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Newer imaging modalities to identify high-risk ambulatory patients with

heart failure

Summary

The lack of widely accepted objective measures of cardiac dysfunction other than
left ventricular ejection fraction (LVEF) has hampered, and continues to hamper,
clinical research in patients with heart failure (HF). Identifying patients at higher
risk of adverse outcome would allow better targeting of therapy to those with

most to gain.

The thesis is divided in three parts.

In the first part, | report the results of studies of the association between
echocardiographic measures of right atrial pressure (by measuring the inferior
vena cava (IVC) diameter) and outcome in ambulatory patients with HF. | also
studied the associations with prognosis of a newer echocardiographic method
(global longitudinal strain, GLS) to assess left ventricular systolic function in

patients with normal LVEF on conventional imaging.

In the second part, | report the results of studies of the associations of left atrial
function by cardiac magnetic resonance (CMRI) with outcome in ambulatory
patients with HF. | also studied the relationship between QRS morphology on
ECG with cardiac structure and function measured by cMRI in ambulatory

patients with HF.

In the third part, | report the results of developing and prospectively evaluating an
ultrasound method to measure the internal jugular vein diameter (as an objective

estimate of the right atrial pressure) and its changes with respiratory manoeuvres.
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| studied the association between the jugular vein diameter, clinical and
echocardiographic variables, and its relations with outcome in ambulatory patients

with HF and controls.

My results showed that upstream consequences of a dysfunctional left ventricle,
such as impaired left atrial function measured by cMRI, a distended IVC or
internal jugular vein by ultrasound, provide powerful prognostic information,
similar to that obtained by measuring N-terminal pro-B-type natriuretic peptide
plasma levels, in individuals with HF regardless of whether they have a reduced

or normal LVEF.

As residual congestion (dilated 1VC or jugular vein) and impaired left atrial
function appear strongly related to an adverse outcome, tailoring treatment to
minimise congestion or improving left atrial function is an attractive concept

worth testing.
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CHAPTER I. Introduction

Heart failure (HF) is a common and growing problem and its prognosis is
extremely poor whether or not the left ventricular systolic function is reduced 2.
The lack of widely accepted objective measures of cardiac dysfunction other than
left ventricular ejection fraction (LVEF) has hampered, and continues to hamper,

clinical research in patients with heart failure.

Decreased compliance of the left ventricle frequently causes an increase in left
atrial pressure, which in turn leads to increased pressure in the right heart. One of
the major consequences is that peripheral congestion develops. Once developed,
congestion contributes to the severity of symptoms reported by patients with HF,

and is responsible for a substantial number of hospital admissions and deaths® *.

Currently, there is no accurate method to determine the degree of congestion; in
addition, its presence is not specific for cardiac dysfunction and its clinical
assessment is highly subjective and influenced by clinical experience and skills>”.
It is rare, nowadays, that a patient with HF presents to a clinician with obvious
and widespread peripheral oedema; in the vast majority of cases, congestion is
subclinical and might not be clinically recognised despite the presence of

symptoms (such as breathlessness), particularly in the elderly ® °.

In those not
known to have HF, the identification of subclinical congestion (and underlying
cardiac dysfunction) at an earlier stage might change the clinical history of the

disease. However, in patients who are already known to have HF, whether

subclinical congestion is important or not is unclear. Moreover, the impact of the
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structural and functional alterations leading to (and indicative of) congestion on

the prognosis of patients with HF has not been widely studied *.

1.1 Which markers could be used to identify congestion in ambulatory
patients with HF?

Clinical examination remains the cornerstone of assessing patients with heart
failure and an accurate evaluation of the clinical signs secondary to fluid overload
identifies those patients with HF who have a more severe disease and a higher risk
of adverse outcome®. However, due the widespread use and ability of
echocardiography, blood tests and modern technology to provide detailed
information regarding heart function and cardiovascular haemodynamics, and
with the increasing number of patients being seen in ambulatory patient clinics, a

comprehensive clinical examination in not often routinely performed™.

A raised jugular venous pressure (JVP) reflects high right atrial pressure. It is the
most reliable clinical sign indicating volume overload and carries powerful
prognostic information?; its clinical assessment is, however, extremely
challenging and subjective ®. The evaluation of fluid status can be performed by
measuring the diameter of the inferior vena cava (IVC) by echocardiography

which also offers a fairly reliable estimate of right atrial pressure **.

Preliminary reports have also shown that the ultrasound evaluation of the internal
jugular vein area and its response to respiratory manoeuvres is possible, and might
allow the identification of those patients in whom a high right atrial pressure can

be excluded **,
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A raised right atrial pressure is usually a late consequence of an elevated left
ventricular (LV) filling pressure, which initially affects the left atrium (LA) *°. As
a consequence of a chronic exposure to a high LV filling pressure, the LA
increases in dimension and volume, and thus left atrial indices offer reliable
prognostic information in patients with heart failure. With the development of
sophisticated imaging modalities, such as speckle tracking echocardiography,
which allow more accurate measurements of chamber deformation, the focus of

study of the LA has shifted toward its function, as well as simply its size ***'.

An electrocardiogram (ECG) is a simple and cheap clinical investigation usually
performed in patients with suspected HF; when abnormal, it increases the
likelihood of the diagnosis. A prolonged duration of the QRS segment at the ECG
is a common abnormality identified in patients with HF. It may indicate
uncoordinated left ventricular contraction (“dyssynchrony”) but could also be a
marker of the underlying severity of cardiac disease. In the general population, the
presence of a prolonged QRS segment with a right bundle branch block (RBBB)
morphology is often considered a benign finding. However, some observational
studies suggested that structural heart disease is more common in the presence of
RBBB, which indicates an increased cardiovascular and mortality risk amongst
asymptomatic individuals ** *°. Whether differences in QRS morphology reflect
differences in the aetiology, pattern or severity of ventricular dysfunction in

patients with HF is not clear and it requires further studies.
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Previous and current European Society of Cardiology (ESC) guidelines advise the
use of natriuretic peptides (NPs) to rule out, or to diagnose, HF % #'. Natriuretic
peptides are one of the body’s defences against congestion (22) and any stretch of
the muscle of the heart (myocardium) leads to an increase in their plasma level.
Thus, a raised NP level in a patient with HF suggests that there is residual
congestion, regardless of LVEF, although their levels should be adjusted for age
and the presence of co-morbidities, such as atrial fibrillation (AF), renal

dysfunction and obesity %,

1.2 First objectives

1.2.1 Associations of inferior vena cava and outcome in ambulatory patients
with heart failure

During the past decade some reports begun to show evidence that right ventricular
(RV) dysfunction is an important determinant of outcome in HF % 2*. However,
many of these studies have focused on RV systolic function rather than on the
upstream consequences of ventricular dysfunction and tricuspid regurgitation. The
measurement of the inferior vena cava (IVC) diameter by echocardiography is
simple in trained hands, and it offers a quantifiable, objective estimation of right
atrial pressure and fluid status. Its relationships with other clinical variables and
its potential prognostic role have only received little attention. In a preliminary
study, Nath and colleagues ? reported the relationship between I\VVC diameter and
outcome in around 3500 patients, almost exclusively men, who had an
echocardiogram at one of three US Veterans hospitals: around 12% of the studied

population had a dilated IVC (2 cm or more). Furthermore, patients with a dilated
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IVC were older, were more likely to have HF and had a greater risk of dying than
those who did not have a dilated IVC. This was, however, a study conducted in

patients undergoing echocardiography for different reasons.

| aimed to study the associations between IVC diameter, natriuretic peptides and
outcome in ambulatory patients with HF. | also studied the associations of novel
measures of left (global longitudinal strain, GLS) and right ventricular function
with the outcome of patients with suspected HF who had apparently normal LVEF
on conventional echocardiography.

1.2.2 Associations of left atrial function and outcome in ambulatory patients
with heart failure

An increased left atrial (LA) dimension and volume are associated with higher
risk of adverse outcomes for patients with HF, regardless of LVEF %%, Recent
reports suggest that left atrial function might deteriorate before its size or structure
change in conditions that increase cardiovascular risk, such as hypertension or
diabetes ?°, and it might identify individuals at higher risk of developing HF .
Thus, | aimed to measure the LA function using cardiac magnetic resonance
imaging (cMRI) in patients with suspected or confirmed HF, to study its

relationship with other clinical variables and with different measures of outcome.

1.2.3 Relationship between QRS morphology and cardiac structure and
function in ambulatory patients with heart failure

A prolonged QRS is associated with a worse cardiovascular outcome in patients

with chronic heart failure ** and is also an important criterion for the selection of
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patients for cardiac resynchronization therapy (CRT) *2. A recently published
individual patient meta-analysis of >3500 patients in sinus rhythm found that the
benefits of CRT were associated with longer QRS duration *, but it is less clear
whether QRS morphology has an important influence on prognosis or whether it
predicts the response to CRT *. Differences in QRS morphology might reflect
differences in the aetiology or severity of ventricular dysfunction in patients with
heart failure. Thus, the aim of my research was to evaluate the left and right heart
structure and function in relation to QRS morphology in patients with HF, by

cardiac MRI.

1.3 Second objective

1.3.1 Development of a newer ultrasound method to measure the jugular vein
diameter in ambulatory patients with heart failure

There are several reasons, other than relevant clinical experience and subjective
skills, that make the clinical assessment of jugular venous pressure (JVP) difficult:
they might include obesity, the use of accessory muscles in patients with severe
dyspnoea, poor lighting or poor positioning of the patient, as well as the difficulty
in distinguishing between the carotid and the jugular pulse ®**. More importantly,
there is no objective method that measures JVP in a way that can serve as a

7

permanent record to be shared with other colleagues ', to assess either the

response to a treatment or the clinical course of an ill patient.

The jugular vein is a compliant vessel, which size varies with changes in
intravascular pressure and volume. The use of ultrasound gives a potential method

of assessing and, importantly, providing a precise and objective record of JV
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diameter (JVD) and its response to physiological manoeuvres. | developed and
tested a method to measure the respiratory variation of internal JVD by
ultrasound, using a high frequency probe. | prospectively assessed the relationship
of JV diameter and clinical, biochemical and other echocardiographic
characteristic in ambulatory patients with a spectrum of severity of HF and in
control subjects without important myocardial or valve disease. | also studied the

prognostic value of ultrasound assessment of JVD in ambulatory patients with HF.
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CHAPTER Il. Methods

All investigations conformed to the principles outlined in the Declaration of
Helsinki and all the studies mentioned below were approved by relevant ethical

bodies. All subjects enrolled gave their written informed consent.

For all the studies mentioned below, patients provided a detailed clinical history
and clinical examination, blood tests (including haematology, biochemistry profile
and NTproBNP), ECGs and echocardiograms (when performed), including
ultrasound assessment of jugular vein diameter, were conducted on the same day.

Cardiac MRI was scheduled within a few weeks of the ambulatory visit.

Clinical congestion was assessed by constructing a novel congestion score, based
on lung auscultation (normal, presence of basal, mid zone or diffuse crepitations),
JVP (not visible, raised 1-4 cm, raised to earlobe), peripheral oedema (none,
ankles, below or above knees) and liver examination (not palpable, palpable) with
one point attributed for each degree of severity. Patients with a score of three or

more out of a possible score of nine were defined as congested.

Our hospital is the only one in the region that offers acute medical services and
data regarding hospitalizations, pacemaker implantation and death were collected
from the hospital’s electronic systems, supplemented by information from patients
and their family doctors. Hospitalisations were considered to be HF related if the

discharge letter suggested HF as a key reason for admission.
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All the analyses were performed using SPSS and Stata software. A 2-sided p-

value < 0.05 was considered statistically significant.

2.1 Echocardiographic measurements

Echocardiography was performed by an experienced operator using a Vivid Five,
Seven or Nine (GE Health Care, UK) system. LVEF was measured using
Simpson’s biplane method. Left atrial diameter (LAD) was measured in
parasternal long axis; LA volume was indexed to body surface area (LAVI).
Tricuspid annular plane systolic excursion (TAPSE) was used to assess RV
systolic function. The trans-tricuspid systolic gradient was also measured. With
the patient supine, the maximum IVVC diameter during the respiratory cycle was
measured approximately three centimetres before merger with the right atrium. A
digital loop was acquired from apical 2, 3 and 4-chamber views at frame rates of
40-80 frames/s to assess LV longitudinal strain. Peak systolic strain was defined
as the peak negative value on the strain curve during the entire cardiac cycle. An
18 segment model of the LV was used and values from basal, medium and apical
segment of each wall were then averaged. Global longitudinal strain values were

reported if 12 or more segments could be analysed.

2.2 Cardiac MRI measurements

Cardiac MRI was performed on a 1.5 T scanner (either Sigma CV/Il, GE Medical
Systems or Achieva, Philips Medical Systems) equipped with a phased-array coil
placed over the praecordium. Participants lay in the supine position, and after

localizing scans, ECG-gated cine images of the heart were acquired during breath-
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hold (in expiration). The images were acquired using steady-state free precession
pulse sequences in two standard long axes and multiple short-axis slices, with
slice thickness of 8 mm and inter-slice distance of 2 mm from the base to the apex

of the heart.

Images were analysed offline using QMass MR software (MEDIS, Leiden, The
Netherlands). The multi-slice, short-axis cine data-sets were analysed to calculate
LV and RV volumes and masses. Endocardial and epicardial borders were traced
manually using end-diastolic and end-systolic frames in contiguous short-axis
slices. LV end-diastolic (EDV) and end-systolic (ESV) volumes were calculated
using summation of area x [slice thickness + interslice gap] for each slice
(Simpson's method), which were then used to calculate LVEF and LV mass.
Papillary muscles were excluded from LV volume measurements and included in
mass calculations. The interventricular septum was considered as part of the LV.
RV volumes, mass and EF were calculated in a similar fashion. Left atrium (LA)
maximum volume was measured at the frame just before mitral valve opening in 4
chamber long axis view. Mitral and tricuspid regurgitation volume was visually

graded as none or trivial (0), mild (1) or moderate or worse (2).

2.3 Associations of 1VC diameter and GLS with outcome in ambulatory
patients with heart failure (part 1; paper 1 and 2)

2.3.1 Study population
Consecutive ambulatory patients with chronic HF attending a specialist

community clinic between November 2008 and March 2010 were enrolled (paper

21



1). The cohort was further extended with patients who attended until May 2010

(paper 2).

2.3.2 IVC and outcome in HF. Definition of heart failure and main outcome
(paper 1)

HF was defined as the presence of symptoms or signs of HF, supported by
objective evidence of cardiac dysfunction: either LVEF <45% or the combination
of both left atrial dilation (>4 cm diameter in the parasternal long axis) and a
plasma concentration of NTproBNP >400 pg/ml.

The primary outcome was a composite of admission for worsening HF or
cardiovascular (CV) death. In order to avoid errors due to the attribution of cause

of death, I also considered the secondary endpoint of all-cause mortality.

2.3.3 GLS and outcome in HFNEF. Definition of heart failure and main
outcome (paper 2)

Patients were included in the analysis if their LVEF was >50% and they had

symptoms or signs suspicious of HF. Three different subgroups were defined:

e Group A: Patients with no substantial cardiac dysfunction (LVEF>50%, left
atrial diameter (LAD) <4 cm in parasternal long axis, NTproBNP <400 ng/l): N=
76;

e Group B: Patients with LVEF >50%, but LAD >4 cm or NTproBNP >400 ng/I,

defined as “possible HFNEF”: N=99;
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e Group C: Patients with LVEF >50%, LAD >4 cm and NTproBNP >400 ng/L,

defined as “definite HFNEF’: N=138.

The primary outcome of interest was a composite of admission for worsening HF
or CV death (due to terminal HF or sudden death out of hospital not explained by
cancer or other non-cardiovascular disease). To avoid errors due to the attribution

of cause of death, a second end point of all-cause mortality was also considered.

2.3.4 Statistical methods

2.3.4.1 IVC and outcome in HF

50 IVC measurements were randomly selected and measured separately by myself
and another experienced operator blind to each other’s results. The reproducibility
and internal consistency of the IVC measurements were tested using Bland-
Altman plots and Cronbach's alpha method respectively. The relations between
IVC diameter and other variables were assessed by Pearson, Spearman and point-
biserial correlation coefficients. Patients were grouped as: those without evidence
of cardiac dysfunction and, for patients with HF, by IVC diameter tertile. One-
way ANOVA and Kruskal-Wallis tests were used to compare continuous
variables between groups, and chi-squared tests for categorical variables. Simple
and multiple linear regression models were used to identify variables associated
with IVC diameter. Only variables significantly associated with 1VC diameter in
univariable analysis (p<0.05) were entered into the multivariable analysis.
Associations between variables and prognosis were assessed using Cox

proportional hazards models. Because there were only 158 primary outcome
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events, | chose eight candidate variables of interest in addition to IVC diameter
and NTproBNP in order to avoid over-fitting. To investigate the prognostic value
of IVC diameter compared to a more extensive list of prognostic variables, we
repeated the exercise with a more robust dataset, recognising the risk of over-
fitting. Three different multivariable models were tested. The first included both
Log [NTproBNP] and IVVC diameter and then each of them separately. Kaplan-
Meier curves with the log-rank statistic were used to illustrate outcome. C-
statistics (area under receiver operating characteristic (ROC) curves) was used to
compare Log [NTproBNP] and IVC diameter as predictors of prognosis at one
year for the primary and secondary end points. The method also was used to
compare IVVC diameter and other key echocardiographic measures as predictors of

prognosis at one year for the primary outcome.

2.3.4.2 GLS and outcome in HFNEF

16 GLS measurements and 276 individual segments were randomly selected and
measured separately on two different occasions by the applicant. The
reproducibility of the GLS measurements, as well as of each segment, was tested
using Bland-Altman plots. One-way ANOVA and Kruskal-Wallis tests were used
to compare continuous variables between groups depending on the normality of
the distribution, and the chi-squared test was used for categorical variables.

Associations amongst demographic, clinical, echocardiographic and biochemical
variables with prognosis were assessed using the Cox proportional hazards

models.
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Because there were relatively few primary outcome events, two different
multivariable models were tested to prevent over-fitting. In Model A, | chose,
prospectively, eight candidate variables of interest in addition to GLS and
diagnostic category; for Model B, | selected the eight variables most strongly
associated with prognosis in univariable analysis. For the second model (Model
B), given the high correlation between IVC diameter and TR systolic gradient

(R=0.529, p<0.001), I selected the I\VC diameter.

Kaplan-Meier curves with the log-rank statistic were used to illustrate outcome.
Assumptions of the models were tested, such as multicolinearity and proportional

hazards.

2.4 Associations of left atrial function and outcome in ambulatory patients
with heart failure (Part 2, paper 3)

2.4.1 Study population, definition of heart failure and main outcome

Consecutive ambulatory patients referred with suspected HF to a community HF
clinic who had undergone cMRI as part of their investigation were followed up

prospectively, but the analysis plan was developed post-hoc.

Patients in atrial fibrillation or atrial flutter or those who had no available

measurement of NTproBNP were excluded from the analysis (Figure 1).
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Figure 1: Consort diagram showing the disposition of patients enrolled.
Of 982 patients who had a cardiac magnetic resonance imaging (MRI),
20% had atrial fibrillation (AF); plasma NTproBNP was not available in

3%. Of the remaining 759 in sinus rhythm (SR), 664 were considered to
have heart failure (HF), 95 were not.

HF was defined by the presence of symptoms or signs of HF supported by
objective evidence of cardiac dysfunction: either a LVEF <50% on cMRI or
raised plasma concentration of NTproBNP >400 pg/ml (or >125pg/ml if patients

were taking loop diuretics).

