6 while 31.43% (n=11) patients had morbidity index more than
or equal to 8. Equal number of patients i.e. 31.34% (n=11) had morbidity index 6 & 7 (Table 12, Figure
8)
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Morbidity Index

M No. of Patients ®%

37.14

Baseline Character Value/No. of Patients
Age 57114
Gender (M/F) 62/31
BMI 26.75 +4.48
NYHA (0,1 1111) 15/18/46/14
Hypertension 52
Diabetes mellitus 25
Current Smoking 22
CAD 35
POST PCI/POST CABG 23/5

Table 13: Baseline Characteristics of study group subjected to Stress testing (n=93)
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Parameter Resting Post Stress
LVedD (mm) 45.63 + 6.56 4372 +8.02
ALVedD -1.9+553
LVesD (mm) 31.47 £7.03 25.82 £ 8.39
ALVesD -5.71+4.74
LVEF % 58.37 £ 10.53 71.26 +11.97
ALVEF 12.84 + 5.62
Stroke Volume (ml) 56.22 + 15.32 62.83 £ 19.29
AStroke Volume 6.83 £ 14.50
Heart Rate (b/min) 72+13 161 +18
Cardiac Output (L/min) 4029.13 + 1308.37 10164.8 + 3534.33

Table 14: Echocardiographic Characteristics of study group subjected to Stress testing (n=93) at Rest

and Post Stress
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Parameter Stress Testing Resting Post Stress
Age Treadmill 53.74+12.59
Dobutamine 62.20+12.83
BMI Treadmill 26.62+3.60
Dobutamine 26.95+5.10
LVedD (mm) Treadmill 45.97+6.25 44.93+8.10
Dobutamine 45.09+6.17 41.71+6.46
ALVedD Treadmill -1.0345.01
Dobutamine -3.37£5.45
LVesD (mm) Treadmill 31.71+6.51 26.6418.67
Dobutamine 31.09+6.88 24.4616.54
ALVesD Treadmill -5.07+4.77
Dobutamine -6.77+£3.73
LVEF % Treadmill 58.71+9.60 71.34+11.80
Dobutamine 57.80+10.84 71.11+11.11
ALVEF Treadmill 12.55+5.65
Dobutamine 13.31+4.74
Stroke Volume (ml) Treadmill 57.21+14.65 66.19+18.74
Dobutamine 54.57+14.46 57.26+17.84
AStroke Volume Treadmill 9.33£12.97
Dobutamine 2.68+14.33
Heart Rate (b/min) Treadmill 71+13 168+18
Dobutamine 73£10 149+10
Cardiac Output Treadmill 4.06+1.26 11.15+3.44
(L/min) Dobutamine 3.98+1.19 8.53+2.73

Table 15: Difference in Baseline and Echocardiographic Characteristics of study group subjected to

Treadmill (n=58) and Dobutamine Stress testing (n=35) at Rest and Post Stress:
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Dependent Variable | NYHA Class N Mean Standard p -value**
Deviation

Total exercise time 0-1 30 8.683 2.0363 .000*
- 111 28 6.528 1.6643

Resting EF 0-1 30 62.033 7.5039 .006*
- 111 28 55.143 10.5750

ALVedD 0-1 30 -2.500 4.6219 .021*
-1l 28 536 5.1098

ALVesD 0-1 30 -12.513 5.4683 .001*
- 111 28 -7.329 5.5845

Maximum Workload 0-1 30 10.013 2.2413 .000*
- 111 28 7.864 1.5073

AStroke Volume 0-1 30 8.333 11.5470 554
-1 28 10.393 14.6928

* p -value is significant at the 0.05 level.

** p -value was calculated using t -test 58 Patients who were subjected to treadmill stress testing were compared
on the basis of NYHA Class (NYHA Class 0-1 vs. NYHA Class II-111) using t-test.

