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Synopsis of the study

Aims and objective: Myocardial fibrosis has been implicated in pathophysiology of HFpEF in
recent past. This study was conceived to document patient characteristics, including
demographic profile and to evaluate the presence, and prognostic significance, of myocardial

fibrosis in subjects with and without HFpEF, using Cardiac MRI.

Methods: This was a hospital based, ambi-directional, record review study, spread over January
2018 to December 2022 [mean follow up: 25months, IQR 11-44months] selecting HFpEF
patients as per existing ASE/ESC guidelines. An age and sex matched control arm was included
with 30 consecutive patients without HF. Late gadolinium enhanced (LGE) imaging and T1

mapping were used to assess fibrosis.

Results: Diabetes, hypertension, and obesity (p <0.001) emerged as the strongest risk factors
for HFpEF. Left ventricle mass index and left atrium volume index were significantly higher in
HFpEF group compared to control (p <0.001). LGE (27% vs 0%, p = 0.005) and mid segment
(mean + SD; 1062 + 64 vs 1020 £ 8, p < 0.001) or total average (mean + SD; 1057 + 70 vs 1020 +
4, p =0.006) T1 value were significantly higher in HFpEF group compared to control group.

However there was no significant difference in T2 value (p = 0.657).

53.3% of our patients with HFpEF had a clinical event ( HF hospitalization or all-cause mortality)
during the period of follow up. It was found that average mid-segment (mean + SD; 1099 + 67
vs 1019 + 17, p < 0.001) and total average (mean * SD; 1101 + 70vs 1007 * 15, p < 0.001) T1
values were significantly higher in event group compared to no-event. There were no
difference in LGE prevalence between event and no-event groups. However LGE negative cases
had significantly increased T1 values in all segments compared to healthy control group (Total
T1, mean * SD; 1053 + 62vs 1020 * 4, p < 0.001). Moreover event group was more associated

with increased NT Pro-BNP levels (p = 0.047), higher loop diuretic dose requirement (p = 0.005),
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higher carinal angle and cardiomegaly in chest x-ray (p <0.001) and presence of pericardial

effusion (p <0.001).

Conclusions

Higher T1 but not T2 was associated with HFpEF group compared to age and sex matched
control group. Focal fibrosis as evident by LGE is significantly more in HFpEF. Among HFpEF
patients, high T1 myocardial values were associated with a higher rate of all-cause death, stroke

and HF hospitalization in short term follow up.
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Introduction

Heart failure (HF) is defined as a complex clinical syndrome caused by functional and/or
structural cardiac abnormalities.(Ponikowski et al., 2016; Yancy et al., 2013) These
abnormalities stem from disease or dysfunction of the myocardium, valves, pericardium,
endocardium, or the cardiac conduction system and can cause HF. Population studies have
estimated an increase in the prevalence of HF of 46% from 2012 to 2030, and a corresponding
increase in the cost of HF treatment to $69.8 billion by 2030 in the USA has been
forecasted.(Virani et al., 2020) A clear and accurate understanding of the underlying etiology of
HF is crucial to the appropriate treatment and subsequent outcome in patients of HF. (Ziaeian
and Fonarow, 2016)

While clinical assessment and bedside evaluation continue to remain our fundamental pillars of
diagnosis, there has been an unprecedented development in the investigational armamentarium
Diagnostic imaging has been the major revolution in medicine in recent years. In fact, medical
imaging has been hailed as one of the 10 most important medical advances in the last 1000
years.(New England Journal of Medicine, 2000) This development has been most spectacular in

the domains of Neurology and Cardiology.

The major advancements in cardiac diagnostic imaging began to take shape with
echocardiography. (Edler and Hertz, 2004; Effert et al., 1957) This single technology
revolutionized and “democratized” cardiac diagnosis and was followed by subsequent
developments in the form of nuclear medicine techniques, (Lebowitz et al., 1975; Pohost et al.,
1977) cardiac magnetic resonance imaging (CMRI), (Canby et al., 1987; Ratner et al., 1985) and
computed tomography (CT). (Abdulla et al., 2007; Gopalakrishnan et al., 2008)

Today, the availability of such advanced technology has spilled over from high end teaching and
research institutions to the domain of routine clinical evaluation and disease management. In the
diagnostic work-up of HF patients, and the assessment of their prognosis, cardiac magnetic
resonance (CMR) has emerged as a useful non-invasive tool. Compared to the more commonly
available echocardiography, CMR has established its superiority in the assessment of left
ventricular (LV) volumes and function and in the analysis of wall motion abnormalities and

myocardial tissue characteristics. Myocardial fibrosis is a common pathologic manifestation in
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heart failure, and the pattern of fibrosis serves as a surrogate marker of the etiology.(Bing and
Dweck, 2019) Late gadolinium enhancement (LGE) in CMR enables non-invasive quantification
of myocardial fibrosis and is one of the most widely used CMR techniques in identifying
etiology and assessing prognosis in patients with HF. Moreover, CMR can identify intracellular
abnormalities, myocardial edema, and deposition of extracellular proteins, all of which are
important in the pathogenesis of HF. Myocardial tissue characterization parameters (T1, T2, T2*,
and extracellular volume (ECV)) can quantify tissue alterations in patients with HF; these
include intracellular changes of cardiomyocyte (fat deposition or iron overload), extracellular
changes in the myocardial interstitium (e.g., fibrosis or deposition of amyloid proteins), or both
(myocardial infarction and/or edema). (Lota et al., 2017; Messroghli et al., 2017; Moon et al.,
2013; Patel et al., 2013; Robinson et al., 2019) The classical T1 image reflects the changes in
myocardium involving the myocytes and the interstitium. Myocardial interstitial expansion by
fibrosis, fluid, or other protein deposits is reflected in the ECV, calculated by T1 pre and post
administration of gadolinium and hematocrit.(Moon et al., 2013) For patients who cannot receive
gadolinium contrast due to severe renal dysfunction, native T1 acts as a non-exogenous contrast-
based endogenous tissue characterization parameter. T2 mapping is sensitive to myocardial
edema. Furthermore, T2* is a useful tool to assess tissue iron deposition.(Lota et al., 2017)
Several international heart failure guidelines have incorporated CMR imaging in HF; CMR has
been shown to change overall patient management in up to 65% of patients with heart failure.
(Patel et al., 2013) Taking an extra step forward, the European Association for Cardiovascular
Imaging has recommended parametric mapping in the diagnostic evaluation of patients with HF.
(Messroghli et al., 2017)

CMR imaging in HF spans the entire spectrum of cardiac etiologies which are associated with
deranged cardiac function. Coronary artery disease is the most common and a potentially
treatable cause of HF and needs to be assessed in every patient with a new diagnosis of HF.
Ischemic cardiomyopathy (ICM) manifests as LGE and usually occurs in the subendocardial to
transmural involvement corresponding to a coronary artery distribution. (Adam et al., 2017;
Mahrholdt et al., 2005) In addition to LGE, where the pattern of fibrosis can detect scar due to
MI, there is growing evidence that stress perfusion CMR is efficacious in identifying myocardial
ischemia. The Magnetic Resonance Imaging for Myocardial Perfusion Assessment in Coronary
Artery Disease Trial (MR-IMPACT) I, MR-IMPACT II, and Clinical Evaluation of Magnetic
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Resonance Imaging in Coronary Heart Disease (CE-MARC) studies have highlighted the
equality or superiority of stress perfusion CMR for the detection of CAD when compared to
single-photon emission computed tomography (SPECT). (Greenwood et al., 2012; Schwitter et
al., 2008, 2013)

Dilated cardiomyopathy (DCM) is a common etiology of heart failure and CMR has emerged
as a major diagnostic and prognostic tool in the non-invasive assessment of DCM. LGE was
detected in approximately 30-40% of patients with DCM, with the common pattern being mid-
wall septal LGE. (Halliday et al., 2017, 2019; McCrohon et al., 2003) Prognostic assessment in
patients with non-ischemic cardiomyopathy is also feasible with CMR. (Amzulescu et al., 2015;
Becker et al., 2018; Disertori et al., 2016; Puntmann et al., 2016; Sree Raman et al., 2019) A
study including 472 patients with DCM found that mid-wall fibrosis was an independent
predictor for all-cause mortality after adjustment for LVEF and other clinical factors such as
heart rate and blood pressure. (Gulati et al., 2013) Moreover, mid-wall LGE in patients at first
diagnosis of DCM was independently associated with subsequent adverse cardiac events and HF
rehospitalization. (Sree Raman et al., 2019) Fibrosis/scar has been traditionally considered as a
fertile substrate for ventricular arrhythmia and the subsequent risk of SCD; accordingly, CMR is
able to identify patients at high risk of SCD. (Chan et al., 2014; Di Marco et al., 2017; Klem et
al., 2012)

Hypertrophic cardiomyopathy is also a risk factor for HF. The majority of patients with
hypertrophic cardiomyopathy (HOCMobstruction ) present as HF with preserved ejection
fraction (HFpEF), while only a minority of patients with HCM develop reduced ejection fraction
(HFrEF) at a later stage.(Seferovi¢ et al., 2019) Fibrosis progression detected by LGE-CMR was
associated with LV thinning, increased LV end-diastolic volume, reduced LVEF, and adverse
clinical outcomes.(Raman et al., 2019) Those with worsening cardiac function had evidence of
higher progression of LGE.(Todiere et al., 2012)

Cardiac amyloidosis (CA) deserves consideration in patients with HFpEF,(Manolis et al., 2019)
and early recognition coupled with early treatment has the potential to positively impact
prognosis. Ventricular hypertrophy is characteristic of CA, and the most common LGE pattern is
global, transmural or subendocardial enhancement, with high native T1 and ECV.(Baggiano et
al., 2020; Fontana et al., 2015; Martinez-Naharro et al., 2019; Syed et al., 2010) Apart from LV

20



hypertrophy, atrial dilation, thickening of the atrial septum, and pericardial effusion are other
common morphological features of CA. CMR is known for its superior ability to identify tissue
characteristics. As a result, CMR has become an important tool in the diagnosis and assessment
of amyloidosis involving the heart.(Baggiano et al., 2020; Brownrigg et al., 2019; Chacko et al.,
2019; Syed et al., 2010) LGE improves the diagnosis of CA, but LGE may not detect CA
patients in the early phase.(Fontana et al., 2015) in contrast, T1 mapping and ECV have been
widely demonstrated to improve the diagnosis in patients with suspected CA.(Baggiano et al.,
2020; Banypersad et al., 2015; Martinez-Naharro et al., 2017)

Acute myocarditis can present as new-onset HF, while partial resolution of acute myocarditis
can serve as the substrate for DCM. CMR has emerged as a preferred imaging mode for the
diagnosis and evaluation of patients with myocarditis. This is attributable to the role of CMR in
not only assessing ventricular morphology and function, but also determining the tissue
characteristics such as edema and/or fibrosis. The Lake Louise criteria to diagnose myocarditis
were formulated in 2009, where myocarditis can be diagnosed if two out of three CMR criteria
are positive: edema (increased T2-weighted signal), hyperemia (early gadolinium enhancement),
and necrosis (LGE).(Friedrich et al., 2009) LGE pattern is commonly subepicardial and/or mid-

wall but can also involve the endocardium.

The clinical features of cardiac sarcoidosis (CS) include conduction block, ventricular
arrhythmias, and heart failure; although some patients may be asymptomatic.(Kusano and
Satomi, 2016) CMR has been proved to be useful in the diagnosis of CS. International guidelines
like the updated Japanese Ministry of Health and Welfare (JMHW) criteria and the Heart
Rhythm Society (HRS) Expert Consensus Statement mention LGE on CMRI as one of the
diagnostic criteria for CS.(Birnie et al., 2014; Terasaki and Yoshinaga, 2017) The pattern of LGE
in patients with CS has been variable. Subepicardial, transmural, subendocardial, and mid-wall
patterns have all been identified, often involving more than one segment. The basal and/or mid-
ventricular septum are the two most common locations of pathological involvement.(Patel et al.,
2009; Smedema et al., 2005; Watanabe et al., 2013) In addition to LV LGE, decreased right
ventricular ejection fraction (RVEF) and the presence of RV-LGE on CMR have been shown to
be associated with an increased risk of adverse outcomes.(Kagioka et al., 2020; Smedema et al.,
2017)
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Atrial fibrillation (AF) and HF often coexist with an increased mortality risk. Studies showed
that AF ablation, when compared to pharmacotherapy, have been associated with reduced all-
cause mortality and HF hospitalizations.(Marrouche et al., 2018; Turagam et al., 2019) Left atrial
(LA) fibrosis is an important pathological change in the development of AF. This has been
reflected in the finding that the extent of atrial fibrosis assessed by LGE-CMR increased the
likelihood of recurrent AF.(Marrouche et al., 2018) Apart from LA fibrosis, LV fibrosis has been
proposed to be an independent predictor of AF recurrence.(Begg et al., 2020; Neilan et al., 2014)

Ventricular tachyarrhythmias are common in patients with HF. It is now well established that
ICD implantation is an effective avenue to prevent SCD in patients with HF. Moreover, catheter
ablation has been successfully associated with the prevention of recurrent ventricular tachycardia
(VT). Studies from across the world have demonstrated that CMR is useful in guiding VT
ablation by localizing potential and actual VT substrates.(Andreu et al., 2014; Dukkipati and
Sanz, 2014; Piers et al., 2014)

Clearly, CMR can assess cardiac structure and function accurately and reproducibly. As a
consequence, it has evolved into a major non-invasive imaging tool to guide the diagnosis, risk
stratification, and management for patients with HF. Its ability to characterize myocardial tissue
can help determine the underlying etiology of HF. As more evidence and more outcome data
accumulate, CMR will play a greater role in the field of HF in the near as well as distant future.
Till date, data on CMR in HFpEF is sparse from our subcontinent. This study titled Clinical and
Cardiac Magnetic Resonance (CMR) features in Heart Failure with preserved ejection
fraction (HFpEF) was designed to establish the CMR characteristics of HFpEF in an Indian
cohort.
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Review of literature

Definition of Heart Failure

Heart failure is a clinical syndrome manifested by several cardinal symptoms (e.g.
breathlessness, fatigue, and ankle swelling) and signs (e.g. elevated jugular venous pressure,
pulmonary crackles, and peripheral edema). This clinical presentation stems from a structural
and/or functional abnormality of the heart which results in increased intracardiac pressures
and/or inadequate cardiac output at rest and/or during exercise.(McDonagh et al., 2021)Diverse
definitions have been developed for different purposes, ranging from ‘textbook’ definitions of
HF, which are typically focused on pathophysiology, to case definitions such as the Framingham
criteria(Ponikowski et al., 2016) that are primarily used in biomedical research.(McKee et al.,
1971)

Several definitions of HF abound in current medical literature. These include definitions from the
American College of Cardiology/American Heart Association (ACC/AHA), (Yancy et al., 2013)
Heart Failure Association / European Society of Cardiology (HFA/ESC), (Ponikowski et al.,
2016)and Japanese Heart Failure Society (JHFS)(Tsutsui et al., 2019) guidelines (Table 1).
Although these differ in some details, all identifies HF as a clinical syndrome, all require the
presence of at least some of the cardinal symptoms of HF including dyspnoea, fluid
retention/edema, fatigue, activity intolerance and exercise limitation; and all these definitions
require some form of structural or functional heart disease at the pathogenetic level.
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HF is a complex clinical syndrome which results from structural or
functional impairment of ventricular filling or ejection of blood. The
classical manifestations of HF are dyspnoea and fatigue, which may

ACCF/AHA, , _ _ _ _
restrict exercise tolerance, or fluid retention, which may cause
2016(Yancy et _ ) _
1. 2013) pulmonary and/or splanchnic congestion and/or peripheral edema. Few
al.,
of the patients have exercise intolerance but little evidence of fluid
retention, whereas others complainprimarily of edema, dyspnoea, or
fatigue.
Heart Failure is a clinical syndrome characterized by typical symptoms
e (e.g. breathlessness, fatigue, and ankle swelling) that may be

2016(Ponikowski

accompanied by signs (e.g. elevated jugular venous pressure, pulmonary

crackles and peripheral edema) caused by a structural and/or functional

et al., 2016)
cardiac abnormality, resulting in reduced cardiac output and/or
elevated intracardiac pressures at rest or during stress.
JCS/IHFS, HF is a clinical syndrome consisting of dyspnoea, malaise, swelling
2017(Tsutsui et | and/or decreased exercise capacity due to the loss of compensation for
al., 2019) cardiac pumping function due to structural and/or functional

abnormalities of the heart.

Tablel: Heart failure definitions in contemporary clinical practice guidelines

Gaps in current definitions of heart failure

The definitions discussed above have several inherent limitations. Firstly, they are difficult to

apply in public health or epidemiological settings, because of the subjectivity of the symptoms.

Moreover, the difficulty (invasive nature of investigations) or unreliability of measurements of

cardiac output or filling pressures makes their use impractical in general clinical settings. A

definition to be useful in clinical care settings should be assessable easily, with relatively low

inter-observer variability. Similarly, the Framingham criteria, which were developed for a purely

research purpose, are now considered insufficiently specific for adoption in the clinical setting.
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Natriuretic peptides like N-terminal pro-B-type natriuretic peptide (NT-proBNP) and B-type
natriuretic peptide (BNP) are elevated in most forms of HF. They are of paramount importance
in diagnosing HF, especially when the diagnosis is mired in uncertainty and doubt. These
biomarkers are widely used in contemporary practice guidelines, have the highest class of
recommendation to support or exclude a diagnosis of HF, (Yancy et al., 2017) in contemporary
practice guidelines, but are notably absent from most definitions of HF. Accordingly, the 2017
ACC/AHA/HFSA focused update of the guidelines for the management of HF incorporated
recommendations for natriuretic peptide-based screening in the prevention of HF as a Class lla
recommendation. Similarly, high-sensitivity cardiac troponin levels are associated with future
development of incident HF in the general population (deFilippi et al., 2010; Saunders et al.,
2011) and in those with evidence of -cardiotoxicity or cardiac injury in high-risk
populations(Avila et al., 2018) allowing for treatment strategies to prevent development of HF.

The usual pattern of HF includes episodes of clinical worsening, often associated with adverse
events or episodes of hospitalization.(Butler et al., 2014)Over the years, the concept of
worsening HF has been spanned to include patients who require escalation of outpatient
therapies, such as diuretics, even without a hospitalization.(Greene et al., 2018) It has been well
established that the need for intensifying diuretic therapy, connotes a worse prognosis than a
situation which does not mandate intensification of therapy. Accordingly, it is expected that a
definition of HF will incorporate such dynamic measures of clinical worsening or improvement,

so as to make the definition more acceptable and useful in clinical perspectives.
Revised Universal definition of Heart Failure

Keeping the above in mind the Universal definition and classification of heart failure: a
report of the Heart Failure Association of the European Society of Cardiology, the Heart
Failure Society of America, Japanese Heart Failure Society and Writing Committee of the

Universal Definition of Heart Failure was published in 2021.(Bozkurt et al., 2021)

In this universally accepted document, HF was defined as a clinical syndrome with current or
prior characteristic symptoms and/or signs caused by a structural and/or functional

cardiac abnormality (as determined by EF <50%, abnormal cardiac chamber enlargement,
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E/E’ >15, moderate/severe ventricular hypertrophy or moderate/severe valvular

obstructive or regurgitant lesion) and corroborated by at least one of the following:

e Elevated natriuretic peptide levels (Table 2)

e Objective evidence of cardiogenic pulmonary or systemic congestion by diagnostic

modalities such as imaging (e.g. by chest X-ray or elevated filling pressures by

echocardiography) or haemodynamic measurement(e.g. right heart catheterization,

pulmonary arterycatheter) at rest or with provocation (e.g. exercise)

Ambulatory Hospitalized / decompensated
BNP, pg/mL >35 > 100
NT-proBNP, pg/mL > 125 >300

Table 2: Cut off values of BNP and NT-proBNP for the diagnosis of HF.

The same group of authors freshly classified heart failure according to ejection fraction. This

classification was not only based upon prognostic implications of the EF subpopulations, but also

on the therapeutic implications of specific EF categories. Several trials have already established

that EF may shift from one sub-group to another, and EF sub-groups respond variably to life

prolonging therapies(Pfeffer et al., 1992, 2003; Pitt et al., 2003) The new classification system

was based on this dynamic therapeutic and prognostic concept (Table 3).

HF with reduced EF (HFrEF)

HF with LVEF <40%

HF with mildly reduced EF
(HFmrEF)

HF with LVEF 41-49%

HF with preserved EF (HFpEF)

HF with LVEF >50%

HF with improved EF (HFimpEF)

HF with a baseline LVEF <40%, a >10% increment in
baseline LVEF, and a second measurement of LVEF of

more than 40%.

Table 3: Classification of HF according to ejection fraction
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Epidemiology of HF

With rapid strides made in the diagnosis and treatment of HF, the incidence of HF In developed
countries may be falling; however, this decline is counterbalanced by ageing, and the overall
incidence of HF is increasing globally.(Conrad et al., 2018; Dunlay and Roger, 2014; Roth et al.,
2015; Savarese and Lund, 2017) Currently, the incidence of HF in Europe is about three in 1000
person-years (all age-groups) or about five in 1000 person-years in adults.(Brouwers et al., 2013;
Meyer et al., 2015) The prevalence of HF may be as high as 12% in adults.(James et al., 2018;
Mosterd and Hoes, 2007; Roger, 2013; Smeets et al., 2019; Virani et al., 2020)HF is a clinical
syndrome and passes through various stages of severity, ranging from asymptomatic at risk
individuals to overt cases requiring immediate hospitalizations. As studies usually include only
diagnosed HF cases, the prevalence of true HF is likely to be higher.(van Riet et al., 2014) The
prevalence also increases with age: from around 1% for aged <55 years to >10% in those aged
70 years or over.(Benjamin et al., 2018; Bibbins-Domingo et al., 2009; Ceia et al., 2002; van
Riet et al., 2016)

HF in India

Sparse population data are available from developing nations regarding presentation,
management, and outcomes of patients hospitalized with HF.(Sivadasan Pillai and Ganapathi,
2013) Available data in India are based on extrapolations from heart failure risk factor
prevalence data in India on ischemic heart disease, hypertension, diabetes, obesity, and
rheumatic heart disease to estimate HF incidence and prevalence.(Pais and Xavier, 2011) The
Trivandrum Heart Failure Registry (THFR) was the first organized HF registry in India
published in 2015. In comparison with other international publications like the American
ADHERE registry, the Korean registry, and the European Society of Cardiology registry,
patients in the THFR were 8-10 years younger.(Adams et al., 2005; Maggioni et al., 2013; Youn
et al., 2012) On a similar note, the Kerala ACS and CREATE registries show that Indians

develop acute coronary events at a younger age.(Mohanan et al., 2013; Xavier et al., 2008)

Furthermore, the age distribution in Indian patients is different from the Western world. While
patients aged less than 65 years constitute only 57% of the population in the THFR registry, this
group comprises only 29% of the ADHERE registry.(Adams et al., 2005) More than one quarter
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of the ADHERE registry patients and more than one-third of the Japanese ATTEND registry
patients are aged over 85 years, compared with only 4% of patients in the THFR.(Sato et al.,
2013)While the sex ratio in the THFR population is skewed with a male predominance of 69%,
the proportion of women in the ADHERE registry, the ESC registry, and the Japanese ATTEND
registry are 52%, 37%, and 42%, respectively.(Adams et al., 2005; Maggioni et al., 2013; Sato et
al., 2013)

Heart failure with preserved ejection fraction (HFpEF)

HFpEF is defined as patients with HF with documented left ventricular ejection fraction (LVEF)
equal to or more than 50%.(Bozkurt et al., 2021)

Globally, HFpEF accounts for close to 50% of patients presenting with HF. As per the registry
data like Trivandrum Heart Failure Registry and ASIAN-HF, the proportion of HFpEF in our
country is approximately 19-25%, which is much lower as compared to that of western
population.(Harikrishnan et al., 2015; Tromp et al., 2019) There is a possibility that many cases
go undiagnosed in developing countries like India. The mean age of presentation of HFpEF
patients from India is around 58-68 years, which is about 10 years younger than the data
reported from the West.

HFpEF is characterized by elevated left ventricular filling pressures and/or reduced cardiac
output either at rest or on exertion. Cardiac output is maintained at the cost of abnormally
elevated filling pressure which is responsible for the symptoms and signs. Neurohumoral
activation (sympathetic and renin-angiotensin-aldosterone system activation) is present only in a
group of HFpEF patients, unlike in patients with heart failure with reduced ejection fraction
(HFrEF).(Vergaro et al., 2019)

The diagnosis of HFpEF requires a clinicopathological correlation. The presence of symptoms
and signs of HF along with elevated biomarkers, the demonstration of preserved LVEF (>50%),
and the documentation of diastolic dysfunction on echocardiogram are essential prerequisites.
Cardiac catheterization is the gold standard procedure for confirmation of diagnosis, but this is
not feasible in resource limited settings. On the background of appropriate clinical features, a
PCWP of >15 mm Hg (at rest) or left ventricular end-diastolic pressure (LVEDP) >16 mm Hg (at
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rest) is generally considered diagnostic. If resting echocardiographic findings and laboratory

parameters are equivocal, diastolic stress test is recommended. (McDonagh et al., 2021)

An electrocardiogram and a chest X-ray along with blood tests including blood cell counts, renal
function test, thyroid function test, glycosylated hemoglobin, lipid levels, iron studies, and
biomarkers like B-type natriuretic peptide (BNP/NT-proBNP) and troponin, are advised for all
patients with suspected HFpEF. Transthoracic echocardiogram with detailed evaluation for
cardiac chamber enlargement, left ventricular hypertrophy, diastolic function assessment, and
pulmonary hypertension is essential in the workup. Patients with suspected infiltrative
cardiomyopathy, hemochromatosis, or hypertrophic cardiomyopathy merit a CMR evaluation.

A writing committee of the HFA of the ESC has produced an updated consensus
recommendation.(Paulus et al., 2007) This is reflected in the HFA-PEFF diagnostic algorithm
(Table 4). Its key features are (i) the concept that identification of HFpEF involves all levels of
care, starting from general practitioners, internists, general cardiologists, HF specialists, to
invasive cardiologists; (ii) accordingly, a stepwise diagnostic approach from initial clinical
assessment to more specialized tests should be useful; (iii) since the diagnosis is not always
straightforward, it has been recommended to integrate distinct parameters from complementary
diagnostic domains into a new diagnostic score; (iv) for patients with an inconclusive score,
confirmatory diagnosis (or exclusion) will require invasive hemodynamics and/or invasive or
non-invasive exercise stress tests; and (v) underlying alterations in pathophysiological process
(such as chronotropic incompetence, reduced LV compliance) and specific etiologies have to be
considered. A precise diagnosis is increasingly important since new targeted therapies are

becoming available for defined subsets of HFpEF patients.
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HFA — PEFF algorithm for the diagnosis of HFpEF

P Initial workup
(Step 1(P): Pretest assessment)

Symptoms and Signs of HF,
Comorbidities / Risk factors, ECG,
standard echocardiography, Natriuretic
peptides, Ergometry / 6 minute walk test

or cardiopulmonary exercise testing

E Diagnostic workup
(Step 2(E):Echocardiographic and

Natriuretic peptide score)

Comprehensive echocardiography,
Natriuretic peptides, if not measured in
Step 1

F1 | Advanced workup

uncertainty)

(Step 3(F1): Functional testing in case of

Diastolic stress test: Exercise stress
echocardiography, Invasive hemodynamic

measurements

F2 | Etiological workup
(Step 4(F2): Final etiology)

CMR, cardiac or non-cardiac biopsies,
Scintigraphy / CT / PET, Genetic testing,

specific laboratory tests

Table 4A: HFA-PEFF diagnostic algorithm. Overview of the diagnostic heart failure with

preserved ejection fraction steps 1-4 (P-F). CT, computed tomography; PET, positron

emission tomography.