The primary outcome of interest was a composite of hospitalisation for HF and
all-cause mortality. Secondary endpoints were total mortality and cardiovascular
mortality. A further secondary endpoint of incident AF, electrocardiographically
documented, was also considered. We did not attempt to distinguish between

persistent and permanent AF.

2.4.2 cMRI measurements for left atrium

Images were analysed offline using QMass MR software (MEDIS, Leiden, The

Netherlands). LA maximum, the frame just before mitral valve opening, and
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minimum, the frame just after mitral valve closure, volumes were measured in
both 2 and 4 chamber views by the candidate and another experienced operator.
The LA endocardial border was manually traced. The anterior border was at the
mitral annular plane and the posterior border at the ostia of the pulmonary veins,
excluding the LA appendage. LA volumes were calculated using the area-length
method (Volume = 0.85 x Area” / Length) and LA emptying function (LAEF) was
calculated using the formula: [(LA max - LA min)/LA max] x 100 %. We also
calculated LA total emptying volume (reservoir function; (LA max-LA min) and

LA conduit volume as (LV stroke volume — LA total emptying volume) .

2.4.3 Statistical methods

The relations between LAEF and other variables were assessed by Pearson,
Spearman and point-biserial correlation coefficients. Patients were grouped as:
those without evidence of cardiac dysfunction; and, for patients with HF, by
LAEF quartiles. One-way ANOVA and Kruskal-Wallis tests were used to
compare continuous variables between groups, and chi-squared or Fisher’s exact

tests for categorical variables.

Simple and multiple linear regression models were used to identify variables
associated with LAEF. Only the variables associated with LAEF in univariable
analysis (p<0.1) were entered into the multivariable analysis. Two separate
models were tested, one including and one excluding measurements of RV size
and function, as a substantial proportion of patients did not have measurements of

RV function available.
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Associations between variables and prognosis were assessed using Cox
proportional hazards models. In order to prevent over-fitting, variables included in
prognostic models were restricted to age, sex, NYHA (I1I/IV versus I/11), IHD,
congestion score 2 or less versus >3, creatinine, albumin, haemoglobin and left
ventricular end-diastolic volume. To these were added log [NTproBNP] and
LAEF together and then separately. RV measurements were not included in the
multivariable analysis because these were available for only 549 patients with HF.
The proportional hazards assumption was checked by the scaled Schoenfeld
residual plot 3" and a global test of any proportional hazards violations were
evaluated based on the method proposed by Grambsch and Therneau *. The
overall model fit were evaluated by likelihood-ratio test and using the Cox-Snell
residuals. The models fitted the data well. The discrimination of the model was
accessed by Harrell's C. Kaplan-Meier curves with the log-rank statistic were used

to illustrate outcome.

2.5 The relationship of QRS morphology with cardiac structure and function
in patients with heart failure (part 2, paper 4)

2.5.1 Study population, definition of heart failure and main outcome

Consecutive ambulatory patients referred with suspected HF (2001-2011) to a
community HF clinic who had undergone cMRI as part of their investigation were
followed up prospectively but the analysis plan was developed post-hoc. HF was
defined by the presence of symptoms or signs of HF supported by objective

evidence of cardiac dysfunction: either a LVEF <50% on cMRI or raised plasma
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concentration of NTproBNP > 400ng/l (or >125pg/ml despite taking loop

diuretics). The primary outcome of interest was of all-cause mortality.

2.5.2 Definition of different QRS morphologies at ECG

A surface 12-lead ECG was recorded at rest, at a speed of 25 mm/s, and 10
mm/mV gain. QRS morphology and duration reported by ECG software were
confirmed by the doctor assessing the patient using standard criteria *°. For
patients who had QRS >120 msec, QRS morphology was defined as LBBB in the
presence of broad notched or slurred R wave in leads I, aVL, V5, and V6 and the
absence of a Q wave in leads I, V5 and V6; and as right bundle branch block
(RBBB) when rsr’, rsR’, or rSR’ complexes were found in leads V1 or V,. Cases
that did not fulfil these criteria were designated indeterminate ventricular

conduction delay (IVCD).

2.5.3 Definition of ischaemic heart disease

Ischaemic heart disease (IHD) was defined as a previous history of Ml or a >70%
narrowing in at least one major epicardial artery on angiography, or evidence of
significant scar on late-enhancement gadolinium contrast cMRI in a well-defined
coronary artery territory. If there was no evidence of important coronary artery
disease at angiography and no evidence of scar on late-enhancement gadolinium
scans, the patients were considered to have non-ischaemic dilated
cardiomyopathy. Those patients who had neither an angiogram, nor previous
history of MI nor late-enhancement gadolinium at cMRI were left unclassified (n

= 144 in total).
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2.5.4 Statistical methods

Independent samples t-tests, one-way ANOVA and Kruskal-Wallis tests were
used to compare continuous variables between groups, and chi-squared tests used
for categorical variables. Associations between variables and prognosis were
assessed using Cox proportional hazards models. Only variables associated with
outcome (p<0.1) in univariable analysis were entered into multivariable models.
Different multivariable models were tested, including and excluding
measurements of RV function (RVEF), as they were not available for a substantial
proportion of patients enrolled (24%). When RVEF was entered into the models,
multiple imputation method was used for imputing missing values of RVEF. To
impute the missing values of RVEF, age, hypertension, QRS duration, congestion,
creatinine, NYHA class, BSA, albumin, bilirubin, haemoglobin, LVEDV and
log(NTproBNP) were chosen for the imputation model (linear regression) because
of their correlation with RVEF. Kaplan-Meier curves with the log-rank statistic

were used to illustrate outcome.

2.6 Development of a newer ultrasound method to measure the jugular vein
diameter in ambulatory patients with heart failure (part 3, paper 5 and 6)

2.6.1 Study population, definition of heart failure and main outcome

Control subjects and ambulatory patients with HF enrolled in the Studies
Investigating Co-morbidities Aggravating Heart Failure (SICA-HF) . an
international observational study of the prevalence, incidence and impact of key
co-morbidities in ambulatory patients with a clinical diagnosis of chronic HF who

either had a LVEF <40% or a plasma concentration of NTproBNP >400ng/L or
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both, were invited to participate. Patients were assessed after attempts to optimise

their medical therapy.

Two reports were produced: the first explored the association of JVD ultrasound
measurements and other clinical characteristics in 211 patients and 20 controls
(paper 5); this cohort was extended enrolling more patients (until May 13) and

analysing the relationship between JVD measured by ultrasound and outcome

(paper 6).

The minimum follow up period was four months. The primary outcome of interest
was a composite of all-cause mortality or HF hospitalization. All data regarding
admissions and deaths were entered into a dedicated online database, and were
adjudicated at regular intervals by different researchers blind to any other

measurement collected at the time of the clinical visit.

2.6.2 Jugular vein measurements

With the patient reclining and head and neck elevated at 45°, the probe was placed
below the angle of the jaw and then moved inferiorly toward the angle of Louis

until the left internal JV was identified.

JV diameter and its changes were then measured continuously by M-mode or by
two dimensional ultrasound using a linear high frequency probe (10 MHz) at rest
(expiratory phase), during a Valsalva manoeuvre (performed by forceful

expiration against a closed glottis) and, finally, during deep inspiration (Figure 2).
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The ratio between maximum JV diameter during Valsalva and diameter at rest

was also calculated (JVD ratio).

Because in our laboratory the echocardiographic machine is situated on the left
side of the bed it was easier to measure left internal jugular vein diameter changes
as opposed to the right. Veins are easily compressible and it is important to apply

only very light pressure on the neck to avoid inaccurate vein measurements.

Jugular Vein Diameter (JVD) - em

NT-proBNP Quartile 1 | NT-proBNP Quartile 4

1. Baseline: 0.20 1. Baseline: 0.94

Valsalva: 1.19 2. Valsalva: 1.68

3. Deep inspiration: 0.12 | 3. Deep inspiration: 0,88

Ratio : 5.95 Ratio: 1.78

Figure 2: Jugular Vein Measurements. With the patient reclining and head and
neck elevated at 45°, the internal jugular vein (JV) is identified and JV diameter
(JVD) and its changes are measured continuously by M-mode ultrasound at rest in
the expiratory phase (1), then during a Valsalva manoeuvre (2) and, finally, during
deep inspiration (3). The ratio between maximum JV diameter during Valsalva
and diameter at rest is calculated (JVD ratio). JVD changes and JVD ratio in
different patients with HF are shown (on the left side, for a patient in the lowest
NTproBNP quartile and on the right side for a patient in the highest NTproBNP
quartile). The scale used is different in each panel.

2.6.3 Statistical methods

Twenty JV measurements were randomly selected and measured separately by the

applicant and another operator blind to each other’s results. The intra- and inter-
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operators reproducibility of the JVD measurements were tested using the Bland-
Altman method.

The relations between JVD and other variables were assessed by scatter plots and
using Pearson, Spearman and point-biserial correlation coefficients depending on
distribution of the data. One-way ANOVA and Kruskal-Wallis tests were used to
compare continuous variables between groups depending on the normality of the

distribution, and the chi-squared test for categorical variables.

Simple and multiple linear regression models were used to identify variables
associated with JVD ratio. Only variables that were significantly associated with
JVD ratio in univariable analysis (p<0.1) were entered into the multivariable
analysis. A ROC curve for the relationship between JVD ratio and prognosis at

one year was constructed to identify the Youden index.

2.6.3.1 Analysis 1

Two different multivariable Cox proportional hazard regression models were used
to investigate the relationship of JVD and prognosis using a limited number of
variables to prevent statistical overfitting. In Model A, we chose, prospectively,
five candidate variables of interest (age, NYHA class, urea, haemoglobin and log
[NTproBNP]) in addition to ultrasound JVD measurements; and for Model B, we
selected the three echocardiographic variables that were most strongly associated
with prognosis in univariable analysis, in addition to age, log (NTproBNP) and

JVD measurements.
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2.6.3.2 Analysis 2

In order to estimate the predictive value of the different variables of interest, |
constructed a basic model, and then tested the additive value of each potential
variable (and combinations of variables) in turn. The basic model included age,
sex and four variables strongly associated with prognosis in univariable analysis:
NYHA (11 v 1I/1), creatinine, haemoglobin and LVEF. The variables of interest
to be added to the basic model were: log (NTproBNP), clinical (JVP assessment
2/1 vs 0) and ultrasound measurements or right atrial pressure (either IVC
diameter or JVD measurements). The incremental value of the variables (the
model’s cumulative discrimination) was measured using Harrell's C statistic.

Kaplan-Meier curves with the log-rank statistic were used to illustrate outcome.
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CHAPTER III. Results

3.1 Associations of 1VC with outcome in ambulatory patients with heart
failure (part 1; paper 1)

3.1.1 Inferior vena cava measurements

Internal consistency (Cronbach’s alpha = 0.993 with 95% CI (0.989, 0.996)) and
reproducibility (Bland Altman plot: Mean difference = -0.040, 95% limits of
agreement: -2.480, 2.400 mm) of measurements of I\VVC diameter were good. The
distribution of IVC diameter for patients with and without HF is shown in figure

3.
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Figure 3: The distribution of IVC diameter in
patients without (left panel) or with (right panel)
heart failure (HF).

3.1.2 Patient characteristics

Of the 721 patients enrolled, 4 were excluded because NTproBNP results were not

available and 24 because IVC was poorly visualised. A total of 693 patients were
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studied: 372 patients (53%) had an LVEF <45%, 196 (29%) had LVEF>45%,
with both a dilated LA and raised NTproBNP, and 125 (18%) were considered not

to have HF (supplementary table 1).

Patients with HF in the highest tertile of 1\VC diameter were older, were more
likely to have AF and to be treated with diuretics. They had more severe
symptoms, more signs of congestion and higher NTproBNP plasma levels. They
also had larger LA volumes, more mitral and tricuspid regurgitation, more severe
RV dysfunction and higher pulmonary pressures. LVEF and blood pressure were

similar across tertiles (supplementary table 1).

3.1.3 Correlates of Inferior Vena Cava Diameter

In patients with HF, IVC diameter correlated with log (NTproBNP) (r=0.55;
p<0.001), with congestion index and with the individual signs used to derive that
score (peripheral oedema: r= 0.30; p<0.001; lung crepitations: r=0.17; p <0.001,;

JVP: r=0.31; p <0.001; hepatomegaly: r=0.22; p<0.001).

There was no relation between IVC diameter and measures of LV volumes or
systolic function but there was a weak correlation between IVC diameter and

GLS.

Increasing age, Log (NTproBNP), LAVI and estimated systolic pulmonary artery
pressure, AF and tricuspid regurgitation were independently associated with

increasing IVC diameter (Table 1; overall R?=0.53).
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Variables associated with IVC diameter | Univariable analysis Multivariable analysis
Unstandardized
Correlation t-stat
p-value Coefficients
Coefficient [p-value)
[wiith 955 CI)
Clinical data
| Age 0.18 <001 |-0.53(-0.87,-0.20) | -3.17 (=0.01)
hen 0.01 0.92
MYHA class 0.25 <0.01
IHD =0.07 0.10
DM -0.10 0.80
HTM {or SBF > 140 mmHEg) -0.03 Q.55
Smoker -0.08 0.05
Atrial fibrillation 0.42 <D.01 152 (0.67,2.38) | 3.51 (=0.01)
COPD 0.02 0.65
SBP — mmHg -0.06 0.13
Heart rate - bpm 0.07 0.12
BMI - lkg/m? -0.10 0.02
Congestion >3 0.34 <0.01
Blood Test
Creatinine = umol/l 0.15 <0.01
Urea® — mmaol/l 0.19 <0.01
eGFR — mlfmin/1.73m? -0.14 <D.01
Haemoglobin - g/dl -0.21 <0.01
Albumin- g/fl -0.20 <001
Bilirubin —umal/] 0.32 <0.01
Cholesteral - mmal/L -0.19 =0.01
NT-proBNP® — ng/l 0.55 <0.01 2.55 (1.69,3.40) | S.87 (=0.01)
hsCRE® — mg/l 0,04 0.36
Echocardiographic data
LVEDD - mm 0.05 0.27
LVEDV = ml 0.06 0.15
LVEF (%) 0.02 0.61
GLS (%) 0.10 0.02
LA diameter — mm 0.38 <001
LA area— mmi 0.47 <0.01
LAVI - mlfm? 0.44 <0.01 | 0.02(0.08,0.40) | 2.99 (<0.01)
TAPSE —mm -0.34 <0.01
TR gradient - mmHg 0.54 <0.01 0.09 (0.05,0.12) | 4.95 (<0.01)
Mitral regurgitation 0.33 <0.01
Tricuspid regurgitation 0.48 <0.01 1.24 (0.63,1 B86) 3.98 (<0.01)

Table 1: Vanables assogated with infenior vena cava [IVC) diameter in patients with heart failure [n 563). A log transformation was also
done for wariables labelled with * before conducting the analysis to satisfy the modd assumptions The oolumns for the multivarioble
analyss [right] show the coefficients for dope of the linear relaton between all the vanables independently assooated with IV diameter
(R?=0.53]]. List of abbrewation used: NYHA — New York Heart Association; IHD - [schemic Heart Diseass; DM — Diabetes Mellitus; HTN —
Hypertension; COPD - Chronic Obstructive Pulmonary Disegse; SBFP - Systolic Blood Pressure; BMI - Body Mass Index; oGFR - estimated
Glamerular Fltration Rate; NToroBNP - N-terminal B-type notriuretic peptide; hsCRP - high senstwity C-reactive protain; [VEDD - Left
Ventnde End-Diastolic Diameter; LVEDV - Left Ventnde End Duastolic Voflume; LVEF — Left Ventricwar Ejection Fraction; GLS - Global
Longitudingl Strain; LA —Left Atrivm; LAVT - Left Atrial Volume [ndex; TAPSE - Tricuspid Annular Flane Systolic Excursion; TR gradient- Trans-
Tricuspid systolic gradient

3.1.4 IVC, worsening heart failure or cardiovascular death

Patients with HF were followed up for a median of 567 (IQR: 413 — 736) days.
The minimum follow up in survivors was 365 days. There were 158 events (78
patients were admitted to hospital with HF and 80 died due to CV causes, of

which 48 were attributed to HF, 26 to out of hospital sudden death and five to a
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myocardial infarction and one to a stroke). Neither LVEF nor GLS predicted

events (table 2).

Multivariabla analysis
Variables Univariable analysis Multivariable analysis HT-proBNP excluded
IV et ludied
HR(95% CI) | waldy?® |p-value | HR(95% CI) |[waldy? |p-value | HR(95% C1) |waldy?® | p-value
Age -years 1.03 (1.01,1.05) 15.90 <0.01
Men 1.00 (0.71,1.41) 0.01 0.89
NYHA classiiivs, | /il 220(1.75,3.33) | 3008 | <001 | 1.65([1.15,237) 7.34 <001 | 1.66(1.15,240) 7.56 <0.01
1.58 (1.08,2.28) 5.86 0.02
IHD 0,88 (0.63,1.18) 077 038
oM 101 (0.71,1.31) 0.01 0.87
Hypertension or 0,61 (0.45,0.84) 74T <001 | 0.67(0.45,0.98) 412 002 | 0.67(0.45,0.98) 420 [
SEP >140mmHg - - -
Atrial fibeillEion 175(1.28,240) | 1244 | <0m
COPD 1.05 {0.65,1.70) 0.4 0.84
SBP—mmHg 0.99 (0.98,1.00) 7.60 <0.01
Heartrate- bpm 1.0d (0.99,1.02) 1.2 0.25
BMI - kg/m* 0.96 (0.93,0.99) 7.73 <0.01
Congestion >3 signs 277 (1.94,3.93 31.80 <0.01
VP 2.29(1.86,2.81 6244 <0.01
Creatinine—umol/l 101 (1.00,1.01 3928 | <0.01
Urea - mmol/| 110{107,112) | s068 | <001 | 1.06(102109) | 1127 <001 | 106({1.03109) | 1314 | <001
1.05 {1.02,1.08) 8.21 <001
eGFR =mil/min/173m" 093 (0.97,093) | 2145 <0.01
FHaemeglobin-g/dl 0.77(0.71,084) | 3547 | <01
Albumin=g/1 0.89(0B6093) | 2998 | <001
Billirubin—umal/| 104 (1.012.06) | 1030 | <001
Cholesterol- mmol/L 0.72 (0.64,0.85) 15.08 <0.01
Log (NT-proBNP) 4,36 (3.14,6.08) 77.31 <0.01 - - -
1.76 {1.05,2.98) 4,67 0.03
hsCRP—mg/l 1.01 {1.00,1.02) G.EE <0.01
IVC-mm 117(1.13220) | 11218 | <001 | 1.12(2.07,117) | 2151 [ <0001 | 1.13(208,118 | 2548 | <0.02
LVEDV - mi 100 (0.99,1.00) 158 0.21
LVEDD - mm 101 (0.99,1.03) 083 0.36
LVEF (%) 0.99 (0.98,1.01) 0.38 0.54
GLS (%) 1.04 (0.99,1.08) 2.93 0.09
LA diameter - mm 104(1.02-1.06) | 1636 | <0.01
LAVI - mljm® 102(1.01,102) | 4498 [ <0m
TAPSE— mm 0.90 (0.87,0.93) 30.26 <0.01
TR gradient - mmHg 1.05 (1.04,1.08) 8492 <0.01 - - -
1.02 (1.01,1.08) .76 <0.01
Mitral regurgitation 1.82 (1.50,2.21) 36.79 <0.01
MR Moderatevs, Mild 2,79 (2.00,3.89) 36.71 <0,01
Tricuspidregurg iation 2.29(1.87.282) | 6259 [ <001
TR: Moderatevs. Mild 489(260581) | 2398 | <001

Table 2 Univarable and muktivariable Cox regression models for the composite endpoint CV death or HF hospitalization in patients with HF fn =
565 patients with heart fadure who had 155 events). In the first column the univarable analysis is shown, the second column shows g multvariable
model based on a more robust dara set, which indudes both LogNTproBNFP and Inferior Vena Cava [IVC) diameter. In the last column two different
multvariohie models have been tested: one excluding loghiToroBNF and one excluding IV diameter. List of abbreviation used: NYHA — New York
Heart Associgtion; [HD - [schemic Heart Diseqse; DM — Diabetes Mellitus; COPD - Chronic Obstructive Pulmonary Disegse; SBF - Systolic Blood
Pressure; BMI - Body Mass Index; IVP - Jugular Venous Pressure [ e3FR - estimated Glomerwar Filtration Rate; NTproBNF - N-terminal B-type
natriuretic peptide; hsCRF - high senstvity C-reactive protein; [VEDD - Left Ventnde End-Digstolic Diometer; LVEDV - Left Ventnde End Digsmolic
Violume; LVEF —Left Ventricwar Ejection Fraction; GLS - Global Longitudingl Strain; LA — left atrivm; LAV - Left Atminl Volume Index; TAPSE -
Tricuspid Annular Flane Systolic Excursion; TR gradient- Trans-Tricuspid systolic gradient, MR: mitral regurgitation; TR: tnicuspid regurgitation.