Table 16: Correlation between NYHA Class with Total Exercise Time, Maximum Workload, Resting
LVEF, ALVedD, ALVesD and AStroke Volume in the study group subjected to Treadmill Stress testing

Statistical significance (p<0.05) was noted for NYHA Class with Total Exercise Time (p=0.000),
Maximum Workload (p=0.000), Resting LVEF (p=0.006), ALVedD (p=0.021) and ALVesD (p=0.001),
i.e. patients with NYHA class 0-1 had higher exercise capacity, higher resting LVEF, higher change in
LVedD and LVesD with exercise as compared to NYHA class I1-111, but no statistically significant

difference in the change in Stroke Volume with exercise (p=0.554).
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Dependent | Total Exercise | N Mean Standard p —value**
Variable Time Deviation

Resting EF <6 mins 14 54.14 10.92 .028*
>0 mins 21 61.95 6.09

ALVedD <6 mins 14 0.64 5.64 .200*
>0 mins 21 -1.95 5.40

ALVesD <6 mins 14 -5.79 6.00 .003*
>0 mins 21 -13.21 6.08

ALVEF <6 mins 14 9.07 455 .003*
>9 mins 21 14.67 4.88

AStroke <6 mins 14 7.93 14.89 973

volume >9 mins 21 10.00 15.42

* p -value is significant at the 0.05 level.

** p -value was calculated using Mann Whitney ‘U’ test 58 Patients who were subjected to treadmill stress testing
were compared on the basis of Total Exercise Capacity (poor exercise capacity vs. excellent exercise capacity)

using Mann-Whitney’s ‘U’ test.

Table 17: Correlation between Total exercise time with Resting LVEF, ALVedD, ALVesD, ALVEF
and AStroke Volume in the study group subjected to Treadmill Stress testing

Statistical significance (p<0.05) was noted for Total Exercise Time with Resting LVEF (p=0.028),
ALVesD (p=0.003) and ALVEF (0.003), i.e. patients with poor exercise capacity had a lower resting
LVEF and a lower change in LVesD and LVEF with exercise as compared to patients with excellent
exercise capacity but no statistically significant difference was seen in AStroke Volume (p=0.973) and

ALVedD (p=0.200) with exercise.
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Dependent Morbidity N Mean Standard p -value**

Variable Index Deviation

Resting EF <6 13 64.23 6.35 .630
>6 12 63.08 5.30

ALVedD <6 13 -0.62 6.12 .045*
>6 12 -5.50 5.32

ALVesD <6 13 -5.08 3.77 .038*
>6 12 -8.33 3.63

ALVEF <6 13 11.85 3.85 .238
>6 12 14.08 5.32

AStroke <6 13 5.85 19.45 351

volume >6 12 -0.58 13.49

* p -value is significant at the 0.05 level.
** p -value was calculated using t -test

Out of the patients who were subjected to pharmacological stress testing (n=35) with Dobutamine, 25 patients
(10 patients had low EF) were compared on the basis of Morbidity Index (Morbidity Index <6 vs. Morbidity
Index >6) using t-test.

Table 18: Correlation between Morbidity Index with Resting LVEF, ALVedD, ALVesD, ALVEF and

AStroke Volume in the study group subjected to Pharmacological Stress testing with Dobutamine.

Statistical significance (p<0.05) was noted for Morbidity Index with ALVedD (p=0.045), ALVesD
(p=0.038), i.¢c. patients with Morbidity Index >6 had significant decrease in LVedD and LVesD after
dobutamine stress testing as compared to patients with Morbidity Index<6. In addition, patients with
Morbidity Index >6 were unable to increase their stroke volume with peak dobutamine stress as

compared to patients with Morbidity index <6 but it wasn’t statistically significant (p=0.351).
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Dependent Variable LVH N Mean Standard p-
Deviation value**
LVedD (mm) resting Absent 51 45.76 6.17 .839
Mild 33 45.76 7.01
Moderate 9 44.44 3.97
LVedD (mm) Peak Absent 51 44.71 7.72 .044*
stress Mild 33 43.82 7.72
Moderate 9 37.78 5.52
LVesD (mm) resting Absent 51 31.31 6.57 746
Mild 33 32.06 7.15
Moderate 9 30.22 6.20
LVesD (mm) Peak Absent 51 26.18 8.36 150
stress Mild 33 26.61 8.07
Moderate 9 20.89 4.14
Stroke Volume (ml) Absent 51 57.27 15.0 .688
resting Mild 33 55.42 15.69
Moderate 9 53.11 9.05
Stroke Volume (ml) Absent 51 65.96 19.13 .050*
Peak stress Mild 33 61.61 18.14
Moderate 9 49.56 16.92
Cardiac Output Absent 51 4033.14 1283.42 .996
(L/min) resting Mild 33 4032.00 1288.76
Moderate 9 3995.89 852.31
Cardiac Output Absent 51 11005.35 3635.98 .008*
(L/min) Peak stress Mild 33 9591.88 2939.29
Moderate 9 7502.22 2423.94

* p -value is significant at the 0.05 level.
** p -value was calculated using oneway ANOVA test
In our study, 42 patients had LVH, out of which 33 patients had mild LVH and 9 had moderate LVH. There was

no patient with severe LVH in our study.