In this PEFF algorithm proposed by the European Society of Cardiology (ESC), a score of 2 — 4

(borderline) warrants stress testing or invasive hemodynamic testing and a score >5 points is

diagnostic of HFpEF (Table 5).(Pieske et al., 2019) If key haemodynamic abnormalities are

identified on stress test, a definite diagnosis of HFpEF may be made. Invasive haemodynamic

measurements at rest or during exercise are essential to diagnose HFpEF if diagnostic

uncertainty remains after diastolic stress test.
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Functional Morphological Biomarker (SR) | Biomarker (AF)
Septal e’<7cm/s or | LAVI > 34mL/m?or | NT — proBNP > | NT - proBNP >
Lateral ¢’ <10cm/s | LVMI 220pg/mL 660pg/mL
Average E/e’ >15|>149/122g/m*> and | Or or
or TR velocity | RWT >0, 42 # BNP > 80pgmL BNP > 240pgmL
= >2.8m/s (PASP >
§ 35 mmHg)
Average E/e’9—-14 | LAVI 29 — 34 | NT — proBNP > | NT — proBNP
Or mL/m?Or 125 - 220pg/mL | 365 - 660pg/mL
GLS < 16% LVMI >115/95g/m? | Or Or
OrRWT >0, 42 BNP 35 - | BNP 105 - 240pgmL
= Or LV wall | 80pgmL
é thickness >12mm
Major criteria: 2 points > 5 points: HFpEF
Minor criteria: 1 point 2 — 4 points: Diastolic stress test or Invasive Hemodynamic
measurements warranted to confirm the diagnosis of HFpEF

Table 4B: Echocardiographic and natriuretic peptide based scoring system for the

diagnosis of HFpEF

Taking a step further, the 2023 ACC Expert Consensus Decision Pathway on Management of
Heart Failure With Preserved Ejection Fraction has formulated the H2FPEF scoring
system.(Kittleson et al., 2023) The H2FPEF score was derived and validated using a gold-
standard reference of invasive exercise hemodynamic measurements and is the more practical
system for use by clinicians (Table 6). The 6 components of the H2FPEF score consist of
information that is readily accessible: Heavy (body mass index [BMI] >30 kg/m?), Hypertension
(on 2 or more antihypertensive medications), atrial Fibrillation, Pulmonary hypertension
(estimated pulmonary artery systolic pressure >35 mm Hg on Doppler echocardiography), Elder
(age >60 years), Filling pressures (E/e’ >9 on Doppler echocardiography). A score of 6 or more
is highly suggestive of HFpEF.
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Heavy (BMI > 30 kg/m2)

On >2 anti-hypertensives

Atrial fibrillation

Pulmonary hypertension (PASP > 35 mmHg on Doppler echocardiography)

Elder age (>60 years)

M| m| ©| T I| I
R R R W RN

Filling pressure (E/e’ > 9 on Doppler echocardiography)

Table 5: HFpEF Diagnostic Scoring System, ACC, 2023

The diagnosis and prognostication of HFpEF remains a challenging proposition. Recent studies
suggest that modern and digital imaging methods like CMR may be useful for diagnosis and for
defining pathophysiology.(Omar et al., 2017; S et al., 2022) However, long-term studies in large
populations are needed to unravel which features best predict clinical outcomes and responses to

treatment.
[ 1 ' Structural or functional
Signs and symptoms of HF ’ + EF>50% == abnormality of heart*
LVH / LAE / E/E">9 (rest)
[ 5| ‘ Consider alternative
l | Yes | | No ’ ' diagnosis
Natriuretic peptides
BNP > 35(SR) or 100 (acute HF) or 105 (AF)
NTproBNP > 125(SR) 365(AF) or 300(acute HF)
- | W ' Consider alternative
or Yes No > diagnosis
Objective evidence of cardiogenic
systemic or pulmonary congestion
at rest or exercise l HFpEF ‘

Fig A: Algorithm for diagnosis of HFpEF. *LV mass index >95 gm/m? (female), >115
gm/m? (male), relative wall thickness >0.42 LA volume index >34 mL/m? (SR) >40 mL/m?
(AF) PA systolic pressure—TR velocity at rest >35 mm Hg/>2.8 m/s at rest. On exercise TR
velocity >3.4 m/s, E/E' >15; BNP, B-type natriuretic peptide; E/E" ratio, early filling

velocity on mitral inflow Doppler/early relaxation velocity on tissue Doppler; LA, left
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atrial; LV, left ventricular; NT-proBNP, N-terminal pro-B-type natriuretic peptide; PA,

pulmonary artery; SR, sinus rhythm; TR, tricuspid regurgitation.(Pieske et al., 2019)

Diagnosis of HFpEF

The diagnostic tests which are recommended for the assessment of patients with suspected

chronic HF are as following:

1)

)

(3)

Electrocardiogram (ECG). An ECG, which is normal, makes the diagnosis of HF
highly unlikely.(Sanchez-Martinez et al., 2018) The ECG may unmask abnormalities
such as AF, Q waves, LV hypertrophy (LVH), and a wide QRS complex that increase
the likelihood of a presence of HF and also may guide therapy.

Measurement of NP is recommended, if available. A plasma concentration of BNP
<35 pg/mL, NT-proBNP <125 pg/ mL, or mid-regional pro-atrial natriuretic peptide
(MR-proANP) <40 pmol/L make a diagnosis of HF unlikely.(Mant et al., 2009)
Elevated plasma concentrations support a diagnosis of HF, are useful for
prognostication, and may guide further cardiac investigation.(Gohar et al., 2019;
Schwitter et al., 2013) However, it should be noted that there are many causes of an
elevated NP—both CV and non-CV—that might reduce their diagnostic accuracy.
These include AF, increasing age, and acute or chronic kidney disease.(Roberts et al.,
2015) Conversely, NP concentrations may be disproportionately low in obese
patients.(Mueller et al., 2019)

Echocardiography is recommended as pivotal investigation for the assessment of
cardiac function. As well as the determination of the LVEF, echocardiography also
provides information on other parameters such as chamber size, ventricular
hypertrophy, regional wall motion abnormalities (which may indicate underlying
CAD, Takotsubo syndrome, or myocarditis), RV function, pulmonary hypertension,
valvular function, and markers of diastolic function.(Galderisi et al., 2017,
Madamanchi et al., 2014)
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(4)

()

(6)

(7)

A chest X-ray is advised to investigate other potential causes of breathlessness (e.g.
pulmonary disease). It may also provide supportive evidence of HF (e.g. pulmonary
congestion or cardiomegaly)

CMR imaging with late gadolinium enhancement (LGE), T1 mapping and
extracellular volume can identify myocardial fibrosis/scar, which are mostly
subendocardial for patients with ischemic heart disease (IHD) in contrast to the mid-
wall scar typical of dilated cardiomyopathy (DCM). In addition, CMR allows
myocardial characterization in diseases like myocarditis, amyloidosis, sarcoidosis,
Chagas disease, Fabry's disease, LV non-compaction CMP, hemochromatosis, and
arrhythmogenic cardiomyopathy (AC).(Gonzalez and Kramer, 2015; Lancellotti et al.,
2017)

Computed tomography coronary angiography (CTCA) can be considered in low and
intermediate pre-test probability patients of coronary artery disease, or those with
equivocal non-invasive stress tests to exclude the diagnosis of CAD.(Messroghli et
al., 2017)

Single-photon emission CT (SPECT) can also be used to assess myocardial ischaemia
and viability, myocardial inflammation or infiltration. Technetium (Tc)-labelled
bisphosphonate scintigraphy has shown high sensitivity and specificity for imaging

cardiac transthyretin amyloid.(Knuuti et al., 2020)

Non-invasive imaging plays a key role in the evaluation and management of a patient with a
clinical diagnosis of heart failure.(Witteles et al., 2019)A detailed recording of the clinical
history, the determination of signs and symptoms, and meticulous physical examination are
indispensable steps in the evaluation of a patient with suspected or known heart failure.
Thereafter, non-invasive imaging is used to further characterize the heart failure, with the aim of
confirming or establishing the etiology, classifying the type and stage of heart failure, targeting
therapies and assigning a prognosis.
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Global and regional left ventricular function

Ejection fraction is the most often used index to assess global left ventricular systolic
function.(Ponikowski et al., 2016; Yancy et al., 2013) When the left ventricular ejection fraction
(LVEF) is less than 40%, there is universal consensus that this indicates heart failure with
reduced ejection fraction (HFrEF). When the LVEF is >50%, this is termed as heart failure with
preserved ejection fraction (HFpEF), and an LVEF of 41-49% represents heart failure w

ith medium range ejection fraction (HFmrEF, according to the European Society of Cardiology
guidelines) or borderline ejection fraction (HFpEF-borderline, according to the American
College of Cardiology/American Heart Association guidelines). Some of the patients with a
LVEF of >40% may be those whose ejection fraction was previously <40%(i.e. patients who
have improved from HFrEF to HFpEF-borderline or even HFpEF).(Bozkurt et al., 2021) This
classification has prognostic significance, determines the selection of appropriate drug therapy

and aids in decision making on the timing and appropriateness of device therapy.

LVEF is most commonly measured or estimated by 2-D echocardiography. Traditional
echocardiography has the limitations of inadequate acoustic windows, and microbubble contrast
echocardiography which overcomes this impediment cannot overcome the fundamental
geometric assumptions made in 2-D imaging, and the intrinsic issue of operator variability.
Cardiac magnetic resonance (CMR) is currently the alternative technique for the measurement of
gjection fraction, and radionuclide ventriculography being the alternative when CMR is not

available or feasible.

Regional function is most commonly assessed by the visual examination of myocardial
thickening and wall motion. The degree of abnormality is classified as hypokinetic, akinetic or
dyskinetic muscle with scores assigned to each abnormality. The sum of the scores assigned to
each region is then used as a semiquantitative measure of the severity, with higher scores
representing more severe regional dysfunction. The presence of significant regional dysfunction

in the setting of HFrEF, HFmrEF or HFpEF generally points to an ischemic etiology for heart
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failure. However, global left ventricular dysfunction in heart failure may also be associated with
regional dysfunction. Echocardiography and CMR are the two most useful imaging modalities to

assess regional myocardial function in terms of thickening and motion.

Left ventricular size and shape

Left ventricular size can be measured as a dimension or volume. The former is practical and
simple, and the latter is a better descriptor of size than a dimension, but requires more data and
takes time to compute. The measurement of left ventricular volume is especially relevant when
there is significant regional dysfunction. Left ventricular dimension as an index of left
ventricular size is not recommended in the latter situation. Both end diastolic and end systolic
left ventricular size and volume has prognostic significance and are indices that can be used to
assess the effectiveness of heart failure therapies.(Patel et al., 2013) Left ventricular global shape
measured as the sphericity index or regional shape measured as endocardial curvature are also
critical determinants of global and regional left ventricular function but whether these should be
measured selectively or routinely is not currently established. Thus, only the measurement of left
ventricular size is presently recommended in routine practice. 2-D echocardiography is used to
measure left ventricular dimensions and volumes, although the measured volumes are smaller
than those measured with CMR. Contrast echocardiography improves the accuracy of 2-D
echocardiography for measurement of volumes, but they still prove to be smaller than CMR
volumes and have the disadvantage of geometric assumption for the calculation of volume. CMR
imaging is the reference standard for left ventricular volume and when accurate, reproducible left
ventricular volume measurements are necessary for clinical purposes. 3-D echocardiography is
superior to 2-D echocardiography and may prove to be a practical alternative to CMR, at least in
those with adequate acoustic windows.

Myocardial morphology and function

Three key attributes of myocardial morphology that can be assessed by imaging include
myocardial thickness, myocardial morphology and myocardial scarring and fibrosis. Myocardial
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thickness is the mass of the myocardium bounded internally by the endocardium and externally
by the epicardium. There are regional variations in myocardial thickness with the apex of the
heart being the thinnest part of the left ventricular myocardium. Myocardial thickness is a key
component of left ventricular mass, which in turn is a key determinant of prognosis in heart
failure. The ratio of myocardial thickness to the left ventricular cavity size (volume) is an index
of regional wall tension that plays a significant role in left ventricular remodeling.(Marwick,
2018)

Assessment of myocardial morphology focuses on the extent of excessive trabeculations. These
shallow fingerlike projections of the endocardium are normally present in the adult left ventricle
at the apex, lateral, inferior and posterior walls, while non-trabeculated part are the
interventricular septum and the anterior walls in the adult. Excessive trabeculation in regions
where there is usually some trabeculation or presence of trabeculation in areas where there is
usually none may be indicative of a cardiomyopathy. Conversely, excessive trabeculation may
merely be a marker of extreme left ventricular dilatation that causes exaggeration of the normally
present trabeculation. Myocardial trabeculations play a role in myocardial deformation (strain)
and excessive, abnormal trabeculations may potentially contribute to abnormal myocardial strain

and adverse left ventricular remodeling.

The presence, extent and amount of myocardial scarring and fibrosis is crucial to left ventricular
function. Scarring usually follows injury to the myocardium such as infarction: the loss of
myocytes triggers fibroblast activation that results in replacement fibrosis, but the total

myocardial mass is decreased and in general there is thinning of the myocardium.

Alternatively, increased myocardial stress such as hypertension can activate the fibroblasts,
which causes diffuse interstitial (reactive) fibrosis and expansion of the extracellular volume,
resulting in increased total myocardial mass and myocardial hypertrophy. Alternatively, cell
death can result in myocyte loss, which is then replaced by replacement fibrosis, maintaining
increased myocardial mass and myocardial hypertrophy. These structural changes are essential
determinants of natural history and clinical outcomes of heart failure syndromes. They influence
the selection and success of therapeutic strategies, and provide targets for newer
therapies.(Konstam and Abboud, 2017)
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Myocardial function is measured as strain. Although myocardial strain has been previously
measured by CMR in normal and abnormal left ventricles, it has only recently evolved into a
practical index of myocardial function. Myocardial strain is an estimate of myocardial
deformation, which is a sensitive imaging parameter of myocardial disease than the commonly
used ventricular EF. Although myocardial strain is very often evaluated by using
echocardiography because of its easy availability, CMR is increasingly used for this purpose.
CMR utilises feature tracking (FT), which involves post-processing of cine MR images. Other
CMR strain techniques require special sequences, including myocardial tagging, displacement
encoding with stimulated echoes, strain-encoded imaging, and tissue phase mapping. The
complex motion of the heart can be translated into longitudinal, circumferential or radial strain,
and torsion. Myocardial strain measurements include strain rate, velocity, torsion, displacement,
and torsion rate. The reference ranges vary widely on the imaging technique, software used for
analysis, operator, patient demographics, and hemodynamic factors. In chemotherapy-induced
cardiotoxicity, CMR myocardial strain can help to identify left ventricular dysfunction before
having a decline in ejection fraction. Strain is also important for identifying patients with inter
and intra ventricular dyssynchrony who may benefit from resynchronization therapy. CMR
myocardial strain is also useful in CAD, cardiomyopathies, pulmonary hypertension, and

congenital heart disease.(Konstam et al., 2011)

Myocardial ischemia or viability

Coronary artery disease (CAD) leading to myocardial ischemia or infarct remains the most
common etiology for HF. Obstructive CAD and non- obstructive CAD arising from
microvascular dysfunction are both treatable causes of ischemic HF, and testing for myocardial
ischemia is critical in the initial assessment of HF. In addition, the assessment of myocardial
viability may be important when making decisions about revascularization in the setting of
ischemic heart failure and significant left ventricular dysfunction (LVEF < 30%).(Rajiah et al.,
2022)

Stress and rest single photon emission computed tomography (SPECT) or positron emission

tomography (PET) are the most commonly used methods to assess myocardial ischemia and
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viability in heart failure. The assessment of the presence and severity of myocardial ischemia by
both these techniques has proven their diagnostic and prognostic value in patients with heart
failure.(Bax and Delgado, 2015; Djaileb et al., 2019) CT coronary artery calcium score (CACS)
and coronary computed tomography angiography (CCTA) are emerging as useful tests that
provide adjunctive, and often useful, information on the probability of the presence of

obstructive CAD and/or coronary plaque morphology.

Stress and rest echocardiography and CMR are the other two non-invasive tests for the
assessment of myocardial ischemia. Dobutamine or vasodilator stress echocardiography have
both been shown to be useful methods to evaluate myocardial ischemia and viability. In addition,
exercise echocardiography can be used to test for myocardial ischemia. These echocardiographic
based tests have been shown to have good diagnostic and prognostic value in patients with left
ventricular dysfunction. The addition of contrast has further extended their utility through the
enhancement of endocardial borders and by providing information on microvascular integrity
(myocardial contrast echocardiography). The feasibility and reliability of myocardial contrast
echocardiography, however, has not been demonstrated in large studies and is not recommended.
Despite the plethora of data with stress echocardiography, a challenge is the assessment of
ischemia or viability in left ventricular dysfunction with thinned out walls. Thus, CMR has
emerged as an alternative to echocardiography and is often the second line test after SPECT—
PET. Stress and rest CMR myocardial perfusion imaging (MPI) also has excellent spatial

resolution for the evaluation of wall thickening, which improves the reliability of the test.
Left atrium and right ventricle

The size of the left atrium is an independent predictor of outcomes in heart failure.(L6ffler and
Kramer, 2018) It is also an important marker of abnormalities in diastolic filling of the left
ventricle in all categories of heart failure. Similarly, left atrial function and strain are emerging as
sensitive indicators of myocardial dysfunction and predictors of outcome in heart failure.
However, these measurements will need further investigations before they are recommended as
routine measurements in patients with heart failure. Currently, measurement of left atrial volume
on bi-plane echocardiography is implemented as an adjunct assessment of left ventricular

diastolic dysfunction along with tissue Doppler to estimate prognosis in heart failure. 3-D
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echocardiography and CMR are alternative techniques that are performed selectively to evaluate

the left atrial volume.

The right ventricular ejection fraction (RVEF) is a powerful indicator of outcomes in left sided
heart failure.(Rossi et al., 2009) CMR is the preferred technique to measure the RVEF, but it is
not practical in all patients with heart failure. Therefore, a number of 2-D echocardiographic
indices of right ventricular systolic function have been used as a surrogate for RVEF, and many
of these have shown good correlation with RVEF. These indices have also been prognostically
valuable. 3-D echocardiography holds promise to measure RVEF, but this needs further
validation and the feasibility for routine use remains to be determined. Right ventricular
myocardial strain is another parameter that may be incremental to RVEF or even superior to

RVEF in the prognostication of heart failure, but this needs to be confirmed in future studies.
Valve disease

Secondary or functional mitral regurgitation (MR) is the most common valve disease in the heart
failure population. Some degree of mitral regurgitation is seen in the majority of patients with
heart failure, with severe mitral regurgitation being present in about a third of the patients with
systolic heart failure. While there is a good understanding of the mechanisms of secondary mitral
regurgitation, the treatment strategies for this are more controversial and are still being debated.
However, there is universal agreement that significant functional mitral regurgitation worsens
prognosis in heart failure and, if unresolved with maximum tolerated guideline directed medical
therapy, other interventions must be considered for the optimal treatment of mitral
regurgitation.(Ghio et al., 2001) Among the surgical options, mitral valve replacement has been
shown to be better than repair as the former is more likely to prevent recurrent mitral
regurgitation. Cardiac resynchronization therapy has also been shown to be useful to reduce or
abolish mitral regurgitation. More recently, catheter based therapies for mitral regurgitation such
as repair with a mitral clip or other annuloplasty device, and replacement with specifically
designed valves for the mitral position, have shown promise. These minimally invasive
transcatheter therapies may yet transform the solutions for a problem for which there are limited

options, if any.
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Functional tricuspid regurgitation is being increasingly recognized as an important contributor to
morbidity in heart failure. While the data are compelling, the options for treatment are even more
limited than those for functional mitral regurgitation, with surgical repair being the only option
until recently. However, surgery for functional tricuspid regurgitation alone was not
enthusiastically embraced given that many of these patients had varying degrees of right
ventricular systolic dysfunction and did not benefit from the abolishment of tricuspid
regurgitation. However, the emergence of transcatheter devices for tricuspid valve repair is
promising and hence routine assessment of tricuspid regurgitation may become essential in heart

failure.
Cardiomyopathy

Cardiomyopathy is an intrinsic myocardial structural disorder of that may lead to ventricular
dysfunction and can progress to clinical heart failure. It is a major public health issue, affecting
more than 5.8 million people in the United States of America and more than 23 million people
worldwide.(Nasser et al., 2017)Based on their morphological and haemodynamic characteristics,
cardiomyopathies have historically been divided into three major categories: dilated

cardiomyopathy, hypertrophic cardiomyopathy and restrictive cardiomyopathy.

Echocardiography is the on-the-go imaging technique used for the initial diagnosis and
management of cardiomyopathy. However, other imaging modalities, including nuclear
cardiology (myocardial perfusion imaging, MPI with either SPECT or PET), cardiac magnetic
resonance (CMR) imaging and cardiac computed tomography (CCT), play an important role,

depending on the underlying etiology of the cardiomyopathy.

As the first line imaging procedure, echocardiography delineates several important
pathophysiological mechanisms, such as systolic versus diastolic left ventricular dysfunction,
valvular and pericardial diseases, and probable non-ischaemic versus ischaemic cardiomyopathy.
The latter can be further investigated with myocardial perfusion imaging (MPI) and CMR to
establish the presence of inducible myocardial ischemia and scarring.(Bui et al., 2011) Coronary
computed tomography angiography (CCTA) helps to establish the presence of obstructive
CAD.(Mahrholdt et al., 2005; Nagueh et al., 2017) Multimodality imaging is particularly useful
in the differential diagnosis of HFpEF that can be secondary to severe tricuspid regurgitation,
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restrictive cardiomyopathy, constrictive pericarditis and hypertrophic cardiomyopathy. The role

of multimodality imaging in restrictive cardiomyopathies has been recently reviewed.
Hypertrophic cardiomyopathy

Hypertrophic cardiomyopathy is a genetic myocardial disorder, phenotypically affecting 0.2% of
the general adult population, independent of sex and ethnicity. The typical pathological findings
of the disease are myocyte hypertrophy and hyperplasia, myocyte disarray, small vessel disease
and fibrosis. The clinical features of hypertrophic cardiomyopathy range from a benign,
asymptomatic condition with a normal life expectancy to being the most frequent cause of
sudden cardiac death (SCD) in the young age group and in athletes under 35 years of age. Heart
failure and atrial fibrillation are the most relevant complications.(Authors/Task Force members
et al., 2014; Habib et al., 2017; Maron, 2002) Echocardiography is recommended in all patients
with hypertrophic cardiomyopathy on diagnosis and during follow-up. CMR can be considered
depending on the clinical presentation and can provide useful information on morphology and
architecture. CCTA and MPI can be used to exclude CAD and myocardial ischemia. PET is the
best method for evaluating microvascular ischaemia.(Cardim et al., 2015)

Dilated cardiomyopathy

Dilated cardiomyopathy is the most common form of non-ischaemic cardiomyopathy and is
phenotypically characterized by dilatation of cardiac chambers with associated left and right
ventricular systolic dysfunction, often with concomitant functional mitral regurgitation.
Transthoracic echocardiography findings that may suggest a specific aetiology of dilated
cardiomyopathy include focal posterolateral akinesis or dyskinesis suggestive of dys
trophin related dilated cardiomyopathy or mild dilatation with akinetic or dyskinetic segments in
a non-coronary distribution suggestive of inflammatory or infectious aetiologies. CMR may
suggest a specific aetiology, especially hemochromatosis, sarcoidosis and myocarditis. CMR

also permits the localization of involved segments amenable to endomyocardial biopsy.

SPECT and PET myocardial perfusion scintigraphy can quantify myocardial perfusion to
exclude an ischemicetiology. Nuclear imaging in dilated cardiomyopathy can demonstrate either
a homogeneous distribution of blood flow or patchy (non-vascular) perfusion abnormalities on

MPI, and uniform glucose metabolism on 18F-fluorodeoxyglucose (FDG) PET images. This is in
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contrast toischemic cardiomyopathy, where discrete reduction in perfusion and/or reduced

glucose utilization is found inleft ventricular segments corresponding to a coronary distribution.
Restrictive cardiomyopathy

Restrictive cardiomyopathy (RCM) is characterized by impaired diastolic filling with restrictive
physiology, reduced diastolic volume of either or both ventricles, normal or near normal
ventricular systolic function and wall thickness, and biatrial enlargement.(Sciagra, 2016) Tissue
characterization with CMR allows the further characterization of other underlying disorders
potentially contributing to the restrictive physiology. PET is the most sensitive modality for

identifying the areas of increased 18F-FDG uptake indicative of inflammation.

Magnetic resonance imaging (MRI) allows the accurate non-invasive and radiation free
evaluation of the heart and vascular structures, with high contrast and large field of view without
the restriction of an acoustic window. CMR is currently the standard of reference for the
measurement of chamber volumes, and its high accuracy in tissue characterization has an
excellent correlation with biopsy. It is therefore an imaging technique particularly suitable for
serial studies and the close monitoring of changes in chamber dimensions or the severity of

valvular abnormalities that can impact clinical management.
Basics of magnetic resonance imaging

Magnetic resonance data are acquired from the properties in hydrogen nuclei, which are present
in water and fat within tissue. Each proton acts like a tiny magnet because of an intrinsic
property known as nuclear spin, which gives rise to a small magnetic field (magnetic moment).
The magnetic moments (spins) are naturally randomly oriented so that their magnetic fields do
not add but rather cancel one another out. In the presence of a static magnetic field, they tend to
align towards or against this field.

The excess of proton magnetic moments combines to form a net magnetic field or net
magnetization along the z axis of the external magnetic field, becoming the source of the
magnetic resonance signal, which is ultimately detected and imaged. The greater the applied

magnetic field strength, the greater the excess of protons aligned with the magnetic field and the
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more the size of the net magnetization. A typical clinical MRI system will have a magnetic

strength of 1.5 T, but 3 T systems are also increasingly available.

To be able to generate a signal, the net magnetization vector is tracked into the transverse plane
by applying a small magnetic field rapidly changing at radio frequencies for a small period of
time (pulse). The field is applied by a transmitter coil at a particular Larmor frequency (defined
by the Larmor equation), determined by the strength of the magnetic field. The gyromagnetic
ratio has a value of 42.6 MHz/T for the proton, also known as resonant frequency, as protons
only absorb energy (resonate) at this frequency. After a 90° radiofrequency pulse is applied,
energy is absorbed, the net magnetization rotates away from the longitudinal direction into the
transverse plane (transverse magnetization) and the longitudinal magnetization becomes zero.
The magnetization then realigns back with the main magnetization vector), which is called
longitudinal (T1) relaxation. The value of T1 is the time it takes for the longitudinal
magnetization to reach 63% of its final value and is characteristic of specific tissues; it is the
source of contrast in T1 weighted images. After the radiofrequency pulse protons rotate together
in a coherent fashion within the xy plane, the angle they point to is known as the phase angle.
Spins with similar phase angles are considered in phase; when relaxation occurs, there is loss of
coherence and they no longer rotate together (and therefore are considered out of phase) and
consequently, there is a decay of the transverse magnetization known as T2 relaxation.(Ridgway,
2010; Tummala et al., 2015) All the information acquired during the MRI scan is then

transformed into an image using the Fourier transform.
Cardiac magnetic resonance

CMR can acquire a specific fraction of the cardiac cycle in a steady state free precession (SSFP)
sequence. It relies on a steady state of magnetization in which the longitudinal and transverse

magnetizations are at equilibrium with the use of radiofrequency pulses.(Hendrick, 1994)

To evaluate cardiac function, the standard CMR protocol includes SSFP cine images in a short
axis stack from the mitral valve plane through the apex, vertical long axis, four chamber long
axis and left ventricle outflow tract long axis. The inclusion of an optional transaxial stack of
cines covering the right ventricle should be considered to evaluate right ventricular

volumes.(Rajiah and Bolen, 2014)The characterization of myocardial edema is performed in T2
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weighted imaging in which blood is seen as a dark signal and edema as a bright signal in the
myocardium. These images present some interpretation challenges as they are prone to artifacts
caused by slow blood flow. Visual qualitative analysis is usually sufficient in injuries such as
acute myocardial infarction and acute myocarditis.(Rajiah and Bolen, 2014; Schulz-Menger et
al., 2020)

First pass perfusion is a technique that allows the detection of ischemia; a perfusion defect is
seen after the contrast arrival and passage through the left ventricular myocardium. Qualitative
analysis is made comparing different regions to identify relative hypoperfusion. These defects
should persist beyond the peak of myocardial enhancement and for several R-R intervals. Late
gadolinium enhancement (LGE) occurs at least ten minutes after administration and inversion
time is set to null the signal of the normal myocardium. LGE occurs in tissue with an increased
volume of distribution of gadolinium and slower washout, such as in myocarditis and myocardial
infarction. This is a very accurate method to characterize myocardial injury because of its high

spatial and contrast resolution.
Blood flow evaluation using CMR

CMR can be used to evaluate blood flow using phase contrast or velocity encoded techniques,
based on the principle that moving protons change phase in proportion to their velocity.%?
Velocity encoded cine MRI imaging provides not only a qualitative assessment of flow but also
allows an accurate quantification of key haemodynamic parameters such as flow velocity, flow
volume and pressure gradients.(Rajiah et al., 2013) The data obtained with velocity encoded
MRI are generally reliable and reproducible. However, this comes with the caution that the
“velocity and volume of blood flow may be underestimated if the vessel of interest is not imaged

in a plane exactly perpendicular to the direction of flow”.