IVC diameter was the strongest predictor of adverse prognosis in the univariable

analysis. In multivariable analysis, the “parsimonious” model (table 3) identified

decreasing systolic blood pressure, and increasing NYHA class, urea, IVC

diameter and the trans-tricuspid systolic gradient as independent predictors of

poor outcome.
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When IVC diameter was excluded, Log (NTproBNP) and LAVI entered the
model. When a more extensive data set was used (Table 2) and both log
(NTproBNP) and IVC diameter were included, IVC diameter but not log

(NTproBNP) was independently associated with a poor outcome.

) Multivariable anakysis
Variables Multivariable analysis WE excluded
HR (95% €1) Wald 3¥ prvalue HR (95% €1} Wald 12 pvalue

Age - years 1.01 [0.95.1.03) 1.05 031 1.01 (0.99.1.02) 031 0.57
NYHA classillvs. If11 1.51 (1.08.3.11) 5.83 0.02 1.49 (1.06.2.08) 522 0.02
SBP - mmHg 0.599 (0.98,1.00) 6.26 0uo1 0.99 (0.95.1.00) 7.90 <001
Urea - mmely] 1,05 (1.01,1.08) .19 <0.01 1.05 (1.01,1.08) 8.45 <0.01
Haemoglobin - gfd| 092 (0.83,1.02) 231 013 093 (0.84.1.03) 199 0.16
Log [NT-preBNP]- pg/ml 1.36 (0.85.3.11) 167 0.20 1.85 (1.18.2.89) 7.13 <001
IVE - mm 1.10 (1.06,1.14) 2628 <001 . - -

LVEF = % 1,00 (0.99,1.02) 0.05 082 1.00 (0.99,1.01) 0.09 0.76
LAl - mlfml 1.00 (0.99,1.01) 148 023 101 (1.00,1.01) 4.64 0.03
TR gradient - mmHg 1,02 (1.00,1.03) &4.09 0.4 1.03 (1.01,1.04) 13.77 <0.01

Table 3: A “parsmonious” multivanable Cox regression model for the composite endpoint of CV death or HF hospitalization in patients with HF.
To avaid over-fitting, eight candidate variables of interest in addition to inferior veng cowa (IVC) diameter and N-termingl B-type natriuretic
peptide (NT-oroBNP) were chosen. On the left, the modd indudes IVE On the nght, IVC was exduded. List of abbreviation used: NYHA — New
York Heart Azsog'ation; 58P - systolic Bood pressure; LVEF —Ieft ventricwlar ejecton fracoion; LAV - left atrial volume index; TR gradient - Trans-
Tricuspid systolic gradient

Patients in the highest tertile of IVC diameter had about a 40% risk of an adverse
event within the first year; patients with HF in the lowest tertile of IVC diameter

had a similar outcome to subjects who did not have HF (Figure 4).
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Figure 4: Kaplan-Meier (KM) curves for the primary composite endpoint (HF
hespitalization or CV death) in patients without heart failure (solid blue line)
and by tertiles of IVC diameter in patients with heart failure (red is lowest
tertile, green is mid-tertile and orange is highest tertile). Patients in the lowest
tertile of IVC diameter had a similar rate of events to those considered not to
have heart failure. For patients with HF, the hazard ratio for this outcome was
7.02 (95% Cl: 4.34 -11.37; p<0.001) in the highest versus lowest tertile.
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ROC curves for outcome at one year (Figure 5) showed no difference between

IVC diameter and log (NTproBNP) (p= 0.20).
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Figure 5: ROC curves for IVC diameter and Log [NT-proBNP] in predicting event-
free survival to one year (HF admissions and CV death): IVC had a slightly greater
area under the curve (AUC, 0.76 with a 95% Cl: 0.71-0.81) than Log [NT-proBNP]
(AUC: 0.73, 95% Cl: 0.68-0.78); but the difference was not statistically significant

(p=0.20).

Amongst other echocardiographic measures, 1VC diameter had the greatest area

under the curve in predicting survival to one year (figure 6).
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Figure 6: ROC curves for IVC diameter and other echocardiographic measures
(LAVI, TAPSE, TR gradient and GLS) in predicting the combined endpoint of HF
admissions and CV death. IVC diameter had a greater AUC (0.76 with a 95% CI:
0.70-0.81) than TR gradient (AUC: 0.73, 95% Ci: 0.67-0.78), LAVI (AUC: 0.64,
95% Cl: 0.59-0.71), GLS (AUC: 0.51, 95% Cl: 0.44-0.58) or TAPSE (AUC: 0.37,
95% Cl: 0.31-0.43). The difference was statistically significant (° = 78.44;

p<0.001).
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3.1.5 Inferior vena cava diameter and total mortality

During a median follow-up of 600 (IQR: 449-756) days, 98 patients (17%) with
HF died. The “parsimonious” model (Table 4) identified decreasing haemoglobin
and systolic blood pressure, and increasing age, urea and IVC diameter as
independent predictors of mortality. When IVC diameter was excluded, increasing

Log (NTproBNP) entered the model.

) . . Multivariable analyzis
Variables Multivarisble analysis IV excluded
HR (95% Ci) Wald ¥* prvalue HR [95% C1) Wald ¢* pvalue

Age - years 1.03 (1.01,1.06) 6.25 0.01 1.03 (1.00,1.06) .75 0.03
HYHA class i1l vs_ Il 1.21 (0.80,1.84) 0.E1 037 1.21 (0.79,1.85) 0.78 0.38
SAF - mmHg 0,98 {0.97,0.99) 11.10 <0.01 0.98 (0.97,0.99) 10.66 <0.01
Ures - menol/] 1.04 (1,01,1.08) 533 0.02 1,05 (1.01,1.08) 5.80 0,01
Haemoglobin - g/dl 0.82 (0.72,0.53) 5913 =0.01 0.83 (0.74.0.94) 8.46 <0.01
Log [NT-proBHP)] pgfml 1.48 (0.82.2.65) 169 0.19 1.92 (1.10.3.36) 524 .02
IVE = mm 1.09 (1.04.1 14) 1176 <001 - - -

LVEF - % 1.01 (0.99,1.02) 040 0.53 1.01 (0.99,1.02) 075 0.38
Lol - il fm? 1.00 (0.99,1.01) 084 0.36 1,01 (0.99,1.01) 2.06 0.15
TR gradient - mmHg 1.00 (0.98.1.02) 0.10 0.75 1.01 (0.99.1.03) 165 0.20

Table 4: A “parsmonious” multhanable Cox regression modd for the secondary endpoint of death forall causes in patients with HE. To avoid over-

fitting, eight candidate vanables of interest in addition to inferior vena cava [IVC] diameter and N-termingl B-type natriuretic peptide (NT-oroBNF)
were chosen. On the left, the modd includes [VC. On the right, IVC was excluded. List of abbreviation used: 58P - systolic blood pressure; LVEF —left
ventricular ejection fraction; LAV - left atriol volume index; TR gradient- Trans-Tricuspid sysrolic gradient.

The relation between both IVC diameter and Log (NTproBNP) and one year

mortality was similar on ROC curve analysis (Figure 7).
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Figure 7: ROC curves for IVC diameter (AUC 0.73 with 95% ClI:
0.66-0.80) and log [NT-proBNP] (AUC 0.75 with 95% Cl: 0.69-
0.81) in predicting all-cause mortality at one year (p=0.61 for
the difference).
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3.2 Associations of GLS with outcome in ambulatory patients with HFNEF
(part 1, paper 2)

3.2.1 Patient characteristics

In the 20 control subjects, the mean age (SD) was 65+11 years, 55% were women
and their echocardiograms were normal: mean (z standard deviation) LVEF was
60+5%, mean GLS Dby speckle tracking was -19.1+2.1% and median plasma

NTproBNP was 107 pg/ml (IQR: 46 — 147).

Of the 780 consecutive patients assessed in clinic, 313 (40%) had symptoms or
signs suspicious of HF and an LVEF >50%, thus fulfilling the study criteria

(Table 2 supplementary).

Of the 313 patients with LVEF >50%, 76 were considered not to have HFNEF, 99
to have possible HFNEF and 138 to have definite HFNEF. Compared to the
control group, patients with definite HFNEF were older, were more likely to have
AF, had more symptoms and more signs of fluid retention, and were more likely
to be treated with diuretics. The proportion of patients with a history of IHD,
diabetes, hypertension and COPD were similar in all three groups of patients, but

fewer patients in Group A (no substantial cardiac dysfunction) had AF.

When the analysis was restricted to patients in sinus rhythm, patients with definite

HFNEF still were older, had more symptoms, worse renal function and higher

systolic blood pressure and NTproBNP levels than the other two subgroups.
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3.2.2 Echocardiographic findings

LVEF was similar in all three sub-groups of patients and in control subjects. GLS
was impaired in both groups of patients compared to control subjects but most
severely impaired in patients who fulfilled our criteria for definite HFNEF
(Group A:-15.9 (2.4)%, Group B: - 15.2 (3.1)%, Group C (HFNEF): - 13.6
(3.0)%; p<0.001). Patients with definite HFNEF had greater LV volumes, more
RV dysfunction (as estimated by TAPSE) and more substantial mitral and
tricuspid regurgitation than the other two groups. They also had higher pulmonary
pressure and IVC diameter (Table 2 supplementary). Similar results were seen

when the analysis was restricted to patients in sinus rhythm.

For 14 patients (3 with no heart disease, 4 with possible HFNEF and 7 with
definite HFNEF) analysis of GLS was not possible due to poor quality images.
For other patients, 85% of LV segments could be analyzed. Internal consistency
and reproducibility of measurements of GLS (mean difference = 0.12 %; 95%
Limits of agreement: -0.75, 0.99) and individual segments (mean difference =

0.12%; 95% Limits of agreement: -4.16, 4.40) were good.

Amongst the patient group as a whole, GLS was more negative (better function)
in women v men [-15.8 (3.0) % v -13.8 (2.8) %, p<0.001] and in those with no
history of IHD [-15.2 (3.0) % v -14.0 (2.9) %, p=0.001]. GLS was higher (more
impaired) in patients who were taking loop diuretics (-14.4 (3.0) % v -15.4 (3.0)
%, p=0.007). There was no relation between GLS and either NYHA class or
congestion score. There was no relation between GLS and age (r: -0.06, p=0.31)

but there was a relation between GLS and log (NTproBNP) (worsening long axis
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function associated with increasing NTproBNP, r: 0.32, p<0.001 figure 8)) and

renal function (creatinine: r: 0.20, p=0.001, urea: r: 0.16, p=0.009).
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Figure 8: Relation between GLS and log (NT-proBNP): LV long axis
function worsens with higher plasma concentrations of NT-proBNP.

3.2.3 Outcome

All patients were followed for at least one year. There were 62 primary outcome
events during the median follow up of 572 (IQ range: 440 - 736) days. The first
qualifying event was hospitalisation due to worsening HF in 30 patients and CV

death in 32 patients.

In univariable Cox regression analysis (Table 5), GLS, but not LVEF, predicted
events. Left atrial diameter, TAPSE, TR systolic gradient as well as moderate
mitral regurgitation or tricuspid regurgitation were also associated with a worse

outcome.
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Variables

Univariable analysis

HR (95% C1) 12 |p-value
| Age - years 106 (1.03-1.09) | 15.60 | <0.001
Men 1.0% {0.62-1.71) | 0.02 | 0.902
MNYHA class Il 3.32 il.ﬂﬁ-11.51| 3.52 | 0.039
MNYHA class il 6.70 (2.05-21.90) | 6.70 | 0.002
Definite HFMEF 4.32 (2.44-7.64] | 25.32 | <0.001 |
IHD 1.14 (0.6%-1.859) | 0.26 | 0611
DM 0.75 (0.44-1.27) | 113 | 0.287
Atrial fibrillation 2.35 (1.52-4.26] |12.74 | <0.001 |
COPD 2.35 (0.94-5.88) | 3.34 | 0.068
SBP - mmHg 0.99 (0.98-1.01) | 0.70 | 0.401 |
Heart rate - bpm 0,59 (0.98-1.01) | 0.06 | 0.809
BMI - kg/m? 0.99 (0.96-1.04) | 0.04 | 0.846
Congestion score >3 3.BB (2.31-6.51) | 26.38 | <0.001
Creatinine =umol/| 1.00 {1.01-1.01) |20.26 | <0.001
Urea — mmol/I 1.10 (1.07-1.14] | 36.86 | <0.001
eGFR-ml/min/L.73m? | 0.98 (0.97-0.99) | &79 | 0.003
Haemoglobin - g/dl 0.67 (0.58-0.77) | 32.59 | <0.001
Albumin-g/l 0.87 (0.82-0.93) | 16.82 | <0.001 |
| Bilirubin— umol/I 1.02 {0.98-1.06) | 0.69 | 0.405
| Log (NT-proBNP) 6.09 (3.73-9.96) | 51.93 | <0.001
| Log (hsCRP) 2.13 (1.38-3.28) [11.72 | 0.001
Echocardiographic data
| LVEDV - ml 1.00(0.99-1.01) | 1.36 | 0.243 |
LVEF - % 1.00 {0.96-1.04] | 0.00 | 0.991 |
GLS - % 1.09 {1.00-1.19) | 3.98 | 0.045
L& Diameter- mm 1.07 (1.04-1.09) | 22.46 | <0.001
LAVI - mlfm? 1.02 {1.01-1.03) | 30.23 [ <0.001
TAPSE= mm 0.87 (0.82-0.93) |19.65 | <0.001
| TR gradient - mmHg 1.04 {1.03-1.06) | 33.55 | <0.001
IVC- mm 1.21 {1.15-1.26) | 72.94 | <0.001
Mitral regurgitation
Mild 1.35 (0.69-2.65) | 0.75 | 0.385
Moderate/Severe 4,67 (2.66-8.21) | 28.68 | <0.001
Tricuspid regurgitation
Mild 2.15(1.17-3.95) | 6.18 | 0.0132
Moderate/Severe | 5.48 (2.89-10.38) | 27.23 | <0.001

Table 5: Univanable Cox regression models for the composte endopoint OV death
or HF hospitaliztion (313 potients, &2 events). List of abbreviation used: HD -
ischemic heart disegsze; DN — digbetes mellifus; COPD - chronic obstrucive
puimaonary dizegse; 58P - systolic Wood pressure; BV - body mass index; eGFR -
estimated Glomerular Rftrotion Rate; NTproBNF - N-terminal B-type notriuretic
peptide; hsCRF - high sensitiwty C-reactive protein; LVEDV - Igft ventnde end
digstalic vofume; LVEF — left ventncwar sjecton fracion; GL5 - global
longitudinal strain; LA — Left atrium; LAM - Igft atral volume index; TAPSE -
Tricuspid Annular Flane Systofic Excursion
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In multivariable analysis, increasing urea and log (NTproBNP) were the only

variables independently related to an adverse outcome in Model A (Table 6).

Variables Multivariableanalysis
HR (95% CI) Wald y? p-value
| Age 1.01 (0.97,1.04) 0.16 0.63
Definite HFMEF 1.74 (0.87- 3.67) 2.15 0.14
MNYHA class lllvsil 1.49 (0.82,2.65) 1.69 0.19
SBP— mmHg 0.99 (0.98,1.00) 2.17 0.14
Urea —mmal/] 1.11 (1.05,1.17) 17.30 <0.01
Atrial fibrillation 1.33 (0.58,2.61) 0.69 0.40
| Log (NT-proBNP) 3.57 (1.61,7.89) 9.91 <0.01
GLS - % 0.99 (0.90,1.11) 0.06 0.80
Congestion scorg >3 1.63 (0.86,3.10) 2.21 0.14
| TR gradient-mmHg 1.00 (0.98,1.02) 0.11 0.74

Table &. A muitvariable Cox regression for the primary endpoint of CV death and
admizsion with heart faidure Modd A eight candidote warigbles of dinical interest
in addition to Global longitudingl strain (GLS] and the diagnostic categary (Definite
HFMEF vs. others] were chosen. List of abbrevigtion used: 5BP - systolic Blood
pressure; NToroBMNP - N-terminal B-type notnuretc peptide; TR gradient- Trans-

Tricuspid systolic gradient.

In Model B (Table 7), increasing urea and logNTproBNP, as well as increasing

LAVI, IVC diameter and the presence of AF were independently related to

outcome.
Variables Multivariableanalysis Multivariable analysis
CV death and admission with heart failure Death from all causes
HR (95% CI) Wald 32 p-value HR [95% C1) Wald 2 p-value

| Age 1.02 (0.97, 1.04) 0.14 0.91 1.02 (0.98, 1.06) 0.98 0.32
AF 2.51 (1.23, 5,12) 6.45 0.01 2,27 (1.03, 4.98) 4.17 0.04
Congestion score >3 1.64 (0.93, 2.98) 3.09 0.08 1.75 (0.91, 3.48) 2.85 0.09
Urea — mmol/| 1.10 (1.05,1.16) 16.19 <0.01 1.02 (0.98,1.09) 1.61 0.20
Log (NT-proBNP] 2.52 (1.25, 5.07) 6.72 <0.01 3.74 (1.71, 8.21) 10.83 <0.01
Definite HFNEF 1.01 (0.47, 2.19) 0.01 0.98 2.41 (1.07, 5.43) 4.47 0.03
LAVI- mifm? 1.01 (1.00, 1.02) 4.01 0.04 1.01 (1.00, 1.03) 4.00 0.04
IVC - mm 1.15 (1.09, 1.23) 21.71 <0.01 1.05 (0.97, 1.13) 1.49 0.22

Table 7. A multivanable Cox regression jor the pnmary endpoint of CV death and admisson with heart faidure [left]) and for the
secondary endpoint of death jor all causes (nght]. Model B: The eight vanables which were the strongest independent predictors
of adverse outoome in the univanable analyss. Uist of abbrewation used: AF: atrnal fibrillotion; NTproBNFP - N-terminal B-type
natriuretic peptide; IVC: inferior vena cova digmeter; LAVT: left atrial volume index

46




Patients with a definite diagnosis of HFNEF had the highest rate of adverse

events; 25% at 1 year (Figure 9).
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Figure 9: Kaplan-Meier (KM) curves for the composite endpoint (HF
hospitalization or CV death) in patients considered to have no
evidence of significant cardiac disease (solid blue line, Group A), in
patients with “possible HFNEF” (red line, Group B) and patients with
definite HFNEF (green line, Group C). For patients with definite
HFNEF, the hazard ratio for this outcome was 7.86 (95% Cl: 2.82 -
21.87; p<0.001) compared to those considered not to have evidence
of significant cardiac disease.