Table 19: Correlation between LVH with Resting and Peak Stress LVedD, LVesD, LVEF, Stroke

Volume and Cardiac Output
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Statistical significance (p<0.05) was noted for LVH with Peak stress LVedD (p=0.044), Peak stress

Stroke Volume (p=0.050) and peak stress Cardiac Output (p=0.008) i.e. significant decrease in peak
stress LVVedD was seen in patients with LVVH while there was no significant change in the peak stress
LVedD in patients without LVH and the amount of decrease in Peak stress LVedD increased with the
severity of LVH. In addition, patients with LVH were unable to increase their stroke volume as
compared to patients without LVH. In fact there was a fall in stroke volume at peak stress in patients
with moderate LVH (from 53.11ml to 49.56ml). Peak stress cardiac output increase was 2.7 fold in
patients without LVH, 2.4 fold in patients with Mild LVH, and 1.9 fold in patients with Moderate LVH.

Measurement Group N Mean Standard p-
Deviation | value**

LVedD (mm)- Young 19 44.95 5.55 .001*
Resting Old 24 43.33 4.06
Low EF 20 50.35 8.22

LVedD (mm) - Young 19 44.79 5.46 .000*
Peak stress Old 24 39.04 4.72
Low EF 20 49.20 10.07

LVesD (mm)- Young 19 29.37 4.17 .000*
Resting Old 24 28.96 4.05
Low EF 20 39.85 7.75

LVesD (mm) - Young 19 23.37 4.37 .000*
Peak stress Old 24 21.96 3.28
Low EF 20 35.85 9.73

LVEF % - Young 19 63.84 4.23 .000*
Resting Old 24 61.33 7.66
Low EF 20 41.85 541

LVEF % - Peak Young 19 78.26 5.92 .000*
stress Old 24 74.25 6.05
Low EF 20 53.55 9.07

Stroke Volume Young 19 60.95 16.13 .098
(ml) - Resting Old 24 52.25 11.61
Low EF 20 53.00 14.13

Stroke Volume Young 19 74.11 17.04 .000*
(ml) - Peak Old 24 51.75 12.53
stress Low EF 20 60.20 20.83
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Cardiac Young 19 4512.74 1417.92 102
output(L/min) - Old 24 3747.63 923.61
Resting Low EF 20 3858.25 1287.42
Cardiac Young 19 13094.42 3171.94 .000*
output(L/min)- Old 24 7825.04 2263.08
Peak stress Low EF 20 9487.55 3475.83
ALVedD Young 19 -0.16 4.79 .013*
Old 24 -4.29 4.02
Low EF 20 -1.15 5.23
ALVesD Young 19 -6.00 4.40 077
Old 24 -7.00 2.90
Low EF 20 -4.00 5.52
ALVEF Young 19 14.42 4.93 .262
Old 24 12.92 5.22
Low EF 20 11.70 5.24
AStroke volume Young 19 13.16 13.09 .001*
Old 24 -0.50 11.29
Low EF 20 7.20 10.98

* p -value is significant at the 0.05 level.

** p-value was calculated using oneway ANOVA test

19 Young adults, 24 Old hypertensives, and 20 patients of ischemic or dilated cardiomyopathy were evaluated
by 2D echocardiograms (n=63) at rest and after peak exercise on treadmill (n=39), or dobutamine stress (n=24).