Because of the slow acquisition and low spatial resolution compared with computed tomography,
the examination of coronary arteries with magnetic resonance angiography is currently not
considered appropriate in patients with chest pain symptoms and intermediate pre-test
probability of coronary artery disease. The origin and proximal portions of the coronary arteries
or dilated vessels can be successfully visualized with CMR, which can subsequently be useful in

the diagnosis of anomalous coronary artery origins and in Kawasaki disease.(Hom et al., 2008)
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4-D Flow cardiac magnetic resonance

Dyverfeldt et al. describes this as a relatively novel technology that allows a more
comprehensive assessment of the pulsatile blood flow through the heart and great vessels (aorta,
pulmonary arteries).(Dyverfeldt et al., 2015; Sakuma, 2011) It has a typical spatial resolution of
1.5mm x 1.5 mm x 1.5 mm to 3 mm x 3 mm x 3 mm, a typical temporal resolution of 3040
ms, and an acquisition time of approximately 5-25 min. It refers to phase contrast CMR with
flow encoding in all three spatial directions that is resolved relative to all three dimensions of
space, and to time during the cardiac cycle. The main advantage over 2-D flow imaging is the
acquisition of images of flow with higher reproducibility in all spatial dimensions.

Safety considerations with CMR

CMR is contraindicated in patients with certain devices. In 2005, ASTM International developed
a set of terms to prevent confusion and accidents. ‘MR safe’ is used to describe an item with no
known hazards in any MRI environment. ‘MR conditional’ is used to describe an item with no
known demonstrated hazards in one specific MRI environment once pre-specified conditions
have been applied, for example, the field strength (devices tested at 1.5 T may not be safe at 3
T). ‘MR unsafe’ is used to describe an item known to pose hazards in all MRI environments and
exposure is to be avoided.(Dyverfeldt et al., 2015)

In cases of patients with non-MRI-compatible pacemakers or implantable cardioverter
defibrillators, recommendations are to have personnel capable of programming the device be
present during the examination. If pharmacological stress is administered, a physician trained in
advanced cardiac life support should always be present and life support instruments should be
available. Heart rhythm and blood pressure needs to be monitored during the stress and recovery
phase.(Woods, 2007)

The use of gadolinium based contrast is contraindicated in patients with stage 4 or 5 chronic
kidney disease, as well as in patients with severe acute renal failure, owing to concerns with
regard to nephrogenic systemic fibrosis, which might develop in these patients. This risk should
be weighed against the clinical benefit of the potential diagnostic information in individual
scenarios, as guided by the Radiological Society of North America.(Woodard et al., 2006) These

recommendations suggest that depending on the clinical indication, the potential harms of
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delaying or withholding group Il or group 111 Gadolinium-based contrast media (GBCM) for an
MRI in a patient with acute kidney injury or eGFR less than 30 mL/min per 1.73 m? should be
balanced against and may outweigh the risk of NSF. Dialysis initiation or alteration is likely
unnecessary based on group Il or group 11 GBCM administration.

In summary, CMR has developed into an imaging method with multiple useful

cardiovascular applications. Currently, CMR is the method of choice for the study of ventricular
volumes, ventricular function and tissue characterization. The potential hazards of CMRI must

be considered, particularly in patients with implanted devices and MRI conditional devices.
T1 Mapping in Heart Failure

Mascherbauer et al studied postcontrast CMR T1 mapping to explore the relationship between
extracellular matrix accumulation and outcome in patients with suspected HFPEF.(Mascherbauer
et al., 2013) There was a significant difference in T1 time (P<0.01) and biventricular ejection
fraction (P<0.01) between patients with confirmed HFPEF and those without confirmed HFpEF.
In addition to augmenting the understanding of the pathobiology in HFPEF, the authors found
significant association between postcontrast CMR T1 time and outcome in patients with HFPEF
(hazard ratio, 0.99 [95% confidence interval: 0.98-0.99]; P=0.046), and from this the authors
suggest its potential role as a prognostic biomarker in HFpEF. Baksi and Pennell in an editorial
in Circulation: Cardiovascular Imaging, expresses optimism on the tremendous potential of T1
imaging to robustly measure diffuse fibrosis, guide therapy, and provide input to risk
stratification models, which they feel will have far reaching impact on Cardiology in
future.(Baksi and Pennell, 2013)

T2 Mapping in Heart Failure

Cardiac T2* magnetic resonance has emerged as an efficient tool to identify patients at high risk
of heart failure and arrhythmia from myocardial siderosis in thalassemia major, establishing its
superiority over serum ferritin and liver iron.(Kirk et al., 2009) Using cardiac T2* for the early
identification and treatment of patients at risk has reduced the high burden of cardiac mortality in

myocardial siderosis.(Modell et al., 2008)
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CMR is the most accurate imaging modality for assessment of LV mass, systolic function,
pericardium, and myocardial tissue characteristics as they relate to HFpEF.(Barison et al., 2022;
Leong et al., 2010) In a recently published meta-analysis, looking at T2 times for various
myocardial pathologies, the authors concluded that T2 times can reliably differentiate between
healthy controls and patients with myocardial infarction, dilated cardiomyopathy, myocarditis,
and heart transplant.(Snel et al., 2020) Global myocardial T2 relaxation time is significantly
associated with quality of life, 6 min walking test, glomerular filtration rate and N-terminal pro
brain natriuretic peptide (NT-proBNP) in these patients.(Doeblin et al., 2019) In specific sub-
populations of HF like peripartum cardiomyopathy, persistence of LV dysfunction after 6

months follow-up can be predicted by longer myocardial T2 time
at baseline.(Liang et al., 2020)

It has been found that percentage of scar by LGE imaging independently predicted future events
in cohorts of HFpEF. Murtagh et al used cardiac MRI derived LGE in the cardiac risk

stratification of patients with extracardiac sarcoidosis. LGE was present in 41 patients (20%).
Among the 205 patients in the cohort, 12 patients (6%) died or had ventricular tachycardia (VT),
10 of these 12 patients (83%) were in the LGE+ group.(Murtagh et al., 2016) In another study,
Poyhonen et al evaluated the value of LGE imaging in patients suspected with non-ischaemic
cardiomyopathy (NICM).(Péyhonen et al., 2014) In their series with a mean LVEF of 52%
(HFpEF), the event rate for MACE was 26% in patients with LGE+ versus 4% in patients
without LGE (p = 0.041). The highest event rate was observed in patients with LGE volume of
>17%. Thus, the presence of LGE while not essential in the cardiac MRI diagnosis of HFpEF

appears to define the patients with a higher risk of major cardiovascular events, including death.
Heart failure with preserved ejection fraction in Asia

Heart failure with preserved ejection fraction (HFpEF) is a global public health problem.
Unfortunately, little is known about HFpEF across Asia. To alleviate this lacunae, 1204 patients
with HFpEF (left ventricular ejection fraction >50%) from 11 Asian regions, grouped as
Northeast Asia (Hong Kong, Taiwan, China, Japan, Korea, n = 543), South Asia (India, n = 252),
and Southeast Asia (Malaysia, Thailand, Singapore, Indonesia, Philippines, n = 409 were
studied.(Weinreb et al., 2021)
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It was found that Asian patients with HFpEF were relatively young (with more than a third under
the age of 65 years) and lean (with only a fifth being obese) compared to those from Western
populations; yet they carried a high co-morbidity burden (70% of patients had >2 co-
morbidities). There were striking regional differences in types of co-morbidities, cardiac
remodeling and outcomes of HFpEF across Asia: South Asians were the youngest and more
often obese but had the lowest prevalence of AF despite the most concentric LV hypertrophy.
Southeast Asian patients were only slightly older, yet had the highest prevalence of all co-
morbidities (except AF), the most LVH and the worst outcomes. Northeast Asians were the
oldest and had the most AF and eccentric LV hypertrophy. In terms of ethnicity, Indian and
Malay patients with HFpEF were considerably younger than Chinese and Japanese/Korean
patients. Despite their relative youth, Malay patients with HFpEF had very high rates of obesity,
diabetes, CKD and anemia, and the worst outcomes among the ethnicities. These regional and
ethnic differences have important implications for public health measures and global HFpEF trial
design.

Compared to Western registries (GWTG-HF, SWEDE-HF, ADHERE-HF, and OPTIMIZE-HF)
and studies performed in primarily Western populations (TOPCAT; I-PRESERVE and CHARM-
Preserved), Asian patients with HFpEF are almost a decade younger compared to registries with
Caucasian populations, while being of similar age to the TOPCAT and I-PRESERVE
trials.(Alehagen et al., 2015; Cheng et al., 2014; Fonarow et al., 2007; Massie et al., 2008; Pitt et
al., 2014; Tromp et al., 2019; Yancy et al., 2006) Despite their relatively young age, Asian
patients with HFpEF had a relatively high prevalence of co-morbidities, particularly CKD,
diabetes and hypertension. Overall, prevalence of CAD was relatively low compared to
Caucasian populations. Obesity-related HFpEF is increasingly recognized as an important
HFpEF phenotype.(Yusuf et al., 2003)

A recent publication from the INTER-CHF registry, which included a majority of HFrEF
patients, showed that Chinese HF patients had better outcomes compared to Southeast Asian HF
patients. However, Indian patients performed markedly worse in the INTER-CHF study, which
can be explained by the inclusion of patients in more rural areas compared to ASIAN-HF as well
as the fact that the INTER-CHF registry included a majority of HFrEF patients.(Shah et al.,
2016)
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Contemporary data from low- and middle-income countries are sparse regarding presentation,
management, and outcomes of patients hospitalized with HF.(Dokainish et al., 2017)
Harikrishnan and colleagues initiated a prospective hospital-based HF registry in the Trivandrum
district of Kerala [Trivandrum Heart Failure Registry (THFR)], India in 2013.(Sivadasan Pillai
and Ganapathi, 2013) The registry covered the Trivandrum city area (urban area, 215 km?,
population 957 000) and an adjacent suburban rural area. In comparison with other international
registries, patients in our registry are relatively younger (Table S3). For example, the patients in
the THFR are almost 8-10 years younger than the ADHERE registry, Korean registry, and the
European Society of Cardiology registry.(Alehagen et al., 2015; Sivadasan Pillai and Ganapathi,
2013; Youn et al., 2012) The Kerala ACS and CREATE registries also show that Indians
develop acute coronary events at a younger age.(Maggioni et al., 2013; Mohanan et al., 2013;
Xavier et al., 2008)

There are minimal data on HFpEF patient in South East population with almost nil data on

myocardial fibrosis assessment and its implication in HFpEF in Asians.

Our study aims to characterize the CMR findings and establish the utility of CMR in the

evaluation of patients with HFpEF in a South East Asian population.
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Materials and methods

1. Hypothesis

Patient with HFpEF have subclinical or overt myocardial fibrosis manifested by increased T1

or LGE respectively.

2. Aim

To find out presence and extent of myocardial fibrosis and its clinical impact in patients with
HFpEF.

3. Objectives:

To document patient characteristics, including demographic profile, presenting
symptoms and clinical signs in patients of HFpEF diagnosed with conventional

echocardiography

To study LV volume, mass, wall thickness, and EF by CMR in these patients
To study LA volume and function by CMR in these patients

To study RV function by CMR in these patients

To evaluate the presence, and prognostic significance, of myocardial fibrosis in

subjects with and without HFpEF, using Cardiac MRI

To establish correlations of CMR findings with demographic characteristics and

clinical profile of these patients.

4. Study design and study period

This study was a hospital record based ambi-directional observational study of all

patients with HFpEF, who fulfilled the inclusion and exclusion criteria, and who

underwent CMR between January 2018 and December 2022.

5. Selection of study population
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The study population was selected from among the patients attending the Cardiology
OPD or admitted to the Cardiology Department of Sree Chitra Tirunal Institute of
Medical Science and Technology, Trivandrum, who fulfilled the following criteria:

Inclusion criteria:

A. Patients with clinical signs and/or symptoms of HF and BNP >35pg/mL and/or
NT-proBNP>125 pg/mL and LVEF >50% on  conventional
echocardiography,and objective evidence of cardiac structural and/or functional
abnormalities consistent with LV diastolic dysfunction/raised LV filling
pressures, including raised NPs and,

B. Either attending the Cardiology OPD, SCTIMST, between September 2021 and
December 2022, or,

C. Admitted to the Department of Cardiology, SCTIMST between September 2021
and December 2022, or,

D. Treated at SCTIMST, between January 2018 and August 2021

Parameters Threshold

LVMI (gm/m2) >95 female; >115 male
RWT >0.42

LAVI (mL/m2) >34 (SR), >40 (AF)
E/e’ at rest >9

NT Pro-BNP (pg/mL) >125 (SR), >365 (AF)
PASP / TR velocity >35 mmHg or / >2.8m/s

54



Exclusion criteria:
e Age <18 years
e Severe valvular heart disease
e Congenital heart disease
e Pericardial diseases
e High output HF
e Significant CAD (Revascularized or indication for revascularisation)
e Hypertrophic cardiomyopathy or cardiac tumor or intra-cardiac mass
e With MRI incompatible implants
e With IV clips or metallic prosthesis
e Inability to lie flat in severe ADHF
e Claustrophobia, altered mental status
e eGFR <30mL/min
e Severe tachyarrhythmias
e Inability to hold breath
e Pregnant ladies

e Prisoners, and those unable to / unwilling to give informed consent

Control: 30 consecutive control patients who underwent CMRI as part of diagnostic evaluation

for diagnosis other than HF and reported to be normal MRI were also taken for comparison.

6. Calculation of sample size

An approximate estimate of 0.5 HFpEF case per month was made at the beginning of the study

and this lead to a projected sample size of 30 cases over the span of 5 years.
7. Carinal angle

Increased carinal angle was defined by carinal angle more than 75 degree.(Proschek and Vogl,
2015)

55



8. Echocardiography:

e LV end-diastolic diameter (LVEDD) and LV end-systolic diameter (LVESD) were
measured in the Parasternal long axis view.(Lang et al., 2015)

e Ejection fraction (EF) was calculated by modified Simpson’s biplane method.

e Diastolic function was standard ASE/ ESC guidelines.(Nagueh et al., 2016).

e Left atrial trial volume was calculated by the formula derived by(D1 x D2 x D3) x
(0.523) formula where D2 is measured from the mitral annular plane to the back wall in
apical 4-chamber view. D1 is the orthogonal short-axis dimension to D2. D3 is measured
from the blood-tissue interface of the anterior and posterior walls in parasternal long axis
view.(Jiamsripong et al., 2008)

e Left ventricular mass was calculated by both ASE and Th formula.(Devereux et al., 1986;
Foppa et al., 2005; Teichholz et al., 1976)

2D Strain:

Longitudinal strain by speckle tracking echocardiography was obtained from three apical views
(Apical 4 Chamber view, Apical 2 Chamber View, Apical 3 Chamber view) at a frame rate of >
50/s.

Global longitudinal strain (GLS) is defined as an average of peak longitudinal strain from an 18
left Ventricle (LV) Segments model.

Echocardiography, Strain echocardiography was done in the Philips EP1IQ 7c model by a single

operator.

9. CMR Protocol:

CMR examinations were done on 15 T Siemens (MAGNETOM Avanto, Siemens
Healthcare, Erlangen, Germany) equipped with a 36-element dedicated cardiac array. The
standard clinical CMR protocol consisted of scout images followed by functional assessment
of the left ventricle using cine steady-state free precession techniques and post-contrast LGE
images using phase-sensitive inversion recovery (PSIR) bSSFP sequence. Native T1 maps

using the shortened modified Look-Locker inversion recovery (shMOLLI) technique with
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collection of 6 region of interest in each basal, mid and apical segments (18-segment model)
and inversion recovery times are separated by only one R-R interval, were acquired before
contrast administration. The total acquisition time was around 40 minutes. All CMR images
were stored in a picture archiving and communication system (PACS).

Cine images

Cine images were obtained using retrospective electrocardiographic gating in short axis,
four-chamber, two-chamber, and three-chamber LV outflow tract imaging planes. A total of
25 cardiac phases were acquired during one R—R interval with temporal resolution <40 ms. A
bright blood imaging technique using a bSSFP sequence was applied to obtain cine images.
A short axis stack covered the heart from its base to apex, which allowed for the assessment
of global and regional ventricular function, calculation of LV and RV volumes, ejection

fraction, and LV mass.

Native T1
Native T1 sequence was obtained using shMOLLI sequence before intravenous
administration of contrast in three short-axis imaging planes, one each at the base, mid-

ventricle, and apex of the LV.

Fig B: Representative image showing T1 (left) and T2 (right) colour mapping

LGE sequence:

LGE images were obtained 10 minutes after administrating intravenous Gadolinium-based

contrast medium (Gadotrast, Gadoterate Meglumine, Unique pharmaceuticals, India)
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intravenously at 0.1 mmol/kg body weight. Breath-hold segmented ECG gated PSIR bSSFP
sequence performed in the same orientation as the cine images. The inversion time was

adjusted to completely null normal myocardium (typically 250-400 ms).

Fig C: LGE quantification in cvi42 software — yellow highlighted areas represents LGE

Image analysis

For the study, CMR images were retrieved from PACS, anonymized, and stored separately in
numbered folders. These images were post-processed and analysed by a reader with 3 years
of experience in interpreting CMR studies. CMR data were analysed using commercially
available post-processing software. Absolute and indexed LV volumes, myocardial mass, LV
and RV ejection fractions, native T1, and extent of myocardial LGE, were measured using
cvi42 Version 5.13.7 (Circle Cardiovascular Imaging, Calgary, Alberta, Canada) by a single
experienced reader (3 years of CMR experience). Cine images were used to measure LV
ejection fraction and volumes by tracing the endocardial and epicardial boundaries at the
end-diastole and end-systole. Ejection fraction and myocardial mass were obtained using the
semi-automated technique. Papillary muscles were excluded from the calculation of
myocardial mass. The wall thickness of 18 LV myocardial segments was measured and the
maximum wall thickness and well as the segment involved were noted. The left atrial

anteroposterior diameter (LAD-AP) was taken as the maximum distance from the posterior
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wall of the left atrium to the mitral valve during the cardiac cycle, measured in a four-
chamber view. Epicardial and endocardial borders contoured long axis extent, and RV
insertion points were selected, after which the global and segmental native T1 values were
automatically computed by the software.

LGE images were reviewed and the presence or absence of scar in the LV was noted.
Further, the percentage extent of LGE in the LV as a percent of total LV mass was calculated
using the mean + 5SD method. A user-defined free hand region of interest was drawn within
normal nulled remote myocardium in the short axis stack of LGE PSIR images after
contouring the epicardial and endocardial borders to obtain software-generated percentage
extent of LGE.

All areas that were identified as enhancement by the software were cross-verified by the
reader to ensure the exclusion of inversion time artefact or contamination by blood pool or
pericardial fat. These were manually excluded by contour adjustment or the exclusion tool
available in the software. The presence and absence of LGE in each segment were also
recorded.

10. Data tabulation

Relevant clinical and Echocardiography findings were incorporated in the pre-designed Case
Record Form (Annexure 1). This data were transferred to the Master Chart (Annexure 2) for

statistical analysis
11. Statistical analysis

Statistical analyses were performed using STATA version 14 (Stata Corporation, College
Station, Texas, USA) software. All tests were two-sided, and a P < 0.05 was considered
statistically significant. Continuous variables were expressed as mean + 2 SD if normally
distributed or as medians (25th and 75th percentiles) if not normally distributed. Categorical
variables were expressed as counts and percentages. Comparisons between groups were
made by ANOVA, chi-square test, paired/ unpaired sample t test wherever appropriate for

continuous variables with normal distribution, Wilcoxon signed rank test for continuous
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variables with nonnormal distribution, and Fisher exact test for categorical variables. Logistic
regression was performed to determine predictors of abnormal diffuse HFpEF (above or
below 95% confidence intervals in controls). For this purpose, after univariate comparison of
the two groups, parameters with a P < 0.20 were proposed for inclusion in the multiple
logistic regression analysis with a backward selection procedure. Correlation of variables was
expressed by Pearson correlation coefficient. Bias and precision between techniques were

evaluated using Bland-Altman plots.
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Results and analysis

The mean (£SD) age of the HFpEF population was 63 = 8 years with that in the control
population being 61 £ 6 years with no significant statistical difference between the two groups.
There was a female predominance in both groups with 87% female in the HFpEF group. There
was no difference in height or body surface area in both the groups. In keeping with the
observations of the south-Asian consensus guidelines, 93% of the study population in case group
were obese, in contrast to 57% in the control group, yielding a significant statistical difference in
the mean BMI of the cases and controls (p <0.001) (Table 6).

Cases (N=30) Controls (N =30) p
Age (mean £SD) in Years 63+8 61+6 0.123
Female (%) 26 (87) 24 (80) 0.731
Ht (cm) (mean £SD) 150+ 7 153+ 8 0.105
BMI (kg/m2) (mean £SD) 295+48 25.8+2.4 <0.001
BSA (m2) (mean +SD) 1.62+0.18 1.58 +0.12 0.324

Table 6: Demographic profile of study population (n = 60)

40% of the cases were diabetic as compared to 10% in control group which was statistically
significant (p <0.001). Systemic hypertension and dyslipidemia were more prevalent in cases
(87% and 47% respectively) as compared to controls with p <0.001. History of chronic
obstructive pulmonary disease, and coronary artery disease were significantly higher in cases
compared to controls (p = 0.005, p = 0.024, respectively). There was no statistical difference
observed in terms of history of obstructive sleep apnoea, family history of coronary artery
disease or prior history of COVID-19 infection (Table 7).
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Cases (%) (N=30) | Controls (%) (N=30) |p
DM 12 (40) 3 (10) <0.001
HTN 26 (87) 4 (13) <0.001
Hypothyroid 2 (7) 0 0.492
COPD 8 (27) 0 0.005
CAD 6 (20) 0 0.024
Dyslipidemia 14 (47) 0 <0.001
OSA 4 (13) 0 0.112
F/h CAD 2 (7) 0 0.492
H/O COVID 4 (13) 0 0.112
WHO guidelines
No obesity 4 (13) 13 (43) <0.001
Overweight 16 (53) 17 (57)
Obese 10 (33) 0
South-Asian Guidelines
No 2 (7) 3(10) <0.001
Overweight 0 10 (33)
Obese 28 (93) 17 (57)

Table 7: Co-morbidities and personal history of study population

All patients had dyspnoea with NYHA functional class Il or more and 20% presented with
history of paroxysmal nocturnal dyspnoea. 33% had chronic cough and 40% had history of
palpitations. Only 1 patient (3%) had anasarca and there was no history of syncope in either limb

of the study population (Table 8).
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Cases (N=30) Controls (N =30) p

SOB 30 (100) 2(7) <0.001
PND 6 (20) 0 0.024
Cough 10 (33) 0 0.001
Expectoration 0 0 N/A
Anasarca 1(3) 0 1.000
Oliguria 0 0 N/A
Angina 6 (20) 0 0.024
Palpitation 12 (40) 3 (10) <0.001
Syncope 0 0 N/A

Table 8: Clinical presentation in HFpEF (n = 30)

There was significant difference in respiratory rate at presentation between both groups (17 vs 13

per minute, p <0.001) and in the baseline oxygen saturation at presentation (96% vs 99%, p

<0.001). 33% of the cases had bilateral pitting pedal oedema with no patient in control group

having the same clinical feature (p <0.001) (Table 9).

Cases (N=30) Controls (N =30) p
Pulse rate, bpm 80 + 20 7719 0.490
Respiratory rate (per | 17 £6 13+1 <0.001
min)
Saturation @ RA 96.4 £ 4.7 98.8+0.9 0.001
(%)
Murmur, % 6 (20) 0 0.024
Pedal edema, % 10 (33) 0 0.001

Table 9: Clinical findings of study population (n = 30)
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The H2FPEF and the HFA — PEFF scores were calculated for out study population. The mean
H2FPEF score was 5 in our case population. Coming to the more exhaustive and inclusive HFA
— PEFF score which incorporates detailed echocardiography and biomarker estimations results,
the mean HFA-PEFF score was 5.2, with a median score of 5.2 (Figure 1).

M H2FPEF SCORE M HFA-PEFF SCORE

Figure 1: HFpEF scoring system application in study population
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Among the 30 patients included to represent the HFpEF arm, 87% were on ACE inhibitors and
87% were on diuretics, with all of the latter being on loop diuretics. 53% of the cases were on
mineralocorticoid receptor antagonists. Other antihypertensive drugs were also represented in the
study cohort like beta-blockers (47%), calcium channel blockers (27%), and Hydralazine (3%).
Only 27% patients were on SGLT2-inhibitors (Figure 2).

Percentage of cases using medications

B

ACEI/ARB

DIURETICS

LOOP DIURETICS

HYDRALAZINE

Figure 2: Antihypertensive drugs used in the study population

Coming to basic laboratory parameters, the Hemoglobin, serum creatinine and serum thyroid
stimulating hormone (TSH) values were normal and comparable in both the groups (Table 10).
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Cases (N=30) Controls (N =30) p
Hb g/dL (mean +SD) 131+16 13.2+05 0.803
Creatinine mg/dL  (mean | 1.01 £ 0.26 0.89+0.12 0.056
1+SD)
TSH mlU /L (mean £SD) 29+10 3.1+0.9 0.518

Table 10: Lab parameters of study population

Focusing on the ECG findings, 80% of the cases were in sinus rhythm and the rest were in atrial

fibrillation, while all members of the control population were in sinus rhythm. Among the cases,

27% had electrocardiographic features of left atrial enlargement and 13% had left ventricular

hypertrophy by standard electrographic criteria for left ventricular hypertrophy. QRS axis was

slight leftward in the study group as compared to the control population (27 degrees vs 44
degrees, p=0.026). QRS duration (88ms vs 70ms, p=0.031) and QTc (404ms vs 393ms,
p=0.002) were significantly prolonged in cases compared to controls. PR interval was similar in
both the groups (Table 11).

Cases (N=30) Controls(N=30) |p
Sinus rhythm, % 24 (80) 30 (100) 0.024
LAE (n=24), % 8 (27) 0 <0.001
PR duration (n=24) mS 158 + 23 151 +13 0.199
QRS Axis, degree 27 + 37 44 + 21 0.026
QRS duration , mS 88 + 31 70+ 4 0.002
QTC, mS 404 + 22 393+ 16 0.031
LVH, % 4 (13) 0 0.112
ST T changes , % 16 (53) 0 <0.001

Table 11: ECG findings in the study population
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Cardiac enlargement was present in 73% of the cases with mean cardio-thoracic ratio being 57%
in cases compared to 47% in control, which was statistically significant (p <0.001). Left atrial
enlargement (Carinal angle >75 degree) was found in 60% of the cases compared to none in
control. 93% of the cases had chest X-ray evidence of pulmonary venous hypertension with
grade I pulmonary venous hypertension being the most prevalent (60%). Non-specific lung field
abnormalities (fibrosis, minimal bronchiectasis) were present in 13% of the cases (Figure 3, 4,
Table 12).