No HFMEF —_— e — Possible HENEF —— = = Oefinite HFNEF ‘

There were 48 deaths during the median follow of 598 (1Q range: 471 - 756) days
for all patients: AF, a greater LAVI and higher plasma NTproBNP were
independent predictors of all-cause mortality (Table 7). Thus, a definite diagnosis

of HFNEF was associated with increased all-cause mortality.
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3.3 Associations of left atrial function and outcome in ambulatory patients
with heart failure (Part 2, paper 3)

3.3.1 Reproducibility of measurements of left atrial volumes and ejection
fraction

Twenty five LA measurements (volumes and LAEF in two- and four-chamber
views) were randomly selected and measured separately by myself and another
experienced operator. The reproducibility of LA measurements was tested using
the Bland-Altman method. Reproducibility of LAEF was good (mean difference
for two- versus four-chamber (xSD) for operator 1: -1.44+3.96%; for operator 2: -
4.43+7.4%; inter-observer variability: mean difference (£SD) for LAEF for two-
chamber view: 0.43+4.06%, mean difference for four-chamber view: -
0.65+9.25%).

A strong linear relation was found between LAEF measured in the two- and four-
chamber views, overall (r=0.89; p<0.001), for controls (r=0.75, p<0.001) and for
patients with HF (r=0.90, p<0.001). The four-chamber view was used in

subsequent analyses.

3.3.2 Patient characteristics

Of 982 patients enrolled, 664 were in sinus rhythm and were considered to have
HF. For patients with HF, median (IQR) age was 69 (61-75) years, median LVEF
was 37 (29-46) % and median plasma NTproBNP was 864 (388-1978) ng/l. Of
patients with HF, most were men (79%), had IHD (71%) and 82% had an LVEF

<50% (Table 3 supplementary).
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3.3.3 LA function: measurements and correlates

LA volumes were larger and LAEF lower in patients with confirmed HF
compared to those in whom the criteria for HF were not met. Amongst patients
with HF, those in the lowest quartile (worst function) of LAEF had worse kidney
and liver function, lower body mass index (BMI), higher plasma concentrations of

NTproBNP and were taking more loop diuretics.

They also had lower LVEF, larger LV, LA and RV volumes, higher LV and RV
mass and more mitral and tricuspid regurgitation when compared to those in the
highest quartile. LA emptying volume decreased as LAEF declined (Table 3

supplementary).

In patients with HF, Log (LAEF) was correlated inversely with log (NTproBNP)

and positively with LVEF (Table 8).
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Variables associated with LAEF*

Univariable analysis

Multivariable analysis
Upper line-RY included

ower line- RV excluded

Unstandardized

Correlation t-stat
p-value Coefficients
Coefficient [p-value)
[with §5% CI)
Clinical data
Age - years -0.025 0.524
SBP — mmHg 0.111 0.004
Heart rate - bpm -0.110 0.005
BMI - kg/m? 0.111 0.004
854 — m? 0.063 0.107

Blood Test

Creatinine —pumal/l

-0.100 0.010

Urea® — mmol/l

-0.135 <0.001

Haemoglobin - g/dl

0.058 0.137

Albumin—g/fl

0.030 0.446

Bilirubin=pmol/l

-0.228 <0.001

-0.004 (-0.006,-0.001) | -2.986 (0.003)
-0.005 (-0.008,-0.003) | -4.812 (<0.001)

NT-proBWP* — ng/l

-0.410 <0.001

-0.096 (-0.130,-0.062) | -5.583 (<0.001)
-0.100 (-0.130,-0.069) | -6.440 (<0.001)

MRI Data
LVEDV = ml -0.383 <0.001
LVEF =% 0.437 <0,001 | 0.004(0.002,0.006) | 4.598 (<0.001)
0.004 (0.003, 0.006) | 6.918 (<0.001)
LV mass—g -0.232 <0.001 - -

0.000 (-0.001,0.000) | -2.144 (0.032)

LA Max —4ch-ml

-0.383 <0.001

LA Max =2ch-ml

-0.339 <0.001

LA total emptying volume -ml

0.434 <0.001

LA conduitvolume - ml

-0.240 <0.001

RVEDV - ml -0.246 <0.001
RVEF - % 0.470 <0001 | 0.004(0.003,0.005) | 6.370(<0.001)
RV mass-g -0.210 <0.001

Mitral regurgitation (>mild)

-0.248 <0.001

-0.036 (-0.068,-0.005) | -2.293 (0.022)
-0.050 (-0.079,-0.022) | -3.458 (0.001)

Table 8: Varables assocated with Log [LAEF) in patients with heart fallure. List of abbreviation used: LAEF : Left Atnal Ejection Fraction; 5BP - Systolic Bood
Pressure; BMI - Body Mass Index; B5A: Body surface Area; NTproBNP - N-terminal B-type natriuretic peptide; LVEDV - Left Ventricle End Diastolic Velume; LVEF —
Left Ventricular ection Fraction; LV: Left Ventricle; RVEDV - Right Ventricle End Diastolic Vblume; RVEF — Right Ventrcular Ejection Fraction; RV: Right Ventricle.
Two modes were tested. In the first RV measurements were included, in the second RV measurements were excluded [Variables entered in Model 1 [RV
measurements induded): NTproBNF*, Bilirubin, Heart rate, LV mass, Urea™, BMI, RVEF, Age, LVEF, RVEDV, 5BF, Mitral regurgitation. R=0.62 R:=035, Adjusted
R2=037. Variables entered in model 2 [RV measurements exduded): NTorsBNP*, Bilirubin, Heart rate, LV mass, Urea™, BMI, Age, LVEF, 5BF, Mitral regurgitation;
R=0.56, R*=0.32, Adjusted R*=031). *Logtransformation has been used for comelations.

LAEF was similar in men and women (Table 9). LAEF was only weakly related

to the severity of symptoms or congestion but this dissociation may be because

patients with lower LAEF were prescribed higher doses of diuretics.

Group

LA EF (median and IQR)

0

1 P value

Sex (0=Women,1=Men)

42 (30-50) | 42 (31-51) | 0.238

NYHA class (1/11=0, llI=1)

42 (31-51) | 41(29-50) | 0.675

DM (0=no,1=yes)

41(31-51) | 44(30-53) | 0.235

BMIl (< 30=0, »30=1)

40 (29-50) | 45(33-52) | 0.011

COPD (0=no,1=yes)

41(31-51) | 43(35-53) | 0.183

IHD (0=no,1=yes)

45 (34-53) | 41(29-50) | 0.009

LVEF (£40%=0, > 40%=1)

37 (27-46) | 49 (40-55) | <0.001

Congested (<3 signs=0,23 signs=1)

42 (31-51) | 40(26-48) | 0.122

Loop Diuretics (0=no,1=yes)

47 (36-53) | 40(29-50) | <0.001

Table 3: Left Atrial emptying function (LAEF] in patients with heart failure, divided by dinical or demographic charactenstics. List
of abbreviations used: NYHA — New York Heart Assogation; DM — Digbetes Mellitus; BMI — Body Mass Indes; COFD — Chronic
Obstructive Pumonary Dizease; IHD —Ischaemic Heart Diseass; LVEF —Left Ventncular Ejection Fraction.
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3.3.4 Hospitalisation for heart failure or all-cause mortality

During a median follow-up of 883 (IQR 469-1626) days (censored at time of first
event), 394 (59%) patients with, and 28 (29%) patients considered not to have, HF

were either admitted for heart failure or died.

For patients with HF, increasing LAEF measured in a 4-chamber view predicted a
better prognosis in univariable analyses, overall and in patients either with LVEF
<40% (HR per 10% increase: 0.82 (95%Cl: 0.74, 0.87), x* =20.51) or > 40% (HR

per 10% increase: 0.83 (95%Cl: 0.72, 0.89), 3 =8.44) (Table 10).

Variables Multivariable analysis
Univariable analysis Multivariable analysis Upper Line - NT-proBNP excluded
Lower Line - LAEF excluded
HR (95% C1) [ 12 | p-value HR (95% CI) | i | pvalue HE: (95% CI) | 1 pvalue
Clinical data
Age - 10years increase 128(1.16-1.42) 2234 | <0001 1.13(1.01-1.27) 437 0037 |116(1.03-1.29) | 614 0.013
1.15(1.02-1.28) | 507 0.024
Sex (Men) 1.02 (0.80-1.31) 0.03 0.854
NYHA classilivs. IfIl 1.27 (1.04-1.62) 533 0.021
IHD 1.25 (0.98-1.55) 3.23 0.072
oM 1.26 (0.99-1.50) 3.55 0.060
COFD 1.34 (0.97-1.85) 3.12 0.077
SBP - mmHg 1.00 (0.95-1.01) 0.50 0.478
Heart rate - bpm 1.00 (0.859-1.01) 0.04 0.837
BM) - kg/m? 1.00 (0.99-1.02) 017 0.683
BSA - m? 0.75 [0.47-1.19) 147 0.226
Congestion>3 157 (1.12-2.18) 5.89 0.009
Diagnostic category 0.84 (0.65-1.03) 279 0.085
{HFREF vs. HFNEF)
Blood Test
Creatinine =10pumalfL 1.01 (1.00-1.01) 18.53 | <0.001
Urea - mmal/l 1.02 (1.01-1.04) 1161 0.001
Haemoglobin- g/dl 0.86 (0.80-0.91) 23.55 | <0.001
Albumin- g/l 0.93 (0.91-96) 2422 | <0001 0,96 (0.93-0.99) 175 0005 |096(093-099) 875 0.003
0.96 (0.93-0.99) | 5.68 0.017
Bilirubin = umol/| 1.01 (0.99-1.02) 0.50 0.479
LogINT-proBNP) 178(1.48-2.15) | 3666 | <0.001 - - -
1.44(1.16-1.78) | 10.87 0.001
MR data
LVEDV = ml 1.01 (1.00-1.01) 4.32 0.035
LVEF - % 0.99 (0.95-1.00) 185 0.174
LV mass-g 1.00 (0.99-1.00) 155 0.214
LA Max —4ch-ml 1.01 (1.00-1.01) 12.52 | <0.001
LA Max =2ch -ml 1.01 (1.00-1.01) 11.51 0.001
LAEF = dch= 10% increase 082 (0.74-087) | 32.16 | <0.001 | 081(0.73-090) | 13.35 | <0.001 |0.81(0.74-0.89) | 21.57 <0.001
LA total emptying volume -ml | 0.99 (0.98-1.00) 167 0.196
L A conduitvolume - ml 1.01 (0.99-1.02) 257 0.109
RVEDV - ml 1.00 (0.99-1.00) 188 0.170
RVEF - % 0.99 (0.98-1.00) 894 0.003
RV mass-g 1.01(1.00-101) | 351 | 0061

Table 10: Univariabie and multivanable Cox regression models for o combined endpoint of all-cause mortality and admissions for heart failure in patients with HF {n = 564
patients with heart failure who had 354 events dunng o median FU of 583 (1Q 465-16.25) days). In the first column the univariable analysis is shown, the second column shows g
multivariable modd, which indudes both Log (NTproBNP} and LAEF. In the last column two different muktnanable models have been tested: one excluding log [NToroBNP] and
one exduding LAEF. Megsurements of right ventricular size and function were notincluded in the multivarable analysis because these were avalable for only 549 patients
with HF. Variables entered in multvariable models: Age, Sex, NYHA [ITvs [/Il, IHD, DM, COPD, Congestion>3, creatining, haemoglobin, albumin, log {NToroBNP), LVEDY, LAEF.
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In a multivariable model including both log (NTproBNP) and LAEF in a 4-

chamber view, only increasing age, decreasing LAEF and albumin were

independent predictors of an adverse outcome. When LAEF was excluded, log

(NTproBNP) entered the model.

Adding either LAEF or Log (NTproBNP) to the standard set of clinical variables

improved model discrimination and fit but adding LAEF was superior to Log

(NTproBNP). Adding log (NTproBNP) to LAEF did not improve the model

further. (Table 11).

Discrimination Model fit
Model Ne. Model c-statistics | Difference | Legll LR statistic Compared with base model
1 Base model* 0.620 -2226.3 | Chi2(9)=60.78
1 + log(NT-proBNP) 0.627 0.007 -2221.2 | Chi2(10)=71.14 | LRchi2(1)=10.36,

p-value=0.001

3 1 + LAEF 0643 0.023 -2215.8 | Chi2(10)=81.79 | LRchi2(1)=21.04,
p-value<0.001

4 1 + log(NTproBNP)+LAEF | 0.645 0.025 -2214.5 | Chi2{11)=84.51 | LRchi2(1)=23.73,
p-value<0.001

5 1 + log(NTproBMNP)+LAEF 0.002 Compared with 3:
Chi2{1)=2.72, p=0.099

Table 11: The mode s discimination and averall model fit *base model: age, sex, NYHA (II[/1v], IHD, congestionz3, cregtinine, albumin,
haemoglobinand left ventricular end-diastolic volume [LVEDV].

LAEF was similar in patients with HF in the top quartile of LAEF and those who

did not fulfil the criteria for HF, but patients with HF had a worse outcome (HR

1.65, 95% CI: 1.06-2.57, p=0.027). For patients with HF, those in the lowest

quartile of LAEF had the worst outcome (HR: 1.97 (95% CI: 1.45 — 2.65,

p<0.001; HR: 1.88 (95% CI: 1.39 -2.54), p<0.001 adjusted for age) (figure 10).
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Figure 10: Kaplan-Meier (KM) curves for a composite endpoint of admissions
for HF or all-cause mortality in patients considered not to have heart failure
(black line) and by quartiles of LAEF. For patients with HF, those in the lowest
quartile of LAEF had the worst outcome (HR: 1.97 (95% Cl: 1.45 — 2.65;
p<0.001 compared to highest quartile).

3.3.5 All-cause mortality

During a median follow up of 1390 days (IQ range 763 — 2342) censored at the
time of death, seven patients (7%) without and 202 patients (30%) with HF died.
For patients with HF, LAEF and RVEF, but not LVEF, predicted deaths in
univariable analysis. Maximum LA volume was not associated with an adverse

outcome, even when it was indexed for body surface area (BSA).

In a multivariable model including both log [NTproBNP] and LAEF, increasing
age, decreasing LAEF (HR: 2.72 (95% CI: 1.69 — 4.38), p<0.001 for lowest
versus highest quartile; HR 2.50 (95% CI: 1.55 - 4.02), p<0.001 adjusted for age;
Figure 11) and more severe congestion were independent predictors of mortality.
When LAEF was excluded, log [NTproBNP] entered the model (Table 12).
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Figure 11: Kaplan-Meier (KM) curves for all-cause mortality in patients
considered not to have heart failure (black line) and by quartiles of LAEF. For
patients with HF, those in the lowest quartile of LAEF had the worst outcome
(HR 2.72 (95% CI: 1.69 — 4.38; p<0.001 compared to highest quartile).

3.3.6 Cardiovascular mortality

There were 110 CV deaths in patients with HF (54% of all deaths); 77 (70%)
occurred in those with LVEF <40%. In univariable analysis, decreasing LAEF

and LVEF, but not RVEF, were associated with reduced survival.

In a multivariable model including both NTproBNP and LAEF, only increasing
age and decreasing LAEF (HR 3.65 (95% CI: 1.90 — 7.01), p<0.001 lowest
compared to highest quartile; HR: 3.40 (95% CI: 1.77 — 6.54), p<0.001 adjusted
for age) were independent predictors of CV mortality. When LAEF was excluded,

log [NTproBNP] entered the model (Table 12).
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Variables

Mortality from all causes#
Firstline -Overall
Second line- NT-proBNP excluded

Third line - LAEF excluded

CV Mortality+
Firstline-Overall
Second line- NT-proBNP excluded

Third line - LAEF excluded

Incidence of AF*
First line - Overall
Second line- NT-proBNP excluded

Third line - LAEF excluded

HR (95% CI) i p-value HR (95% CI) yid p-value HR (95% CI) e p-value
Age - 10yearsincrease 1.48(1.22-1.79) 16.74 <0.001 134 (1.00-1.63) 5.81 0.016 1.71(1.33-2.20) 17.83 <0.001
148(1.22-1.79) 1781 | <0.001 | 1.35(1.00-1.69) 7.40 0.007 | 1.72(1.36-2.20) 19.33 | <0.001
148(1.22-1.80) 17.93 <0.001 1.35(1.00-1.69) 6.59 0.01 1.69(1.32-2.18) 17.14 <0.001
IHD - - -
1.69(1.01-2.84) 399 0.046
Congestion=3 1.66(1.06-2.61) 487 0.027
166 (1.06-2.61) 486 0.027
167 (1.05-2.65) 475 0.028
Creatinine- 10 pmol/L increase - - -
1.03 (1.00-1.05) 499 0.026
Haemoglobin- g/dl increase - - -
0.087 (0.76-0.99) 4.17 0.04
Log{NT-proBNP) increase
1.46 (1.06-2.00) 5.44 0.02 175(1.12-2.74) 5.98 0.014
LAEF - 4ch- 10% increase 0.82 (0.74-0.90) 10.86 0.001 0.74 (0.60-0.90) 1254 <0.001 | 0.81(0.69-0.95) 6.24 0.012
0.81(0.73-0.91) 1086 | 0001 | 0.63(0.59-0.82) 16.96 | <0.001 | 0.80(0.69-0.93) 9.21 0.002

Table 12. Multivariable Cax regression models for the secondary endpaints of Mortality from afl causes (first column), Cardiovascular {CV] Maortality (second column) and incidence of Atrial
Fibrillation (AF) (third column) in patients with Heart Failure (HF). Three models were tested: one induding both Log (NToroBNP) and LAEF [top), one excluding log (NToroBNF) {midde) and one
excluding LAEF [bottom). Abbreviations used:IHD —Ischaemic Heart Disease; LAEF —Left Atrial Ejection Fraction; NT- proBNP - N-termingl B-type natriuretic peptide.

(Variables entered in multivariable models# Age, sex, NYHA Il vs [/1l, BSA, Congestion>3, creatinine, albumin, haemaoglabin, LVEDY, log (NToroBNP), LAEF; +Age, Sex, NYHA [l vs I/1I, Congestion=3,
creatinine, haemaoglobin, alburnin, log (NToroBNP), LVEF, LAEF; * Age, Sex, IHD, Creatinine, Bilirubin, Log (NTproBNP), LAEF).

3.3.7 Incidence of atrial fibrillation

During a median follow up of 1282 days (IQ range 701-2197), 101 patients

(15.2%) with and 4 (4.2%) without HF developed AF. Decreasing LAEF was

associated with incident AF both in patients with LVEF <40% (HR per 10%

increase: 0.78 (95%Cl: 0.65, 0.94), y* =7.05, p=0.008) or >40% (HR: 0.69

(95%Cl: 0.53, 0.89), %2 =7.97, p=0.005). Age (HR for 10 years increase: 1.71

(1.33-2.20), p<0.001) and LAEF (HR for 10% increase: 0.81 (0.69-0.95),

p=0.012) were the only variables independently associated with incident AF (table

12). Patients in the lowest quartile of LAEF had the highest incidence of AF (HR:

3.06 (95% CI: 1.61 — 5.81, p<0.001 comparing lowest and highest quartiles; HR:

2.78 (95% CI: 1.46 — 5.29), p<0.001 adjusted for age) (Figure 12).
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Figure 12: Kaplan-Meier (KM) curves for incident Atrial Fibrillation (AF) in
patients considered not to have heart failure (black line) and by quartiles of
LAEF. Patients with HF were at greater risk of developing AF, with the risk rising
progressively with lower values of LAEF (HR: 3.06 (95% Cl: 1.61 — 5.81; p<0.001
lowest compared to highest quartile).