Table 20: Comparison between Young, Old and Low EF patients with respect to Resting and Peak
stress LVedD, LVesD, LVEF, Stroke Volume, Cardiac Output, as well as with ALVedD, ALVesD,
ALVEF, AStroke Volume

Statistical significance (p<0.05) was noted between these three groups with respect to Resting LVedD
(p=0.001), Resting LVesD (p=0.000), Resting LVEF (p=0.000), Peak stress LVedD (p=0.000), Peak
stress LVesD (p=0.000), Peak stress LVEF (p=0.000), Peak stress Stroke Volume (p=0.000), Peak
stress Cardiac Output (p=0.000), ALVedD (p=0.013) and AStroke Volume(p=0.001).
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Low EF patients were having large cavities while Old patients had the smallest cavities amongst the
three groups. Old patients were unable to increase their Stroke VVolume with peak stress (from 52.15 ml
at rest to 51.75 ml Peak stress) in contrast to young adults and Low EF patients who were able to
increase their Stroke Volume with peak stress (from 60.95 ml to 74.11 ml in Young adults and from 53
ml to 60.20 ml in Low EF group). Peak stress cardiac output increase was 2.9 fold in Young, 2.5 fold
in Low EF, and 2.1 fold in Old patients.

Dependent m (J) Group Mean Standard p-

Variable Group Difference (I- Error value
J)

LVedD (mm)- Old Young -1.61 1.87 591
Resting Low EF Young 5.40* 1.95 014
LVedD (mm) - Peak Old Young -5.75* 2.16 .019
stress Low EF Young 441 2.26 .098
LVesD (mm)- Old Young -41 1.70 957
Resting Low EF Young 10.48* 1.77 .000
LVesD (mm)- Peak Old Young -1.41 1.94 .684
stress Low EF Young 12.48* 2.02 .000

LVEF % - Resting Old Young -2.501 1.87 .306
Low EF Young -21.99* 1.95 .000

LVEF % - Peak Old Young -4.01 2.18 125
stress Low EF Young -24.71* 2.28 .000
Stroke VVolume (ml) Old Young -8.70 4.27 .082
- resting Low EF Young -7.95 4.45 138
Stroke VVolume (ml)- Old Young -22.36* 5.18 .000
Peak stress Low EF Young -13.91* 5.41 .023
Cardiac Output Old Young -765.11 370.41 .078
(L/min)-resting Low EF Young -654.49 386.43 165
Cardiac Output Old Young -5269.38* 911.33 .000
(L/min)-Peak stress | Low EF Young -3606.87* 950.75 .001

* The mean difference is significant at the 0.05 level.

Table 21A: Post Hoc Analysis
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Post hoc analysis was done using Dunnett’s test (2-sided) [J was the reference group (Young) that
compared with Old and low EF group in all dependent variables] to explore the significant pair(s) in

the three groups with respect to LV dimensions.

Statistical significance (p<0.05) was noted between Young vs. Low EF with respect to Resting LVedD
(p=0.014), Resting LVesD (p=0.000), Resting LVEF (p=0.000) and Peak stress LVesD (p=0.000), Peak
stress LVEF (p=0.000), Peak stress Stroke Volume (p=0.023), Peak stress Cardiac Output (p=0.001).

Similarly, statistical significance (p<0.05) was noted between Young vs. Old with respect to Peak stress
LVedD (p=0.019) and Peak stress Cardiac Output (p=0.000).

Dependent (1) Patient's | (J) Patient's Mean Standard | p-value
Variable subgroups subgroups | Difference(l-J) Error
ALVedD Young Old 4.13* 1.43 .015
old Low EF -3.14 1.41 .075
Low EF Young -.99 1.49 185
ALVesD Young Old 1.00 1.33 .733
Old Low EF -3.00 1.31 .064
Low EF Young 2.00 1.38 325
ALVEF Young Old 1.50 1.58 .609
old Low EF 1.22 1.56 715
Low EF Young -2.72 1.65 232
AStroke Young old 13.66* 3.61 .001
volume
Old Low EF -7.70 3.56 .086
Low EF Young -5.96 3.77 262

* The mean difference is significant at the 0.05 level.

Table 21B: Post Hoc Analysis
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Post hoc analysis was done using Tukey’s HSD (honest significant difference) test, to find out the

significant pair (s) in the three groups with respect to change in LV dimensions.