CTR (%)
70
65
60
55
50
45
40
35
30

=@=Cases (N=30) ==@=Controls(N=30)

Figure 3: Cardiothoracic ratio among cases and control

Carinal angle (degree)
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Figure 4: Carinal angle among cases and control
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Cases (%) (N=30) | Controls (%) (N=30) |p

CE 22 (73) 0 <0.001
CTR, % 57+6 47+ 2 <0.001
LAE 18 (60) 0 <0.001
Carinal angle, degree | 81+9 68 + 2 <0.001
PVH Grade

0 2(7) 30 (100) <0.001

1 18 (60) 0

2 5(17) 0

3 5(17) 0
PAH 20 (67) 0 <0.001
Lung field 4 (13) 0 0.112

abnormalities

Table 12: CXR findings in study population

53% of the cases had grade |1 left ventricular diastolic dysfunction, whereas grade | and I1l LVH

constituted 34% and 13% respectively (Figure 5).
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LV diastolic dysfunction

13%

® Grade |l m Gradell Grade Il

Figure 5: Distribution of degrees of LVH in the study population

Echocardiographic parameters were analyzed across cases and controls. 53% of the cases as
compared to none in control group had concentric left ventricular hypertrophy as per ASE
guidelines (p <0.001). 7% had concentric remodeling and 20% had eccentric hypertrophy. Septal
and posterior wall thickness more than or equal to 11mm was present in 70% of the cases. Mean
inter-ventricular septal thickness in diastole (mean £ SD; 12.0 + 2.2) and systole (mean = SD;
14.2 + 2.1) were significantly higher in case compared to control group in diastole and systole.
Mean left ventricular posterior wall thickness in diastole (mean + SD; 11.1 + 1.9) and systole
(mean £ SD; 13.5 = 2.0) were significantly higher in cases as compared to controls. Left
ventricular mass index was significantly higher in cases both by Teichholz (mean + SD; 108 * 23
vs 70 £ 12) and ASE formula (mean + SD; 120 £ 29 vs 72 + 13) (Figure 6, Table 13).
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Hypertrophy pattern by echocardiography

100%
90%
80%
70%
60%
50%
40%

30%

20%
10%
0%
Cases (N=30) Controls (N=30)
® Normal 6 26
1 Eccentric Hypertrophy 6 0
M Concentric Remodeling 2
B Concentric Hypertrophy 16 0

B Concentric Hypertrophy B Concentric Remodeling = Eccentric Hypertrophy B Normal

Figure 6: Echocardiographic parameters, 1
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Cases (N=30) Controls (N =30) p
LVIDD, mm 455+ 3.6 424 +29 <0.001
LVIDS, mm 28.4+3.2 25.3%+29 <0.001
IVS D, mm 120+22 8.7+0.9 <0.001
IVS S, mm 142+21 109+0.9 <0.001
PW D, mm 111+£19 84+0.5 <0.001
PW S, mm 135+20 10.7 £ 0.7 <0.001
LV mass (ASE), gm 191 + 37 113+ 19 <0.001
LV mass index (ASE), | 120 +29 72 +13 <0.001
gm/m?
LV mass (Th), gm 172 + 28 110+ 16 <0.001
LV mass index (Th), gm/m? | 108 + 23 70 £ 12 <0.001
RWT 0.49+0.12 0.40+0.03 <0.001
Hypertrophy (%)
Concentric Hypertrophy 16 (53) 0 <0.001
Concentric Remodeling 2 (7) 4 (13)
Eccentric Hypertrophy 6 (20) 0
Normal 6 (20) 26 (87)
LVH on Echo 21 (70) 0 <0.001

Table 13: Echocardiographic parameters, 1

Further echocardiographic findings revealed that the Right ventricular internal diameter (RVID)
was significantly higher in cases as compared to controls (mean + SD; 23.5+3.5vs 19.8 + 2.4, p
< 0.001). While the left ventricular ejection fraction was similar in both the groups, the Left
atrial volume index was significantly higher in cases (mean + SD; 31.5 £ 9.6 vs 18.1 + 3.6, p <
0.001). No statistical differences were found in terms of fractional left ventricular change or

regional wall motion abnormality (Table 14).
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Cases (N=30) Controls (N=30) p
RVID, mm 23.5+35 19.8+24 <0.001
EF, % 66 +7 68 +7 0.246
FC, % 38+6 406 0.073
LA PLAX, mm 41.3 +4.7 33.1+24 <0.010
LA A4C L, mm 55.8+6.8 493+44 <0.001
LA A4C W, mm 41.2+58 33.2+3.04 <0.001
LAV, mL 50.7 £ 16.2 28.6£5.2 <0.001
LAV |, mL/m2 31.5+9.6 18.1+3.6 <0.001
Aorta, mm 29.4+3.8 28.0+2.7 0.095
RWMA, % 2(7) 0 0.492

Table 14: Echocardiographic parameters, 2

The Mitral E velocity deceleration time was significantly lower in cases as compared to controls

(mean * SD; 154 + 32 vs 207 + 14, p < 0.010). Diastolic mitral inflow L velocity of more than

40cm/sec was present in 20% of the cases and none in control group. Lateral and medial mitral

annular velocity in tissue Doppler imaging was lower in case group compared to control.

Average E/e’ was significantly higher in cases than in the control subpopulation (mean + SD;

175+7.2vs 7.7 £ 1, p < 0.010) (Table 15).
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Cases (N=30) Controls (N =30) p
MV E, m/s 1.07+0.33 0.90+0.16 0.010
MV A, m/s 0.90 £ 0.24 0.71+0.12 <0.001
EDT (mS) 154 + 32 207 + 14 <0.001
L wave (%) 6 (20) 0 0.024
LAT E’, cm/s 76+23 141 +23 <0.001
LATE/E’ 156+7.2 6.5+15 <0.001
MED E’, cm/s 5.8+13 104+1.6 <0.001
MED E/E’ 194+75 89+21 <0.001
AVGE/E’ 175+7.2 71.7+£1.7 <0.001
LAT A’, cm/s 8.9+3.2 11.0+£15 0.002
MED A’, cm/s 8.6+29 82+16 0.542

Table 15: Echocardiographic parameters, 3

The mean tricuspid regurgitation gradient in the cases with HFpEF was 35mmHg compared to
15mmHg in the control group. There were no differences in terms of other milder forms of
valvular lesions. 33% patient had mild pericardial effusion on echocardiogram whereas no
pericardial effusion was noted in control group. Global longitudinal strain was significantly
reduced in case group (at least one segment having less than -17) compared to control (33% vs
0%, P<0.001) (Table 16).
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Cases (N=30) Controls (N =30) p
TR Gradient, mmHg | 35+8 15+4 <0.001
TAPSE, mm 202 21+1.38 0.038
AOV, m/s 1.33+£0.30 1.11+0.16 <0.001
PV, m/s 1.03+0.16 0.99+0.11 0.317
MR, % 1.80 £ 0.76 0.20 £ 0.05 <0.001
PE, % 10 (33) 0 <0.001
AR, % 4 (13) 0 0.112
AS, % 2(7) 0 0.492
GLS abnormality, % | 20 (67) 0 <0.001

Table 16: Echocardiography findings, 4

CMRI data

Left ventricular internal diameter in both systole and diastole were comparable in both the group

(p = 0.443 and 0.098, respectively). However interventricular septal thickness in diastole (mean
+SD;9.9+26vs 8.0+ 2.0mm, p=0.004) and systole (mean = SD; 14.8 £ 2.3vs 2.1 £ 1.9mm,
p < 0.001) were significantly higher in case group. Similarly left ventricular posterior wall

thickness were higher in cases in both diastole (mean + SD; 8.7 £ 2.5 vs 6.1 = 1.3mm, p < 0.001)

and systole (mean + SD; 14.6 £ 3.2 vs 11.8 = 2.7mm, p < 0.001). Left atrial volume index on

MRI was significantly higher in case group (mean + SD; 34.1 + 9.4 vs 22.7 + 5.9ml/m?, p <

0.001) as compared to controls (Figure 7, Table 17).
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Figure 7: CMRI parameters, 1
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Cases (N=30) Controls (N =30) p
LVIDD, mm 46.7+4.0 476+5.3 0.443
LVIDS, mm 29.5+59 26.7+6.8 0.098
IVS D, mm 99+26 80+ 2.0 0.004
IVS S, mm 148 +2.3 121+19 <0.001
PW D, mm 8.7+25 6.1+1.3 <0.001
PW S, mm 146 £3.2 11.8+2.7 <0.001
RVID, mm 43.1+41 38.0+35 0.005
LV mass, gm 91+28 71+15 0.001
LV mass index, gm/m? 57+ 20 45+ 10 0.005
LA4CL, mm 48.3+5.0 43.7+4.6 <0.001
LA 4C W, mm 478+54 39.6+£5.3 <0.001
LA, mm 44.7+53 39.1+45 <0.001
LAV, mL 54.7+14.8 35.7+84 <0.001
LAVI, mL/m2 34.1+94 22.7%+59 <0.001

Table 17: CMRI parameters, 1

77




Left ventricular mass index was significantly higher in cases as compared to controls, (mean *

SD; 57 + 20 vs 45 = 10 gm/m?, p = 0.005) as were the left ventricular end diastolic volume
index (LVEDVi) (mean + SD; 66 = 13 vs 54 + 10 mL/m?, p < 0.001), Left ventricular end
systolic volume index (LVESVi) (mean + SD; 43 + 9 vs 35 + 6 gm/m?, p = 0.016). MRI derived

left ventricular ejection fraction was similar in both the groups (mean + SD; 66 + 6 vs 66 + 8 %,

p = 0.67) (Figure 8, Table 18).
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p <0.001
p =0.001
.001
p=0.005 a
| I | p|i6
LV ED
Wmass "™ yvED vl LvEsvel VS VO
index . index
(gm) /m2) Vol (mL) index (mL) (mL/m2)
(mL/m2)
M Cases (N=30) 91 57 106 66 36 23
M Controls (N=30) 71 45 85 54 29 19
mCases (N=30) mControls (N=30)
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LV SV !-V SV
(mL) index
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70 43
56 35

LV EF (%)

66
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Figure 8: CMRI parameters, 2
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Cases (N=30) Controls (N=30) p

LV ED Vol, mL 106 + 19 85+ 15 <0.001
LV ED Vol index, mL/m2 | 66 + 13 54 +10 <0.001
LV ES Vol, mL 36+9 29+10 0.006
LV ES Vol index, mL/m2 | 23+6 19+7 0.016
LV SV, mL 70 £15 56 £9 <0.001
LV SV index, mL/m2 43+9 35+6 <0.001
LV CO, L/min 471+1.13 4.86 + 0.87 0.559
LV CO index, L/min/m 2.93+0.73 3.09 +0.58 0.350
LV EF, % 66 + 6 66 £8 0.809
RV ED Vol, mL 104 £ 24 124 + 27 0.004
RV ED Vol index, mL/m2 | 64 + 11 79+18 <0.001
RV ES Vol, mL 46+ 14 48 + 14 0.667
RV ES Vol index, mL/m2 | 29+7 30+9 0.364
RV SV, mL 59+ 17 76 £ 20 <0.001
RV SV index, mL/m2 36+9 48 + 13 <0.001
RV CO, L/min 418 +1.35 4.89 +0.91 0.020
RV CO index, L/min/m? 2.56 +0.75 3.11+0.62 0.003
RV EF, % 56 + 10 61+8 0.03
LGE, % 8(27) 0 0.005

Table 18: CMRI parameters, 2

Left ventricular cardiac output index were similar in both the groups (mean + SD; 2.93 + 0.73 vs
3.09 + 0.58 L/min, p = 0.35), whereas right ventricular cardiac output was lower in case group
when compared to control (mean £ SD; 2.56 + 0.75 vs 3.11 + 0.62 L/min, p = 0.003).

Right ventricular end diastolic volume index was lower in case as compared to control group

(mean + SD; 64 + 11 vs 79 + 18 mL/m?, p <0.001), as were the right ventricular stroke volume
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index (mean + SD; 36 + 9 vs 48 + 13 mL/m?, p <0.001) and right ventricular ejection fraction
(mean + SD; 56 + 10 vs 61 + 8%, p =0.03) (Figures 9, 10, Table 19).

6
=0.02
5 p=0.60 .
4
p=0.35 p=0.003
3
2
1
0 LV CO ind RV CO ind
. index . index
LV CO (L/min) (L/min/m2) RV CO (L/min) (L/min/m2)
M Cases (N=30) 4,71 2.93 4.18 2.56
M Controls (N=30) 4.86 3.09 4.89 3.11
M Cases(N=30) mControls(N=30)

Figure 9: CMRI parameters, 3
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Figure 10: CMRI parameters, 4

Coming to the T1 CMRI finings, the average mid-segment (mean + SD; 1062 + 64 vs 1020 * 8,
p <0.001) and apical segment (mean + SD; 1065 + 86 vs 1020 £ 4, p = 0.007) T1 values were
significantly higher in case group compared to control as was the total average T1 value in all
segments (mean + SD; 1057 + 70 vs 1020 + 4, p = 0.006) . However there were no significant
difference in basal segments (mean + SD; 1044 + 71 vs 1020 + 5, p = 0.067)(Table 19, Figure
11).
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Controls (mS) (N = 30

Cases (mS) (N=30) ) p
BAS 1050 + 59 1021 + 16 0.013
BA 1047 + 93 1020 + 16 0.130
BAL 1051 + 94 1020 £ 15 0.086
BIS 1021 + 63 1023 + 16 0.896
BI 1045 + 68 1017 + 16 0.030
BIL 1050 + 125 1016 + 16 0.147
B average 1044 + 71 1020 £ 5 0.067
MAS 1080 + 82 1019 + 16 <0.001
MA 1056 + 90 1021 + 16 0.041
MAL 1041 + 102 1020 + 16 0.268
MIS 1100 + 60 1023 + 16 <0.001
Mi 1056 + 75 1017 £ 16 0.007
MIL 1037 + 88 1022 + 17 0.358
M average 1062 + 64 1020 + 8 <0.001
AAS 1069 + 111 1019 + 16 0.019
AA 1052 + 131 1020 + 16 0.184
AAL 1064 + 100 1020 + 16 0.023
AIS 1089 + 112 1023 + 17 0.002
Al 1072 + 108 1020 +16 0.013
AlL 1044 + 85 1022 + 15 0.152
A average 1065 + 86 1021 +6 0.007
Total average 1057+ 70 1020+ 4 0.006

Table 19: T1 CMRI findings
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T1 CMRI findings in study population : Case (n=30) vs Control (n=30)

Figure 11: T1 CMRI findings

T2 CMRI analysis revealed that the average basal (mean £ SD; 49 £ 3 vs 47 + 2, p = 0.003) ,
mid (mean + SD; 49 + 3 vs 47 £ 2, p = 0.003) and apical segment (mean £ SD; 53 £ 6 vs 49 * 2,
p = 0.036) T2 values were significantly higher in case group compared to control. However
there were no significant difference in average T2 values (mean + SD; 51 £+ 4vs 51+ 1, p =
0.66).
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T2 (mS) CMRI findings in study population : Case (n=30) vs Control (n=30)

Figure 12: T2 CMRI findings
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Cases (mS)

Controls (mS)

(N=30) (N=30)
BAS 48 7 51+2 0.119
BA 47 %5 49+1 0.018
BAL 49+ 4 51+2 0.022
BIS 49+ 4 51+2 0.045
Bl 53+5 91+2 0.088
BIL 48 + 4 52+2 <0.001
B average 49 + 3 51+1 0.003
MAS 50+5 591+2 0.417
MA 51+4 50+2 0.565
MAL 49+5 52+2 0.004
MIS 51 £3 50+2 0.383
MI 48 £ 6 51+2 0.014
MIL 46 +7 52+2 <0.001
M average 49+ 3 51%1 0.003
AAS 55+6 591+2 <0.004
AA 55+6 51+2 <0.001
AAL 56 +6 51+2 <0.001
AIS 53 %6 51+2 0.171
Al 52+9 51+2 0.496
AlL 49 £11 51+2 0.428
A average 53+6 51+0.82 0.036
Total average 514 51+1 0.657

Table 20: T2 CMRI findings
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Over a period of mean 25months [IQR 11-44months] follow up, we analyzed the data as

following:

Among the 30 patients with HFpEF, we further analyzed our results into those who had a cardiac
event during the period of follow up (Event group, n = 14)) and those who had an uneventful

follow up during the course of this study (No event group, n = 16).

Out of 30 patients in case group, 14 patients (47%) had events in the form of index heart failure,
out of which 4 patients (14% of total cases) had recurrent event (7% recurrent hospitalization for
heart failure, 7% death) within a median follow up of 44 months and another 2 (7%) had follow
up event of Ischemic stroke. Cumulative events including recurrent events were 67% (Figure
13).

Follow up
_event 6 (20%) Events (N=30)

HF dezth [N 7

stroke (tschemic) [N 7

= Index HHF Recurrent HHF = Stroke (Ischemic) Recurrent HHF and Death

Figure 13: Cumulative events among cases of HFpEF
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The mean age of the event group was 66 years which was higher compared to no-event group
(60 years, p = 0.026). Both the group had female predominance with 88% female in the event
group (p =1.00). There was no difference in height or body surface area in both the groups.
According to the south-Asian consensus guidelines, 100% of the population in event group and
86% of the no-event group were obese with significant statistical difference between the groups
(p <0.025) (Figure 14, 15, Table 21). The prevalence of hypertension, diabetes, hypothyroidism,
chronic obstructive pulmonary disease, history of coronary artery disease, history of obstructive
sleep apnea or prior COVID-19 infection were similar in both the groups (Table 22).

Event (N = 16)

[
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Figure 14: Incidence of obesity in event and no event groups
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Figure 15: Distribution of body weight in event and no event groups

Events (N = 16) No events (N = 14) p
Age (mean +SD) 66 + 6 60+ 8 0.026
Female 14 (88%) 12 (86%) 1.000
Height (cm) (mean £SD) 1497 152 +7 0.238
BMI (kg/m2) (mean +SD) 29.6 +4.3 29.3+5.43 0.859
BSA (m2) (mean +SD) 1.60 +0.17 1.64+0.19 0.511

Table 21: Demographic profile of HFpEF: Events versus no events




Events (%) (N =16) | Noevents (%) (N=14) | p
DM 14 (88) 12 (86) 1.000
HTN 6 (38) 6 (43) 1.000
Hypothyroid 0 2 (14) 0.209
COPD 4 (25) 4 (29) 1.000
CAD 4 (25) 2 (14) 0.657
Dyslipidemia 8 (50) 8 (57) 0.730
Obesity 16 (100) 10 (71) 0.024
OSA 4 (25) 0 0.103
F/h CAD 0 2 (14) 0.209
H/O COVID 2 (13) 2 (14) 1.000
South-Asian Guidelines
No obesity 0 4 (29) 0.025
Overweight 8 (50) 8 (57)
Obese 8 (50) 2 (14)
WHO guidelines
No obesity 0 2 (14)
Obese 16 (100) 14 (86)

Table 22: Co-morbidities and personal history in HFpEF: Events versus no events

Focusing on the clinical features, patients in event group were more likely to have paroxysmal
nocturnal dyspnoea (47% vs 0%, p = 0.019). However, there were no differences in terms of

shortness of breath, cough, anasarca, urine output or history of palpitations (Table 23).
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Events (%) (N=16) | No events (%) (N =|p
14)
SOB 16 14 N/A
PND 6 (47) 0 0.019
Cough 8 (50) 2 (14) 0.058
Expectoration 0 0 N/A
Anasarca 1 (6) 0 1.000
Oliguria 0 0 N/A
Angina 0 6 (43) 0.005
Palpitation 8 (50) 4 (29) 0.284
Syncope 0 0 N/A

Table 23: Clinical presentation in HFpEF: Events versus no events

Patients in the event group had higher baseline heart rate (mean = SD, 87 £ 25 bpm vs 72 £ 9

bpm; p = 0.043), respiratory rate (mean + SD, 20 + 7 per min vs 13 +1 per min; p < 0.001),

lower saturation in room air (mean = SD, 95+ 5 % vs 99 = 1 %; p = 0.019), higher prevalence of

elevated jugular venous pressure (38% vs 14%, p = 0.019) and gallop rhythm (38% vs 0%, p =

0.019). Both groups had uncontrolled hypertension at presentation with no differences between

the groups (Table 24).
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Events (N = 16) Noevents(N=14) |p

Pulse rate (bpm) 87 £ 25 72+9 0.043
Low volume pulse, (%) | 3 (19) 0 0.228
SBP (mmHg) 148 + 38 159 + 32 0.384
DBP (mmHg) 80 + 14 85 +10 0.239
Respiratory rate (/min) | 20+7 13 +1 <0.001
Saturation @ RA (%) 95+5 99 +1 0.019
JVP, (%) 6 (38) 0 0.019
Rales, (%) 6 (38) 2 (14) 0.226
S1, (%) 16 14

Loud P2, (%) 8 (50) 2(14) 0.058
Gallop , (%) 6 (38) 0 0.019
Murmur, (%) 4 (25) 2 (14) 0.657
Pedal edema, (%) 8 (50) 2 (14) 0.058

Table 24: Clinical findings in HFpEF: Events versus no events

The NT-Pro-BNP at presentation was significantly higher in event group compared to no-event
group (mean + SD, 5550 + 9160 pg/mL vs 455 £ 375 pg/mL; p = 0.047). There were no

differences in terms of hemoglobin and renal function parameters in both the groups.
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Figure 16: NT-Pro-BNP among event and no-event groups in HFpEF
Events (N = 16) No events (N =|p
14)
Hb g/dL (mean £SD) 131+1.9 131+1.2 0.974
Creatinine mg/dL (mean £SD) | 1.00 £ 0.34 1.01+£0.15 0.876
TSH mlU /L (mean +SD) 2.49 £ 0.69 3.39+£1.05 0.009
Pro-BNP pg/mL (mean +SD) 5550 + 9160 455 + 375 0.047

Table 25: Lab reports in HFpEF: Event versus no event
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Only 38% in event group and 14% in no-event group were on SGLT2 inhibitor therapy with no

difference among groups. 14 (88%) patients in event group and 10 (71%) in no-event group were

on loop diuretics. Average frusemide equivalent dose in event group was 43mg (SD 21mg) and

20mg (SD 12mg) in no-event group with significant difference (p = 0.005). Mineralocorticoid

receptor antagonist (MRA) use was not different in both the groups (50% vs 57%). However

MRA dose was higher in event group (31 £ 4 vs 19 + 2 mg/day, p = 0.019)

Events (N =16) | No events (N = 14) p
SGLT2i (%) 6 (38) 2 (14) 0.226
Loop Diuretics (%) 14 (88) 10 (71) 0.378
Frusemide equivalent, | 43 £ 21 (n=14) 20 + 12 (n=10) 0.005
mg/d
MRA (%) 8 (50) 8 (57) 0.730
MRA dose, mg / day 31+ 4 (n=8) 19 + 2 (n=8) 0.019

Table 26: Medication use in HFpEF: Events versus no events
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There was no difference between event and no-event group in terms of rhythm, left atrial
enlargement in electrocardiogram, QRS axis, QRS duration, ST-T changes. PR interval was

relatively longer but within normal limit in event group (169 £ 25 vs 146 £ 14 mS , p = 0.011).

Events (N = 16) No events (N = 14) p

Sinus rhythm , % 12 (75) 12 (86) 0.657
LAE (n=24), % 4 (33) 4 (33) 1.000
PR duration (n=24), mS | 169 * 25 146 + 14 0.011
QRS Axis, degree 26 + 47 28 + 26 0.883
QRS duration , mS 91 +32 85+ 30 0.619
QTC, mS 396 + 25 414 +13 0.025
LVH, % 2 (13) 2 (14) 1.0

ST T changes , % 8 (50%) 8 (57%) 0.730

Table 27: ECG findings in HFpEF: Events versus no events

Cardiac enlargement was present in 88% (vs 57%, p= 0.101) of the event group with mean
cardio-thoracic ratio being 61% compared to 52% in no-event group, which was statistically
significant (p <0.001). Left atrial enlargement (Carinal angle >75 degree) was found in 88% of
the event group compared to 29% in no-event group (p = 0.002). All patients in event group had
chest x-ray evidence of pulmonary venous hypertension with grade 1, 2 and 3 being equitably
distributed. In contrast, most of the patients (86%) in no-event group had grade 1 pulmonary
venous hypertension, with none having grade 2 or 3 (p of interaction 0.025) (Table 28, Figure
17, 18).
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Events (%) (N = | No events (%) (N =|p

16) 14)
CE 14 (88) 8 (57) 0.101
CTR, % 61+6 524 <0.001
LAE 14 (88) 4 (29) 0.002
Carinal angle, degree 84+9 77+8 0.031
PVH Grade
0 0 2 (14) 0.025
1 6 (38) 12 (86)
2 5(31) 0
3 5(31) 0
PAH 16 (100) 4 (29) <0.001
Lung field abnormalities | 4 (25) 0 0.103

Table 28: CXR findings in HFpEF: Events versus no events
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CXR: Event vs No-event

CE% p=0.10

Lung field abn % p=0.10

|o

LAE % p=0.002

Carinal angle

p=0.03

CTR P <0.001

o

10 20 30 40 50 60 70 80 90 100

B No-event M Event

Figure 17: CXR findings in HFpEF: Events versus no events
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Figure 18: PVH in HFpEF: Events versus no events



There were no significant difference noted between event and no-event group in terms of
echocardiographic evidence of left ventricular hypertrophy (p = 0.46), diastolic left ventricular
internal dimension (p = 0.142), septal thickness (p = 0.101), left ventricular mass index (p =
0.311) or relative wall thickness (p = 0.127) (Table 29).

Events (N = 16) No events (N = 14) p
LVIDD, mm 446 + 3.8 46.6 + 3.2 0.142
LVIDS, mm 28.0+2.6 28.9+3.7 0.466
IVS D, mm 126+2.8 11.3+1.1 0.101
IVS S, mm 148+25 13.6+1.3 0.122
PW D, mm 115+2.4 10.6 £ 0.9 0.180
PW S, mm 13.8+2.1 13.3+1.9 0.527
LV mass (ASE), gm 198 + 47 183 +18 0.268
LV mass index (ASE), gm/m? | 126 + 36 113+ 16 0.222
LV mass (Th), gm 177 + 36 167 + 14 0.311
LV mass index (Th), gm/m? 112 + 28 103 £ 13 0.321
RWT 0.53+£0.15 0.46 £ 0.06 0.127
Hypertrophy (%)
Concentric Hypertrophy 8 (50) 8 (57) 0.460
Concentric Remodeling 2 (13) 0
Eccentric Hypertrophy 2 (13) 4 (29)
Normal 4 (25) 2 (14)
LVH on Echo 10 (63) 11 (79) 0.440

Table 29: Echocardiography findings [1] in HFpEF:

Events versus no events




There were no differences between event and no-event group in terms of ejection fraction, LA

volume index, Average E/e’, left ventricular diastolic dysfunction grade, mitral regurgitation or

tricuspid regurgitation gradient. However, statistical difference was evident in 63% of the

patients in event group having mild pericardial effusion compared to none in no-event group (p
<0.001) (Tables 30, 31, 32).

Events (N = 16) No events (N = 14) p
RVID, mm 23626 23.4+4.3 0.880
EF, % 66 + 8 65+ 6 0.547
FC, % 37+6 38+6 0.596
LA PLAX, mm 41.2+5.0 414+ 4.6 0.924
LA A4C L, mm 575+58 539+7.6 0.148
LA A4C W, mm 414+58 41+59 0.841
LAV, mL 51.6+125 49.6 + 20.1 0.737
LAV I, mL/m2 32.8+95 30.0+£9.8 0.433
Aorta, mm 29.1+4.9 29.7+1.9 0.678
RWMA, % 2 (13) 0 0.485

Table 30: Echocardiography findings [2] in HFpEF: Events versus no events
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Events (N = 16) No events (N = 14) p
MV E, m/s 1.01+0.42 1.14+0.13 0.280
MV A, m/s 0.90 £ 0.27 0.89 +0.22 0.855
EDT (mS) 157 +41 150 + 15 0.568
L wave (%) 2 (13) 4 (29) 0.378
LATE’, cm/s 712+22 8.0+23 0.310
LATE/E’ 147+£5.0 16.7+9.2 0.459
MED E’, cm/s 5.9+1.2 5.7+14 0.572
MED E/E’ 17.0+£5.5 22.1+8.7 0.066
AVGE/E’ 159+5.0 19.4+89 0.185
LAT A’, cm/s 9.8+38 79+17 0.119
MED A’, cm/s 8.7+3.2 83+27 0.719

Table 31: Echocardiography findings [3] in HFpEF: Events versus no events
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Events (N = 16), % Noevents(N=14),% |p
TR Grade
0 2 (12) 0 0.007
1 0 4 (29)
2 14 (88) 8 (57)
3 0 2 (14)
TR Gradient, mmHg | 34+ 1 35 +3 0.811
LVDD Grade 1 6 (38) 4 (29) 0.881
LVDD Grade 2 8 (50) 8 (57)
LVDD Grade 3 2 (12) 2 (14)
TAPSE 206 £2.5 199104 0.314
AOV , m/s 1.43+£0.29 1.21+£0.1 0.048
PV, m/s 1.01£0.17 1.04£0.0 0.621
MR
0 0 2 (14) 0.591
1+ 4 (25) 2 (14)
2+ 10 (63) 8 (57)
3+ 2 (12) 2 (14)
AR 2 (13) 2 (14) 1.000
AS 2 (13) 0 0.485
PE 10 (63) 0 0.000
GLS 10 (71) 10 (63) 0.709

Table 32: Echocardiography findings [4] in HFpEF: Events versus no events




20 patients (66%) had left ventricular global longitudinal strain abnormality (GLS) in at least one
of 18 segments. However there was no significant difference in peak strain value among event

and no-event group except in apical antero-lateral segment (Figure 19, Table 33).

Echo GLS findings in HFpEF: Events versus no events

Figure 19: Echo GLS findings in HFpEF: Event versus no event
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Events (-%) (N = 16) No events (-%) (N=14) | p
BAS 17.1+5.7 19.0+1.2 0.329
BA 174+ 84 17.2+1.7 0.933
BAL 195+7.3 186+1.38 0.724
BIS 200+ 34 17.1+15 0.100
Bl 17.0+6.2 194+1.2 0.230
BIL 17.8+74 20610 0.103
MAS 176 £6.5 207x+16 0.191
MA 175+7.0 176+20 0.722
MAL 18.0+7.4 164+21 0.575
MIS 185+6.4 17621 0.722
Ml 17.1+49 184+16 0.520
MIL 16.6 £ 8.7 17.7+15 0.690
AAS 220x7.6 201+1.38 0.680
AA 23.9+538 21.4+1.38 0.290
AAL 259+95 18.7+20 0.031
AIS 23.6+10.3 179+24 0.116
Al 22694 214+ 1.7 0.689
AlL 224+49 179+16 0.187

Table 33: Echo GLS findings in HFpEF: Events versus no events

Coming to the cath lab findings, 4 patients (25%) in event group and 2 patients (14%) in no-
event group had minor coronary artery disease (p = 0.657). 8 patients (50%) in event group and
2 patients (14%) in no-event group underwent cardiac catheterization study with no difference in
pulmonary artery mean pressure (24.5 = 1.1 vs 26 £ 0.0 mmHg , p = 0.539), pulmonary capillary
wedge pressure (17.8 £ 1.7 vs 12 £ 0.0 mmHg , p = 0.153), left ventricular end-diastolic pressure
(17 £5.8vs 10 £ 0.0 mmHg , p = 0.142) or pulmonary vascular resistance (2.5 +0.9vs 3.3+ 0.0
WU , p = 0.256) (Table 34).
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Events (N = 16) No events (N =14) p

CAD in CAG (%) | 4 (25) 2 (14) 0.657

Predominant LAD 2, LCX 2 RCA 2 0.177

vessel involved

PA mean, mmHg | 245 +11 26 =0 0.539
PCWP, mmHg 17.8 £ 1.7 (n=8) 12 £ 0 (n=2) 0.153
LVED, mmHg 17 £5.8 (n=8) 10 (n=2) 0.142
PVR, WU 2.5+0.9 (n=8) 3.3(n=2) 0.256

Table 34: Cath findings in HFpEF: Events versus no events

MRI derived left ventricular internal diameter were similar in both event and no-event group.
However diastolic interventricular septal thickness (mean = SD, 10.9 £ 2.7 vs 8.6 £+ 2.0 mm , p
= 0.016) and posterior wall thickness (mean £ SD, 10.1 £25vs 7.1+ 1.1 mm, p <0.001) were
significantly higher in event group. Right ventricular internal diameter and LA volume index

were similar in both the groups (Table 35, Figure 20).
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Events (N = 16) No events (N p
14)
LVIDD, mm 458+ 3.9 47.7+4.1 0.199
LVIDS, mm 29.8+5.3 29.1+6.8 0.764
IVS D, mm 109+ 27 8.6+2.0 0.016
IVS S, mm 156 +2.3 13.8+2.1 0.028
PW D, mm 10.1+£25 71+11 <0.001
PW 'S, mm 165+2.2 124+2.6 <0.001
RVID, mm 43.2+ 3.0 43.1+5.2 0.940
LV mass, gm 94 + 29 88+ 29 0.606
LV mass index, gm/m? 59 +19 55+ 21 0.584
LA4CL, mm 48.6 +4.6 479+5.6 0.712
LA 4C W, mm 48.4+4.8 47.1+6.1 0.497
LA, mm 454+ 472 439+6.4 0.427
LAV, mL 57 +13 52+ 17 0.448
LAVI, mL/m2 36+11 32+7 0.186

Table 35: CMRI findings in HFpEF [1]: Events versus no events




p=0.03 P <0.001

=0.02
P “ P <0.001

LVIDD LVIDS IVSD IVSS PWD PWS  RVID
(mm)  (mm)  (mm) (mm) (mm) (mm) (mm)

M Events (N = 16) 45.8 29.8 10.9 15.6 10.1 16.5 43.2
H Noevents (N=14) 47.7 29.1 8.6 13.8 7.1 12.4 43.1

Figure 20: CMRI derived findings in HFpEF 1: Events versus No events

MRI derived left ventricular mass index were similar in both the group as were left ventricular
end diastolic, systolic volumes and stroke volume index. Left ventricular ejection fraction was
lower in event group compared to no-event group (mean + SD, 63 + 4vs 68 + 7 %, p = 0.023).
Right ventricular stroke volume index (mean + SD, 32 £ 8 vs 40 £ 7 mm , p = 0.010) and
ejection fraction (mean = SD, 53 £ 8 vs 60 + 10 % , p = 0.034) were lower in event group
compared to no-event group. There was no difference of left or right ventricular cardiac output
by CMRI (Table 36, Figure 21, 22, 23).
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Events (N = 16) Noevents(N=14) [P
LV ED Vol, mL 101 + 22 112 + 13 0.123
LV ED Vol index, mL/m2 64 +17 68 +5 0.396
LV ES Vol, mL 379 36 +10 0.672
LV ES Vol index, mL/m2 247 22+5 0.393
LV SV, mL 64 + 14 76 £12 0.016
LV SV index, mL/m2 41+11 47+6 0.065
LV CO, L/min 448 +1.18 498 +1.05 0.230
LV CO index, L/min/m 2.82+0.82 3.05+0.61 0.395
LV EF, % 63+4 68 +7 0.023
RV ED Vol, mL 98 +23 111+ 24 0.137
RV ED Vol index, mL/m2 61+12 67+8 0.131
RV ES Vol, mL 47 +13 46 £ 15 0.822
RV ES Vol index, mL/m2 297 28+ 8 0.608
RV SV, mL 52 +15 66 + 16 0.012
RV SV index, mL/m2 32+8 407 0.010
RV CO, L/min 3.86+1.24 454 +1.43 0.170
RV CO index, L/min/m? 2.40+0.73 2.74 +£0.77 0.219
RV EF, % 53+8 60 + 10 0.034
LGE, % 4 (25) 4 (29) 1.000

Table 36: CMRI findings in HFpEF [2]: Events versus no events




p=0.02

p=0.07
p=0.67
“ Il “

LV ED LV ES
LV mass "\i'n:'::s LVED Vol LVES Vol  LVSV .L:d:: LV EF
. , .
(gm) (gm/m2) Vol (mL) index Vol (mL) index (mL) (mL/m2) (%)

(mL/m2) (mL/m2)
M Events (N = 16) 94 59 101 64 37 24 64 41 63
B No events (N = 14) 88 112 68 36 22 76 47 68

Figure 21: CMRI derived findings in HFpEF 2: Events versus No events
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LV CO index . RV CO index
(L/min/m2) figeeliSfnin] (L/min/m2)

H Events (N = 16) 4.48 2.82 3.86 24
H No events (N = 14) 4.98 3.05 4.54 2.74

LV €O (L/min)

M Events (N=16) m No events (N = 14)

Figure 22: CMRI derived findings in HFpEF 3: Events versus No events
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p=0.01

p=0.03
p=0.82
p=0.01
" p=0.61 |I

RVED Vol RYEDVOl ovEsvol RVESVOl  pysy  RVSV

index index index RV EF (%)
(mL/m2) [tt) (mL/m2) it (mL/m2)

M Events (N = 16) 98 61 47 29 52 32 53
B No events (N = 14) 111 67 46 28 66 40 60

(mL)

M Events (N=16) ™ No events (N = 14)

Figure 23: CMRI derived findings in HFpEF 4: Events versus No events

8 subjects (27%) in event group had late gadolinium enhancement (LGE) compared to none in
control group (p = 0.005). There was no difference in LGE among event and no-event group.
There was no sub-epicardial LGE, while sub-endocardial and mid-myocardial LGE were shared
equally (50% each). LGE was seen only in basal segments and predominantly involving
anteroseptal (75% of LGE group) and infero-septal (100% of LGE group)segments followed by
inferior wall (25%) and infero-lateral wall (25%) (Figure 24, 25, 26).
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Figure 24: LGE on CMRI: Events versus no events (% in bar diagram)
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Figure 25: Distribution of LGE on CMRI 1
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Figure 26: Distribution of LGE on CMRI 2

Average basal (mean + SD; 1087 + 72 vs 994 + 18 , p < 0.001), mid-segment (mean £ SD; 1099
+ 67 vs 1019 £ 17, p < 0.001) and apical segment (mean + SD; 1116 + 91 vs 1001 + 18, p <
0.001) T1 values were significantly higher in event group compared to no-event as was the total
average T1 value in all segments (mean £ SD; 1101 £ 70vs 1007 + 15, p < 0.001) (Table 37,
Figure 27).
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Events (mS) (N =16) | No events (mS) (N =|p
14)
BAS 1085 = 60 1010 + 19 <0.001
BA 1108 + 82 978 + 35 <0.001
BAL 1108 + 84 984 + 53 <0.001
BIS 1037 £ 76 1003 + 41 0.154
Bl 1059 + 92 1030 + 10 0.259
BIL 1126 + 125 963 + 40 <0.001
B average 1087 = 72 994 + 18 <0.001
MAS 1119+ 91 1035 + 36 0.003
MA 1102 £ 99 1003 + 32 0.001
MAL 1093 + 105 982 + 57 0.002
MIS 1120 £ 59 1077 £55 0.048
MI 1089 + 59 1019 £ 75 0.008
MIL 1071 + 100 998 + 52 0.020
M average 1099 * 67 1019 £ 17 <0.001
AAS 1110 + 127 1022 + 69 0.030
AA 1110 + 143 986 + 76 0.007
AAL 1108 + 112 1014 + 53 0.008
AIS 1122 + 139 1051 + 53 0.083
Al 1129 + 109 1006 + 61 <0.001
AlL 1116 £ 31 963 + 40 <0.001
A average 1116 £ 91 1001 £ 18 <0.001
Total average 1101+ 70 1007 £ 15 <0.001

Table 37: T1 CMRI findings in HFpEF: Events versus no events
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T1 CMRI findings in HFpEF: Events versus no events

Figure 27: T1 CMRI findings in HFpEF: Events versus no events

The T2 CMRI findings revealed an average basal (mean £ SD; 51 + 3vs 47 + 2, p = 0.001) ,
mid (mean + SD; 51 £3vs 47 + 2, p < 0.001), apical segment (mean = SD; 57 +6vs49+2,p
< 0.001) and total (mean + SD; 53 £ 3 vs 48 + 2, p < 0.001) T2 values, all of which were
significantly higher in event group compared to no-event group (Table 38, Figure 28).
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Events (mS) (N = | No events (mS) (N =|p
16) 14)
BAS 51+9 46 + 3 0.056
BA 49+5 45+ 4 0.082
BAL 51+4 48 +5 0.027
BIS 50+5 48 +3 0.160
Bl 537 92+2 0.326
BIL 50+4 46 + 3 0.008
B average 51+3 47 £ 2 0.001
MAS 54 +4 46 %+ 2 <0.001
MA 52+4 49 +3 0.070
MAL 50+6 48 +3 0.242
MIS 51+4 51+3 0.744
MI 50+6 45+ 3 0.009
MIL 505 42+6 0.001
M average 51+3 47 £ 2 <0.001
AAS 595 50+2 <0.001
AA 59+4 51+3 <0.001
AAL 58+6 53+4 0.012
AIS 56 +7 49+ 3 0.002
Al 56 +12 48 + 2 0.021
AIL 55 +11 42+ 4 <0.001
A average 57+6 49+ 2 <0.001
Total average 53+3 48 £ 2 <0.001

Table 38: T2 CMRI findings in HFpEF: Events versus no events
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T2 CMRI findings in HFpEF: Events versus no events

Figure 28: T2 CMRI findings in HFpEF: Events versus no events

There were no significant differences between T1 values regardless of LGE positivity in cases (p
0.321). However LGE negative cases had significantly increased T1 values in all segments
compared to healthy control group (Total T1, mean £ SD; 1053 = 62vs 1020 = 4, p < 0.001),
(Table 39, 40)).

LGE - (N =22) (mS) | LGE + (N =8) (mS) |p
Basal T1 1041 + 63 1052 + 95 0.354
Mid T1 1053 + 56 1085 + 82 0.120
Apical T1 1065 + 81 1064 + 106 0.485
Total T1 1053 + 62 1067 + 94 0.321

Table 39: T1 CMRI findings in HFpEF: LGE + versus LGE -
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LGE - (N =22) (mS) | Control (N=230) (mS) | p
Basal T1 1041 + 63 1020 + 5 <0.001
Mid T1 1053 = 56 1020 + 8 <0.001
Apical T1 1065 + 81 1020 + 4 <0.001
Total T1 1053 + 62 1020 + 4 <0.001

Table 40: Distribution of T1 CMRI findings in HFpEF: LGE - versus control

Univariate logistic regression showed that increased BMI, increased cardiothoracic ratio or

carinal angle on chest x-ray, increased septal thickness or left ventricular mass index were

associated with HFpEF compared to control population. Total T1 value but not T2 was

associated with HFpEF compared to control. However multiple logistic regressions did not show

any significant association of any of the parameters (Table 41, Figure 29).

Variable Unadjusted OR P Adjusted OR P
(95% Confidence (95% Confidence
Interval) Interval)

BW, kg

BMI, kg/m? 1.32 (1.10, 1.58) 0.002

Saturation in RA, % 0.62 (0.38, 1.01) 0.053

CTR, % 3.10 (1.50, 6.42) 0.002 |3.12(0.87,11.15) 0.081

Carinal angle, degree 450 (1.66, 12.19) 0.003

Echocardiography

LVIDD, mm 1.35(1.12, 1.63) 0.002

LVIDS, mm 1.39 (1.14, 1.69) 0.001

IVS D, mm 9.56 (2.64, 35.34) 0.001
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IVS S, mm 6.84 (2.63, 17.78) <0.001
PW D, mm 10.91 (2.83, 42.02) 0.001
PW S, mm 23.37 (4.12, 132.48) <0.001
LV mass [ASE], gm 1.16 (1.06, 1.26) 0.001
LVMI [ASE], gm/m? 1.29 (1.07, 1.56) 0.007
LV mass [Th], gm 1.19 (1.07, 1.33) 0.001
LVMI [Th], gm/m? 1.27 (1.09, 1.48) 0.002
RVID, mm 1.92 (1.30, 2.84) 0.001
EF, % 0.96 (0.89, 1.03) 0.243
FS, % 0.92 (0.84, 1.01) 0.083
LAV, mL 1.57 (1.22, 2.02) 0.001
LAVI, mL/m2 1.68 (1.24, 2.28) 0.001
EDT, mS 0.92 (0.88, 0.96) <0.001
Lateral E/e’ 3.34 (1.67, 6.70) 0.001
Medial E/e’ 1.89 (1.37, 2.61) <0.001
Average E/e’ 2.31(1.46, 3.67) <0.001 | 10.22 (0.39, 267.22) | 0.163
RVSP , mmHg

TAPSE, mm 0.75 (0.57, 0.99) 0.043
CMRI

LVIDD, mm 0.96 (0.86, 1.07) 0.436
LVIDS, mm 1.07 (0.99, 1.17) 0.105
IVS D, mm 1.44 (1.10, 1.89) 0.009
IVS S, mm 1.83 (1.32, 2.55) <0.001
PW D, mm 2.45 (1.53, 3.92) <0.001
PW S, mm 1.36 (1.12, 1.66) 0.002
RVID, mm 1.56 (1.23, 1.96) <0.001
LV Mass, gm 1.04 (1.01, 1.07) 0.004
LVMI, gm/m? 1.05 (1.01, 1.10) 0.010
LAV, mL 1.24 (1.10, 1.39) <0.001
LAVI, mL/m2 1.25 (1.11, 1.40) <0.001
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LVEDV, mL 1.07 (1.03,1.11) <0.001
LVEDVI, mL/m2 1.09 (1.04, 1.15) 0.001
LVESV, mL 1.08 (1.02, 1.14) 0.010
LVESVI, mL/m2 1.11 (1.02, 1.20) 0.018
LVSV, mL 1.11 (1.05, 1.17) <0.001
LVSVI, mL/m2 1.14 (1.06, 1.23) 0.001
LVCO, L/min 0.86 (0.51, 1.43) 0.552
LVCOI, L/min/m? 0.68 (0.31, 1.51) 0.346
LVEF, % 0.99 (0.92, 1.07) 0.763
RVEDV, mL 0.97 (0.94, 0.99) 0.009
RVEDVI, mL/m2 0.92 (0.88, 0.97) 0.002
RVESV, mL 0.99 (0.96, 1.03) 0.661
RVESVI, mL/m2 0.97 (0.91, 1.04) 0.362
RVSV, mL 0.95 (0.92, 0.98) 0.002
RVSVI, mL/m2 0.90 (0.85, 0.96) 0.001
RVCO, L/min 0.58 (0.36, 0.94) 0.026
RVCOI, L/min/m2 0.32(0.14,0.72) 0.006
RVEF, % 0.93 (0.88, 1.00) 0.034
T1 values (mS)

Base T1 1.01 (1.00, 1.02) 0.082
Mid T1 1.04 (1.01, 1.08) 0.010
Apical T1 1.02 (1.00, 1.03) 0.030
Total T1 1.02 (1.00, 1.04) 0.029
T2 values (mS)

Base T2 0.67 (0.49, 0.91) 0.011
Mid T2 0.70 (0.53, 0.91) 0.009
Apical T2 1.19 (0.99, 1.42) 0.066
Total T2 0.94 (0.77, 1.15) 0.545

Table 41: Univariate and Multiple logistic regression analysis
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Figure 29: Univariate and Multiple logistic regression analysis

There was moderate positive correlation with MRI derived interventricular septal thickness in
diastole and total (Pearson correlation coefficient r = 0.54, p = 0.002) and mid-segment average
(r=0.63, p<0.001) T1 value. However there was no strong corelation between left ventricular
mass index by MRI. There were no correlation with echocardiography derived interventricular

septal thickness, left ventricular mass index with T1 values (Figure 30, 31, 32, 33).
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r 0.63, p <0.001
r 0.54, p 0.002

® Mid segment average T1

@ Total average T1

Figure 30: Correlation of T1 value and Inter-ventricular septal thickness in diastole by
CMRI
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r0.47, p 0.002
r0.40, p 0.03

® Mid segment average T1

@ Total average T1

Figure 31. Correlation of T1 value and Inter-ventricular septal thickness in systole by
CMRI
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Figure 32, 33: Correlation of T1 value and LV mass and LV mass index by CMRI
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(Table 42, Figure 34, 35, 36) T1 value correlation and comparison with interventricular

thickness and LV mass index by echocardiography and CMRI

Echocardiogram significantly overestimated interventricular septal (mean difference £ SD, 2.15

+ 1.91 mm) and posterior wall thickness (mean difference + SD, 2.37 £ 2.11 mm) in diastole,
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left ventricular mass index by both ASE (mean difference + SD, 63 + 25 gm/m?) and Teicoltz

(mean difference + SD, 51 + 21 gm/m? ) formula compared to MRI.

ECHO-MRI Mean difference 95% ClI
LVIDD (mm) -1.17 + 4.63 [-2.90, +0.56]
LVIDS (mm) -1.1+6.10 [-3.38, +1.18]
IVS D (mm) 2.15+1.901 [+1.44, +2.86]
IVS S (mm) -0.57 +2.65 [-1.56, +0.42]
PW D (mm) 2.37+2.11 [+1.58, +3.15]
PW S (mm) -1.03 +3.39 [-2.30, +0.23]
LV  mass [ASE-MRI] 100 + 37 [86, 114]
(gm/m2)

LV mass index [ASE-MRI] 63 +25 [53, 72]
(gm/m2)

LV mass [Th-MRI] (gm/m2) 81 +31 [70, 93]

LV mass index [Th-MRI] 51+21 [43, 59]
(gm/m2)

LV mass [ASE-Th] (gm/m2) 19+9 [15, 22]

LV mass index [ASE-Th] 12+6 [9, 14]

LAV (mL/m2) -4.0+15.1 [-9.7, +1.6]
LAVI (mL/m2) 27+95 [-6.2, +0.9]

Table 42. Comparison of TTE and CMRI findings
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Figure 37: Comparison of inter-ventricular septum (IVS) thickness by transthoracic

echocardiography (TTE) and cardiac MRI.
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Figure 38: Comparison of left ventricular mass index (LVMI) by transthoracic
echocardiography (TTE) ASE and Th formula, and cardiac MRI.
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Figure 39: Bland-Altman plots of the mean differences between transthoracic
echocardiography (TTE) and cardiac MRI measurements.
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Discussion

Our study showed that patients with HFpEF are more likely to be female, older and obese, a fact
which has been documented by colleagues from around the world. (Andersson and Vasan, 2014;
Fonarow et al., 2007) Recent studies have shown that prevalence of obesity among HFpEF
subjects can reach up to 95%.(Borlaug et al., 2018) In our experience, hypertension, diabetes and
history of coronary artery disease were associated with HFpEF which are known risk factors for
development HFpEF.(Borlaug, 2013; Zhao et al., 2022) Although history of COVID-19
infection and obstructive sleep apnea were numerically higher, it did not achieve statistical

significance in our study.

Kanagala and colleagues have published their findings in the seminal publication titled
Relationship Between Focal and Diffuse Fibrosis Assessed by CMR and Clinical Outcomes in
Heart Failure With Preserved Ejection Fraction.(Kanagala et al., 2019) The authors have found
that patients with HFpEF had a high burden of obesity, hypertension, diabetes, and atrial
fibrillation. On a similar note, Roy et al in 2018 have observed a high prevalence of established
cardiovascular risk factors in our HFpEF population; including arterial hypertension (93%),
diabetes (39%), hypercholesterolemia (67%), and higher body mass index (BMI).(Roy et al.,
2018) Both these publications reflect our finding of metabolic risk factors playing a dominant
role in the pathogenesis of HFpEF. Interestingly, in a study titled Evaluation of age-related
interstitial myocardial fibrosis with cardiac magnetic resonance contrast-enhanced T1 mapping:
MESA (Multi-Ethnic Study of Atherosclerosis), the authors found a weak association between
ECV and age.(Liu et al., 2013)

Clinical features in our cases were corroborative of left heart failure with the predominant
symptom being breathlessness. Palpitations were the predominant symptom in patients with co-
existing atrial fibrillation. Baseline saturation was lower because of inclusion of NYHA
functional class IV patients. Murmurs were heard predominantly because of tricuspid

regurgitation.

H.FPEF and HFA-PEFF scoring systems have moderate sensitivity in predicting diagnosis of
HFpEF. This has been established from previous studies conducted in the western world. An
Italian study titled Value of the HFA-PEFF and H2FPEF scores in patients with heart failure and
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preserved ejection fraction caused by cardiac amyloidosis published in 2022 concluded that the
HFA-PEFF score has a higher diagnostic utility in HFpEF caused by CA and holds independent
prognostic value for all-cause mortality, while the HoFPEF score does not.(Tomasoni et al.,
2022) All previous studies on these scoring system were framed and validated based on western
sub-population studies.(Faxen et al., 2021) Most of the patients in study population were having
>5 points, indicating higher than expected probability of clinical diagnosis of HFpEF by those
algorithms. This is probably because of difference in patients characteristics in the Asian
population compared to western population with HFpEF.

Most of the patients with HFpEF in our study were on ACEi or ARB for control of hypertension.
In comparison, lesser number of patients were on SGLT2i which is a class lla recommendation
for treatment of HFpEF as per recent guidelines. The study by Kanagala et al reflects this finding
with a maximum number of subjects being on ACEi or ARBs.(Kanagala et al., 2019) In the
PARAGON HF trial, the large majority of patients were prescribed angiotensin-converting
enzyme inhibitors or angiotensin receptor blockers (85%), B-blockers (80%), calcium channel

blockers (36%), and mineralocorticoid receptor antagonists (24%).(Solomon et al., 2018)

We found that 20% of the cases were in atrial fibrillation during presentation which is in
coherence with previous studies. Mean QRS duration was higher in cases probably because of
inclusion of 6 patients of bundle branch block in the case group. However the prolonged QRS
duration might also be explained by the fact that most of the HFpEF patients have subclinical
myocardial fibrosis which subtly affects interventricular conduction delay. Although
echocardiographic evidence of left ventricular hypertrophy (LVH) was present in most of the
patients, electrocardiographic evidence of LVH was very less (13%) in case group probably
because of less sensitivity of electrocardiography to diagnose LVH.

Carinal angles were significantly higher in heart failure patients because of significant left atrial
dilatation. Carinal angle more than 75 degree is considered abnormal and indicates left atrial
dilatation. It is in concordance with a study published in 2010, which proved that the assessment
of carinal angle to determine left atrial size was acceptable and repeatable.(Quinton et al., 2010)
However, sub-carinal angle measurement and its association has not been reported in previous

studies in patients with HFpEF.
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Most of the patients in case group had left ventricular hypertrophy by echocardiography
probably because of uncontrolled hypertension in almost all of the patients. In our experience,
Left ventricular mass index was significantly higher in cases both by Teichholz (mean + SD; 108
+ 23 vs 70 £ 12) and ASE formula (mean + SD; 120 £ 29 vs 72 = 13). Moreover, Left atrial
volume was significantly higher in cases which were concordant with previous studies on heart
failure with preserved ejection fraction. In the study by Roy et al, compared to age- and sex-
matched healthy controls, HFpEF patients had higher E/e’ ratio, higher indexed LA and RA
volumes, higher RV/RA gradient, and worse RV function as evaluated by TAPSE and FAC.
(Roy et al., 2018)

Left ventricular mass using ASE formula was estimated significantly higher compared to
Teichholz formula. This is because additional multiplication factor in Teichholz formula and
multiple studies have shown that Teichholz formula fares better than ASE formula in terms of

MRI derived cardiac mass.

MRI is considered the gold-standard for anatomical measurements of cardiac chambers and
walls. In accordance to the echocardiographic finding interventricular septal thickness and
posterior wall were higher because of concentric LVH. Left ventricular end diastolic and stroke
volume were higher in case group which was probably because of associated mitral

regurgitation.

Although left ventricular cardiac output was similar in both the groups, right ventricular forward
cardiac output was lower among our cases. Presence of tricuspid regurgitation might have

contributed to a diminution in forward output of the right ventricle, in case group.

MRI derived right ventricular volume was lower in cases probably because of septal hypertrophy
reducing effective right ventricular volume and partly contributed by mildly increased right

ventricular systolic pressure because of mild pulmonary hypertension in most of the cases.

Average mid-segment and total average T1 native values were significantly higher in cases
which have also been proven in various studies. T1 has been proven to be associated and
correlated with histology proven myocardial fibrosis. However a surrogate marker of myocardial

fibrosis is extra-cellular volume (ECV) which has shown marked promise in predicting
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myocardial fibrosis and clinical outcomes.(Golukhova et al., 2022; Kanagala et al., 2019; Roy et
al., 2018)

Cumulative event was 67% in our cases over a mean follow up of 25 months which was similar
to most of the outcome studies in heart failure with preserved ejection fraction. Mortality was 7%
which was lower compared to previous studies which was probably due to exclusion criteria of
our study which excluded patients with disease with worse outcomes like amyloidosis, restrictive

cardiomyopathy and coronary artery disease.

Both the event and no-event groups had uncontrolled hypertension which was reflected as LVH.
NT-pro-BNP was significantly higher in event group indicating this group to be sicker and
explaining its relation with subsequent events. Previous studies also showed the relationship with

recurrent heart failure hospitalization and major adverse cardiovascular events.

Frusemide and MRA requirement was higher in event group indicating that this group was

decompensated and sick requiring multiple medication and decongestion.

Carinal angle and left atrial enlargement were higher in event group due to left atrial
enlargement. There were no significant differences in echocardiographic parameters between
event and no-event group probably indicating lesser sensitivity of echocardiography in predicting
a major adverse cardiovascular event. Pericardial effusion was exclusively present in event group

indicating elevated central venous pressure in sicker patients.

Interventricular septum and posterior wall thickness were higher in event group compared to no-
event group. Previous studies had also proven the fact that increased severity hypertrophy,
increased cardiac mass are associated with increased event of incident and recurrent heart failure

as well as mortality.

Focal fibrosis in the form LGE was significantly higher in HFpEF population with none being
affected in control group. However there were no significant differences in event and no-event
group which is in-contrary to the most of the studies involving HFrEF, hypertrophic
cardiomyopathy patients. However Kanagala et al also had reported similar result and attributed

the difference in result to the technique for LGE measurements.(Kanagala et al., 2019)
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Our study focused on native T1 value and it reflects intra and extracellular changes. T1 value
was significantly increased in event group compared to no-event group in our study population.
Recent meta-analysis showed ECV (a surrogate marker of T1) rather than T1 is more predictive
of adverse outcome in HFpEF patients. However all previous studies included western
population and very diverse phenotypes of HFpEF population. Our study was first in south-Asian
country where we included “pure” HFpEF patients and excluded all coronary artery disease,
hypertrophic cardiomyopathy and amyloidosis patient which have different prognosis and
different therapeutic interventions. This is why probably our patients” T1 value came out to be
predictive of events. However further larger studies are required to validate the continental

difference in MRI findings.

We also found that LGE negative patients had significantly higher T1 values compared to control

indicating sensitivity of detecting HFpEF patients by higher T1 remains even in absence of LGE.

In univariate logistic regression model T1 was predictive of HFpEF compared to control.
However in multivariate analysis only cardiothoracic ratio and average E/e’ could be analyzed
which were not significant. The reason why only two variables were considered for multivariable
regression is because adding other variables did not improve the model further. By the method of
conditional forward selection procedure, these two variables were selected to adhere by the

principle of parsimony.

T1 values were fairly seen to be correlated with interventricular septal thickness by MRI but not
by echocardiogram. This is probably due to variability of echocardiographic measurements and
intrinsic errors involved in it. Previous studies also had shown that echocardiogram can
significantly overestimate myocardial thickness measurements compared to gold-standard MRI
in patients with hypertrophic cardiomyopathy, Fabry’s disease.(Hindieh et al., 2017; O’Brien et
al., 2020)

We found that left ventricular mass index and septal thickness were significantly overestimated
in echocardiogram. This was also consistent with previous studies. Overestimation is likely due
to geometric assumption of left ventricle as prolate ellipsoid and symmetrical distribution of left

ventricular hypertrophy which are not the case in most of the times. However error was higher in
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our study probably because of inclusion of epicardial fat in the measurement as most of the

patients were obese and were having epicardial fat.
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Summary and

Conclusions
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Conclusions

The conclusions from this study include:

1. A higher age, the female gender, obesity, diabetes, hypertension and dyslipidemia are

strong predictors of HFpEF

2. Higher respiratory rate, lower oxygen saturation and presence of pedal edema are
associated with HFpEF

3. Electrocardiographic findings of left atrial enlargement, left ventricular hypertrophy,
leftward QRS axis, higher QRS duration and higher QTc are associated with HFpEF

4. Radiological cardiac enlargement and left atrial enlargement are associated with HFpEF

5. On Echocardiography , higher Mean inter-ventricular septal thickness in diastole and
systole, higher left ventricular posterior wall thickness in diastole and systole, higher Left
ventricular mass index, higher Right ventricular internal diameter and higher Left atrial

volume index are associated with HFpEF.

6. On Echocardiography, lower Mitral E velocity deceleration time and significantly higher

Average E/e’ are associated with HFpEF

7. On CMRI, Higher IVS thickness in diastole and systole, higher posterior wall thickness
in diastole and systole and higher Left atrial volume index were all associated with
HFpEF.

8. On CMRI, Higher Left ventricular mass index, higher left ventricular end diastolic
volume index, higher Left ventricular end systolic volume index are all associated with
HFpEF but not the LVEF.

9. Lower right ventricular cardiac output, lower Right ventricular end diastolic volume
index, lower right ventricular stroke volume index and lower right ventricular ejection

fraction on CMRI were predictive of HFpEF
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10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Higher baseline heart rate, higher respiratory rate, lower saturation in room air, higher
prevalence of elevated jugular venous pressure and gallop rhythm at presentation predicts

adverse events in HFpEF
Higher NT-Pro-BNP at presentation predicts adverse events in HFpEF

Cardiac enlargement and left atrial enlargement are both associated with adverse events
in HFpEF

Mild pericardial effusion in Echocardiography is associated with adverse events in
HFpEF

Cardiac catheterization fails to identify patients of HFpEF who are at higher risk of

adverse events

Higher diastolic IVS and PW thickness are associated with adverse events in HFpEF
Lower LVEF and RVEF are associated with adverse events in HFpEF

Focal fibrosis as evident by LGE is significantly more in HFpEF.

Diffuse fibrosis as evident by increased myocardial native T1 value is significantly high
in HFpEF.

T2 value is not significantly elevated in HFpEF.

Elevated myocardial native T1 is predictive of major adverse cardiac events.
Diffuse fibrosis was more prevalent in HFpEF than focal fibrosis.

LGE is not predictive of adverse events in HFpEF

Higher T1 values are associated with adverse events in HFpEF
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Presence of Myocardial Fibrosis on Cardiac MRI and Its Impact on Short-Term

Outcomes in an Asian Cohort of Heart Failure with Preserved Ejection Fraction

Structured Graphical abstract:
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o Key Question

The present study sought to decipher whether there were differences between the presence and
extent of both focal and diffuse fibrosis in HFpEF subjects and those in matched control subjects
without heart failure and to determine whether fibrosis provided additional prognostic value
beyond conventional clinical and echocardiographic indices.
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o Key Finding

LGE (27% vs 0%, p = 0.005) and mid-segment (mean = SD; 1062 + 64 vs 1020 + 8, p < 0.001)
T1 values were significantly higher in the HFpEF group compared to the control group.
Moreover, average mid-segment (mean = SD; 1099 £ 67 vs 1019 + 17, p < 0.001) T1 values

were significantly higher in the event group compared to no-event.
e Take-home Message

Higher T1 but not T2 was associated with the HFpEF group compared to the age and sex-
matched control group. Focal fibrosis as evident by LGE is significantly more in HFpEF. Among
HFpEF patients, high T1 myocardial values were associated with a higher rate of all-cause death,

stroke, and HF hospitalization in short-term follow-up.
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Proforma

Clinical and Cardiac Magnetic Resonance (CMR) features in

Heart Failure with preserved ejection fraction (HFpEF): Case Record Form

Serial No. Date of clinical presentation: Date of CMR:
Demographic data
Age | Sex Height Weight | BMI HTN DM COPD | CAD Dyslipid
(cm) (kg)
Clinical features and significant past history:
Echocardiographic data
CMR data
IVSd LVPWd | LV LV Wall motion
mass Mass
LV index
ED ED ES ES Stroke | Stroke | Cardiac | Cardiac | Ejection
volume | volume | volume | volume | volume | volume | output | output | fraction
LV index index index index
ED ED ES ES Stroke | Stroke | Cardiac | Cardiac | Ejection
volume | volume | volume | volume | volume | volume | output | output | fraction
RV index index index index

LVOT and Aortic root

LA

RA

Edema, inflammation and diffuse fibrosis

Perfusion

Delayed enhancement
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Valves and pericardium

Others

Final CMR comments:

Complete diagnosis

Signature
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Annexure
Information sheet for study participants

TITLE OF THE STUDY: Clinical and Cardiac Magnetic Resonance (CMR) features in Heart Failure
with preserved ejection fraction (HFpEF)

SERIAL NUMBER: Name of the participant:
Gender: Date of birth: Age in years:

Study background: The heart functions as a pump to supply oxygen and nutrition carrying
blood to the tissues. Heart failure is a disease in which the heart is unable to pump blood
adequately. Heart failure with preserved ejection fraction is a special type of heart failure
where this heart failure may be associated with other diseases like diabetes, asthma or even
obesity. You have been informed that you / your patient has been suffering from heart failure
with preserved ejection fraction, for which he / she has already undergone several tests.
Cardiac MRI is a sophisticated test available at Sree Chitra Institute for Medical Sciences and
Technology which is being used across the world for a better and more detailed understanding
of the heart in patients with heart failure.

You are being asked to participate in a study where selected patients of Heart Failure with
preserved Ejection Fraction will be asked to undergo this sophisticated investigation.
Participating in this study will allow the medical team to use information like your / your
patient’s medical history and results of all investigations performed, but will not affect the
treatment in any way.

What is Heart Failure with preserved Ejection Fraction: Heart failure is a clinical condition
where the pumping action of the heart is inadequate for normal function of the body. This can
be due to disease of the heart or due to other conditions. Ejection fraction is a finding that is
established from echocardiography, a test routinely performed for heart failure. Patients with
heart failure may have reduced ejection fraction or preserved ejection fraction, depending on
their disease.

What is meant by clinical features: Clinical features mean that we would study parameters like
age of the patient, symptoms and signs of the disease, past medical history and response to
treatment.

What is Cardiac Magnetic Resonance: Cardiac Magnetic Resonance is a sophisticated
investigation that is recently being used to better understand the condition of the heart in
various diseases, like heart failure. It is performed with a MRI machine and produces images or
pictures like an X-ray or CT scan machine. No injection or other medicines are administered in
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CMR and there is no pain to the patient. However, the investigation takes a long time (around
60 — 70 minutes) and the patient needs to lie quietly inside the machine.

Does it involve any interventional procedure? No. As already mentioned, CMR will not involve
any interventions in the form of medicines, operation or injections

If you take part what will you have to do? Participating in this study will not involve any extra
treatment procedures or duration of hospitalization. Only if your doctor is prescribing CMR for
heart failure with preserved ejection fraction will you be requested to participate in this study.
The usual cost of treatment, including the cost of CMR will need to be borne by you. No
additional cost will be incurred and no additional drugs will be given to you.

Can you withdraw from this study after it starts? Yes. Your participation in this study is entirely
voluntary and you are free to withdraw permission to participate from the study. If you do so, it
will not affect your usual treatment at this hospital, including your eligibility for Cardiac
Magnetic Resonance study.

Whether there is any risk related to this study? There is no individual risk or benefit to the
patient as this is an observational study.

Will your personal details be kept confidential? The results of this study will be published in a
medical journal but you will not be identified by name in any publication or presentation of
results. However, your medical notes may be reviewed by people associated with the study,
without your additional permission should you decide to participate in the study.

If at any time you experience any problems or you have any further questions, you are free to
contact:
1. Dr Sudipta Mondal, Principal Investigator (sudiptamondalnrs@gmail.com, 7686906481)
or
2. Dr. Srinivas G, Member Secretary, Institutional Ethical Committee, SCTIMST,
Thiruvananthapuram
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Annexure

3egeT Gfasnfardt & fov Fuer 99
3T & e Faafaed 3R FIfdvs Fvafesw T (CMR) 8¢ hedR H TRI&IT Soiarere 370
(HFpEF) & &ry gfaurd
i & gfreTafT &1 ATH:
foiaT Sted Fr airE: 3y avf o

ALY YSSHH: FEGT FcTehl ohl Tercl of STt ATl JHeFeToTeT X GITOT T Y[l it & felT Teh 90
TG F H1F FAT &1 feer Fr Taherar ves 08 fIFRY & 9T g6 9aTcd §9 & T&d U9 el & 37THT
BT §1 TRIATT SRl 312 & AT et Fr fawerdr v Ay yehR &7 g [awerdr § SigT I8 ged
TAtherdT FE[AE, 3CUAT AT AT Sl 3T NATRGT @ ST g evcll &1 3TThT Flad fhar aram g &
31T9/39eh 9Tt T ERXTEIT Soterered 372 & ATy feol Fr f[awerar & difsa forar aram g, oo foiv ag
TEel W &1 F$ TAETON { IR ol 8| FHIfSUH THIRIS A o SEeyge vR Afsdha drgdsr U
EeFeilelloll & YT Ueh YRShcl TRIGTOT § TSIHenl 3UAET gey hl fatherelm & Ut # ge & SgeX
3R 37fereR faea wwst & farw gfaram s & T ST TeT &1

MY Ueh 3TETAT H AT olad & [T Fgl ST TET § T8T TIaTd SorereleT Sharelel aTel g1¢ hodlk &
AT AT T 57 TRl ST § ToRe o T FgT ST | 8 3T H AT ool & Farfercan
3T9eh/31T9eh 19T & TAafehcar sfagra 3R &1 a5 Fefr St & aRUTAT ST ST & 39I1ET HT
Gohafl, eifehat fondiY 8t A & 3YTR I T37ITad oAer e |

TRIBITT SolerIeT SherleT & ATY ool hY fatherdT 3T &: foet T fawhelar weh Aerfaiss U § ST8i geg
1 gftier fohaT R & TATATT S & ToIT 379ITCd 8IdT & | T8 g6 9T AT 31T TEATAAT & SRt 8t
ThdT &1 SNl therled Ueh VY WIS § ST ShIhIS AR & TATRT g &, St it &t fawverar &
forT fafAa ¥ 8 foram STt arer Teh araToT & | et 3T fatherar arer ASIT 3 3eTehl START & 3TUR
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Annexure
Clinical and Cardiac Magnetic Resonance (CMR) features in Heart Failure with preserved
ejection fraction (HFpEF)

Principal Investigator: Dr Sudipta Mondal, DM Cardiology Resident, SCTIMST, Trivandrum
Participant consent form

Please tick as appropriate

| confirm that | have read and understood the information sheet for
study participants for this study on .......cccceeeviveececececeeen. (date) and have
Yes / No
had the opportunity to ask questions which have been answered fully and
to my satisfaction
| understand that my participation is voluntary and | am free to withdraw
at any time, without giving any reason, without my medical care or legal Yes / No
rights being affected.
| understand that sections of any of my medical notes may be looked at by
responsible individuals from Sree Chitra Institute for Medical Sciences
and Technology, where it is relevant to my taking part in this research. | Yes / No
give permission for these individuals to access my records that are
relevant to this research.
| agree to take part in the above study. Yes / No
Name of the participant Signature Date

In case the patient is illiterate, representative / next of kin shall sign on his / her behalf:

Name Relationship with the patient Signature Date

Name of the Principal Investigator Signature Date

177




Annexure

fFafaee 3R FfEvs Avafes WAT (HITANR) 8¢ HhedR #H TaTd SNl herele &
ary Ly
il HeAfd 997

AT 3UGerd o §9 H feoh i

H IS AT/ I FHA s I S | &1/ e
g & v ey wfasnfaat & fow gaar 97 9g 3R @t fo=r
(e 3R Fq WX A IS AT G A § [Serenr @ e @ 3R A%
Hfee & fou 3o feararan g

# ST g fh A sl T & 3R # e IS HROT AT, | 81/ A8
A RfRcAr C@etTel I Freelr AfARRT H gormiad e o= fonedr st Ta g
aT9H ol & foIw T g

H gasaraAsdr § foh A forer off AfSha e & 3rgem @ 4 f=ar NG
SEITYT B AfSHd TSHT TS Calaiol o [OFHGR SafFadl GaRT &@r o
Toha &, STaT I8 38 e & A 90T A & v urdfdes &1 o1 cafFaat &
39 2T & fore FrafaTeh 379+ Repis o Tgo= BT A ST €|

ﬁmmwﬁmaﬁrasﬁmmil RVGH]

gfaaref &1 AT gEdTeR ICGIED

Ife Aol AR &, ar 391 3R ¥ ufafAR/RedeRT #r g&areR =T ghem:
AT A & [T aer gTATER ICGIED

ST gaIT HSoT (JUTe 3fedVeh)  BEATER fe=Tien

178




Annexure
Mo@H 1™ af)RBHMD  (ADOBHMD  (af)2faf)al allDaf)ad) ©88 023
alodg@onleal  glnleom, & dwlwie @ddmQles enequIemadmy
(MNaf)o@d @) MewH® 0D
(Sl @b endouqlenQd: wd. mpElato amedm, wlafo @IdWlo®OIgs]
o0MTWM A, af)M M1S1af)oaMs], @@)UMMMaL)@0

a108:S)E))MAUROS MEAMal o
92/lmaO® S186) 0.21Q) >
Y alOMODIMIW] A lOMOD @M «leBS)EMAUAENE8 Al &g emoad
A8 HDo MM RSB0 Ol @O 6mOM  MAIGB:@ 166,
.......................................... (@O $35000 M08 aly@enadW] 9O alE]o
02103 6330 62126 1662M)88 GRAUIMM A1) GRAM / gnay
af)MOO 18 0o MIAL®I HEB®IN )Mo
0ONUB{MaNIWAIWo M @WAIRAIW  BRAUMINEBRORD MNIIWIHOI0®  ofO
MO0 o flMele6d0m of)m1es MmO o Heens) emdad amqylainesnymy;.
@RO® / engJ
a)M00 o0 1eo 0BT &) 10 3dh820s B8IN6BW (18] il @ loyMmIud
OMMIQ S Gadd WO M@MMVM & 654 eMIgHE WM Mmlmss
OOMEODEIM0MBE SO HWDES eeamsm M amqylananm). env
NEUSMOD M ((IMVEODIW of)MOO GG GRJBMM  0.2IQIM emIM
@RMA®M | M@&)(M). GRA® / g.Y
D) HE12)88 a IOMOD 1@ A l0ES)ENI0D eMIMD VDD 166

@R® / e

a108:S)E)MWIG )OS Cald o O

@201 MlEeUoMI0eMme; @, (IO IMIW] / GRS)O® M GROAIM / GROIWDLHE)
ceng] afls)o:

Gal®
eI 1WA W88 enIMWo Qo] Olool
(ald M@ endouqylenQ. Sal. wilwlo]

179



sft R fyemer amgfiers affv wWienfirail dwars, Peasm
21N RyeaT=Iqe - €499, ¥wa, ¥y

\ SREE CHITRA TIRUNAL INSTITUTE FOR MEDICAL SCIENCES AND TECHNOLOGY, TRIVANDRUM
- // Thiruvananthapuram - 695 011, Kerala, India
(An Institute of National Importance under Govt. of India)

Grams : Chitramet, Phone ; 4814712443152, Fan : +91-471.2550728 / 2446433, E-mail : sct@ setimstac. in, Websile - www.sclimstac.in

Institutional Ethics Committee
(IEC Regn No. ECR/189/Inst/KL/2013/RR-21)

SCTNEC/1BB1/MAY/2022 03.09 2022

Dr. Sudipta Mondal
Senior Resident
Department of Cardiology

SCTIMST, Thiruvananthapuram
Dear Dr. Sudipta Mondal,

The Institutional Ethics Committee held on 13" May, 2022, reviewed and discussed your application to
conduct the study titied "CLINICAL AND CARDIAC MAGNETIC RESONANCE (CMR) FEATURES IN HEART

FAILURE WITH PRESERVED EJECTION FRACTION (HFPEF)" (IEC/1881)

The following members of the Ethics Sub-committee were present at the meeting held on 13"

May, 2022,
SL. | Member Name Highest Degree Gender | Scientific /Non  Affiliation
No. Scientific with
! ~ Institution(s) |
1 Dr. Pradeep S MBBS, MD Male | Basic Medical No ’
Scentist |
2 Smt Sathi Nar MA (English Literature) | Female | Lay Person No |
'3__| Dr. Christina Georme MD Psychialry Female | Chnician No
4 Dr P. Manickam BSMS, MSc Male Heaith Scence No
(Epid). PhD Expart/ Social |
Sceentist
5 Adv. Priya Kaimal LLM. MBL Female | Legal Expert No
| 6__| Dr_Manikandan S MEBS MD,POCC Male | Climcian Yes
| 7 Dr. Srinivas G PhD Male Basic Medical Yes
Scientist
| (Member ‘
| Secretary) \
Poge 1 of ]
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SCT/IEC/1881/MAY-2022

The following documents were reviewed:

Original submission
Covering letter addressed (o the Chairperson, IEC, SCTIMST
Checklist Form
Declaration form
IEC Application Form
Responses / Amendments made based on the Reviewer's comments
Project Proposal
CV of Pl and Co-Pl s
Proforma
Participant Consent Form in English, Hindi and Malayalam

10 Information Sheet for study participants English, Hindi and Malayalam
11. SRC Recommendation letter

,o_m.\,o;u._&wwﬂ

Revised submission

Covering letter addressed to the Member Secretary, IEC, SCTIMST

Covering letter addressed to the Chairperson, IEC, SCTIMST
Checklist Form

Declaration form
IEC Application Form

Responses / Amendments made based on the Reviewer's comments
Project Proposal

CV of Pl and Co-Pl s

Proforma

10 Participant Consent Form in English, Hindi and Malayalam

11. Information Sheet for study participants English, Hindi and Malayalam

©ONOOA LN

IEC Decision

The IEC approved the conduct of the study in the present form.

Remarks:

The Institutional Ethics Committee expects to be informed about the progress of the study, any SAE

occurring in the course of the study, any changes in the protocol and patient information/informed
consent and asks to be provided a copy of the final report.

There was no member of the study team who participated in voting / decision making process. The
ethics committee is organized and operated according to the requirements of Good Clinical Practice
and the requirements of the Indian Council of Medical Research (ICMR).

Sincerely,

Dr. G. Srinivas
Member Secretary, IEC

~/ INSTITUTIONAL ETHICS
COMMITTEE (IEC)

MEMBER SECRETARY
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Master Chart Sheet A

65
68
56

143 58 28.4 1.47 1670 12.9 1 3.3
153 60 25.6 1.57 1709 123 1.46 2.9
146 65 30.5 1.57 28000 11 0.7 1.8

Wit PRO
SI No Age Sex Ht(cm) (kg) BMI BSA BNP HB CR TSH HTN DM

49 F 152 65 28.1 1.62 216 123 1 25 1
62 F 146 78 36.6 170 1170 126 101 29 1
62 F 148 67 30.6 1.61 152 128 09 3.4 1
63 F 155 60 25.0 1.59 325 13 0.86 45 1
47 M 166 85 30.8 1.93 404 156 133 17 0
60 F 144 41 19.8 1.28 168 13 09 47 1
72 F 153 80 34.2 1.77 638 12 1 4 1
64 F 155 60 25.0 1.59 350 131 09 45 1
48 M 166 85 30.8 1.93 402 16 13 17 0
74 F 153 80 34.2 1.77 713 119 11 4 1
50 F 152 65 28.1 1.62 200 129 1 25 1
63 F 146 78 36.6 170 1300 126 11 29 1
63 F 148 67 30.6 1.61 156 129 09 3.4 1
61 F 144 41 19.8 1.28 167 128 09 47 1
59 F 150 87 38.7 1.81 682 169 044 2.3 1
74 M 164 84 31.2 191 5500 139 109 24 1
65 F 148 57 26.0 1.50 177 145 09 1.2 1
69 F 154 60 25.3 158 1640 123 15 29 1
68 F 144 65 31.3 155 1400 13 15 3 1
55 F 146 65 305 157 29100 104 0.7 18 1
66 F 143 58 28.4 147 1760 129 1 33 1
74 F 143 52 25.4 141 4180 111 08 3 0
64 F 148 57 26.0 1.50 180 14 09 12 1
60 F 150 87 38.7 1.81 700 17 06 23 1
73 F 143 52 25.4 141 5001 111 0.8 3 0
73 M 164 84 31.2 191 5600 141 109 24 1
69 F 144 65 31.3 155 1507 12 15 3 1

F 1

F 1

F 1

182

O o FrRPr P OOPFPFOOPFPOPFP OOOPFF ORFP P OPFPOOPRFP, OOOU®PRF, P, o



F/U
EVENT

F/U

F/H/IO HX INDEX
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CAD
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OP

OpP

OP
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42

OpP

OP

OpP
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52

OpP

OP

OP

24
44
11
23
48

OP

OP

HF

HF

HF

18
22
11

AF

HF

HF

oP
1 AFHF

48

48

HF

12
48

HF
1 AFHF

23
22

HF

HF

OP

18
11

AF
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Sat
RA
%

Frusemide
equivalent
dose /day

HTN

PULSE
MRA Dose/day PR CHAR SBP DBP @VISIT

Loop

JVP RALES

RR

Diuretic

96
98
99
99
99
99
100

15
14
13
13
12
12
13
13
12
13
15
14
13
12
30
14
14
13
18
29
17
24

80
103

150
218
188
150
116
147
144
148
114
146
154
216
188
148
151
120
144
121
125
170
243
110
146
154
114
124
126
220
122
172

75
64
81

25
125

20
10
20

93
84
80
82

59
64
77
82

25
12.5

40

1

70
86

10

99
99
100

60
65
81

25
12.5

80
72
80
100

40

1

10
20
10
20

96
98
99
99
84
99
98
99
98
88
98
94
98
82
94
99
98
98
99
88

76
65
87

25
125

94

84
78
66
68
84
69

110

70
70
77
55
90
78

25 112

40

20
40

25
25

40

60
80

1

1

74
88
70
78
84

76
50 140

25

1

1

20
40

14
30
24

54
71
50 130

40

0

1

20
20
60

14
18
17

66
70
74
84
110

78
77
76
91

13
29

25

40

1

25 114

1

80
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0

P O O O O O O O O O FPr OO O O O 0O OO OoOOoOoOOoOo oo o o o

0
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LAE

NA

NA

NA

NA

NA

NA
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[y

140
150
140
160
NA
120
155
170
NA
150
140
160
140
130
170
140
200
NA
200
140
150
NA
200
170
NA
160
200
160
NA

QRS

PR AXIS QRSD
36 70
210 150
26 80
22 80
0 70
70 70
48 70
25 80
0 70
48 70
36 70
10 160
26 80
70 70
30 70
51 70
5 140
36 70
21 70
70 65
70 9%
71 142
5 146
35 70
70 142
51 70
21 70
70 96
36 70
70 65

140

QRS

Morphol QTC
N 419
LBBB 415
N 396
N 409
N 400
N 438
N 418
N 409
N 400
N 418
N 419
LBBB 415
N 396
N 438
N 378
N 418
LBBB 415
N 354
N 425
N 403
N 405
RBBB 370
LBBB 415
N 378
RBBB 370
N 418
N 425
N 405
N 354
N 403
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LUN
FIELD

1VS
S

VS

LVIDD LVIDS D

PVH
GRADE PAH ABN

Carinal

CTR
LAE angle

%

STT
LVH CHANGES CE

13
13
16
13
14
14
11
13
14
12
14
13
16
14
16
12
15
13
19
11
15
16
14
16
16
13
20

12
12
11
11
10
13
10
11
10
10
12
12
11
13
14
11
10
10
18
10
14
14
10
14
14
11
18
14
10
10

32

48

90
88
74
75
72
71

55
60
48
51

31

47

29
25
32

43

48

49

50
51

22
31

4

50
48

69
75
73
69
90
88
73
72
73
81

50
52

25
32

49

50
50
56

31

50
48

32

31

47

61

29
22
24
29
27

43

49
51

41

44
44
44
48

62

57

70
85
84
98
91

49
62
66
59
64

27
27

37

30
27

47

43

33
27

50
44
44
50
44
37

93
71

65
48
63
66
58
65
63
63
59

24
33
29
27

72
91

82
83
92
85

15
13
12

27
27

43

48

30

47

97
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PW
D

11
12
11

10
11
10

10
10
11
12
11
11
13
11

10
15

14
12

13
12
11
15
14
10

PW
S

16
13
16
12
13
12
11
12
13
11
16
13
16
12
15
12
12
13
17
11
16
14
12
15
14
12
17
16
13
11

mass
206.4
212.0
162.9
170.2
176.0
171.7
182.0
170.2
176.0
182.0
206.4
212.0
162.9
171.7
2215
168.9
137.8
170.2
243.8
142.7
232.2
261.8
137.8
227.5
261.8
168.9
243.8
232.2
170.2
142.7

LV
mass

127.6
124.9
101.4
107.4

91.1
134.4
102.5
107.4

91.1
102.5
127.6
124.9
101.4
134.4
1255

88.7

91.9
107.9
156.8

90.9
157.6
186.1

91.9
125.5
186.1

88.7
156.8
157.6
108.4

90.9

LV
mass
Th

184
188
151
157
162
158
167
157
162
167
184
188
151
158
199
155
131
157
212
135
203
225
131
199
225
155
212
203
157
135

LVMI
Th

114
111
94
99
84
123
94
99
84
94
114
111
94
123
110
82
87
100
136
86
137
160
87
110
160
82
136
137
100
86

RWT
0.46
0.51
0.51
0.38
0.41
0.54
0.40
0.38
0.41
0.40
0.46
0.51
0.51
0.54
0.59
0.50
0.41
0.42
0.81
0.34
0.65
0.48
0.41
0.59
0.48
0.50
0.81
0.65
0.42
0.34

ECHO
HYPERTROPHY LVH

CH
CH
CH
EH
N

CH
EH
EH
N

EH
CH
CH
CH
CH
CH
CR
N

EH
CH
N

CH
CH
N

CH
CH
CR
CH
CH
EH
N

O Rr P P ORPORFRPRPRORREROORRPRRERRLRRPIROORIRERORIPRPRR

RVID
33
25
22
20
22
21
21
20
22
21
33
25
22
21
29
21
26
23
23
24
21
22
26
29
22
21
23
21
23
24

EF
56
61
61
69
65
75
67
69
65
67
56
61
61
75
77
61
70
74
53
64
69
63
70
77
63
61
53
69
74
64

FS PLAX

33
34
33
48
35
46
38
48
35
38
33
34
33
46
45
34
39
44
27
36
37
34
39
45
34
34
27
37
44
36

LA

188

44
36
38
40
50
40
40
42
51
40
44
35
39
40
38
43
42
42
46
30
40
46
43
40
46
42
46
42
43
30



PW
D

11
12
11

10
11
10

10
10
11
12
11
11
13
11

10
15

14
12

13
12
11
15
14
10

PW
S

16
13
16
12
13
12
11
12
13
11
16
13
16
12
15
12
12
13
17
11
16
14
12
15
14
12
17
16
13
11

mass
206.4
212.0
162.9
170.2
176.0
171.7
182.0
170.2
176.0
182.0
206.4
212.0
162.9
171.7
2215
168.9
137.8
170.2
243.8
142.7
232.2
261.8
137.8
227.5
261.8
168.9
243.8
232.2
170.2
142.7

LV
mass

127.6
124.9
101.4
107.4

91.1
134.4
102.5
107.4

91.1
102.5
127.6
124.9
101.4
134.4
1255

88.7

91.9
107.9
156.8

90.9
157.6
186.1

91.9
125.5
186.1

88.7
156.8
157.6
108.4

90.9

LV
mass
Th

184
188
151
157
162
158
167
157
162
167
184
188
151
158
199
155
131
157
212
135
203
225
131
199
225
155
212
203
157
135

LVMI
Th

114
111
94
99
84
123
94
99
84
94
114
111
94
123
110
82
87
100
136
86
137
160
87
110
160
82
136
137
100
86

RWT
0.46
0.51
0.51
0.38
0.41
0.54
0.40
0.38
0.41
0.40
0.46
0.51
0.51
0.54
0.59
0.50
0.41
0.42
0.81
0.34
0.65
0.48
0.41
0.59
0.48
0.50
0.81
0.65
0.42
0.34

ECHO
HYPERTROPHY LVH

CH
CH
CH
EH
N

CH
EH
EH
N

EH
CH
CH
CH
CH
CH
CR
N

EH
CH
N

CH
CH
N

CH
CH
CR
CH
CH
EH
N

O Rr P P ORPORFRPRPRORREROORRPRRERRLRRPIROORIRERORIPRPRR

RVID
33
25
22
20
22
21
21
20
22
21
33
25
22
21
29
21
26
23
23
24
21
22
26
29
22
21
23
21
23
24

EF
56
61
61
69
65
75
67
69
65
67
56
61
61
75
77
61
70
74
53
64
69
63
70
77
63
61
53
69
74
64

FS LA PLAX
33 44
34 36
33 38
48 40
35 50
46 40
38 40
48 42
35 51
38 40
33 44
34 35
33 39
46 40
45 38
34 43
39 42
44 42
27 46
36 30
37 40
34 46
39 43
45 40
34 46
34 42
27 46
37 42
44 43
36 30
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LA
A4C
L

49
47
54
53
70
51
52
53
72
52
49
48
53
51
51
57
53
67
51
65
57
58
53
51
58
57
52
57
68
65

LA
A4C
W

37
34
40
49
50
40
36
49
50
36
37
35
4
40
40
40
43
49
32
34
48
45
43
40
45
40
33
48
49
34

LAV
41.7
30.1
42.9
54.3
91.5
42.7
39.2
57.0
96.0
39.2
41.7
30.8
44.3
42.7
40.5
51.3
50.1
72.1
39.3
34.7
57.2
62.8
51.3
42.7
62.8
50.1
413
60.1
74.9
34.7

LAVI
25.8
17.7
26.7
34.3
47.4
33.4
22.1
36.0
49.7
22.1
25.8
18.1
27.6
33.4
22.4
26.9
33.4
45.7
25.3
22.1
38.8
44.6
34.2
23.5
44.6
26.3
26.6
40.8
477
22.1

LAE Ao

0

O Pr P OO PFP OF FP P OOPFPF OOOODOOOoOOORFrR P O OoPFr —» o o

30
27
30
28
31
29
33
28
31
33
30
27
30
29
31
33
22
29
32
25
24
37
22
31
37
33
32
24
29
25

MV
RWMA E

11
14

1.2
1.2

11
1.2
1.2
11
11
14

0.6
0.8
1.7
1.6
0.7
0.6
1.2
0.9
1.7
0.6
0.9
0.8
0.7
1.2
1.6
0.6

2 2 Z22Z22<Z22Z2<Z2Z2Z222Z2Z2Z222Z2222Z2zZ2222Z22Z222

MV

0.87
0.6
1.3
0.9

NA
0.8

0.85
0.9

NA

0.85

0.87
0.6
1.3
0.8
0.7
11
1.3

NA
0.6
0.9

0.63
11
1.3
0.7
11
11
0.6

0.63

NA
0.9

EDT

145
162
166
129
128
160
160
129
128
160
145
162
166
160
180
160
230
106
110
140
193
135
230
180
135
160
110
193
106
140

L wave

O O O 0O 0O 0O O Fr OO0 0O o0 0O PP OO0 o o0k, oo ok, oo o o o

LAT E'
8.5
6.3
9.9
9.6
3.3
10
8.5
9.6
3.3
8.5
8.5
6.3
9.9
10
6.5
7.7

9
10
3.6
9

7
4.5
9
6.5
4.5
7.7
3.6
7
10
9

LAT
E/E'

12.9
22.2
10.1
12.5
36.4
10.0
12.9
12.5
36.4
12.9
12.9
22.2
10.1
10.0

9.2
10.4
18.9
16.0
19.4

6.7
17.1
20.0
18.9

9.2
20.0
10.4
19.4
17.1
16.0

6.7
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MED E'
5.9
5.2
7.6
5.3

3
6
6.7
5.3
3
6.7
5.9
5.2
7.6
6
5.9
5
7
6.9
4.4
7
7
4.3
7
5.9
4.3
5
4.4
7
6.9
7

MED
E/E'

18.6
26.9
13.2
22.6
40.0
16.7
16.4
22.6
40.0
16.4
18.6
26.9
13.2
16.7
10.2
16.0
24.3
23.2
15.9

8.6
17.1
20.9
24.3
10.2
20.9
16.0
15.9
17.1
23.2

8.6

AVG
E/E'

15.8
24.6
11.6
17.6
38.2
13.3
14.7
17.6
38.2
14.7
15.8
24.6
11.6
13.3

9.7
13.2
21.6
19.6
17.7

7.6
17.1
20.5
21.6

9.7
20.5
13.2
17.7
17.1
19.6

7.6

LAT
A
9.8
53
6.9
10
NA
7
8.2
10
NA
8.2
9.8
53
6.9

9.5
10
13

NA

2.6
15
11

7.6
13

9.5

7.6
10

2.6
11

NA
15

MED
A
10
6.1
12.7
8.9
NA
5
7.2
8.9
NA
7.2
10
6.1
12.7

7.5
10
8.9
NA
24
13
11
8.4
8.9
7.5
8.4
10
24
11
NA
13

TR

2

TR LVvDD

GRADE GARDIENT GARDE TAPSE
38 2 21
36 2 19
34 1 19
32 2 19
35 3 22
27 1 18
37 2 21
34 2 19
38 3 22
37 2 21
38 2 21
36 2 19
33 1 19
27 1 18
33 1 19
41 1 21
53 2 21
32 3 18
34 2 17
17 1 24
NA 2 21
35 2 24
54 2 21
35 1 19
33 2 24
42 1 21
33 2 17
NA 2 21
32 3 18
18 1 24

NN O N DN DN DNDNDNONDNDNDNDDNDDNEPERPDNDNDNDDNWOWODNMNDNDE ODNDEDN

AQV
1.2

1.3
1.1
11

1.8
1.1
11
1.8
1.2

1.3

1.3
1.6
1.2
14
11
1.2
1.6

1.2
1.3

1.6
1.1
1.6
1.4
1.2

PV MR AR

14

0.9
0.9

11
0.9

11
14

0.9

0.9
14

0.9
0.9
11
0.9

0.9

14
0.9
0.9
0.9
11
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AS

O O OO O FrP OO0OFPF OO0 0000000000000 OoOOoOOoooo

PE

P P OFRPORFRPRFPFOFPORFRERERPFPOORFOOOOOOOOOOOOoOTOoODOo

GLS
ABN

R OR P ORRORRRRERLROOORRORERRRERORIRIEREOOHRLR

BAS
15
11
23
21
24
21
18
21
24
18
15
11
23
21
22
24
22
22
10
14
12
11
22
22
11
24
10
12
22
14

BA
17
14
22
23

4
22
18
23

4
18
17
14
22
22
18
29
21
25

6
20
16

4
21
18

4
29

6
16
25
20

BAL BIS
17
23
26
25

9
21

9
25

9

9
17
23
26
21
25
27
26
24
10
22
13

9
26
25

9
27
10
13
24
22

15
19
23
23

10
21
23

21
15
19
23
10
27
21
22
21
17
17
17
18
22
27
18
21
17
17
21
17

Bl
17
20
18
24
15
15
27
24
15
27
17
20
18
15
22
27
18
21
12

8
17
11
18
22
11
27
12
17
21

8

BIL
16
15
22
25
22
21
23
25
22
23
16
15
22
21
23
25
23
23

6
19
17

6
23
23

6
25

6
17
23
19

MAS MA MAL

15
13
25
30
18
26
18
30
18
18
15
13
25
26
19
17
25
28
11
20
11
10
25
19
10
17
11
11
28
20

16
13
24
26

3
22
19
26

3
19
16
13
24
22
12
24
23
30
12
16
13
10
23
12
10
24
12
13
30
16

14
18
24
24

22
11
24

11
14
18
24
22
13
21
24
33
12
17
14
10
24
13
10
21
12
14
33
17

MIS

16
12
29
27

13
19
27

19
16
12
29
13
19
20
29
26
11
18
15
10
29
19
10
20
11
15
26
18
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Mi
16
11
17
25
17
14
29
25
17
29
16
11
17
14
16
19
18
27
15

18
15
18
16
15
19
15
18
27

MiIL
9
15
19
28
16
20
17
28
16
17
9
15
19
20
20
17
18
34
7
13
19
5
18
20
5
17
7
19
34
13

AAS AA

15
17
25
36
20
19
14
36
20
14
15
17
25
19
25
24
24
35
11
25
21
11
24
25
11
24
11
21
35
25

17
17
29
31
12
20
24
31
12
24
17
17
29
20
29
28
30
30
19
15
21
19
30
29
19
28
19
21
30
15

AAL AIS
17 15
20 12
24 29
29 33

4 10
20 16
17 10
29 33

4 10
17 10
17 15
20 12
24 29
20 16
34 27
27 25
23 30
46 41
17 10
20 28
23 19
17 9
23 30
34 27
17 9
27 25
17 10
23 19
46 41
20 28

Al
17
11
28
27
23
17
27
27
23
27
17
11
28
17
25
27
27
41
12
20
18
11
27
25
11
27
12
18
41
20

CADIN
AIL CAG

16
15
17
32
14
17
14
32
14
14
16
15
17
17
32
21
16
47
15
17
17
14
16
32
14
21
15
17
47
17

O 0O 0O 0O 0O FRP FRPOFRPROOODODOORFR PR OOOOOOOERr OO0 o oo

PA
VESSEL MEAN
cT
26
RCA
CcT
26
CcT
CcT
RCA
LAD 28
26
24
20
CcT
LCX
26
LAD 28
LCX
CcT
24
20

12

12

12

15
24

20

15

12

24
20

10

10

12

12
19

25

12

12

19
25
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LA
48
40
38
44
53
42
40
46
43
47
58
44
46
41
38
42
53
49
43
58
42
39
45
39
46
43
41
45
40
48

LAV
42
37
49
55
81
43
45
57
53
60
87
4
59
61
39
50
81
44
67
92
43
40
58
50
60
54
41
40
47
64

LAVI
26
22
30
34
42
34
25
36
28
34
54
24
37
48
21
26
54
28
43
58
29
29
38
28
43
29
26
27
30
4

LV

ED

AO Vol
31 98
33 71
30 121
28 115
22 119
30 93
29 58
32 109
28 112
25 126
31 123
29 90
30 110
37 102
33 128
27 113
24 120
31 99
35 105
30 125
32 82
32 124
31 110
29 120
30 115
28 110
29 94
30 94
29 62
27 128

LV
ED
vol

index vol

61
42
75
73
62
73
33
69
58
71
76
53
68
80
71
59
80
63
68
80
56
88
73
66
82
58
60
64
39
82

LV

29
26
46
30
44
25
25
43
30
52
57
32
40
44
28
30
44
32
41
50
24
30
42
45
35
35
26
34
24
48

LV ES

index

17.9
15.3
28.6
18.9
22.8
19.6
14.1
27.1
15.5
29.3
35.3
18.9
24.9
34.4
15.4
15.7
29.3
20.3
26.4
31.8
16.3
21.3
28.0
24.8
24.9
18.4
16.7
23.1
15.3

31

LV
SV

69
45
75
82
75
68
33
66
82
74
66
58
70
58
100
83
76
67
64
75
58
94
68
75
80
82
68
60
38
80

LV SV
INDEX

42.7
26.5
46.7
51.7
38.8
53.2
18.6
41.6
42.4
41.7
40.8
34.2
43.6
45.4
55.2
43.6
50.7
42.5
41.2
47.8
39.4
66.8
453
41.4
56.9
43.0
43.7
40.7
24.2

51

LV CO
5.2
3.1
6.9
4.2
5.6

4
2.9
5.3
4.2
5.7
5.1
4.1

5
3.4
6.7
4.3
55
5.1
2.6

5
3.3
5.7
5.2
6.5
4.8
4.6
4.1
4.3

3
5.9

LV CO
INDEX

3.2
1.8
4.3
2.6
2.9
3.1
1.6
3.3
2.2
3.2
3.2
24
3.1
2.7
3.7
2.3
3.7
3.2
1.7
3.2
2.2
4.1
3.5
3.6
3.4
24
2.6
2.9
1.9
3.8

194

LV EF
70
63
62
71
63
73
57
61
73
59
54
64
64
57
78
73
63
68
61
60
71
76
62
63
70
75
72
64
61
63



RV ED

VOL

122
112
122
110
82
87
66
88
107
133
161
78
90
82
123
105
83
121
90
145
121
120
90
121
96
109
88
82
63
135

RV ED
VOL
INDEX

75.5
66.0
75.9
69.4
42.4
68.1
37.2
55.5
55.4
74.9
99.6
46.0
56.0
64.2
67.9
55.1
55.3
76.7
57.9
92.3
82.1
85.3
60.0
66.8
68.2
57.2
56.6
55.6
40.1
86.0

RV ES
VOL

47
67
50
31
52
32
28
39
31
62
84
44
38
38
52
33
51
48
39
65
69
48
40
52
43
38
33
46
25
63

RV ES
VOL
INDEX

29.1
39.5
311
19.6
26.9
25.0
15.8
24.6
16.0
34.9
52.0
25.9
23.7
29.7
28.7
17.3
34.0
30.4
25.1
41.4
46.8
34.1
26.7
28.7
30.6
19.9
21.2
31.2
15.9
40.1

RV

STROKE

VOL

75
45
72
80
30
55
38
49
76
71
77
34
52
44
71
72
32
73
51
80
52
72
50
69
53
80
55
36
38
72

RV
STROKE
VOL
INDEX

46.4
26.5
44.8
50.5
15.5
43.0
21.4
30.9
39.3
40.0
47.6
20.0
324
34.4
39.2
37.8
21.3
46.3
32.8
50.9
35.3
51.2
33.3
38.1
37.7
42.0
354
24.4
242
45.8

RV
Co

5.7
3.2

7
4.4
2.3
3.1
3.2
3.9
4.4
5.8

6
2.4

4
2.6
4.9
4.5
2.4
5.5
2.9

5
3.3

5
3.8
6.9
4.1
4.2
3.2
2.6
3.1
5.9

RV CO
INDEX

3.5
1.9
4.4
2.8
1.2
24
1.8
25
2.3
3.3
3.7
14
2.5
2.0
2.7
24
1.6
3.5
1.9
3.2
2.2
3.6
2.5
3.8
2.9
2.2
21
1.8
2.0
3.8

RV EF
61
40
59
73
37
63
58
56
71
53
48
44
58
54
58
69
39
60
57
55
43
60
56
57
55
73
63
44
60
53

MV

200
90
68

220

200
50

200
16

270
80

270

40
100
55
250
190
170
90
250
80
65
20
66
123
120
55
150
190
150

230
100
75
250
240
15
70
14
300
120
80

60
110
65
300
250
180
110
90
100
75
18
75
60
250
20
160
75
180
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LOCATION
BAS, BIS

BAS, BIS
BIS, BI, BIL

BAS, BIS

BAS, BIS

BIS, BI, BIL

BAS, BIS
BAS, BIS

SE

MM

SE

SE

MM

SE
MM

PERFUSION
0

O O P O O O O O O O O O O O OO oOOoOkErEF OO oo oOoo o o o

LOCATION
PER

BAS, BIS

BAS, BIS

MR

%

8
11
33
11
40

8

8
10
19
20
15
20

18
33

15
12

23

20

11

BAS
1048
1033
1002
1019
1032
1028
1008
1182
1029
1106
1025
1003
1150
1106

976
1027
1036
1050
1114
1002
1043

972
1184
1005
1149
1020
1025
1001
1010
1110

BA
960
1116
940
1027
1092
950
1091
1246
1006
1045
955
944
1196
1100
1017
1005
1090
980
1106
945
1120
1001
1250
945
1196
1027
948
955
1094
1051

BAL

947
1071

900
1022
1023
1018
1157
1192
1022
1202
1028

905
1140
1121
1003
1020
1030

954
1123
1022
1076

997
1190

902
1146
1022
1010

910
1160
1202

BIS
985
880

1040
990

1066
950
993

1080
982

1123
955

1043

1050

1096

1048
985

1068
990

1098
950
890

1043

1082

1050

1050

1011
954

1045
995

1140

Bl
934
910

1017

1036

1100

1040
984

1174

1036

1060

1043

1020

1090

1165

1019

1035

1102
990

1165

1044
920

1015

1175

1020

1100

1036

1036

1023
990

1080

B

BIL AVG

988
970
900
1002
992
972
1088
1300
993
1248
980
905
1245
1153
966
990
1001
1000
1154
990
990
977
1301
910
1245
1012
980
907
1090
1249

196

977
997
967
1016
1051
993
1054
1196
1011
1131
998
970
1145
1124
1005
1010
1055
994
1127
992
1007
1001
1197
972
1148
1021
992
974
1057
1139



MAS
1082
1046
1030
1092

971
1014
1200
1250
1090
1099
1010
1033
1202
1100

991
1060

988
1085
1109
1004
1004

992
1248
1033
1202
1092
1015
1035
1211
1110

MA MAL
1004 994
943 996
970 925
1046 1025
1200 1100
976 911
1087 920
1246 1192
1046 1010
1066 1207
980 960
980 930
1206 1140
1016 1051
1021 1056
1040 1004
1203 1101
1050 999
1029 1060
975 1060
980 1260
1022 1055
1230 1192
975 939
1206 1145
1048 1025
980 910
985 935
1089 925
1080 1202

MIS
1057

990
1150
1054
1100
1150
1098
1196
1054
1151
1060
1153
1200
1091

993
1052
1102
1062
1100
1055
1130

995
1198
1145
1190
1053
1054
1104
1100
1152

Ml
1085
970
1117
960
1080
978
1080
1182
913
1056
980
1111
1160
1047
1062
910
1088
1088
1060
985
1020
1065
1190
1119
1160
985
979
1102
1082
1070

MIL
1002
1040

940
1066
980
972
950
1230
1066
1118
968
945
1200
1059
1032
1060
978
1020
1067
960
990
1031
1232
945
1200
1066
975
944
952
1120

MID
AVG
T1

1037

998
1022
1041
1072
1000
1056
1216
1030
1116

993
1025
1185
1061
1026
1021
1077
1051
1071
1007
1064
1027
1215
1026
1184
1045

986
1018
1060
1122

AAS

869
1032

916
1060
1044
1093
1100
1292
1060
1112
1066

920
1300
1139
1046
1064
1046

920
1100
1055
1033
1044
1293

917
1260
1060
1090

923
1102
1112

AA  AAL
869 955
1260 1190
964 1040
1082 1067
1000 980
885 940
1150 1120
1195 1218
1082 1063
1171 1199
890 930
970 1045
1298 1204
913 946
1018 990
1082 1070
1004 987
928 990
950 980
900 950
1200 1190
1011 999
1198 1220
970 1045
1298 1206
1082 1067
890 945
980 1046
1153 1129
1171 1210

AlS

967
1200
1088

997
1100
1130

900
1300

978
1083
1060
1090
1304
1108
1016

980
1102

980
1106
1054
1204
1011
1302
1090
1304

999
1120
1098

903
1086

Al

1058
1150
960
990
1170
1100
925
1247
977
1151
1111
967
1270
1044
950
979
1178
1066
1070
1080
1136
945
1253
970
1270
990
1096
970
924
1152

AIL

197

1090
1160
940
1017
1117
904
1100
1118
1017
1159
940
945
1111
1058
971
1014
1119
1100
1069
940
1160
970
1120
945
1109
1017
900
960
1102
1159



A AVG
968
1165
985
1036
1069
1009
1049
1228
1030
1146
1000
990
1248
1035
999
1032
1073
997
1046
997
1154
997
1231
990
1241
1036
1007
996
1052
1148

AVG

TOTAL BAS BA

994
1053

991
1031
1064
1001
1053
1213
1024
1131

997

995
1193
1073
1010
1021
1068
1014
1081

998
1075
1008
1214

996
1191
1034

995

996
1056
1136

49
32
41
48
49
47
47
51
47
67
48
42
52
54
48
46
50
50
55
49
36
49
52
42
52
45
46
43
48
68

43
4
48
44
52
40
55
51
44
42
41
49
52
48
52
43
53
44
49
40
43
51
53
49
52
44
41
50
56
43

BAL BIS
51 53
46 47
41 42
46 50
48 51
54 49
56 47
52 45
46 50
46 50
55 50
42 43
53 37
52 56
49 50
45 49
49 52
52 54
53 57
52 49
47 49
50 50
54 46
42 43
53 55
47 50
53 48
43 44
57 48
47 51

Bl
56
39
51
49
64
54
53
56
48
47
55
52
56
53
51
49
65
56
54
53
41
52
57
52
56
49
53
53
54
48

BIL AVG MAS

49
50
43
50
48
46
55
47
50
48
47
44
43
55
44
49
49
50
56
48
52
45
48
44
44
50
44
45
56
49

B

50
43
44
48
52
48
52
50
48
50
49
45
49
53
49
47
53
51
54
49
45
50
52
45
52
48
48
46
53
51

50
51
42
46
46
48
53
58
46
55
47
42
58
57
48
46
46
51
57
43
53
49
58
43
58
47
47
43
54
56

MA

48
47
46
49
48
54
53
55
49
47
55
45
55
57
49
48
49
50
57
51
49
50
56
47
55
49
53
46
54
48

MAL

49
36
44
50
52
51
45
55
49
48
51
45
55
52
47
47
53
48
53
49
42
48
56
45
57
50
50
43
46
49

MIS

198

53
47
53
49
45
52
54
49
49
51
53
54
49
57
45
48
46
53
58
52
49
46
50
54
49
49
50
55
55
52



MI
47
47
44
48
40
42
55
46
47
60
42
45
46
56
48
46
42
49
57
41
49
49
47
45
47
48
41
46
56
61

M

MIL AVG
42 48
48 46
34 44
43 48
53 47
49 49
42 50
48 52
39 47
53 52
50 50
36 45
48 52
58 56
44 47
38 46
54 48
43 49
59 57
49 48
50 49
46 48
49 53
35 45
48 52
44 48
48 48
37 45
43 51
54 53

AAS AA AAL

53
70
48
50
60
53
59
59
50
53
54
49
59
56
46
49
61
54
57
50
69
47
60
49
59
50
52
49
60
54

56
57
48
49
65
57
65
54
49
60
58
49
54
59
50
48
66
57
59
51
58
51
55
49
54
49
56
50
66
61

53
50
49
55
72
58
57
56
55
58
59
50
56
59
51
54
73
54
59
48
53
52
57
50
56
55
57
51
58
59

AlS

50
45
46
49
68
53
58
58
47
49
54
47
58
56
49
46
69
51
56
52
48
50
59
47
58
50
52
47
59
50

Al
49
42
48
50
80
45
59
53
50
44
47
49
53
62
48
49
81
50
64
46
44
49
54
49
53
50
44
49
60
45

AlL

53
52
38
48
80
39
50
48
43
43
40
39
48
59
48
44
82
52
60
41
54
49
49
39
49
48
38
40
51
44

A AVG
52
53
46
50
71
51
58
55
49
51
52
47
55
59
49
47
72
53
59
48
56
50
56
47
55
50
50
48
59
52

AVG
TOTAL

50
47
45
49
57
50
54
52
48
51
50
46
52
56
48
45
58
51
57
48
50
49
53
46
53
49
49
46
55
52
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Age
56
61
55
56
64
55
54
62
66
59
65
57
49
63
70
54
62
62
55
65
56
56
76
65
66
65
69
51
63
71

Ht
Sex (cm)

166
155
146
148
150
152
172
156
151
166
156
148
146
148
146
165
154
145
149
149
151
170
155
152
166
155
148
147
148
146

Master Chart

Wt
(kg) BMI

72
71
62
54
55
54
62
69
65
59
65
58
53
54
54
71
71
62
54
55
55
69
69
64
59
65
59
53
55
56

26.1
29.6
29.1
24.7
24.4
23.4
21.0
28.4
28.5
21.4
26.7
26.5
24.9
24.7
25.3
26.1
29.9
29.5
24.3
24.8
24.1
23.9
28.7
27.7
21.4
27.1
26.9
24.5
25.1
26.3

BSA
1.80
1.70
1.54
1.47
1.49
1.49
1.73
1.69
1.61
1.65
1.65
151
1.44
1.47
1.45
1.78
1.69
1.53
1.47
1.48
1.50
1.80
1.68
1.61
1.65
1.64
1.52
1.45
1.48
1.47

PRO
BNP

HB CR
12.9
13
13
12.9
13
12.8
12
14
13.7
14
13.7
12.8
12.9
13
13
13
12.8
12.7
13
13.4
13.6
13.6
13.9
14
13
12.9
13
13
13.2
13.4

0.9
0.7
0.8
0.9
0.9
0.8
0.8
0.8
0.9

1.1
0.7
0.65
0.6
0.55
0.56
0.9

0.8
1.1
1.3
0.75
0.8
0.8
0.9
1.1
1.33
1.2

TSH

Sheet B

3.4
4.7
2.9
1.8
2.2
3.8
4.8
4.9
2.5
3.3
3.8
2.5
1.9
2.2
1.9

2.3
2.2
2.8
2.6
3.2
3.3
3.3

3.8
3.2
3.2
3.6
3.5
3.2

HTN

O O O O O O O kP OO0 O O OO kFrFrF OO0 O OoOOoOOoOkrF OO o orr oo o

DM

O O O O O O O O OO O O O O kFr OO0 O OoOOoOOoODoOOoOkr Oo oo o
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INDEX
COVID EVENT

HX

F/H/O
DYSLIPID OBESITY OSA CAD

COPD CAD

HYPO
T4
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SOB FC PND COUGH EXPECTOR ANASARCA OLIGURIA ANGINA PALPIT SYNCOPE SGLT2I
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Sat
RA
%

Frusemide

HTN
SBP DBP @VISIT RR

PULSE
CHAR

equivalent Dose/
MRA day

dose /day

Loop

JVP RALES

PR

Diuretic

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

NV O OO O O O 0O I~ O 0 OO O O O O O O O O © O O I~ 00 0 0 & O O

O OO OO O O OO OO OO OO OO OO O OO OO OO OO OO OO OO ©O O O OO0 OO0 OO OO OO OO O O
— — — A

N MO N MO N < N N N N N N AN SO0 o N O NO O TSSO N OO NNmM

D e B B I e B B I I I = I R T T e e I I I I e I I I I I I I R |

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

64
76
65
87
75
88
90
66
72
68
76
82
80
65
80
77
88
75
88
90

67
76
82
76
65
75
68
88
85
77

O O O O O O O O O O O O O O O O O 0O o oo oo oo o o o o o
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QRS

PED

GALLOP MURMUR OUTPUT EDEMA SR

LOUD

S1 P2

PR AXIS QRSD

LAE

70
65
70
72
65
77
66
70
70
65
70
68
70
66
70
70
72
70
72
65

40

150
140
160
136
144
120
140
146
150
144
150
158
154
150
180
154
150
180
136
144
148
146
160
150
146
150
158
154
160
180

60
65
70
48

70
45

20
30
50
46

30

20
50
45

70
65

60
50
70
45

80
66
70
70
70
70
70
70
66
76

15
30
50
80
30

20
50
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LUN

VS
S

1VS
D

FIELD LVID LVID

PAH ABN

CTR Carinal PVH
LAE angle

%

STT
LVH CHANGES CE

D

GRADE

QTC

11 13

25
27
30
24
20
21

44
39

67

45

386
402
420
422
366
362
386
400
398
380
396
390
397
378
400
390
390
410
422
366

68
70
66
68
65
65
67
69
70
65
70
69
69
70
67
69
71

44
47

11
12
12
11
10
10
10
11
11
11
11
11
11
13

10

43

44
40

46

10

48

4

42

22
27
25
27
26
20
28
22
23
27
27

38
40

46

48

44
46

49

44
47

43
36
48
4

48

50
50
50
46

43
45

11

40
45

48

11
12
12
11
10
10
10
11
11
11
11
11
11

10

30
24
22
28
24
30
25
27

47

45

66
68
68
65
69
69
70
67
70
69
69
70

46

10

42

48

44
38
42

47

364
386
404
398
400
400
404
397
386
400

46

48

44
46
44
38
45

49

44
48

26
22
30
26
25

48

50
50
48

41

43
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PW PW LV
D S mass
9 11 147.8
8 9 89.7
8 11 123.3
9 12 128.0
75 11 105.5
8 10 97.3
9 11 101.1
8 10 93.5
9 11 118.6
8 11 117.9
8 11 105.3
8 11 78.8
9 11 147.8
8 10 97.3
9 11 123.3
9 11 153.3
8 9 93.5
8 11 132.8
9 12 132.8
8 11 118.7
8 10 109.4
9 1 101.1
8 10 101.3
9 1 118.6
8 11 117.9
8 11 109.4
9 11 934
9 1 132.8
8 10 97.3
9 1 123.3

LV
mass
n
82.1
52.7
80.1
87.3
70.7
65.1
58.3
55.3
73.7
71.3
63.9
52.1
102.6
66.4
85.0
86.0
55.1
86.7
90.2
79.9
73.0
56.2
60.2
73.8
71.3
66.7
61.3
91.8
65.9
83.6

LV
mass
Th

139
89
119
123
103
96
99
92
115
115
103
79
140
96
119
143
92
127
127
115
107
99
99
115
115
107
93
127
96
119

LVMI
Th

77
52
77
84
69
64
57
55
71
69
63
53
97
65
82
80
55
83
86
77
71
55
59
71
69
65
61
88
65
80

RWT
0.41
0.41
0.37
0.41
0.38
0.39
0.47
0.40
0.41
0.35
0.37
0.44
0.38
0.39
0.42
0.40
0.40
0.36
0.40
0.38
0.36
0.47
0.38
0.41
0.35
0.36
0.47
0.40
0.39
0.42

Zz2 Z2 2 2 2 Z

0O zz22z2 2
py)

2 Z2 222222 2

Z 0
pu)

ECHO
HYPERTR LVH

O O O O O O O O O O O O O O O O O oo oo o ooo oo o o o

RVID EF
17 59
16 69
18 59
16 75
16 80
25 80
23 60
22 61
21 58
20 71
20 69
19 68
21 64
20 77
21 76
18 69
16 61
20 62
16 76
18 80
24 66
22 66
22 57
21 58
20 71
20 70
19 72
21 62
21 66
21 71

LA

FS PLAX

43 32
31 33
30 32
45 35
50 36
49 30
42 28
33 35
43 32
41 36
40 34
44 28
42 31
46 33
47 35
40 33
33 34
33 33
47 36
48 36
36 30
37 30
29 36
43 33
41 36
41 35
42 30
33 33
37 34
42 35
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LA

LA A4

A4 C

cCL W
49 31
46 29
46 30
48 34
56 35
50 30
51 30
51 35
50 30
52 36
50 40
49 29
52 36
29 33
50 34
52 34
49 32
48 31
50 35
54 35
51 30
54 34
48 35
48 30
50 36
49 40
50 29
50 36
49 33
49 34

LA
\Y

254
23.0
231
29.9
36.9

235

22.4
32.7
251
35.2
35.6

20.8
30.4

16.5
31.1
30.5
27.9
25.7
32.9
35.6

24.0

28.8
31.6
24.9
33.9

35.9

22.8
31.1

28.8
30.5

LAV
|

141
135
15.0
204
24.7

15.7

12.9
19.3
15.6
21.3
21.6

13.8
211

11.3
21.4
17.1
16.5
16.8
22.4
24.0

16.0

16.0
18.8
155
20.5

21.9

14.9
215

19.5
20.7

LA
E

O O O o0 o O o oo oo

o o

O O O O O o o

o

o O O o

A
0

23
25
29
30
29

24

25
28
29
30
29

24
34

28
29
29
25
29
31
29

24

26
28
29
30

29

24
32

29
29

RWM
A

O O O o0 o o o oo oo

o o

O O O ©O o o o

o

o O O o

MV
E

0.9
0.8

1
0.7

1.1
0.7
6
0.7
4

0.9
11
0.9

0.8
0.8
4

0.9
0.6
2

11

1
0.9
11
0.8

1
0.7
8
0.7
5

1
11
0.9

0.9
0.8
9

0.9
0.7
6

11

0.7
0.6
0.7
0.5
0.9

0.5
0.7

0.7
0.7
0.7

0.6
0.6

0.8
0.8

0.9
0.7
0.6
0.8
0.6

0.9
0.5

0.7
0.7
0.7

0.7
0.6

0.7

0.8
0.8

0.9

EDT

195
220
240
220
214

220

190
186
210
200
180

210
220

210
210
196
220
224
220
210

210

198
188
210
200

186

200
220

210
190

L wave

O O OO0 o o o oo oo

o o

O O O ©O o o o

o

o O O o

LAT E'
16
20
15
18
13

13

12
15
12
15
16

14
12

10
12
15
19
14
16
12

14

13
14
12
15

15

15
13

11
13

LAT
E/E'

5.6
4.0
6.7
3.9
8.5

5.8

6.2
6.0
9.2
6.0
5.0

6.0
7.5

6.2
9.2
6.7
4.7
7.9
50
8.3

5.6

5.8
7.1
9.2
6.0

6.0

5.9
6.9

6.9
8.5
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MED AVG LAT MED TR TR LVvDD

MED E' E/E’ E/ET A A GRADE GRAD GRADE TAPSE AOV PV MR AR
10 9.0 7.3 11 8 1 10 0 19 1 1 0
14 5.7 4.9 16 11 1 11 0 23 1 1 0
10 10.0 8.3 12 8 1 15 0 22 1 1 0
10 7.0 54 11 9 0 NA 0 23 1.1 09 0
13 8.5 8.5 11 10 1 12 0 21 1.3 09 1
12 6.3 6.1 10 9 1 12 0 20 1.3 12 0
10 7.4 6.8 11 9 0 NA 0 18 085 0.7 0
12 7.5 6.8 13 10 1 16 0 21 1 1 0

9 122 10.7 9 1 20 0 22 1.2 09 1
9 10.0 8.0 12 6 1 21 0 22 1 1 1
13 6.2 5.6 12 10 1 12 0 21 1 1 0
10 8.4 7.2 12 0 NA 0 18 15 12 0
8 11.3 9.4 10 6 0 NA 0 19 12 11 0
10 6.2 6.2 11 11 1 12 0 24 1.2 09 0
8 138 115 10 6 1 18 0 21 1 1 0
10 10.0 8.3 11 8 1 11 0 20 1 1 0
13 6.9 5.8 14 10 1 11 0 24 1 1 0
11 10.0 8.9 11 7 1 16 0 23 11 09 0
10 8.0 6.5 10 9 0 NA 0 24 11 1 0
11 9.1 8.7 10 9 1 14 0 22 1.1 09 1
12 6.5 6.0 11 9 1 13 0 20 13 1.2 0
11 6.8 6.3 10 8 0 NA 0 20 09 09 0
11 9.1 8.1 10 7 1 18 0 24 1 1 0
9 122 107 9 6 1 20 0 22 1.2 09 1
9 10.0 8.0 12 6 1 21 0 22 1 1 1
12 7.5 6.8 12 10 1 14 0 21 1.1 09 0
10 8.9 7.4 12 8 0 NA 0 18 15 1.2 0
8 11.3 9.1 10 6 0 NA 0 21 12 11 0
9 8.4 7.7 8 1 16 0 24 1.2 09 0
9 122 103 7 1 19 0 21 1 1 0
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AS PE

0

O O O O O O O O O O O O O O O O O O O o o oo oo o o o o

O O O O O O O O O O O O O O O O O 0O O oOoOOoOoOoOoOoOoooo o o

GLS
ABN

o

O O O O O O O O O O O O O O O O O OO o oOOoOOoOooo oo o o

BAS BA
19 21
22 23
21 21
21 23
22 23
21 19
25 24
21 21
19 21
23 24
24 19
21 23
23 20
19 21
19 18
20 21
23 24
21 24
22 23
23 23
22 21
26 22
21 22
19 21
23 24
26 20
21 23
23 22
21 21
19 18

BAL BIS
17 17
26 23
23 22
25 23
25 21
22 21
23 24
22 21
17 19
23 25
21 22
23 24
18 19
22 28
17 18
18 18
26 23
23 22
24 23
26 22
22 21
23 24
22 21
17 19
23 25
21 22
24 24
19 19
22 28
18 18

Bl
17
18
19
24
25
23
23
19
20
21
21
23
17
21
19
18
19
20
24
24
23
24
19
20
21
23
23
17
21
20

BIL
18
22
17
25
26
24
24
23
21
24
21
21
22
23
17
18
22
18
26
26
23
24
23
21
24
21
21
22
23
17

MAS MA
20
24
22
30
30
23
24
24
19
26
19
24
21
24
21
20
24
22
29
23
23
23
23
19
26
20
24
21
24
21

19
24
21
26
26
23
27
21
20
27
21
25
22
26
22
19
24
21
27
26
23
27
21
20
27
25
30
22
26
22

MAL

19
24
22
24
25
25
26
25
21
25
23
26
20
28
21
19
24
22
24
25
25
26
25
21
25
26
26
21
28
21

MIS

17
29
20
27
27
21
27
20
24
29
21
24
20
26
23
20
29
21
27
27
22
28
20
24
29
21
24
20
26
23
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Ml

18
17
19
25
27
21
19
20
26
25
23
24
19
28
21
21
19
19
25
27
21
20
20
26
25
23
24
19
28
22

MIL

17
19
19
28
28
23
21
19
26
26
26
23
19
20
23
21
20
19
27
28
23
21
20
26
26
26
24
21
21
23

AAS

18
25
24
36
33
26
24
23
24
31
25
26
18
30
22
20
25
24
34
33
26
24
23
24
31
27
26
20
30
22

AA

17
29
28
31
33
28
25
22
27
29
25
27
23
31
24
20
29
28
31
32
28
26
22
27
29
28
27
23
31
24

AAL

17
24
26
29
30
29
21
21
26
32
26
29
24
28
25
20
24
26
29
31
29
21
22
26
32
29
29
24
28
25

AlIS

19
29
26
33
33
31
23
26
25
32
27
25
22
28
26
22
29
26
32
33
32
23
26
25
32
27
25
22
28
26

Al

22
28
24
27
28
28
31
24
20
34
26
24
23
28
25
22
28
24
27
29
28
31
25
20
34
28
26
23
29
25

AlL

17
17
26
32
30
27
32
23
22
29
28
27
22
29
24
25
21
26
32
30
28
32
23
22
29
28
27
22
29
24
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LVIDD
46
56
49
50
39
40
52
41
41
4
46
54
41
47
51
49
51
52
46
57
43
41
47
51
49
51
52
46
57
43

LVIDS
24
47
36
42
20
20
25
25
20
25
18
36
28
20
20
25
29
25
25
33
27
28
20
20
25
29
25
25
33
27

1IVSD
13
13

o O O N O N

= =
m o o

[ SN
OO NN ~N~N©O©NO OO NN~N~N©OO®

[EY
~N O

LV
mass

IVSS PWD PWS RVID dias

16
15
10
12
13
10
12

9
14

9
14
10
14
10
13
13
10
12
12
14
11
14
10
13
13
10
12
12
14
11

10

U1 © OO OO O O N O o0 O © OO O O O N 01 oo oo .0 01 O o1 o O 01 N OO0 O

12

12
14
10
16
11
12
11
17
10
12

12
10
13
16
10
16

12

12
10
13
16
10
16

4
39
33
35
39
38
39
37
39
37
35
46
30
38
35
36
38
39
4
43
4
30
38
35
36
38
39
41
43
4

75
89
94
91
46
46
77
46
74
46
75
60
77
70
94
75
55
77
60
85
57
77
70
94
75
55
77
60
85
57

LV
mass
index

41.7
52.3
61.1
62.1
30.8
30.8
44.4
27.2
46.0
27.8
45.5
39.7
535
47.8
64.8
42.1
325
50.3
40.7
57.3
38.0
42.8
41.6
58.5
453
33.5
50.6
41.5
57.5
38.7

LA
4c L

50
52
43
47
46
46
48
37
40
37
36
43
40
40
39
43
45
48
47
51
40
40
40
39
43
45
48
47
51
40

LA

4c
w

40
48
36
40
40
35
37
36
36
36
45
51
36
39
46
35
29
37
44
44
44
36
39
46
35
29
37
44
44
44
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LA
42
40
41
30
41
35
43
30
34
30
39
40
37
44
43
44
33
43
38
42
40
37
44
43
44
33
43
38
42
40

LAV
44
52
33
29
39
29
40
21
26
21
33
46
28
36
40
35
23
40
41
49
37
28
36
40
35
23
40
41
49
37

LAVI
24
31
22
20
26
20
23
12
16
13
20
30
19
24
28
19
13
26
28
33
25
15
21
25
21
14
26
28
33
25

LV ED
AO Vol
27 75
27 67
27 91
27 88
27 122
27 94
27 69
27 101
27 71
27 101
27 94
27 96
27 111
27 89
27 70
27 88
27 90
27 69
27 70
27 84
27 65
27 111
27 89
27 70
27 88
27 90
27 69
27 70
27 84
27 65

LV
ED
vol
index

41
39
59
60
82
63
40
60
44
61
57
63
77
60
48
49
53
45
48
57
44
62
53
44
53
55
45
48
57
44

LV ES

20
17
26
49
46
24
17
47
25
47
30
26
48
30
26
28
29
17
25
27
19
48
30
26
28
29
17
25
27
19

LV ES

11
10
17
34
31
16
10
28
16
29
18
17
34
21
18
16
17
11
17
18
13
27
18
16
17
18
11
17
18
13

LV
SV

54
50
65
38
76
70
51
54
46
54
64
69
63
58
44
60
61
51
46
58
46
63
58
44
60
61
51
46
58
46

LV SV
INDEX

30
30
42
26
51
47
30
32
29
33
39
46
43
40
30
34
36
33
31
39
31
35
35
27
36
37
34
31
39
31

LV LVCO LV

CcoO
4.8
7.4
55
5.7
3.1
3.8
5.8
3.8
4.4
3.8
4.1
4.1
4.7
5.3
5.7
4.9

4
5.8
4.5
5.2
4.7
4.7
5.3
5.7
49

4
5.8
45
5.2
4.7

INDEX EF
27 73
43 75
36 71
39 44
21 62
25 T4
33 75
22 53
2.7 65
23 53
25 68
27 73
33 56
3.6 66
39 63
28 68
24 68
38 75
31 65
3.5 68
31 70
26 56
32 66
35 63
30 68
24 68
38 75
31 65
35 68
32 70
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RV ED
VOL

139
199
119
135

77

94
127

94
117

94

83
143
108
118
143
132
118
127
120
178
104
108
118
143
132
118
127
120
178
104

RV ED
VOL
INDEX

77.2
116.9
77.3
92.1
51.6
62.9
73.3
55.6
72.7
56.8
50.4
94.6
75.0
80.5
98.5
74.1
69.6
82.9
81.5
119.9
69.4
60.0
70.1
89.0
79.8
72.0
83.4
82.9
120.5
70.6

RV ES
VOL

55
84
4
55
36
40
49
40
48
40
43
67
43
37
39
28
53
49
39
77
53
43
37
39
28
53
49
39
77
53

RV ES
VOL
INDEX

30.6
49.3
26.6
37.5
24.1
26.8
28.3
23.7
29.8
24.2
26.1
44.3
29.9
25.2
26.9
15.7
31.3
32.0
26.5
51.9
354
23.9
22.0
24.3
16.9
32.3
32.2
27.0
521
36.0

RV
STROKE
VOL

84
115
78
80
41
54
78
54
69
54
40
76
65
81
104
104
65
78
81
101
51
65
81
104
104
65
78
81
101
51

RV
STROKE
VOL
INDEX

46.7
67.5
50.7
54.6
27.5
36.1
45.0
32.0
42.9
32.6
24.3
50.3
45.1
55.3
71.7
58.4
38.4
50.9
55.0
68.0
34.0
36.1
48.2
64.7
62.9
39.6
51.2
56.0
68.4
34.6

RV CO
4.8
7.4

5
5.7
2.8
3.8
5.8
3.8
4.4
3.8

4
4.1
4.7
5.4
5.8
4.9
3.9
5.8

5
5.3
4.8
4.7
5.4
5.8
4.9
3.9
5.8

5
5.3
48

RV CO
INDEX

2.7
4.3
3.2
3.9
1.9
2.5
3.3
2.2
2.7
2.3
2.4
2.7
3.3
3.7
4.0
2.8
2.3
3.8
3.4
3.6
3.2
2.6
3.2
3.6
3.0
2.4
3.8
3.5
3.6
3.3

RV EF
60
58
66
59
53
57
61
57
59
57
48
53
60
69
73
79
55
61
68
57
49
60
69
73
79
55
61
68
57
49
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BAS
1002
1015
1032
1034
1040
1028
1031
1029
1017
1002
1012
1033
1012
1002
1004
1006
1034
1002
1025
1043
1010
1041
989

1021
1015
1004
1040
1037
1037
1041

BA
1033
1012
1002
1004
1006
1034
1002
1025
1010
1041
989
1021
1015
1004
1040
1037
1037
1041
993
1002
1015
1032
1034
1040
1028
1031
1002
1025
1043
1010

BAL
1028
1031
1029
1017
1002
1012
1033
1012
1002
1004
1006
1040
1037
1037
1041
993
1002
1015
1032
1034
1040
1028
1031
1002
1004
1006
1034
1002
1025
1025

BIS

1041
993

1002
1015
1032
1034
1040
1028
1031
1002
1025
1043
1010
993

1002
1015
1032
1034
1040
1028
1031
1002
1004
1006
1034
1034
1040
1028
1031
1029

Bl
1002
1012
1033
1012
1002
1002
1012
1033
1012
1002
1004
1006
1034
1002
1025
1043
1021
1015
1004
1040
1037
1037
1041
993
1002
1015
1032
1034
993
1002

B

BIL AVG

1002
1012
1033
1012
1002
1004
1006
1006
1034
1002
1025
1043
1010
1041
989

1021
1015
1004
1033
1012
1002
1004
1006
1040
1037
1037
1041
993

1002
1015

1018
1013
1022
1016
1014
1019
1021
1022
1018
1009
1010
1031
1020
1013
1017
1019
1024
1019
1021
1027
1023
1024
1018
1017
1020
1021
1032
1020
1022
1020

MAS
1031
1029
1017
1002
1012
1033
1012
1002
1004
1006
1040
1004
1006
1034
1002
1025
1043
1021
1015
1004
1040
1037
1037
1041
993
1037
1041
993
1002
1015

MA

1028
1031
1002
1025
1043
1010
993

1002
1015
1021
1015
1004
1040
1037
1037
1041
993

1002
1015
1032
1034
1040
1028
1031
1002
1025
1043
1002
1012
1033

MAL
1033
1012
1002
1004
1006
1034
1002
1025
1043
1021
1015
1002
1012
1033
1012
1002
1004
1006
1040
1037
1037
1041
993
1002
1015
1032
1034
1040
1028
1031

MIS
1021
1015
1004
1040
1037
1037
1041
1012
1002
1004
1006
1040
1037
1037
1041
993

1002
1015
1032
1034
1040
1028
1031
1002
1037
1037
1041
1012
1002
1004

Ml
1015
1004
1033
1004
1006
1040
1004
1006
1034
1002
1025
1043
1021
1015
1034
1002
1012
1033
1012
1002
1004
1006
1006
1034
1002
1025
1043
1010
1041
989

MIL
1041
993
1002
1015
1032
1034
1040
1028
1031
1006
1034
1002
1025
1043
1021
1015
1004
1040
1037
1037
1041
993
1037
1041
993
1002
1028
1031
1002
1004

M AVG
1028
1014
1010
1015
1023
1031
1015
1013
1022
1010
1023
1016
1024
1033
1025
1013
1010
1020
1025
1024
1033
1024
1022
1025
1007
1026
1038
1015
1015
1013
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AAS
1017
1002
1012
1033
1012
1002
1004
1006
1034
1002
1025
1043
1010
1006
1040
1037
1037
1041
993
1002
1015
1032
1034
1040
1028
1031
1002
1006
1034
1002

1010
993

1002
1015
1032
1034
1040
1028
1031
1002
1004
1012
1002
1004
1006
1040
1004
1006
1034
1002
1025
1043
1021
1015
1004
1040
1040
1037
1037
1031

1004
1006
1034
1002
1037
1041
993
1002
1015
1032
1034
1040
1028
1031
1002
1037
1037
1041
1012
1002
1002
1015
1032
1034
1040
1028
1031
1002
1004
1010

AlS
1025
1010
1041
989
1021
1015
1004
1040
1037
1037
1041
1002
1004
1040
1037
1040
1028
1031
1002
1025
1043
1010
993
1002
1032
1034
1040
1028
1031
1006

Al
1025
1043
1021
1015
1002
1012
1033
1012
1002
1004
1006
1040
1037
1037
1034
1002
1025
1043
1010
1006
1040
1037
1037
1041
993
1002
1002
1004
1006
1034

AIL
993
1002
1015
1032
1034
1040
1028
1031
1002
1025
1043
1002
1012
1033
1006
1034
1002
1025
1043
1021
1034
1002
1025
1043
1021
1015
1034
1002
1012
1033

A AVG
1012
1009
1021
1014
1023
1024
1017
1020
1020
1017
1026
1023
1016
1025
1021
1032
1022
1031
1016
1010
1027
1023
1024
1029
1020
1025
1025
1013
1021
1019

AVG

TOTAL BAS
1020 50
1012 51
1018 48
1015 54
1020 54
1025 49
1018 50
1018 49
1020 52
1012 51
1019 48
1023 48
1020 52
1024 54
1021 51
1021 51
1018 50
1023 51
1021 50
1020 48
1027 53
1024 52
1021 49
1024 53
1016 50
1024 52
1032 48
1016 52
1019 48
1017 49

BA
52
50
51
48
51
53
48
49
49
49
49
49
49
49
49
49
49
49
49
49
49
49
49
49
49
49
49
49
49
49

BAL
49
54
53
52
51
51
52
53
52
53
53
54
49
54
51
48
50
51
52
49
54
49
51
52
51
53
48
49
54
51
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BIS Bl
54 48
54 51
49 53
50 48
49 49
52 54
51 53
48 52
48 48
49 49
52 54
51 53
48 52
48 48
52 52
54 48
51 48
51 52
50 48
51 54
50 53
48 51
54 48
51 48
51 52
50 48
51 54
50 53
48 51
53 49

BIL
52
51
51
52
53
52
53
53
54
53
52
53
53
54
49
54
51
48
50
51
52
49
54
51
48
50
51
52
49
54

B

AVG MAS MA MAL MIS MI

51
52
51
51
51
52
51
51
51
51
51
51
51
51
51
51
50
50
50
50
52
50
51
51
50
50
50
51
50
51

52
51
48
48
52
54
51
51
49
53
52
49
53
50
52
48
52
48
49
50
48
53
52
49
48
48
52
54
54
54

54
53
52
48
52
48
48
52
49
49
52
50
53
51
49
54
48
51
53
49
49
49
49
49
49
49
49
49
48
51

52
53
53
54
49
54
51
48
53
54
49
51
52
51
53
48
49
54
51
52
49
54
49
51
53
54
49
54
52
51

48
49
52
51
48
48
52
54
48
50
48
54
51
51
50
51
50
48
53
50
51
50
48
54
52
51
48
48
50
49

48
49
54
53
52
48
52
48
52
53
51
48
48
52
48
54
53
51
49
48
54
53
51
48
54
53
52
48
48
49

M
MIL AVG
54 51
53 51
52 52
53 51
53 51
54 51
49 51
54 51
53 51
52 52
49 50
54 51
51 51
48 51
50 50
51 51
52 51
49 50
54 52
50 50
51 50
52 52
49 50
54 51
52 51
53 51
53 51
54 51
52 51
53 51

AAS
51
48
48
52
54
51
52
51
51
52
53
52
53
53
54
49
54
51
48
50
53
51
48
48
52
48
54
53
52
48

AA
53
52
48
52
48
48
50
49
52
51
48
48
49
52
51
48
48
52
54
51
52
49
54
51
48
50
51
53
53
54
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AAL
53
53
54
49
54
51
48
49
54
53
52
48
49
54
53
52
48
52
48
48
48
53
52
49
48
48
52
51
51
49

AlS
49
53
50
52
48
52
52
53
52
53
53
54
53
52
53
53
54
49
54
51
49
49
49
49
49
49
49
48
52
49

Al

50
53
51
49
54
48
48
52
54
51
51
49
53
52
49
53
50
52
48
52
49
54
49
51
53
54
49
51
48
53

AIL
51
52
51
53
48
49
48
52
48
48
52
49
49
52
50
53
51
49
54
48
51
50
48
54
52
51
48
52
54
48

A AVG
51
52
50
51
51
50
50
51
52
51
52
50
51
53
52
51
51
51
51
50
50
51
50
50
50
50
51
51
52
50

AVG
TOTAL

51
52
51
51
51
51
50
51
51
51
51
51
51
51
51
51
50
50
51
50
51
51
50
51
51
51
50
51
51
51
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