3.4 The relationship of QRS morphology with cardiac structure and function
in patients with heart failure (part 2, paper 4)

3.4.1 Patient characteristics

Amongst 940 patients referred, heart failure was confirmed in 877 (93%). Of
patients with HF, 320 (36%) had QRS >120 msec of whom 201 patients (62%)
had LBBB, 65 (20%) had RBBB and 54 (18%) had IVCD. Compared to patients
with narrower QRS (<120 ms), those with QRS >120 ms were older, had more
severe symptoms and higher plasma levels of NTproBNP (Table 4
supplementary). Patients with LBBB had greater QRS duration, were less likely
to be in AF and were more likely to have non-ischaemic dilated cardiomyopathy

and to receive CRT than patients with either IVCD or RBBB (Table 13).
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Compared to patients with LBBB, those with RBBB had more signs of congestion

and higher plasma NTproBNP.

Pvalue P-value
o e 8 | acrosss | setween oo
subgroups and RESE
Demographic & clinical

Age - years 71(65-76) 70 (65-76) 72 (54-78) 0,598 0.657
Sex =male 48 (89) 158(79) 58 (89) 0.059 0.057
IHD = no. (%) 40 (74) 128(64) 48 (74) 0.166 0.132
Previous MI = no. [%) 31(57) 83 (42) 34 (53] 0.057 0.103
DCM = no. (%) 713} 55 (27) 8i12) 0.008 0.016
Unclassified —no. (%) 7 (13) 18 (3) 9(14) 0.822 0,635
DM - no. (%) 17 (32) 43 (21) 16 (25) 0.257 0.587
Hypertensien - no. (%) 27 (50) 103(54) 32 (49) 0770 0.528
NYHA class- no. (%)

] 10(15) 35 [18) 10 (15)

1] 26 (48) 97 [48) 30 (46) 0973 0.826

1] 18 (33) 69 (34) 25 (39)
SBP — mmHg 128 (20) 133 (28} 126123) 0.110 0.058
Congestion >3 5 (9] 22(11) 16 (25) 0012 0.006
BMI - kgfm* 18.3 (5.0) 28.1(5.3) 27.514.2) 0.586 0450
BSA — m° 1.94 (0.21) 1.90(0.21) 190 (0.18) 0.481 0.849
Agrial fibrillation 11 (20) 23(11) 17 (28] 0.012 0.004

Blood results
Haemoglobin = g/dl 13.3(1.4) 13.1(1.9) 13.1(1.6) 0.769 0.990
Creatinine— umal/l 112 (98-144) 108(91-138) 103(82-143) 0.985 0918
Albumin- g/l 38 (3) 38(3) 371(3) 0.597 0.328
Bilirubin - umol/1 15 (12-21) 14 (12-18) 15 (12-19) 0.052 0.091
NT-proBNP — ng/l 1069 (470-2995) | 1159 (589-2207) | 2013 (659-3573) 0.028 0.01%
ECG
Heart rate —bpm 59 (13) 58 (13) 70 (1%) 0.453 0.225
QRS - msec 126(122-132) | 152(138-166) | 142(129-155) <0.001 <0.001
Successful CRT implant during FU = no. (%) 10 (18) 53 (31)8 9(14) 0.008 0.006
CAT-D implantduring FU — ne. %) 5 (10} 24112) 408} 0.747 Q715
Medications

Beta-blockers - no. (%) 43 (75) 160(79) 51(79) 0.875 0.844
Ace-Inhibitors or ARB - no. (%) 50 (93) 185(92) 52 (80) 0.016 0.007
Aldosterone Antagonist -no. (%) 21(38) T0(35) 30 (46) 0.258 0.101
Loop diuretics - no. (%) 45 (B3) 147 (73) 43 (75) 0.304 0.720
Furosemide > 40 mg/day - no. (%) 24 (44) 63 [34) 25 (349) 0.375 0.545

Table 13: Characteristics of patients with wide OR5, divded by QRS morphdogy. List of abbreviation used: IVCD: indeterminate
ventnoular conduction delay; LBBE - left bundle brandh block, RBBE - right bundle branch Bock; IHD - [schemic Heart Dizegss;
DCM - Non-ischaemic diated cardiomyopathy; DM —Digbetes Mellitus; NYHA —WNew York Heart Association; 58P - Systolic Blood
Pressure; BMI - Body Mass Index; B5A: Body surface Area; NTproBNP - N-terminal B4ype natrivretic peptide; ARB - Angiotensin
receptor blocker; CRT: cordiac resynchroniantion therapy; CRT-D — CRT with defibrilator; FU: fofllow up. # Possbie reasons why
CRT was not implanted: NYHA [ class, LVEF >35%, AF, QRS < 150 ms; also some patients died befare 2005 (prior to CRT being
guideline-indicated), others were unwilling or had other life-shortening disease and in some itwas not done.

3.4.2 cMRI measurements

Compared to patients who had QRS <120 ms, those with a longer QRS duration
had larger LV volumes and greater LV mass, lower LVEF and higher prevalence
of substantial mitral regurgitation, but RV size and function were similar (Table 4

supplementary).

Amongst patients with QRS >120msec, LV end-diastolic volume and LVEF were
similar regardless of QRS morphology. Compared with patients who had LBBB,
patients with RBBB had lower LV mass, larger left atrial volumes, greater RV

mass and diastolic volume and lower RV ejection fraction (Table 14).
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P-value
IVCD LIBOB:LB RE:B P value across 3 Between LBBE and
(54) (201) (e5) subgroups REBB
LVEDV — ml 233 (156-265) 230(184-205) 223(157-283) 0.735 0862
LVEF - % 35 (27-42) 33 (27-44) 32 (27-43) 0583 0.906
LV mass-g 160 (140-201) 178 [144-211) 150(122-200) 0.014 0.010
LA Max volume - mi 110(82-132) 92 [(63-125] 107 (73-143) 0.027 0,010
RVEDY —ml 148(117-192) 126(104-152) 145(116-192) <0.001 =0.001
RVEF - % 48 [43-55) 52 (42-61) 46 [37-57) 0.014 0.007
RV mass-g 49 (40-61) 45 (36-56) 53 [42-73) <0.001 0.002
Mitral regurgitation
Mild 19 (35) 79 (39) 31 (48] 0456 0.404
Moderate/Severs a7 7{a) 3(5)
Tricuspid régurgitation
Mild 13 (24) 38 (19) i8 (28] 0577 0.289
Moderate/Severs 112} 2 (1) 1(2)

Table 14: CMRI characteristics of different QRS morphologies in patients with confirmed HF and QR52120msec. List of abbreviation used: MDr
indetermingte ventricuar conduction delay; LBBE - left bundle branch blodk, RBBB - right bundle branch block; LV —Lejft ventride; IVEDV - Left
Ventricle End Diasmolic Violume; LVEF —Left Vientrcular Ejection Fraction; LA: Left atnum; RV: Right Ventride; RVEDV - Right Ventrde End
Diastolic Volume; RVEF—Right Ventricular Ejection Fraction. Measurements of RV size and function were availabie only for 47 (37%] patients
with indeterminate marphology, 172 (36%) with LBBE and 56 (S6%) with REBE.

Results were similar when the analysis was restricted to patients who had
complete sets of cMRI measurements available, for the overall population and
when restricted to those patients who fulfilled criteria for CRT (those with a

LVEF<35%).

3.4.3 QRS morphologies and outcome

During a median follow-up of 1302 days (IQR: 742-2237), 311 patients with HF
died (35%). The primary cause of death was attributed to cardiovascular causes
(including terminal HF, unexpected out of hospital death, acute myocardial
infarction or stroke) in 200 patients (65%); in 41 cases it was attributed to a cancer
(13 %); and other causes (including infections and traumatic injuries) were

responsible for 69 deaths (22%) ; data were not available for one patient.
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There were no differences across the IVCD, LBBB, RBBB and QRS<120 msec
groups for each of the causes of deaths considered (CV deaths: 14 (56%), 50
(61%), 23 (70%), 113 (67%) respectively (p=0.522); cancer deaths: 4 (16%), 16
(19%), 6 (18%), 15 (9%), respectively (p=0.098); other causes of death: 7 (28%),
17 (20%), 4 (12%), 41 (24%) respectively, (p=0.395). The mortality rate amongst
patients with IHD (227 deaths in 574 patients; 40%) was higher than in patients

who did not have IHD (84 deaths in 303 patients; 27%).

CRT devices were more likely to be implanted in those with LBBB (table 13).
Reasons for not implanting a CRT device were not recorded but many patients
had died before publication of the results of landmark trials and relevant

guidelines.

Patients with a QRS duration >120msec had a worse prognosis but this was

significant only for patients with a non-LBBB pattern (figure 13).

Chi2(3)=16.96, p=0.0007
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Figure 13: Kaplan-Meier (KM) curves for all-cause mortality in
patients considered to have heart failure. Compared with patients
who had QRS <120 msec (blue line), RBBB (green) and IVCD (yellow)
morphologies were associated with an adverse outcome, but LBBB
(red) was not.
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However, when patients who received CRT during their follow-up were not
considered in the analysis, patients with LBBB had a significantly worse
prognosis than those with QRS <120 ms ((HR: 1.65 with 95% CI: 1.25-2.19, »?
12.32; p<0.001) and a similar prognosis to those with RBBB (HR: 0.79 with 95%

Cl: 0.52-1.22, %* 1.15, p=0.284; Figure 14).
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Figure 14: Kaplan-Meier (KM) curves for all-cause mortality in patients
considered to have heart failure. Patients who received a CRT during
follow-up were excluded. Compared with patients who had QRS <120 msec
(blue line), RBBB (green), IVCD (yellow) and LBBB (red) morphologies were
all associated with an adverse outcome. The hazard ratio (HR, with 95% Cl)
was 1.82 (95% ClI: 1.16-2.83, p=0.009) for IVCD, 2.09 (95% CI: 1.42-3.08,
p<0.001) for RBBB and 1.65 (95% CI: 1.25 - 2.19, p<0.001) for LBBB.

Amongst cMRI variables, LA maximum volume and RVEF were the strongest
predictors of outcome. In multivariable models, greater age, heart rate and plasma
NTproBNP and lower haemoglobin and serum albumin were independently
associated with increasing mortality. Neither QRS duration nor morphology was
independently associated with mortality. If NTproBNP was included in the model,
none of the cMRI measurements was independently associated with outcome

(table 15).
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Multivariable analysis Multivarishle analysis
. o B (GRS duration included) (QRS morphology included)
Vorlables Univariable anahats NToroBNP included/ NTEroBNP included/
NTproBNP excluded NTproBMF excluded
HR(es%cl) | 47 |pvalue| HR(essc) | 47 |pwatue| mHRisswen [ 42 [pwalue
Clinicaldata
Age -years 1.07 (1.05-1.08) | 8818 | <0001 | 1.05 (1.03-1.07) | 36.25 | <0.001 | 1.05 (1.03-1.07) | 36.36 | <0.001
1.05 (1.04-1.07) | 4062 | <0001 | 1.05(1.04-1.07) | 40.67 | <0.001
Sex (Men) 106(0.78-1.42) | 0.13 | 0.721
NYHA classillve, If11 161 (1.27-2.06) | 15.30 | <0.001 = = = = = =
132 (102-1.72) | 439 | 0.036 1131 (1.01-1.70) | 359 | 0.046
IHD 125(097-161) | 3.07 | 008
D 1.25 (0.95-1.64) | 2.56 0.11
Hypertension or 56P >140mmHg L2000.96-1.50) | 2.62 | Q105
SEP — mmHg 0.99(0.99-1.00) | 0.11 | 0.74
Heart rate - bpm 101 (099-101) | 290 | 0088 |1.01 (1.00-1.02) | 399 | 0.046 |1.01(1.00-1.02) | 425 0039
1.01 (1.00-1.02) | 493 | 0.026 | 1.01 (1.00-1.02) | 529 | 0021
Arrial fibrillation 142 (1.09-185) | 677 | 0009
BMI - kg/m? 0.96 (0.94-0.59) | 8.48 | 0.004
BSA - m* 0.30(0.17-0.51) | 20.15 | <0001 - - . - - .
0.43 (0.22-0.83) | 6.19 | 0.013 |0.43(0.22-0.85) | 590 | 0015
Congestion >3 2.07 (1.54-2.79) | 23.24 | «0.001
QRS duration = per 10 msec increase | 1.05 (1.02-1.09) | 807 | 0004
IVCD vs. QRS <120 msec 165(108-251) | 547 | 0.019
LBBE ve, QRS < 120 mzsc 1.24(096-161) | 2.60 | 0107
REBE vs. QRS < 120 msec 198 (1.37-2.86) | 13.16 | <0.001
QRS 120-150msec ws, < 120msec 1.48(1.14-193) | 842 | 0.004
QRS >150 msec ws. <120 msec 1.35(1.01-181) | 408 | 0,043
Blood Test
Creatinine - per 10 umal/l increasse 1.06 (1.04-1.07) | 41.00 | <0.001
Haemoglobin - gfdl 0.79 (0.74-0.85) | 45.03 | <0.001 [091 (0.83-0.99) | 491 | 0.027 |091(0.84-099) | 454 | 0033
090 (0.83-098) | 576 | 0.016 |0.91 (083099 | 518 0023
Albumin= g/l 0.91 (0.£9-0.94) | 30.99 | <0.001 - - -
0.97 (0.93-1.00) | 351 | 0.048
LogiNT-proBNP) 2.56(2.09-3.01) | 82.61 | <0001 |148(1.13-1.94) | 809 | 0004 |145(1.11-1980) | 7.28 | 0.007
MRI data
LVEDW — per 10 ml increase 102 (1.00-103) | 4.24 | 0039 - - - - = -
102 (1.00-1.08) | 542 | 0.021 |1.02(1.00-103) | 571 | 0017
LVEF - % 0.99 (0.99-1.00) | 2,56 0.11
LV mass-g 1.00(0.59-1.00) | 0.00 | 098
LA Max —4ch— per 10 mlincrease 103 (1.01-1.05) | 870 | 0003
RVEDW = ml 1.00(0.99-1.00) | 0.34 | 056
RVEF - per 10% decrease 0.88 (0.82-0.57) | 7.03 | 0.008
RV mass-g 1.00(099-101) | 004 | 078

Table 15: Uniwanable and multivanable Gox regression models for the pamary endpoint of all-couse mortality in patients with HF [n = 877
patients with heart failure who had 311 events during a median FU of 1302 days [[GQR- 742-2237)). In the first column the univarigble analyssis
shown. In the central and left columns, different muwovarioble models were constructed, induding QRS lengths or morphdlogies and
including/exduding NTproBNF plasma levds. RV megsurements were excluded from these MV models as they were not available for 29% of

patients.

3.5 Development of a newer ultrasound method to measure the jugular vein
diameter in ambulatory patients with heart failure (part 3, paper 5 and 6)

3.5.1 Patient characteristics

Comparing patients with HF by tertile of JVD ratio, those in the highest tertile

(lowest JVD ratio; most congested) were older, were more likely to have AF, were

more symptomatic, had more signs of congestion and were more likely to be

treated with diuretics. They also had larger LA volumes, higher mitral E/E’ ratio,
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more mitral and tricuspid regurgitation, more severe RV dysfunction and higher

pulmonary pressures.

However, left ventricular dimension, volumes and LVEF were similar across

tertiles (supplementary table 5 and 6).

3.5.2 Jugular vein measurements and correlates

Reproducibility of measurements of JVD ratio was good (intra-operator
reproducibility: mean difference = 0.42 (95% limits of agreement: —1.26, 2.11);
inter-operator reproducibility: mean difference = —0.22 (95% limits of agreement:
—1.24, 0.80). The coefficient of variation (CV, with 95% CI) for JVD ratio
measured by two operators was 9.9% (6.0% - 12.6%), with an intra-class
correlation coefficient of 0.95 (CI: 0.86-0.98). Reproducibility between 2D and
M-mode measurements was also tested in 21 randomly selected patients with HF,
with a mean difference in JVD ratio of 0.015 between the two methods (95%
limits of agreement (-0.890, 0.920), with 5% of measurements outside limits of
agreement on Bland-Altman plots). The coefficient of variation (CV, with 95%
CI) between M-mode and 2D was 5.3% (2.8% - 6.9%), with an intra-class

correlation coefficient of 0.99 (0.98-1.00).

Increasing JVD at rest and during deep inspiration correlated with increasing log

plasma [NTproBNP] (r=0.37 and r=0.34 respectively; p<0.001 for both), whilst

JVD ratio was inversely related to plasma log [NTproBNP].
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There was no relation between JVD ratio and measures of LV dimension or

systolic function. There was, however, a correlation between JVD ratio and

measurements of diastolic function expressed by E/E’ ratio or LA volume. In

patients with HF, multiple linear regression models identified decreasing TAPSE

and increasing pulmonary artery pressure as independently associated with

decreasing JVD ratio (Table 16) (overall R?*=0.27). When the analysis was

restricted to patients with low LVEF (< 40%), only decreasing TAPSE was an

independent predictor of a decreasing JVD ratio (R=0.36). When the analysis

was restricted to patients with LVEF (>40%) only increasing pulmonary artery

pressure was an independent predictor of decreasing JVD ratio (R=0.27).

LinivariaHe analysis

Multivariable analyss

Owarll pogulaton (Fall 7. Adurmd B'a024d)

Multihvariabie analysis
W o T el el B m32E)

LVEF 0P (70T kctoesed Ba0030)

Correlstioncosficent | p-valus Unstandardized 1-5181 Unstardandized 1-518t
Coeffichans [p-va ) Cosfficients [p-va )
with 95% (I W ith 95% Cl
AgE -yaEFL -0.255 <[00
Adhvanosd NYHA class] i) -0.223 .00
SBP-mmHg 0,009 0,895
Heart rate - bpm =0.003 0.964
BMI - kg/md 0.131 0.057
Congesiion score <0367 <0.001
Urea® = mmal] 0.238 0.001
&GFR —milfminl 73 im" 0279 <000
Haemog obin- g/dl 0.217 0.001
NT-proBNP* - ng/i -0.352 <001
Echocardiographic data
LVEDV-miI -0.038 0.580
LVEF-% 0.133 0.077
EJE <0335 <0001
L&VI - miim? 0213 0.002
TAPSE = mm 0.327 <0001 0.093 (0.024,0.152) 000 0.132 [0.020,0.235) 0021
TH gradient - memHg T <0001 | -0.061(-0.102.-0.021) 000G : =
-0.066 [-0.119,-0.013) 0L0AS
Wit [Mad ve, mild) -0.253 <0.001
TR: (Mod vs. mild) =0.29% <0.001
TWC - mm 0813 <0.001

Table 16 Variobles associoted with VD ratio in patients with heart fodure {n 211} The first column on the left {Univariabie
analyss) represents the correlation between VD ratio and the varables studied A log transformation was also done for
vanables labeled with * before conducting the analysis to sobsfy the model assumptions. The cofumn for the multivariobie
analyss (in the middle] shows the coeffidents for slope of the inear relation between all the vanables independently
assooated with JVD rotio diometer [RF=027, Adiusted FF=024) for the overall population of patients with heart fadure. On
the rght, two different modds were tested, one [top) for patients with LVEF < 40% [R=036, Adjusted R? =0 28] the second
one (bottom | for patients with LVEF> 40% [R2=0237, Adiusted R?=020]. List of abbreviotions used: NYHA — New York Heart
Azcocigtion; 5BF - Systolic Blood Pressure; BMI - Body Mass Index; eGFR - estimated Glomerlar Filcration Rate; NTproBNFP -
N-terminal B-type natriuretic peotide; LVEDV - Left Ventricle End Diastolic Volume; LVEF —Left Ventricwlar Ejection Fraction;
LANMT - Left Atmal Volume Index; TAPSE - Trouspid Annwar Plane Systolic Excursion; TR gradient- Trans-Tricuspid systolic

gradient; MR —Mitral Regurgitation; TR — Tricuspid Regurgitation; IVC—Inferior Vena Cova
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3.5.3 Jugular vein measurements and outcome

There were 48 primary outcome events during a median follow up of 516 (1Q
range: 335 - 622) days. The first qualifying event was hospitalisation due to

worsening HF in 17 patients and death in 31 patients.