Statistical significance (p<0.05) was noted only between Young adults vs. Old patients with respect to
ALVedD (p=0.015) and AStroke Volume (p=0.001) but no statistical significance was seen between
Young adults vs. Low EF patients i.e. at peak stress, young adults and patients with Low EF showed
no change in LVeDD, but there was a significant decrease in peak stress LVeDD in Old patients. Stroke
volume increased in Young and patients with Low EF, and showed no change in Old patients at peak

stress.

Discussion

Resting LV ejection fraction (LVEF) is widely used as a measure of systolic function. However, LVEF
is a flawed measure of contractility because it depends upon loading conditions (systolic pressure),
chamber remodeling (ventricular enlargement by eccentric hypertrophy), etc. More importantly resting
measurements can be normal as resting cardiac output is normal, approximately 5L/min, except in
advance stage (NYHA class V) heart disease or acute decompensated heart failure. So measures which
suggest normal function at rest don’t guarantee contractile reserve or normal exercise systolic

performance.

Our present concept is that the ratio of resting stroke volume divided by chamber size (ejection fraction)
is a good predictor of exercise systolic performance, but this is fallacious in many conditions with
excess eccentric growth (athletes heart) or deficient growth (Hypertrophic cardiomyopathy). We
therefore have studied exercise parameters to assess LV function in ambulatory population including
young adults, those with eccentric growth (i.e. low EF group) and in patients predisposed to HFpEF

(elderly hypertensives).

The present concept is normal resting LVEF guarantees normal contractility and normal LV systolic
function. When resting EF is used for assessment of LV systolic function, patients with normal resting
LVEF and heart failure are assumed to have failure due to diastolic dysfunction. However both these

assumptions are not based directly on heart function during stress or exertion.
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In our study, maximum number of patients who were advised to undergo stress echocardiography were
above 50 years of age (74.2%) with male preponderance. Mean BMI of our study group was 26.7+4.48
kg/m2 with 63.4% patients in our study group being either overweight or obese. 60 patients (64.6%) in
our study group were in NYHA Class Il or 11 (46 in NYHA class Il and 14 in NYHA class IlI). In our
study, 55.9% (n=52) patients were hypertensives, 26.9% (n=25) patients were diabetic, 37.6% (n=35)
patients had CAD and 23.7% (n=22) patients were still smoking. Similar patient group characteristics
were seen in the previous studies15,18,26,27 in which patients with HFpEF or hypertension were
compared with controls. Comparison of various baseline parameters between our study and few of the

previous studies is tabulated below.

Study
Tan Kesri Donel Kasner This
Baseline Group (2015)*® | Study
Parameters (2010)%° (2012)?" | (2012)%
HFPEF Old
Hypertensive | HFPEF HFPEF (52) Vs.

(23)Vs. (21) Vs. Control | (24) Vs.

(30) Vs. Controls | Control Young

Controls (22) (15) (15) (26) (19)

Gender (m/f), n HFPEF 18/12 11/12 12/9 27/25 16/8

Controls 16/6 10/5 8/7 13/13 17/2

Age (years) HFPEF 7148 66+10 7616 55+12 6916
Controls 70+6 677 755 48+11 43£12

BMI (kg/m2) HFPEF 3045 27+4 29+6 27+5 2615
Controls 254 254 304 254 24+2

NYHA [I/111, n HFPEF 19/11 172 | - 39/9 15/4

Controls 0/0 o0 | - 0/0 4/0

HTN HFPEF 6.6+5.2 18 19/21 28 19/24

Controls 0 7 9/15 0 4/19

Diabetes mellitus HFPEF 6/30 13 5/21 10 7124

Controls 0/22 3 2/15 0 2/19

Coronary artery HFPEF |  ----- 10 521 | - 13/24

disease
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Controls |  --—--- 0 0/10 | - 0/19
Obesity (BMI>30 | HFPEF | - | = | - 15 5
kg/m2) Controls | -——— | e | - 4 0
Smoking HFPEF |  -—--- 9 | - 17 9
Controls | - 3 | - 5 2

Table 22: Comparison of various baseline parameters between our study and previous studies

21.5% (n=20) patients in our study had resting LVEF less than 50% (ischemic or dilated
cardiomyopathy) while rest of the patients had resting LVEF more than or equal to 50%. Ischemic or
dilated cardiomyopathy patients were included to see the change in LV parameters with stress in this
group in comparison to young healthy and elderly hypertensives. The study of Wang et al, 2014 [2]
included 27.7% patients with LVEF less than 50%.

In our study, out of the 93 patients who underwent stress echocardiography, 58 patients underwent
physical stress testing using Bruce protocol and 35 patients underwent Dobutamine stress testing. A

similar group of patients were studied in the study of Meyer et al, 2015 [19].

Baseline and echocardiographic parameters of patients who were subjected to treadmill stress testing
when compared with patients who were subjected to dobutamine stress testing in our study group
showed that dobutamine group had older patients with greater decrease in LV dimensions with exercise
but similar resting LVEF and ALVEEF. In addition, dobutamine group patients were unable to increase
their stroke volume with exercise and were able to increase their cardiac output with exercise only by
2.1 fold in comparison to patients subjected to treadmill stress testing who were able to increase their
cardiac output with exercise by 2.7 fold which was in accordance with the previous study of Meyer et
al, 2015 [19].

Exercise time and the maximal achieved workload were similar between elderly hypertensives and low
resting EF patients (total exercise time = 6 and half minutes and MWL~ 8 METS in both the groups)
but were significantly impaired in patient groups compared with young adults (total exercise time ~ 10

minutes and MWL~ 11 METS). In the study of Wang et al, 2014 [2] similar results were seen.
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We looked at systolic and diastolic LV size to determine systolic and diastolic performance. Significant
exercise-induced increase in diastolic chamber volume (which conceivably could be accomplished by
a shape change from an ellipsoidal to a spherical LV geometry) could improve stroke volumes since
the normal pericardium precludes significant LV expansion [28]. In normal adults, augmentation of
contractility and increase in stroke volume with exercise was similar as with previous studies using
bicycle ergometer [11,29,30] and treadmill testing [31,32].

Low EF group - Our study showed that reason for low ejection fraction in this group was due to
enlargement of LV cavity (increase in denominator). This growth of ventricle by eccentric hypertrophy
in our data suggests is to improve LV systolic function after myocardium is being injured by infarction
or cellular dysfunction (dilated cardiomyopathy). There was augmentation of contractility and increase
in stroke volume with activity but since the eccentric growth was secondary to myocardial damage,

change in stroke volume with exercise and peak cardiac output was less than young healthy adults.

Elderly hypertensives - Our data showed that these patients had normal resting LVEF because of
deficient eccentric hypertrophy. This may be due to lack of contractile reserve or due to aged ventricle
or lack of adaptability after concentric LVH. Loss of remodeling or growth potential occurs after
concentric LVH. Elderly hypertensives in our study showed no increase in stroke volume with exercise
similar to previous studies [12,13,33,34,35]. Although this strongly implicates fibrosis, ageing,
myocardial infarction and lack of contractile reserve as a cause of heart failure in the elderly; we also

surprisingly found stress induced aggravation of relaxation in diastole.

Healthy individuals had no change in LV filling during tachycardia or stress or a minimal increase.
Patients with low EF group had similar ventricular behavior during stress. The response in elderly
hypertensives was strikingly different (mean ventricular size decreased from 43.33 mm to 39.09 mm).
The elderly fibrotic ventricle fails to increase LV dimension which also shows major deterioration of
diastolic relaxation with decrease in LV cavity size with stress (21.4% decrease in LV end-diastolic
volume with stress). Diastolic relaxation abnormality in elderly hypertensives (with pacing) was also
shown in the study of Selby et al, 2011 [36].
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To put this into perspective, if we draw the pressure-volume curves in patients with HFpEF compared
to young adults we see the steeper diastolic pressure rise, decreased end-diastolic and end-systolic

volumes and decreased stroke volume in patients with HFpEF as compared to adults.
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Figure 9: Pressure-volume curves in elderly hypertensives and young adults [Solid line showing the
diastolic pressure rises in both groups (not measured in our study) and is definitely steeper in elderly

hypertensives]