There were three events (1% of patients) in the first tertile of JVD, 15 (5% of
patients) in the mid tertile and 30 events (10% of patients) in the highest tertile

(lowest JVD ratio).

3.5.3.1 Analysis 1

In univariable Cox regression analysis, increasing JVD at rest and during deep
inspiration, and decreasing JVD ratio (but not JVD during Valsalva), were

associated with an increased risk of HF hospitalization or death.

In multivariable analysis, increasing log [NTproBNP] and JVD measurements
were the only variables independently related to an adverse outcome in Model A

based on clinical variables (Table 17).

Association withthe Composite of First HFH or Death
Variable
Multivariableanalysis
HR (#5%C1) [ prvalue HR (#5%C1) o pevalue HER (55% C1) e prvalue

Age -year 0.59 (0.97-1.03) 0.08 0.871 0.59 (0.97-1.03) 0.02 0.500 0.54 (0.96-1.02) 0.1% 0684
NYHA class [1vs. 1) 127 (0U65-2.35) 2.58 0259 1.3 (0.70-2.50) 0.7l 0.3%3 145 (075 2.65) =0 0237
Ures - mmoli 1.02 {0.98-1.06) 0.78 0.377 1.01 {0.97-1.05) 0.42 0.515 1.02 (0.98-1.06) 069 0505
Haemog lobin -gfdl .82 (0LBE-1.00) 3.65 0.056 .83 (0.68-1.01) 3.49 0.062 0.85 [0L71-1.04) 254 0111
Log [NT-proBiP] 3.89 (1.80-8.39) 11.97 0.001 5.95 (1.84-853) 12.32 <0001 372(1.71-8.09) 1096 0001

Ultrasound WD Resting [omi) Deap nsp [om) - R&ti0 WaeSaar: "

= - = -
7.57 [265-21 58) 434 o 7.93 [257-24 48) 1258 o 0.78 [0u65-0.94) E8 o008

Table 17: Model A— Clinical Vanables - five candidate variables of interest {age, NYHA class Il vs [/, urea, haemoglobin and log [NTproBNP]) were
chosen prospectively in addition to witrasound JVD measurements. A small number of varigbles were selected to awoid over-fitting. Three separate
analyses are shown to test the independent assodation of different witrgsound JVD measurements with outcome, induding JVD at rest, JVD dunng
deep inspirgtion and WD ratio. For continuous vanables, the values are the hazard ratios assodated with @ unitinorease in that variable.

64



In Model B (Table 18), based predominantly on echocardiographic variables,

again only increasing logNTproBNP and JVD measurements were independently

associated with an adverse outcome.

Association with The Composite of First HFH or Death
Variable
Multivariable analysis
HR [95% C1) o prvalus HR (95% C1) i prwa s HR (95% C1j r prwvalue
AgeE - yEar 1.01 (0.97-1.0=) 020 0.651 1.01 {0.97-1.0%) 0.22 0.637 1.00 (0.97-1.03) 0.01 0.982
Log [NT-groBNP] 5.42 (2.47-11.E7) 17.64 <0001 5.15 (241-11.43) 17.49 <0001 4.37 (1.97-9.71) 13.08 <0001
LVEF - % 0.9 (0.96-1.02) 0.87 0352 0.98 {0.56-1.02) 0594 0.532 0.58 (0.56-1.02) 0.95 0329
E/E 0.97 {0.91-1.03) 0as 0.322 0.97 {0.91-1.03) 0.93 0.335 0.97 {0.91-1.03) 0.93 0.334
L&V —mi/m# 1.01 |0.59-1.0%) 0.8% 0351 1.01 {0.59-1.0%) 128 0264 1.02 {0.59-1.04) 142 0.120
Liera s nd VD Resting {cm) P Deep Insp (em) BB i Reary
7.54 (2.85-31.45) a3 0001 833 (2.75-24.74) 1505 ool 0.76 (0.52-0.92) 756 0.005

Table 18: Model B— Echocardiographic Varables - In addition to age and Log [INT-proBNF], the three echooardiographic vamables that were most
strongly assogated with prognosisin univariobie analysis were induded in addition to ulrasound JVD megsurements. A small number of vanables
were selected to avoid over-fittng. Three separate analyses are shown o test the independent assooation of different witrasound JWVD
megsurements with outcome, including JVD at rest, JVD dunng deep inspiration and JVWD ratio. For the continuous vanables, the values are the
hazard rotios assooated with a unit increase in that vanable

3.5.3.2 Analysis 2

Adding either clinical or ultrasound measurements of JV distension or Log

(NTproBNP) to the base model improved the model discrimination;

adding ultrasound JVD measurements led to a greater increase in the c-statistic

than a model that included NTproBNP or IVC diameter (Table 19).

Maodel Discrimination
Model No. Model c-statistics Difference
1 Base model® 0.7559 Compared to 18 | Compared to 28 | Compared to 3b#
2 1 + log(NT-proBNP) 0.7812 0.0253
3a 1+ clinical IVP (2/1 ws 0) 0.7619 0.0060
3b 1 + ultrasound IVC 0.7600 0.0041
4 1 + ultrasound log(JVD rest) 0.7716 0.0157
5 1 + ultrasound JVD ratio 0.7896 0.0337
6 1+ ultrasound log{JVD insp) 0.7739 0.0180
7 2 + ultrasound log (JVD rest) 0.7890 0.0331 0.0078
8 2+ ultrasound VD ratio 0.7989 0.0430 0.0177
9 2 + ultrasound log{JVD insp) 0.7913 0.0354 0.0101
10 3b + ultrasound log (VD rest) | 0.7703 0.0144 0.0103
11 3b+ ultrasound JVD ratio 0.7882 0.0323 0.0282
12 3b + ultrasound log (VD insp) | 0.7731 0.0172 0.0131

Table 13: Summary of model discrimination when vanables are added cumulatively. *base model: age, sex, NYHA (Il vs [[/1], creatinine,
haemaoglobin and left ventrcular gjection fraction [LVEF). Other abbreviations used: VD —Jugular venous diameter; IVD insp —IVD deep
insgiration; JWP — jugular venous pressure; IVC — inferior vena cova. 1 =basic mode; 2 =basic modd plus log (NT-proBNP); 36 = basic
model plus IVC. # =incremental c-statistic —larger values indicate greaterincremental value.
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Patients with HF in the first tertile of JVD ratio and control subjects had similar
values for JVD ratio and a similar rate of adverse outcomes (HR 1.75, 95% CI:

0.18-16.83, p=0.63).

Patients with HF in the third tertile of JVD ratio had a much worse outcome than

those in the first tertile (HR 10.05, 95% CI: 1.45 - 17.31; p<0.001) (figure 15).
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Figure 15. Kaplan Meier curve for the primary outcome of death from all
causes and heart failure hospitalizations.

Receiver-operator characteristic (ROC) curves for predicting prognosis at one
year (Figure 16) showed an area under curve (AUC) of 0.72 (95%CI: 0.62- 0.81

for JVD ratio.

The optimal cut-off was at 3.95 (Youden index), with sensitivity=0.60 and

specificity=0.77.
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Figure 16: Receiver-operator characteristic (ROC) curve for predicting prognosis at
one year (246 patients with heart failure, who had 31 events) showed an area
under curve (AUC) of 0.715 (95%Cl: 0.623- 0.807) for JVD ratio.
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CHAPTER IV. Discussion

The results of my research show that the upstream consequences of a
dysfunctional left ventricle in ambulatory patients with HF, such as impaired left
atrial function measured by cMRI, and a distended IVVC or internal jugular vein
measured by ultrasound, are associated with more severe clinical congestion and
higher natriuretic peptides; detecting these consequences also provides powerful
prognostic information, similar to that obtained by measuring NTproBNP plasma
levels (which is commonly thought of as being the best single marker of HF

prognosis), regardless of whether the patient has a reduced or normal LVEF.

The clinical diagnosis of heart failure requires the demonstration of objective
evidence of cardiac dysfunction in the presence of symptoms, such as
breathlessness, and signs, such as peripheral oedema. A routine echocardiographic
assessment of the LV function may be misleading in many cases: a substantial
number of patients with symptoms and signs of heart failure and elevated
NTproBNP have no gross abnormality of LV systolic function and yet these
patients often respond symptomatically to diuretics, have recurrent admissions for

HF and have a poor prognosis **#,

| found that novel and more sophisticated echocardiographic techniques, such as
GLS measured by speckle tracking, are able to detect subtle impairment of LV
longitudinal systolic function even in the absence of structural (dilated left atrium)
or biochemical (increased NTproBNP) abnormalities. | also found that worsening
LV longitudinal systolic dysfunction was related to other indices of abnormal

function, similar to previous studies ** **. Thus, deterioration in LV longitudinal
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function might be an early manifestation in the developing pathophysiology of
HFNEF *°. However, GLS provided no additional prognostic information to
biochemical measures of cardiac dysfunction or echocardiographic measures of

congestion.

This suggests that a broader view of what constitutes cardiac dysfunction is still
required. Raised NTproBNP plasma levels, as well as LA dysfunction or an
increased IVC or JV diameter, might be more useful in characterising and
identifying patients with HF at higher risk of adverse outcome. If congestion is the
hallmark of cardiac dysfunction (and it does lead to a substantial number HF
hospitalizations and deaths®), then left atrial dysfunction and distension of the

great veins may be the best markers to use during cardiac imaging.

Left ventricular dysfunction will cause an increase in LV filling pressure.
Prolonged exposure to high LV filling pressure will increase LA volume and
decrease LAEF, which, in turn, are thus markers of a sicker LV which integrate
the effects of a decline in both systolic and diastolic performance. With sustained
increases in LV and LA pressure, LA contractile reserve becomes exhausted and,
in end-stage HF, the LA becomes mainly a passive conduit dictated by ventricular

distensibility *°.

The high LV filling pressure is also transmitted back through the pulmonary
circulation to cause pulmonary arterial hypertension which, in turn, compounds
any pre-existing RV dysfunction and exacerbates tricuspid regurgitation. All of

these abnormalities result in an increase in right atrial pressure and distension of
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the great veins, both jugular vein and IVC. Neuro-endocrine activation and a
decline in renal perfusion may also cause salt and water retention leading to

congestion even in the absence of gross elevation in atrial pressures * *°.

As with natriuretic peptides, a distended IVC or JV will provide little information
about the cause of congestion. However, their assessment might have some
advantages over natriuretic peptides. IVC and JV diameters can be measured at
the same time as echocardiography and may be more specific for congestion. In

addition, the results are immediately available.

On the other hand, in primary care or other clinical settings without easy access to
echocardiography, measuring natriuretic peptides is simpler, less expensive, and

more efficient in terms of patient and staff time.

A simple ECG might also help in identifying patients with HF with more RV
dysfunction, subclinical congestion, and a higher risk of adverse outcome. We
have previously reported that patients with HF and a prolonged QRS duration
have more severely compromised LV function and a worse prognosis *’; however,
compared to those with LBBB morphology, patients with RBBB have more
advanced right heart disease on cardiac MRI and a higher mortality. Patients with
LBBB and RBBB might represent two distinct clinical phenotypes, with a
potentially different response to CRT; patients with LBBB morphology generally
have longer QRS duration *® than those with non-LBBB, and they are also less
likely to have ischaemic heart disease “° or AF. In studies of CRT, RV dysfunction

is, indeed, an indicator of a poor prognosis, but the impact of CRT on outcome is
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not diminished ** *°. A recent echocardiographic study, broadly consistent with
my cMRI findings, suggested that RBBB identified patients who had a higher
LVEF, smaller LV volumes and lower mass but more depressed RV function and

worse outcome, compared with those who had LBBB *.

In summary, the results of my research suggest that congestion, assessed either
clinically, biochemically, or by imaging, is a powerful marker of an adverse
prognosis and is a potentially relevant therapeutic target. In addition, imaging has
the potential to quantify congestion more objectively, particularly in those cases

where it is not clinically evident.

These results have a potentially important clinical impact, because they allow
trials to be designed which can, for the first time, provide evidence about the
proper use of diuretics - the decongestive drugs par excellence. Despite their
extensive use in patients with HF, there is very little known about the long-term
effects of loop diuretics on hard outcomes such as mortality. A more objective
measure of congestion (identified biochemically, by raised natriuretic peptides, or
by ultrasound, with a dilated vena cava for instance) might allow the identification
of higher risk patients who should be enrolled in randomised controlled trials

designed to test different decongestive strategies.

Such an approach might be particularly useful in patients with normal left
ventricular ejection fraction. In the past few years, we have seen large and
expensive trials in patients with HFNEF reporting neutral results. The reason,

perhaps, is not so much because a drug was ineffective (in this case
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spironolactone), but simply because a substantial number of patients enrolled in
the trials (namely ALDO-DHF and TOPCAT °2** had breathlessness or oedema
not of cardiac origin, and thus a good prognosis. Moreover, we still do not know
how to tailor the use of diuretics to patients with HF with systolic dysfunction;
using imaging and biochemical measures of congestion to select specific
populations of patients might allow more robust trial design to assess specific
responses in those who were, but are no longer clinically congested, in those in
whom congestion is only detected by imaging, and in those in whom congestion is

still present despite intense diuretic treatment.
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CHAPTER V. Limitations

| enrolled patients with HF with either reduced LVEF or raised natriuretic
peptides (NTproBNP >400 ng/l, or >125 ng/l when treated with loop diuretics), in
agreement with ESC-HF guidelines that were contemporary when the studies
were conceived 2" . However, there is no universally accepted definition of HF
and, in the absence of significant left ventricular systolic dysfunction, many would
not accept elevation of NTproBNP alone as diagnostic of HF. Also, thresholds for
NTproBNP have been changing over time, and a diagnostic cut-off of 400 ng/I
was higher than that suggested for the exclusion of HF in more recent guidelines
(<125ng/L) (20, 21) or for the diagnosis of HFNEF in an ESC consensus
statement (>220ng/I) >°. 1 will therefore have excluded patients with less severe
cardiac dysfunction as well as those in whom the disease was perhaps controlled

by drugs, including diuretics and ACE-inhibitors >

Many of the patients without HF who formed my comparator groups cannot be
considered entirely “normal” as they were referred because of diagnostic concerns
or complained of exertional breathlessness. It is possible that some of their
symptoms reflected reversible myocardial ischaemia or that some of them were
simply unfit with high body mass index. As a consequence of the SICA-HF study
design, the control group enrolled for that study included many patients with
diabetes and/or hypertension who were already on treatment with an ACE-
inhibitor and/or beta-blockers. However, most had a plasma concentration of
NTproBNP <125ng/L, suggesting that few had occult cardiac dysfunction and that

they all had a good cardiovascular prognosis 2% 2.
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Echocardiograms obtained more than 5 years before writing (2016) did not
include a routine assessment of E/E’ ratio, a marker of left atrial pressure
advocated by guidelines to diagnose HFNEF. Although E/E’ ratio predicts cardiac
events in patients with systolic HF *®, it adds little prognostic information to left
atrial size and function *° which was one of the main topics of my studies. Large
studies show that E/E’ is not an independent predictor of adverse outcome in
patients with HFNEF ** ®. | did not evaluate LV mass by echocardiography,
which is known to be associated with increasing cardiovascular risk in the general

population .

The indications for referral for cardiac MRI were not recorded and a referral bias
for investigation by cMRI is likely; for instance, patients with implanted cardiac
resynchronization or defibrillator devices will have been excluded and younger
patients may be more likely to be referred for (and agree to have) cMRI compared

to frail elderly patients with advanced comorbidities.

| did not routinely correct cMRI measurements for body surface area (BSA) as

BSA itself is strongly associated with mortality in a much larger HF data-set ®.
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Appendices — Supplementary tables

Total Not Heart Heart failure I';'/'z: It'/lz: I'{'/'é oval
. : -value
VAR (n=693) Failure (n=568) Prvalue Lowest Tertile Mid-Tertile Highest Tertile
(n=125) (n=190) (n=189) (n=189)
IVC —mm 18 (16 — 22) 15 (14-16) 19 (16 -23) <0.01 16 (15-16) 19 (18-20) 24 (23 -27) Not applicable
Clinical data
Age - years 73 (12) 68 (15) 73 (11) 0.01 71 (12) 74 (10) 76 (11) <0.01
Men - no. (%) 468 (67) 66 (53) 402 (71) <0.01 133 (70) 132 (70) 137 (72) 0.82
NYHA class - no. (%)
I 125 (18) 34 (27) 91 (16) 41 (22) 31 (16) 19 (10)
I 328 (47) 55 (44) 273 (48) 0.01 104 (55) 93 (49) 76 (40) <0.01
1l 240 (35) 36 (29) 204 (36) 45 (24) 65 (34) 94 (50)
IHD - no. (%) 407 (59) 51 (41) 356 (63) <0.01 123 (65) 129 (68) 104 (55) 0.02
DM - no. (%) 198 (29) 30 (24) 168 (30) 0.12 61 (32) 57 (30) 50 (27) 0.47
Hypertension - no. (%) 409 (59) 85 (68) 324 (57) 0.02 112 (59) 110 (58) 102 (54) 057
Smoker - no. (%) 113 (16) 18 (14) 95 (17) 0.31 38 (20) 34 (18) 23 (12) 0.11
Atrial fibrillation — no. (%) 233 (34) 5 (4) 228 (40) <0.01 34 (18) 71 (38) 123 (65) <0.01
COPD - no. (%) 94 (14) 27 (21) 67 (12) <0.01 17 (9) 29 (15) 21 (11) 0.15
SBP — mmHg 130 (24) 135 (21) 128 (24) <0.01 131 (24) 128 (23) 127 (26) 0.29
Heart rate - bpm 72 (15) 72 (13) 72 (15) 0.94 71 (12) 73 (14) 73 (18) 0.26
BMI - kg/m’ 29 (6) 31 (7) 29 (6) <0.01 30 (6) 29 (6) 28 (5) <0.01
Congestion > 3 — no. (%) 95 (14) 13 (10) 82 (14) 0.15 9 (5) 21 (11) 52 (28) <0.01
Blood results
Creatinine — umol/l 100 (82— 131) 86 (73 -108) 104 (84— 136) <0.01 99 (82 — 120) 105 (84 — 141) 113 (86 — 146) <0.01
Urea — mmol/l 7.0 (5.2 -9.8) 53(41-77)  7.2(55_10.0) <001  66(52-93)  7.1(55-100) 8.1 (6.1-11.9) <0.01
eGFR — ml/min/1.73m? 65 (27) 78 (29) 62 (26) <0.01 66 (22) 63 (28) 58 (26) 0.01
Haemoglobin - g/d| 13.2 (1.8) 13.4 (1.6) 13.1 (1.8) 0.09 135 (L.7) 13.2 (L.7) 12.7 (L.9) <0.01
Albumin — g/l 38 (3) 39 (4) 38 (3) 0.03 38 (3) 38 (3) 37 (&) <0.01
Bilirubin — umol/l 14 (11-18) 13 (10-15) 14 (12 -19) <0.01 13 (11-16) 14 (11-18) 17 (13-22) <0.01
Cholesterol - mmol/l 43 (L1) 46 (L1) 42 (L1) <0.01 44 (1.2) 42 (11) 40 (L.1) <0.01
NT-proBNP — ng/l 997 (329 — 2291) 160 (59 -274) _ 1331 (602 2883)  <0.01 537 (294 -1101) 1437 (854-2414) 3095 (1627-5547) <0.01
hsCRP — mg/l 3.6 (L5 -7.3) 3.6 (1.6 -6.8) 3.4 (L5 7.6) 0.58 2.8(L2_5.8) 3.3 (1.4 -8.0) 48(2.1-9.1) 0.15
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Beta-blocker 499 (72) 61 (49) 438 (77) <0.01 159 (84) 146 (77) 133 (70) <0.01