Various studies have been done in the past which have looked at the diastolic echocardiographic
parameters at rest and exercise in patients with HFpEF or elderly hypertensives and compared them
with controls. In our study, we have compared young adults, elderly hypertensives and patients with
ischemic or dilated cardiomyopathy on the basis of change in LV dimensions, stroke volume and cardiac
output with rest and peak stress. However, when | analysed few of the previous studies closely, | found
that they have also taken various echocardiographic LV dimensions both at rest and peak exercise and
have calculated resting and exercise LVEF, stroke volume and cardiac output in their studies, which |

have tried to put in a tabular form and compare their findings with our study.
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Echo Derived | Group Studies
Parameter Tan Kesri Donel Kasner | This Study
(2010)% (2012)? | (2012)%® | (2015)8
7
LVEDD HFPEF 46.745.7 | ----- 51.5+7.1 4745.2 43.3+4.1
Controls 46.145.8 | ----- 45.6+4.1 49+5.1 44 9455
(mm)
LVESD HFPEF 20.0+46 | - | e | s 29.0+4.0
(mm) Controls 28.7+4.6 | - | e | - 29.4+4.2
SV(mL) HFPEF 71+17 40+ 2 62+19 64+19 52+12
Baseline 63+23
Controls 62+14 43+ 2 53+14 68+18 61+16
SV(mL) HFPEF 74+23 39+2 66+24 73+31 52+12
Exercise 54424
Controls 75+15 46+ 2 62+16 92+36 74417
AStroke HFPEF | - | 6+18 | ------ 4+13
volume
Controls |  -—---—- | - 417 | - 8+16
CO(L/min) HFPEF 49416 | ------ 5.0x1.4 5.0£1.9 3.710.9
5.2+1.7
Baseline Controls 42411 | ----- 5.2+1.5 5.3+1.1 45+15
CO(L/min) HFPEF 6.4+2.1 | ------ 6.6+1.7 8.5+3.5 7.8+2.3
6.91+3.0
Exercise Controls 6.8+1.8 | --—---- 8.0+x1.7 | 12.9+4.4 13.1+3.2
EF % HFPEF 62+6 | ------ 56+11 60+8 61+8
6316
Baseline Controls 6248 | --—--- 66+6 6215 6414
EF % HFPEF 6719 | —e--- 59+14 62+11 74+6
6418
Exercise Controls 658 | ------ 69+8 7519 7816
ALVEF HFPEF | - [ e 249 | -e- 1245
Controls | - | - 3+10 | ------ 14+5

Table 23: Summary of Echocardiographic parameters in our study in comparison to previous studies
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Summary & Conclusion

e A total of 93 patients, with or without heart muscle disease were enrolled for stress testing in

our study over a one year study period.

e 58 patients underwent physical stress testing using Bruce protocol and 35 patients underwent
Dobutamine stress testing.

e The mean age of study population was 57+14 years with nearly 20% of the patients above 70

years. 62 patients were males and 31 patients were females with male: female ratio of 2: 1.

e Mean BMI of the study population was 26.7 + 4.48 kg/m2. 63.4% (n=59) patients were either
overweight or obese. 60 patients (64.6%) were in NYHA class Il or more with no patient in
NYHA class IV. 52 patients (55.9%) were hypertensives with 42 (45.2%) patients having LVH
on echocardiography. 26.9% (n=25) patients were diabetic and 22 patients (23.7%) were still
smoking. 35 patients (37.6%) had CAD out of which 23 patients (24.7%) had undergone PCI
while 5 (5.4%) had undergone CABG.

e 21.5% (n=20) of the patients in our study had resting LVEF less than 50% while rest 78.5%
(n=73) of the patients had resting LVEF more than or equal to 50%

e Out of the 58 patients who were subjected to physical stress testing in our study, 36.2% (n=21)
patients had excellent exercise capacity (TEC >9minutes and MWL >10.1METS) while 24.1%
(n=14) patients had poor exercise capacity (TEC <6minutes and MWL <7.0 METS). 39.7%
(n=23) of the patients had good exercise capacity (TEC 6:01-8:59 minutes and MWL 7.1-10.1
METS).

e 35 patients in our study were subjected to dobutamine stress testing; out of which 37.14% (n=13)
patients had morbidity index less than 6 while 31.43% (n=11) patients had morbidity index more
than or equal to 8. Equal number of patients i.e. 31.34% (n=11) had morbidity index 6 & 7.

e Baseline and echocardiographic parameters of patients who were subjected to treadmill stress
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testing when compared with patients who were subjected to dobutamine stress testing in our
study group showed that dobutamine group had older patients with higher decrease in LV
dimensions with exercise but similar resting LVEF and ALVEF. In addition, dobutamine group
patients were unable to increase their stroke volume with exercise and were able to increase
their cardiac output with exercise only by 2.1 fold in comparison to patients subjected to

treadmill stress testing who were able to increase their cardiac output with exercise by 2.7 fold.

e NYHA Class showed statistical significance with Total Exercise Capacity, Maximum
Workload, Resting LVEF, ALVedD and ALVesD, i.e. patients with NYHA class 0-1 had higher
exercise capacity, higher resting LVEF, higher change in LVedD and LVesD with exercise as
compared to NYHA class Il-111.

e Total Exercise Time showed Statistical significance with Resting LVEF ALVesD and ALVEF,
i.e. patients with poor exercise capacity had a lower resting LVEF and a lower change in LVesD
and LVEF with exercise as compared to patients with excellent exercise capacity; this relation
was due to more number of patients of ischemic or dilated cardiomyopathy in the poor exercise
capacity group. No statistical significance was seen with AStroke Volume and ALVedD with

exercise.

e Exercise time and the maximal achieved workload were similar between elderly hypertensives
and low resting EF patients (total exercise time =~ 6 and half minutes and MWL~ 8 METS in
both the groups) but were significantly impaired in patient groups compared with young adults
(total exercise time ~ 10 minutes and MWL~ 11 METS).

e Morbidity Index showed statistical significance with ALVedD, ALVesD, i.c. patients with
Morbidity Index >6 had significant decrease in LVedD and LVesD after dobutamine stress
testing as compared to patients with Morbidity Index<6. In addition, patients with Morbidity
Index >6 were unable to increase their stroke volume with peak dobutamine stress as compared

to patients with Morbidity index <6 but it wasn’t statistically significant.

e Statistical significance was noted for LVH with Peak stress LVedD, Peak stress Stroke Volume
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and peak stress Cardiac Output i.e. significant decrease in peak stress LVedD was seen in
patients with LVH while there was no significant change in the peak stress LVedD in patients
without LVH and the amount of decrease in Peak stress LVedD increased with the severity of
LVH. In addition, patients with L\VVH were unable to increase their stroke volume as compared
to patients without LVVH. In fact there was a fall in stroke volume at peak stress in patients with
moderate LVH (from 53.11 ml to 49.56 ml). Increase in peak stress cardiac output was 2.7 fold
in patients without LVH, 2.4 fold in patients with Mild LVH, and 1.9 fold in patients with
Moderate LVH.

e 19 healthy adults (Young), 24 elderly hypertensives (Old), and 20 patients of ischemic or dilated
cardiomyopathy (Low EF) were evaluated by 2D echocardiograms (n=63) at rest and after peak
exercise on treadmill (n=39), or dobutamine stress (n=24). Echocardiograms at rest showed no
difference in heart rate, LV dimensions, LVEF, stroke volume and cardiac output between
elderly hypertensives (Old) and healthy adults (Young). At peak exercise, healthy adults and
patients with HFrEF (Low EF) showed no change in LVedD, but there was a significant decrease
in peak exercise LVedD from 43.33 mm to 39.04 mm in HFpEF (OlId). Stroke volume increased
from 60.95 ml to 74.11 ml in normal (Young), from 53.55 ml to 60.20 ml in HFrEF (Low EF),
and showed no change in HFpEF [Old] (52.25 ml at rest, 51.75 ml at peak exercise). Increase
in peak exercise cardiac output was 2.9 fold in healthy adults (Young), 2.5 fold in HFrEF (Low
EF), and 2.1 fold in elderly hypertensives (Old).

Conclusion

LVEF is a flawed measure of contractility and normal resting LVEF does not imply normal LV systolic
function. Our study shows that resting ejection fraction in young patients with past infarctions reflects
increased end diastolic volume with normal resting stroke volume; it is not due to systolic dysfunction.
The results of our study also suggest that elderly hypertensive patients have failure to grow their
ventricle by eccentric hypertrophy. They have systolic dysfunction, with impaired contractile reserve

and little augmentation of systolic ejection during stress.

Our study also demonstrated severe worsening of abnormalities of relaxation during stress, with

decrease in ventricular end diastolic dimension, unlike healthy individuals and young patients with low
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EF (eccentric hypertrophy).
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