ACE inhibitor or ARB 572 (83) 90 (72) 482 (85) <0.01 162 (85) 169 (89) 151 (80) 0.03
Aldosterone antagonist 227 (33) 21 (17) 206 (36) <0.01 68 (36) 69 (37) 69 (37) 0.99
Loop diuretic 526 (76) 80 (64) 446 (79) <0.01 133 (70) 155 (82) 158 (84) <0.01
Statin 441 (64) 74 (59) 367 (65) 0.15 132 (70) 129 (68) 106 (56) 0.01
Antiplatelets 361 (52) 66 (53) 295 (52) 0.47 117 (62) 96 (51) 82 (43) <0.01
Digoxin 148 (21) 3(2) 145 (26) <0.01 27 (14) 51 (27) 67 (35) <0.01
Warfarin 194 (28) 7 (6) 187 (33) <0.01 38 (20) 64 (34) 85 (45) <0.01
CRT 34 (5) 0 34 (6) 0.04 8 (4) 11 (6) 15 (8) 0.31
ICD 52 (7) 3(2) 49(9) 0.02 17 (9) 14 (7) 18 (9) 0.75
Echocardiographic data
LVEDD - mm 56 (10) 47 (7) 58 (9) <0.01 57 (9) 59 (10) 59 (10) 0.12
LVEDV - ml 155 (73) 97 (33) 167 (73) <0.01 156 (67) 170 (76) 176 (74) 0.03
LVEF (%) 45 (14) 59 (6) 42 (13) <0.01 44 (11) 40 (13) 42 (15) 0.09
GLS (%) -10.8 (4.6) -15.9 (2.6) -9.6 (4.1) <0.01 -10.5 (3.7) -9.2 (4.1) -9.0 (4.5) <0.01
LA diameter - mm 43 (8) 37 (6) 45 (7) <0.01 42 (6) 45 (8) 48 (7) <0.01
LA area — mm’ 24 (8) 18 (5) 26 (8) <0.01 22 (5) 25 (8) 30 (7) <0.01
LAVI - ml/m’ 43 (22) 27 (12) 47 (23) <0.01 35 (13) 46 (23) 60 (24) <0.01
TAPSE — mm 18.5 (4.6) 21.5(4.1) 17.9 (4.5) <0.01 19.5 (4.1) 18.0 (4.0) 16.2 (4.4) <0.01
TR gradient - mmHg 27 (11) 21 (9) 28 (11) <0.01 22 (6) 27 (9) 36 (12) <0.01
Mitral regurgitation
Mild 189 (27) 12 (10) 177 (31) <0.01 45 (24) 67 (35) 65 (34) <0.01
Moderate/Severe 104 (15) 5(4) 99 (17) 9 (5) 33 (17) 57 (30)
Tricuspid regurgitation
Mild 141 (20) 6 (5) 135 (24) <0.01 15 (8) 50 (26) 70 (37) <0.01
Moderate/Severe 52 (7) 2 (1) 50 (9) 2 (1) 6 (3) 42 (22)

Table 1 Supplementary: Characteristics of patients by diagnosis and by tertiles of inferior vena cava (IVC) diameter. Data are mean and standard deviation if the variable is
normally distributed and median and inter-quartile range if not. The statistical difference between variables is given for the comparison between patients with and without
heart failure, and between tertiles of IVC diameter in the heart failure population only. List of abbreviation used: IHD - Ischemic Heart Disease; DM — Diabetes Mellitus;
COPD - Chronic Obstructive Pulmonary Disease; SBP - Systolic Blood Pressure; BMI - Body Mass Index; eGFR - estimated Glomerular Filtration Rate; NTproBNP - N-
terminal B-type natriuretic peptide; hsCRP - high sensitivity C-reactive protein; CRT - Cardiac Resynchronization Therapy; ICD - Implantable Cardioverter Defibrillator;
LVEDD - Left Ventricle End-Diastolic Diameter; LVEDV - Left Ventricle End Diastolic Volume; LVEF — Left Ventricular Ejection Fraction; GLS - Global Longitudinal
Strain; LA: left atrium; LAVI - Left Atrial Volume Index; TAPSE - Tricuspid Annular Plane Systolic Excursion; TR gradient- Trans-Tricuspid systolic gradient.
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Normal group

All patients p-value Group A Group B Group C P-value
(20) (313) (76) (99) (138) (between groups)
Clinical & Demographic

Age - years 65 (11) 74 (13) 0.005 67 (15) 73 (13) 78 (10) <0.001
Men - no. (%) 9 (45) 181 (58) 0.261 37 (49) 57 (58) 87 (63) 0.126
NYHA Class

| 20 (100) 60 (19) 21 (28) 20 (20) 19 (14)

" 0 (0) 151 (48) <0.001 28 (37) 56 (57) 67 (49) 0.014

11 0(0) 102 (32) 27 (35) 23 (23) 52 (37)
IHD - no. (%) 0(0) 136 (44) <0.001 30 (40) 41 (41) 65 (47) 0.495
DM - no. (%) 0(0) 85 (27) 0.007 20 (26) 27 (27) 38 (27) 0.981
Hypertension or SBP > 0 (0) 219 (70) <0.001 51 (67) 69 (70) 99 (72) 0.777
140 mmHg- no. (%)
Smoker - no. (%) 1(5) 40 (13) 0.305 13 (17) 14 (14) 13 (9) 0.242
Atrial fibrillation — no. 0 (0) 126 (40) <0.001 1(1) 25 (25) 100 (73) <0.001
(%)
COPD - no. (%) 0 (0) 47 (15) 0.061 13 (17) 20 (20) 14 (10) 0.086
BMI - kg/m? 27.0 (4) 29.9 (6) 0.054 29.8 (6) 31.1(8) 29.1 (6) 0.058
SBP — mmHg 136 (13) 136 (24) 0.941 134 (22) 136 (23) 138 (26) 0.581
Heart rate - bpm 64 (8) 72 (14) 0.007 72 (13) 74 (14) 71 (15) 0.235
Congestion score > 3 (%) 0 (0) 49 (16) 0.055 9 (12) 9(9) 31 (23) 0.012

Blood

Creatinine — pmol/l 73 (62 -79) 98 (80 — 130) <0.001 86 (84 -109) 97 (77 —127) 107 (82 —141) <0.001
Urea — mmol/l 49 (43-6.1) 7.0 (4.8 - 10.0) <0.001 5.3(3.9-7.3) 7.1(4.8-9.1) 7.9 (5.6 - 11.8) <0.001
eGFR — ml/min/1.73m? 98 (23) 68 (30) <0.001 78 (29) 71 (33) 61 (26) <0.001
Haemoglobin - g/dl 14.4 (1.0) 13.1 (1.9 <0.001 13.4 (1.5) 13.4 (1.8) 12.8 (2.0) 0.016
Albumin — g/l 39.9 (2.1) 37.8 (3.4) <0.001 38.6 (3.8) 38.1(2.9) 37.3(3.5) 0.022
Bilirubin — umol/l 13.2 (3.8) 15.0 (5.9) 0.196 13.2 (4.8) 14.4 (4.6) 16.4 (6.9) <0.001
NT-proBNP — ng/l 107 (46 -147) 591 (202— 1636) <0.001 164 (59-268) 414 (143 -887) 1627 (868-2837) *x
hsCRP — ul/l 1.5 (0.77 - 2.4) 4.0 (1.7-7.8) <0.001 3.6 (1.1 -6.8) 3.6 (1.6 —6.3) 4.8 (2.2-9.8) 0.104
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Medications — no. (%)

Beta-blocker 0 (0) 188 (60) <0.001 37 (48) 57 (58) 94 (68) 0.018
ACE inhibitor or ARB 0 (0) 230 (74) <0.001 56 (74) 72 (73) 102 (74) 0.944
Aldosterone antagonist 0 (0) 67 (21) 0.021 14 (18) 19 (19) 34 (25) 0.461
Loop diuretic 0 (0) 221 (71) <0.001 43 (56) 73 (74) 105 (76) 0.008
* Dose of Furosemide 0(0) 40 (40) <0.001 24 (32) 33 (33) 48 (48) <0.001
Statin 2 (10) 180 (58) 0.001 45 (59) 59 (59) 76 (55) 0.740
Antiplatelets 0(0) 135 (43) 0.001 40 (53) 48 (49) 47 (34) 0.014
Digoxin 0 (0) 69 (22) 0.018 0 (0) 16 (16) 53 (38) <0.001
Warfarin 0 (0) 90 (29) 0.005 5 (6) 20 (20) 65 (47) <0.001
CRT 0 (0) 10 (3) 0.417 1(1) 3(3) 6 (4) 0.480
ICD 0 (0) 10 (3) 0.417 2 (3) 3(3) 5(4) 0.228
Echocardiographic data

LVEDD - mm 46 (6) 49 (7) 0.026 47 (6) 48 (7) 51 (6) <0.001
LVEDV - ml 89 (28) 105 (37) 0.056 95 (29) 100 (38) 115 (38) <0.001
LVEF - % 60 (5) 58 (6) 0.236 59 (6) 59 (6) 58 (6) 0.213
GLS-% -19.1 (2.1) -14.7 (3.1) <0.001 -15.9 (2.4) -15.2 (3.1) -13.6 (3.0) <0.001
LA Diameter - mm 31.5 (3.6) 42.5 (7.6) <0.001 35.1 (4.6) 40.3 (5.5) 48.1 (5.7) ol
LAVI - ml/m* 20 (6) 40 (23) <0.001 25 (10) 33 (13) 55 (25) ol
TAPSE —mm 23 (3) 20 (5) 0.001 21 (4) 21 (5) 18 (4) <0.001
TR gradient - mmHg 20 (4) 27 (12) <0.001 19 (5) 25 (12) 33 (12) <0.001
IVC - mm 15 (2) 18 (5) <0.001 15 (2) 17 (3) 22 (5) <0.001
Mitral regurgitation

None/trivial 15 (75) 209 (67) 67 (88) 79 (80) 63 (46) <0.001

Mild 5 (25) 64 (20) 0.231 7(9) 16 (16) 41 (30) '

Moderate 0 40 (13) 2 (3) 4 (4) 34 (24)
Tricuspid regurgitation

None/trivial 20 (100) 233 (74) 74 (97) 80 (81) 79 (57) <0.001

Mild 0 48 (15) 0.035 2(3) 12 (12) 34 (25) '

Moderate 0 32 (10) 0 (0) 7(7) 25 (18)

Table 2 Supplementary: Characteristics of patients. Data are mean and standard deviation if normally distributed and median and inter-quartile range if not. The statistical
difference between patients with suspected heart failure and controls, and the difference between Groups A, B and C is shown. List of abbreviation used: NYHA — New York
Heart Association; IHD - ischemic heart disease; DM — diabetes mellitus; COPD - chronic obstructive pulmonary disease; SBP - systolic blood pressure; BMI - body mass
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index; eGFR - estimated Glomerular Filtration Rate; NTproBNP - N-terminal B-type natriuretic peptide; hsCRP - high sensitivity C-reactive protein; CRT - cardiac
resynchronization therapy; ICD - implantable cardioverter defibrillator; LVEDD - left ventricle end-diastolic diameter; LVEDV - left ventricle end diastolic volume; LVEF -
ejection fraction; GLS - global longitudinal strain; LA — Left atrium; LAVI - left atrial volume index; TAPSE - Tricuspid Annular Plane Systolic Excursion; TR gradient-
Trans-Tricuspid systolic gradient; IVC : inferior vena cava diameter. *Daily dose of furosemide or equivalent (bumetanide 1 mg = furosemide 40 mg). **The difference

between the 3 groups in LA size and NT-proBNP was significant by definition.
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No definite  Evidence of LAEF LAEF LAEF LAEF ERTE
evidence of  Heart failure P-value Quartile 1 Quartile 2 Quartile 3 Quartile 4
heart failure (166) (166) (166) (166)
(95) (664)
Main LA measurements - MRI
LAEF 2 chambers -% 52 (47 — 61) 41 (31 —50) <0.001 54 (49 — 59) 46 (43 -50) 37 (34 — 41) 23 (16 — 29) NA
LAEF 4 chambers - % 55 (48-61) 42 (31 -51) <0.001 56 (53 —61) 47 (45 —49) 37 (34 - 39) 23 (17— 28) NA
Max LA volume (4 chambers) - ml 69 (49 -86) 84 (60 — 114) <0.001 70 (51 — 93) 78 (55 — 102) 80 (64 — 110) 115 (90 — 138) <0.001
Max LAvolume/BSA (4 chamber) 35 (27 -44) 43 (31 - 60) <0.001 37 (28 -47) 39 (30 —52) 42 (32 —59) 62 (50 -76) <0.001
Demographic data

Age - years 65 (56 — 73) 69 (61 — 75) 0.015 68 (61 —73) 68 (59 -75) 69 (61 —75) 69 (62 -76) 0.216
Sex — male 61 (64) 525 (79) 0.001 125 (75) 137 (82) 132 (79) 131 (78) 0.451
IHD — no. (%) 34 (36) 469 (71) <0.001 109 (66) 112 (68) 120 (72) 128 (77) 0.096
Previous MI — no. 27 (28) 345 (53) <0.001 85 (52) 76 (47) 94 (58) 90 (54) 0.239
DM - no. (%) 17 (18) 145 (22) 0.380 42 (25) 38 (23) 28 (17) 37 (22) 0.297
Hypertension - no. (%) 53 (56) 332 (50) 0.291 88 (53) 91 (55) 78 (47) 75 (45) 0.233
COPD - no. (%) 10 (11) 59 (9) 0.603 15 (9) 17 (10) 16 (10) 11 (7) 0.674
NYHA class - no. (%)

[ 38 (40) 126 (19) 38 (23) 34 (21) 31(19) 23 (14)

1 38 (40) 357 (54) <0.001 84 (51) 89 (54) 91 (55) 93 (56) 0.498

11 19 (20) 181 (27) 44 (26) 43 (25) 44 (26) 50 (30)
SBP — mmHg 138 (126 —156) 130 (115 — 149) 0.003 130 (118 —151) 134 (120—150) 129 (114 — 149) 125 (112 — 143) 0.140
Heart rate — bpm 67 (14) 67 (13) 0.680 67 (12) 66 (11) 66 (12) 69 (17) 0.047
Congestion > 3 5(5) 58 (9) 0.251 10 (6) 15 (9) 14 (8) 19 (11) 0.378
BMI - kg/m® 31 (6) 28 (5) <0.001 29 (6) 29 (5) 28 (5) 27 (5) 0.050
BSA - m’ 1.98 (0.24) 1.91 (0.22) 0.023 1.93 (0.21) 1.94 (0.24) 1.92 (0.20) 1.89 (0.21) 0.199

Blood results

Haemoglobin — g/d| 13.9 (1.4) 13.5 (1.6) 0.001 13.4 (1.7) 13.5 (1.6) 13.4 (1.5) 13.1 (1.6) 0.160
Creatinine —pmol/l 88 (74 — 102) 103 (85 — 132) <0.001 92 (81 — 110) 102 (84 — 132) 105 (88 — 134) 112 (92 — 142) 0.031
Urea — mmol/l 5.3 (4.3-6.9) 6.8 (5.3-9.3) <0.001 6.2 (4.7-9.0) 6.8 (4.9-9.1) 7.0 (5.7 -9.6) 7.5 (5.6 -11.2) 0.085
Albumin - g/l 38 (3) 38 (3) 0.308 38 (4) 38 (3) 38 (3) 38 (4) 0.492
Bilirubin - pmol/l 14 (4) 15 (6) 0.014 14 (4) 15 (6) 16 (7) 17 (7) <0.001
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NT-proBNP — ng/l 131 (64 —259) 864 (388 —1978) <0.001 414 (217 -907) 803 (386 —1480) 829 (435 — 2058) 1797 (912 — 3780) <0.001
Medications
Beta-blockers - no. (%) 48 (51) 515 (78) <0.001 133 (80) 129 (78) 128 (77) 125 (75) 0.170
Ace-Inhibitors or ARB - no. (%) 56 (59) 584 (88) <0.001 151 (91) 144 (87) 146 (88) 143 (86) 0.541
Aldosterone Antagonist -no. (%) 11 (12) 224 (34) <0.001 56 (34) 59 (36) 49 (30) 60 (36) 0.575
Loop diuretics - no. (%) 15 (16) 480 (72) <0.001 102 (61) 115 (69) 126 (76) 137 (83) <0.001
Furosemide — patients >40 mg/day (%) 12 (13) 446 (67) <0.001 95 (57) 108 (65) 113 (68) 130 (78) <0.001
Furosemide - patients > 80 mg/day (%) 3(3) 191 (29) <0.001 34 (20) 43 (26) 49 (30) 65 (39) <0.001
Antiplatelets — no (%) 40 (42) 439 (66) <0.001 116 (70) 112 (68) 103 (62) 108 (65) 0.078
Statin — no (%) 53 (56) 412 (62) 0.241 109 (66) 102 (61) 93 (56) 108 (65) 0.247
Other MRI data
LVEDV - ml 134 (110-167) 210 (166 — 266) <0.001 181 (143 — 216) 203 (161 -240) 217 (175 — 268) 252 (205 — 314) <0.001
LVEF - % 60 (54 -66) 37 (29 -46) <0.001 47 (38-53) 39 (32 - 46) 34 (28 —44) 29 (24 - 37) <0.001
LV mass-g 121 (102 —152) 157 (129 — 194) <0.001 136 (117 -168) 162 (136 — 200) 157 (133 - 192) 176 (142 - 211) <0.001
MAX LA volume — 2ch 72 (53-97) 89 (65 — 115) <0.001 79 (60 -99) 85 (58 — 106) 85 (61 — 115) 113 (88 — 137) <0.001
LA total emptying volume - ml 37 (27 - 48) 31 (22 - 43) <0.001 39 (30 —54) 36 (26 — 47) 30 (23 -39) 23 (15-31) <0.001
LA conduit volume - ml 46 (36 — 58) 44 (32 - 57) 0.327 40 (30 - 52) 42 (31-51) 46 (31 - 58) 52 (38 — 65) <0.001
RVEDV — ml 161 (121-171) 127 (102 — 158) 0.025 130 (107 - 159) 125 (102 - 157) 119 (97 — 147) 139 (110 — 184) <0.001
RVEF - % 59 (56-62) 53 (44 - 60) 0.010 59 (53 - 65) 56 (49 — 62) 53 (45 - 60) 44 (32 —55) <0.001
RV mass - g 50 (41 —54) 45 (37 — 56) 0.456 44 (35 -52) 45 (37 -56) 43 (35- 53) 49 (40 -63) <0.001
Mitral regurgitation
Mild 21 (22) 222 (33) 0.02 44 (27) 46 (28) 49 (30) 83 (50) <0.001
Moderate/Severe 0 (0) 24 (4) 1(1) 3(2) 4(2) 16 (10)
Tricuspid regurgitation
Mild 18 (19) 114 (17) 0.692 31 (19) 20 (12) 18 (11) 45 (27) 0.001
Moderate/Severe 0 (0) 4(1) 1(2) 0(0) 2 1(2)

Table 3 supplementary: Characteristics of patients by diagnosis and, for patients with heart failure by quartiles of left atrial ejection fraction (LAEF). Data are mean and
standard deviation if the variable is normally distributed and median and inter-quartile range if not. The statistical difference between variables is given for the comparison
between patients with and without heart failure, and between quartiles of LAEF only in patients with heart failure. List of abbreviation used: LAEF : Left Atrial Ejection
Fraction; IHD - Ischemic Heart Disease; DM — Diabetes Mellitus; COPD - Chronic Obstructive Pulmonary Disease; NYHA — New York Heart Association; SBP - Systolic
Blood Pressure; BMI - Body Mass Index; BSA: Body Surface Area; NT-proBNP - N-terminal B-type natriuretic peptide; ARB - Angiotensin receptor blocker; LVEDV - Left
Ventricle End Diastolic Volume; LVEF — Left Ventricular Ejection Fraction; LV: Left Ventricle;, RVEDV - Right Ventricle End Diastolic Volume; RVEF — Right
Ventricular Ejection Fraction; RV: Right Ventricle. For right ventricular size and function, only 25 measurements were available for patients considered not to have heart
failure and 549 for those considered to have heart failure.
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No HF HF with HF with P value
% 3 Narrow QRS Broad QRS (narrow vs.
(63) (557) (320) broad QRS)
Demographic & clinical

Age - years 64 (56-72) 68 (60-75) 71 (65-77) <0.001
Sex — male 37 (60) 449 (81) 264 (82) 0.490
IHD - no. (%) 24 (38) 358 (64) 216 (67) 0.333
Previous MI — no. (%) 17 (27) 260 (47) 148 (46) 0.797
DM - no. (%) 9 (14) 113 (20) 76 (24) 0.230
Hypertension - no. (%) 40 (65) 271 (49) 167 (52) 0.314
NYHA

[ 25 (39) 103 (19) 55 (17)

] 27 (44) 313 (56) 153 (48) 0.009

i 11 (17) 141 (25) 112 (35)
SBP — mmHg 143 (23) 132 (25) 131 (23) 0.559
Congestion > 3 3(4) 64 (11) 43 (13) 0.396
BMI - kg/m® 31.0(5.8) 28.6 (5.4) 27.9(5.1) 0.005
BSA— m’ 1.94 (0.24) 1.95 (0.23) 1.91 (0.20) 0.019
Atrial fibrillation 0(0) 129 (23) 51 (16) 0.011

Blood results
Haemoglobin — g/dl 14.0 (1.4) 13.7 (1.7) 13.2 (1.6) <0.001
Creatinine — umol/I 86 (71-96) 102 (85-130) 108 (90-140) <0.001
Albumin - g/l 39 (3) 38 (3) 38 (3) 0.689
Bilirubin - umol/l 13 (11-16) 15 (12-19) 15 (12-18) 0.997
NT-proBNP — ng/l 146 (68-256) 888 (391-2192) 1238 (588-2619) 0.001
ECG
Heart rate — bpm 70 (16) 71 (17) 69 (14) 0.009
QRS - msec 94 (83-106) 98 (88-106) 146 (130-162) <0.001
Medications

Beta-blockers - no. (%) 31 (49) 424 (76) 254 (79) 0.268
Ace-Inhibitors or ARB - no. (%) 38 (61) 488 (88) 287 (90) 0.356
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Aldosterone Antagonist -no. (%) 5 (8) 176 (32) 121 (38) 0.061

Loop diuretics - no. (%) 0 (0) 405 (73) 241 (75) 0.400
Furosemide > 40 mg/day — no. (%0) 0 (0) 160 (29) 118 (37) 0.013
MRI DATA
LVEDV - ml 128 (107-157) 192 (153-238) 230 (180-289) <0.001
LVEF - % 61 (55-69) 41 (32-51) 34 (27-43) <0.001
LV mass-g 119 (97-153) 146 (123-181) 170 (138-206) <0.001
LA Max volume - ml 68 (47-84) 92 (64-129) 97 (69-128) 0.551
RVEDYV —ml 155 (115-170) 133 (103-168) 131 (108-160) 0.945
RVEF - % 58 (56-61) 52 (41-59) 50 (40-59) 0.168
RV mass - g 50 (35-56) 46 (38-59) 47 (37-58) 0.867
Mitral regurgitation
Mild 15 (25) 167 (30) 129 (40) 0.005
Moderate/Severe 0 (0) 20 (4) 14 (4)
Tricuspid regurgitation
Mild 11 (17) 98 (18) 69 (22) 0.350
Moderate/Severe 0 (0) 8 (1) 4 (1)

Table 4 supplementary: Characteristics of patients by diagnostic category. In the first column (left) patients with no HF, in the mid column patients with narrow QRS (<
120 msec), in the third column patients with broad QRS (>120 msec) are shown. List of abbreviation used: IVCD: indeterminate ventricular conduction delay; LBBB - left
bundle branch block, RBBB - right bundle branch block; IHD - Ischemic Heart Disease; DM — Diabetes Mellitus; NYHA — New York Heart Association; SBP - Systolic
Blood Pressure; BMI - Body Mass Index; BSA: Body surface Area; NTproBNP - N-terminal B-type natriuretic peptide; ARB - Angiotensin receptor blocker; LV — Left
ventricle; LVEDV - Left Ventricle End Diastolic Volume; LVEF — Left Ventricular Ejection Fraction; LA: Left atrium; RV: Right Ventricle; RVEDV - Right Ventricle End
Diastolic Volume; RVEF — Right Ventricular Ejection Fraction. Measurements of RV size and function were available only for 15 patients no heart failure, 420 for patients
with narrow QRS and 275 for patients with wide QRS.
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JVD ratio JVD ratio JVD ratio EaveEllie
Tercile 1 Tercile 2 Tercile 3
(70) (71) (70)
JVD - Ratio (Valsalva/Rest) 6.5 (5.7-7.9) 4.4 (3.8-4.7) 2.3 (1.7-2.7) NA
Demographic data

Age 67 (11) 69 (10) 74 (9) 0.001
Sex —male 52 (74) 57 (80) 49 (70) 0.368
IHD — no. (%) 45 (64) 41 (58) 43 (61) 0.727
DM - no. (%) 25 (36) 21 (30) 20 (29) 0.614
Hypertension - no. (%) 28 (40) 22 (31) 33 (47) 0.144
COPD - no. (%) 6 (9) 3(4) 7 (10) 0.402
NYHA class - no. (%)

[ 25 (36) 17 (24) 9 (13)

1 34 (49) 44 (62) 38 (54) 0.003

i 11 (15) 10 (14) 23 (33)
Atrial fibrillation — no. (%) 16 (23) 23 (32) 32 (46) 0.016
SBP — mmHg 127 (25) 124 (24) 125 (26) 0.776
Heart rate — bpm 68 (11) 67 (9) 68 (12) 0.819
Congestion > 3 2(3) 4 (6) 21 (30) <0.001
BMI - kg/m® 30 (6) 30 (5) 28 (5) 0.044

Blood results
Haemoglobin — g/dl 13.8 (1.6) 13.8 (1.4) 12.7 (1.8) <0.001
eGFR — ml/min/1.73m’ 68 (23) 64 (22) 54 (17) <0.001
Urea — mmol/I 6.7 (5.4-8.4) 6.8 (5.3-9.5) 8.9 (6.2-11.7) 0.001
NT-proBNP — ng/I 552 (248-1287) 771 (409-1505) 1762 (846-3038) <0.001
Medications

Beta-blockers - no. (%) 61 (87) 66 (93) 59 (84) 0.267
Ace-Inhibitors or ARB - no. (%) 62 (89) 65 (91) 65 (93) 0.662
Aldosterone Antagonist -no. (%) 33 (47) 38 (53) 46 (66) 0.080
Loop diuretics - no. (%) 36 (51) 45 (63) 50 (71) 0.049
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Furosemide — patients >40 mg/day (%) 32 (46) 36 (51) 46 (66) 0.047

Furosemide — patients >80 mg/day (%) 16 (23) 13 (18) 20 (29) 0.352
Echocardiographic data
LVEDV - ml 140 (61) 150 (59) 138 (61) 0.453
LVEF - % 44 (12) 42 (11) 43 (13) 0.573
LAVI - ml/m’ 38 (16) 39 (16) 47 (18) 0.003
Mitral E/E’ 10.2 (1.7) 11.1(3.9) 13.4 (5.2) <0.001
TAPSE —mm 20 (4) 18 (4) 16 (5) <0.001
TR gradient - mmHg 23 (6) 27 (6) 31 (10) <0.001
IVC - mm 17 (3) 18 (3) 22 (4) <0.001
Mitral regurgitation
Mild 28 (40) 33 (47) 34 (49) <0.001
Moderate/Severe 2(3) 9 (13) 20 (29)
Tricuspid regurgitation
Mild 19 (27) 26 (37) 25 (36) <0.001
Moderate/Severe 2(3) 5(7) 21 (30)

Table 5 supplementary: Characteristics of patients with heart failure by terciles of JVD ratio (paper 5). Data are mean and standard deviation if the variable is normally
distributed and median and inter-quartile range if not. List of abbreviation used: JVD: Jugular Vein Diameter; IHD - Ischemic Heart Disease; DM — Diabetes Mellitus; COPD
- Chronic Obstructive Pulmonary Disease; NYHA — New York Heart Association; SBP - Systolic Blood Pressure; BMI - Body Mass Index; eGFR - estimated Glomerular
Filtration Rate; NTproBNP - N-terminal B-type natriuretic peptide; ARB - Angiotensin receptor blocker; LVEDV - Left Ventricle End Diastolic Volume; LVEF — Left
Ventricular Ejection Fraction; LAVI - Left Atrial Volume Index; TAPSE - Tricuspid Annular Plane Systolic Excursion; TR gradient- Trans-Tricuspid systolic gradient; IVC -
Inferior Vena Cava; NA — Not Applicable.
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No evidence of JVI|D_”: ti JVIlD_”: ti JVIlD_”: ti P-val
Variable Heart Failure Heart failure P-value Tertirlz |10 Tertﬁz |20 Tertirlz ;o Y
(n=66) (n=311) (n=104) (n=103) (n=104)
Ultrasound JVD measurements
JVD Rest —cm 0.16(0.14-0.20) 0.23(0.17-0.33) <0.001 0.16 (0.14-0.19)  0.23 (0.20-0.26) 0.41 (0.32-0.66) <0.001
JVD Deep inspiration — cm 0.10(0.07-0.13) 0.14 (0.09-0.22) <0.001 0.08(0.07-0.11) 0.14 (0.10-0.16) 0.33 (0.21-0.54) <0.001
JVD Maximal —cm 1.03(0.90-1.16) 1.08(0.90-1.25) 0.276 1.13(0.98-1.26)  1.06 (0.89-1.20) 0.99 (0.81-1.28) 0.029
JVD Ratio (Max/Baseline) 6.3 (4.9-7.6) 4.5 (2.9-6.1) <0.001 6.8 (6.1-7.7) 4.5 (4.2-4.9) 2.3(1.7-2.9) NA
Demographics
Age - years 68 (61-72) 71 (64-77) 0.001 68 (62-75) 71 (62-77) 73 (69-80) 0.001
Men - no. (%) 38 (58) 236 (76) 0.002 80 (77) 83 (81) 73 (70) 0.208
NYHA class - no. (%)
I 56 (85) 67 (22) 30 (29) 27 (26) 10 (10)
1 6(9) 168 (54) <0.001 58 (56) 56 (54) 54 (51) <0.001
11 4 (6) 76 (24) 16 (15) 20 (20) 40 (39)
IHD - no. (%) 11 (17) 196 (63) <0.001 68 (65) 67 (65) 61 (59) 0.527
DM - no. (%) 37 (56) 104 (33) 0.001 36 (35) 36 (35) 32 (31) 0.777
Hypertension - no. (%) 36 (55) 117 (37) 0.011 37 (36) 37 (36) 43 (41) 0.629
Smoker - no. (%) 5 (9) 34 (12) 0.716 11 (12) 13 (14) 10 (10) 0.740
Atrial fibrillation — no. (%) 1(1) 103 (33) <0.001 23 (22) 29 (28) 51 (49) <0.001
COPD - no. (%) 4 (6) 27 (9) 0.481 10 (10) 6 (6) 11 (11) 0.439
SBP — mmHg 136 (20) 126 (24) 0.001 125 (23) 128 (24) 126 (25) 0.529
Heart rate - bpm 70 (13) 68 (12) 0.220 67 (12) 66 (10) 69 (15) 0.158
BMI - kg/m® 30.0 (5.9) 29.4 (5.5) 0.005 29.3 (5.6) 29.8 (5.4) 29.1 (5.6) 0.599
BSA —m’ 1.97 (0.24) 1.95 (0.22) 0.661 1.95 (0.22) 1.98 (0.22) 1.93 (0.23) 0.227
Congestion >3 — no. (%) 1(1) 46 (15) 0.003 3(3) 5(5) 38 (37) <0.001
Bloods
Creatinine — umol/I 80 (66-98) 104 (87-137) <0.001 99 (81-122) 108 (86-137) 110 (91-153) 0.034
Urea — mmol/I 5.4 (4.4-7.0) 7.3 (5.6-10.2) <0.001 6.7 (5.1-8.7) 7.6 (5.5-10.5) 8.1(6.0-11.8) 0.002
eGFR — 1.73ml/min/m? 84 (69-103) 61 (45-76) <0.001 65 (51-82) 59 (44-79) 56 (38-71) 0.003
Haemoglobin - g/dI 13.8 (1.3) 13.3(1.6) 0.009 13.6 (1.4) 13.6 (1.6) 12.8 (1.8) 0.001
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Albumin — g/l 40 (3) 39 (3) 0.005 39 (3) 40 (3) 38 (3) 0.006

Bilirubin — umol/I 13.4 (4.3) 15.5 (6.7) 0.001 14.3 (5.0) 14.7 (5.8) 17.5 (8.3) 0.001
NT-proBNP — ng/l 110 (38-213) 979 (441-2007) <0.001 588 (263-1206) 836 (426-1887) 1791 (962-3327) <0.001
NT-proBNP — ng/l 106 (38 — 198) 622 (337 — 1753) <0.001 482 (203-864) 598 (393-1762) 1768 (566 —4023) <0.001
(Patients in SR only)
Treatment
Beta-blocker - no. (%) 25 (38) 276 (89) <0.001 93 (90) 93 (90) 90 (86) 0.670
ACE inhibitor/ARB - no. (%) 41 (62) 281 (90) <0.001 94 (90) 93 (90) 94 (90) 1.000
Aldosterone antagonist - no. 7(12) 169 (54) <0.001 53 (51) 54 (52) 62 (60) 0.407
(%)
Loop diuretic - no. (%) 10 (15) 193 (62) <0.001 53 (51) 66 (64) 74 (71) 0.010
Loop >40 mg Furosemide — 5(8) 77 (25) 0.002 23 (22) 21 (20) 33(32) 0.145
no. (%)
Statin - no. (%) 39 (59) 223 (72) 0.043 86 (83) 73 (71) 64 (61) 0.003
CRT - no. (%) 0 37 (12) 0.003 10 (10) 13 (13) 14 (14) 0.667
Echocardiography

LVEDD - mm 49 (6) 57 (9) <0.001 57 (8) 58 (10) 58 (9) 0.623
LVEDV - ml 93 (31) 147 (62) <0.001 141 (55) 158 (65) 143 (64) 0.104
LVEF - % 59 (6) 42 (12) <0.001 43 (11) 41 (12) 42 (12) 0.645
LVEF <40% no. (%) 0 (0) 137 (44) <0.001 44 (42) 48 (47) 45 (43) 0.808
LAD — mm 35 (5) 42 (7) <0.001 40 (7) 41 (6) 44 (7) <0.001
LAVI - mi/m’ 25 (11) 41 (15) <0.001 38 (16) 40 (15) 47 (15) <0.001
Mitral E/E’ 8 (3) 12 (5) <0.001 11 (5) 12 (5) 13 (5) <0.001
TAPSE — mm 22 (4) 18 (4) <0.001 20 (4) 18 (4) 17 (5) <0.001
TR gradient — mmHg 20 (6) 28 (10) <0.001 23 (6) 26 (7) 33(12) <0.001
IVC — mm 16 (3) 19 (4) <0.001 17 (3) 18 (3) 22 (4) <0.001
Mitral regurgitation

Mild 6 (9) 156 (50) <0.001 47 (45) 52 (50) 57 (55) <0.001

Moderate/Severe 1(1) 37 (12) 2(2) 9(9) 26 (25)
Tricuspid regurgitation

Mild 8 (12) 111 (36) <0.001 27 (26) 36 (35) 48 (46) <0.001

Moderate/Severe 1(1) 33 (11) 1(1) 6 (6) 26 (25)

Table 6 supplementary: Characteristics of patients by diagnosis and by tertiles of JVP Ratio (paper 6). List of abbreviation used: IHD - ischemic heart disease; DM —
diabetes mellitus; COPD - chronic obstructive pulmonary disease; SBP - systolic blood pressure; BMI - body mass index; eGFR - estimated Glomerular Filtration Rate;

100



NTproBNP - N-terminal B-type natriuretic peptide; hsCRP - high sensitivity C-reactive protein; CRT - cardiac resynchronization therapy; ICD - implantable cardioverter
defibrillator; LVEDD - left ventricle end-diastolic diameter; LVEDV - left ventricle end diastolic volume; LVEF — left ventricular ejection fraction; LAVI - left atrial volume
index; TAPSE - Tricuspid Annular Plane Systolic Excursion; TR gradient- Trans-Tricuspid systolic gradient; NA — not applicable.

101



	MD by pubblications PP Version_submitted
	Paper 1 - IVC
	IVC Diameter in Patients With Chronic Heart Failure
	Methods
	Study population
	Echocardiographic measurements
	Statistical methods

	Results
	Patient characteristics
	IVC measurements
	Internal correlates of IVC diameter
	Admission for worsening HF or CV death
	IVC diameter and total mortality

	Discussion
	Study limitations

	Conclusions
	References


	Paper 2 - GLS and prognosis
	Paper 3 LAEF
	Paper 4 QRS
	Paper 5 JVDratio
	Paper 6 JVDand outcome


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile ()
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.5
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings false
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /Courier-Oblique
    /Helvetica
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Oblique
    /Symbol
    /Times-Bold
    /Times-BoldItalic
    /Times-Italic
    /Times-Roman
    /ZapfDingbats
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG2000
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 20
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG2000
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 20
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages true
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 175
  /MonoImageDepth 4
  /MonoImageDownsampleThreshold 1.50286
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /ENU ()
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice




