University

of Glasgow

Cuthbert, J. J., Pellicori, P., Flockton, R., Kallvikbacka-Bennett, A., Khan,
J., Righy, A. S., Girerd, N., Zannad, F., Cleland, J. G.F. and Clark, A.
L. (2021) The prevalence and clinical associations of ultrasound measures
of congestion in patients at risk of developing heart failure. European
Journal of Heart Failure, 23(11), pp. 1831-1840. (doi: 10.1002/ejhf.2353)

The material cannot be used for any other purpose without further
permission of the publisher and is for private use only.

There may be differences between this version and the published version.
You are advised to consult the publisher’s version if you wish to cite from
it.

This is the peer reviewed version of the following article:

Cuthbert, J. J., Pellicori, P., Flockton, R., Kallvikbacka-Bennett, A., Khan,
J., Righy, A. S., Girerd, N., Zannad, F., Cleland, J. G.F. and Clark, A.

L. (2021) The prevalence and clinical associations of ultrasound measures
of congestion in patients at risk of developing heart failure. European
Journal of Heart Failure, 23(11), pp. 1831-1840, which has been published
in final form at: 10.1002/ejhf.2353

This article may be used for non-commercial purposes in accordance with
Wiley Terms and Conditions for Self-Archiving.

http://eprints.gla.ac.uk/252797/

Deposited on 26 October 2021

Enlighten — Research publications by members of the University of
Glasgow
http://eprints.gla.ac.uk



https://doi.org/10.1002/ejhf.2353
https://doi.org/10.1002/ejhf.2353
https://authorservices.wiley.com/author-resources/Journal-Authors/licensing/self-archiving.html
http://eprints.gla.ac.uk/239018/
http://eprints.gla.ac.uk/

The prevalence and clinical associations of ultrasound measures of congestion in

patients at risk of developing heart failure.

Cuthbert, JJ.!, Pellicori P.2, Flockton, R.!, Kallvikbacka-Bennett A.!, Khan J?, Rigby AS,!

Girerd, N3 Zannad F?, Cleland JGF?, Clark AL.!
Affiliations

1. Hull York Medical School, Hull and East Yorkshire Medical Research and Teaching

Centre, Castle Hill Hospital, Cottingham, Kingston upon Hull, HU16 5JQ, UK

2. Robertson Institute of Biostatistics and Clinical Trials Unit, University of

Glasgow, University Avenue, Glasgow, G12 8QQ, UK.

3. Université de Lorraine, Centre d'Investigation Clinique Inserm and CHU

Nancy, France.
Address for correspondence

Dr. Joseph J Cuthbert, Hull York Medical School, Hull and East Yorkshire Medical
Research and Teaching Centre, Castle Hill Hospital, Cottingham, Kingston upon Hull, HU16
5JQ, UK. Telephone: + 44 (0)1482 461776. Fax: + 44 (0)1482 461779 email:

joe.cuthbert@nhs.net

Word count: 2495



Abstract

Aims: Congestion is a cardinal feature of untreated heart failure (HF) and might be detected

by ultrasound (US) before overt clinical signs appear.

Methods and Results: We investigated the prevalence and clinical associations of
subclinical congestion in 238 patients with at least one clinical risk factor for HF (diabetes,
ischaemic heart disease or hypertension) using three US variables: 1) inferior vena cava
(IVC) diameter; 2) jugular vein distensibility (JVD) ratio (the ratio of the jugular vein
diameter during Valsalva to that at rest); 3) the number of B-lines from a 28-point lung US.
US congestion was defined as IVC diameter >2.0 cm, JVD ratio <4.0 or B-lines count >14.
The prevalence of subclinical congestion (defined as at least one positive US marker of
congestion) was 30% (13% by IVC diameter, 9% by JVD ratio and 13% by B-line
quantification). Compared to patients with no congestion on US, those with at least one
marker had larger left atria and higher plasma concentrations of natriuretic peptide (NP).
Patients with raised plasma NT-proBNP/BNP had a lower JVD ratio (7.69 vs. 8.80; P=0.05)
and more often had at least one lung B-line (74% vs. 63%; P=0.05). However, plasma NP
concentrations were more closely related to left atrial volume than other US measures of

congestion.

Conclusions: Subclinical evidence of congestion by ultrasound is common in patients with
clinical risk factors for heart failure. Whether these measurements provide additional value

for predicting the development of HF and its prevention deserves consideration.

Key words: IVC, jugular vein, lung ultrasound, heart failure risk, congestion, b-lines.



Introduction

Signs of venous congestion, such as peripheral oedema, are common in patients with heart
failure,! but are late manifestations of disease.” Raised venous pressure may be detected by
ultrasound, either by measuring surrogates of intravascular pressure (inferior vena cava (IVC)
or jugular vein (JV) diameter) or pulmonary interstitial oedema (as assessed by B-lines)).> A
substantial proportion of patients without symptoms or signs of congestion may still have

evidence of congestion on ultrasound (subclinical congestion).*

The CHAMPION study found that increasing the dose of diuretics in patients with heart
failure in response to increasing pulmonary artery pressure reduces the risk of hospitalisation
for heart failure,> which is usually caused by congestion.® Subclinical congestion will usually
precede the onset of clinically overt heart failure; this prodromal phase of heart failure might
exist for many years before the gradual onset of symptoms and signs becomes sufficiently
severe to cause a diagnosis. Alternatively, an event, such as an arrhythmia, myocardial
ischaemia or infection, may trigger the abrupt onset of heart failure in patients who have
long-standing subclinical congestion. It is a sad indictment of current healthcare that the
diagnosis of heart failure is often made only after the symptoms and signs are so severe that
the patient needs to be admitted to hospital. The opportunity for prevention in the potentially

long prodromal phase of subclinical congestion is substantial.

Approximately 30% of patients with established, or at high risk of, cardiovascular (CV)
disease have raised plasma concentrations of natriuretic peptide, * which are associated with
an increased risk of incident heart failure.” However, the prevalence of ultrasound features of

subclinical congestion in this population is unknown, which we now describe.



Methods
Patient population

We invited patients who consented to screening at two centres participating in the Heart
OMics in AGEing (HOMAGE) randomised trial between September 2016 and June 2018 to
participate in an additional observational study. HOMAGE was an open label, randomised,
multi-centre clinical trial studying the effects of spironolactone versus standard care on
biomarkers of fibrosis in patients at risk of developing heart failure (NCT02556450),'°
which included one or more of: diabetes, hypertension, a previous myocardial infarction or
coronary artery revascularization. Patients with a clinical suspicion of heart failure (including
peripheral oedema) or atrial fibrillation, those treated with loop diuretics or with grossly
elevated plasma NP (BNP>280 ng/L or NTproBNP >1000 ng/L) or left ventricular ejection

fraction (LVEF) <45 % were excluded.

The study conforms to the principles outlined in the Declaration of Helsinki and was
approved by relevant ethical bodies. Patients signed written consent prior to any
investigations. Data on medical history, blood results (full blood count, biochemistry and
NTproBNP (in Hull) or BNP (in Glasgow)), electrocardiograms (ECG), and echocardiograms

were collected on the same day and stored on secure National Health Service servers.

Natriuretic Peptides

Blood samples were taken and sent to the local NHS laboratory according to routine clinical
practice. NT-proBNP was measured using the Roche and BNP using the Abbott assay.
Patients were classified by NTproBNP and BNP cut-offs derived from the most recent ESC

heart failure guidelines (BNP Group 1 (“normal”) — NTproBNP <125 ng/L. or BNP <35 ng/L
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and BNP Group 2 (“raised”) — NTproBNP 125 - 1000 ng/L or BNP 35-280 ng/L).
Correlations between NP and clinical and echocardiographic variables were done separately
for NT-proBNP (n=195) and BNP (n =43) and for the overall population (n = 238) by

multiplying BNP by 3.5 (as used by heart failure guidelines)' — “normalised BNP”.

Echocardiographic measurements

Echocardiography was performed using a Vivid 7 (GE Health care, UK) system operating at
1.7-3.4MHz in Hull, and an ACUSON SC2000 system operating at 1.5-3.5 MHz (Siemens,
UK) in Glasgow. Echocardiograms were performed by JJC and AKB (Hull) and by PP
(Glasgow), and JVD assessment and lung ultrasound was performed by JJC (Hull) and PP
(Glasgow). All images were stored and reviewed oft-line by the same operator in Hull (JJC)
and Glasgow (PP) both of whom had substantial experience in echocardiography, and in the
comprehensive assessment of congestion by ultrasound.* PP is accredited by the British
Society of Echocardiography and had oversight of echocardiographic, JVD assessment, and

lung ultrasound data collection at both sites.
Assessment of left ventricular systolic and diastolic function

LVEF was measured by modified Simpson’s biplane method. Diastolic function and cardiac
filling pressures were assessed by five different variables recommended by current European
Society of Cardiology (ESC) heart failure guidelines to diagnose left ventricular diastolic
dysfunction: 1) left atrial volume index (LAVI) >34 ml/m?; 2) left ventricular mass index
(LVMI) >115 g/m? for men and >95 g/m*for women; 3) E:A <1; 4) E’ mean <0.09 m/s

measured with tissue Doppler imaging and 5) E/e’ >13.!



Assessment of congestion by ultrasound

Inferior vena cava measurements

Inferior vena cava (IVC) diameter increases with right atrial pressure (RAP).!! Maximum
IVC diameter was measured ~2 cm before it merged with the right atrium in the supine

position from the subcostal view.

Jugular vein measurements

We measured the jugular vein diameter as described previously.!? With the patient semi-
recumbent at 45°, we placed a linear high frequency probe (10 MHz) below the angle of the
jaw on the left side of the neck and moved downwards toward the angle of Louis until the left
internal jugular vein was identified. Jugular vein diameter at rest and during Valsalva (forced
expiration against a closed glottis) were measured using 2-D or M-mode echocardiography.
The ratio between the diameter during Valsalva and that at rest was calculated as the jugular

vein distensibility (JVD) ratio.

Lung ultrasound

B-lines are vertical artefacts seen on ultrasound originating from the visceral pleura due to an
impedance mismatch caused by increased density in the lung parenchyma — such as fluid
within aerated lung.>!>. We scanned from the second to the fifth intercostal space on the
right hemithorax, and from the second to the fourth intercostal space on the left hemithorax

along the parasternal, mid-clavicular, anterior axillary and mid-axillary lines to give a total of



28 sites. We counted the number of B-lines in each window. All patients were assessed whilst

lying at 45 degrees and each window was recorded for 3-5 seconds.

Definition of subclinical congestion

A patient was considered to have subclinical congestion by ultrasound if they met one or
more of the following criteria: [IVC diameter >2.0 cm, JVD ratio <4, or lung B-line count

>14.4

Statistical analysis

Categorical data are presented as number and percentages and continuous data are presented

as median and quartiles.

Chi-squared or Fisher’s exact tests were used to compare categorical variables, unpaired t test
were used to compared normally distributed variables, and Mann-Whitney U tests were used
to compare continuous variables that were not normally distributed. The relation between
ultrasound markers of congestion (IVC diameter, JVD ratio and number of B-lines) as
continuous variables and other variables was assessed using Pearson correlation coefficients ,
and uni- and multivariable binary logistic regressions. Log transformed NTproBNP, log

transformed BNP, and log transformed normalised BNP were used.



Results

Patient characteristics by BNP Group

Of 253 patients screened; 15 had clinical evidence of heart failure and were excluded from
the analysis (figure 1). Amongst the remaining 238, the median age was 72 years, 77% were
men, 94% had ischaemic heart disease and 51% had a history of myocardial infarction (MI)
(table 1). Overall, 73% of patients had elevated NP levels (NTproBNP 125 - 1000 ng/L or
BNP 35-280 ng/L) and were older, more likely to be prescribed a beta-blocker and had a
lower haemoglobin than patients with an NP in the normal range (Group 1) (table 1).

Differences between the Glasgow and Hull cohort are presented in supplementary table 1.

Patient characteristics by echocardiography

Compared to patients with a normal NP, patients with an elevated NP had substantially larger
LA volumes and slightly higher E and E:e’ (Table 2). Amongst patients with an elevated NP,
there was no difference in IVC diameter or the median number of B-lines, but JVD ratio was

lower and the percentage with lung B-lines greater.

Of 214 patients with complete data for all three congestion markers, 70% were free from
subclinical congestion by ultrasound, 25% had one marker and 5% had two markers of
congestion, but no patient had all 3 markers (figure 2). Left atrial diameter and volume were
greater, and plasma NP concentrations higher in patients with one or more marker of
congestion compared to those who had none (table 2) (supplementary figure 1). 92% of
patients with left atrial dilation and 75% of those with congestion on ultrasound had elevated

plasma NP concentrations (figure 2). Conversely, only half of those with an elevated plasma



NP had either left atrial dilation or another ultrasound measure of congestion (supplementary

figure 2).

53 patients had mild or moderate mitral regurgitation (MR), and 43 patients had mild
tricuspid regurgitation (TR). There was no difference in the prevalence of TR nor the
estimated systolic pulmonary artery pressure measured by the Bernoulli equation between
patients with raised NP concentrations and normal NP concentrations, nor between patients
with one or more markers of congestion and no markers. However, the prevalence of MR was
higher amongst patients with raised NP concentrations compared to those with normal NP
concentrations, and also amongst patients with one or more markers of congestion compared

to those with no markers (table 2).

Correlates of ultrasound markers of congestion or filling pressure.

None of the three ultrasound markers of congestion correlated with another but IVC diameter
and the number of B-lines were weakly correlated with left atrial volume (figure 3). The
number of B-lines was also inversely correlated with body mass index (BMI) in patients with
a BMI <30 kg/m? (but not in those with a BMI >30 kg/m?) and body surface area (BSA), and
positively correlated with TR gradient (supplementary table 2). Natriuretic peptides were
most strongly correlated with LAV, with weaker correlation to IVCD, JVD, E/e’, LVMI, age

and systolic blood pressure (supplementary figure 3).

Greater left atrial volume index was associated with higher NP concentrations (hazard ratio
(HR) = 1.12 (95% confidence interval (CI) 1.06 — 1.17); 2 = 19; P<0.001), the presence of

one or more markers of ultrasound congestion (HR = 1.04 (1.01 — 1.08); 2 = 6; P=0.02), and



the presence of congestion by IVC diameter (HR =1.09 (1.04 — 1.14), 2 = 12; P=0.001)

(supplementary table 3).

Outcomes

During a median follow up of 1282 days (IQR 1156 — 1539) 5 patients were commenced on
loop diuretics; 110 patients had a first admission to hospital (87 (80%) of which were
unplanned admissions, 36 (41%) of which were cardiovascular admissions); 12 patients were
diagnosed with AF; 1 patient was diagnosed with HF; 17 patients were diagnosed with

cancer; and 13 patients died.

Numerically, a greater proportion patients with raised, compared to normal, plasma
concentrations of NP reached the composite endpoint of unplanned cardiovascular admission,
prescription of a loop diuretic, diagnosis of AF, diagnosis of HF, or death (HR = 1.88 (0.98 —
3.62); P=0.06), and amongst those with at least one marker of congestion on ultrasound
compared to those with no markers for patients with a complete set of congestion data

(N=214) (HR = 1.61 (0.94 — 2.78); P=0.09) (supplementary figure 4).

Those with both raised plasma concentrations of NP and at least one marker of congestion on
ultrasound were at three-fold increased risk of the composite endpoint compared to patients

with neither of these attributes (HR 3.05 (1.28 — 7.27); P=0.01)) (figure 4).
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Discussion

This analysis shows that many patients at increased clinical risk of developing heart failure
have one or more ultrasound markers of subclinical congestion. However, various measures
of congestion were poorly correlated, the strongest association being between left atrial
volume and natriuretic peptides. Paradoxically, the lack of strong correlations may offer some
advantages. If measurements are tightly correlated, then measuring just one might suffice.
Although NP are one of the best predictors of incident heart failure, their accuracy is low;
most patients with an elevated plasma NP will not develop heart failure and may not benefit
from additional preventive measures. For instance, in the PEACE trial, amongst 3,761
patients with chronic ischaemic heart disease, more than half of patients had an NT-proBNP
>125ng/L. Although an elevated NT-proBNP indicated a 2-3 fold increase in the risk of
developing heart failure, fewer than 5% went on to do so in the following 5 years.!* We
found that those with both raised plasma concentrations of NP and one marker of congestion
on ultrasound were at greater risk of adverse cardiovascular events or death than those with
neither. Ultrasound markers of congestion, including left atrial volume, might improve the
specificity of NP and help target treatments to prevent heart failure more precisely at patients
who have both an elevated NP and ultrasound evidence of congestion, perhaps especially LA

dilation.

Measuring congestion by ultrasound in patients at risk of heart failure
IVC diameter

Early studies of IVC found a wide range of diameter measured by ultrasound with overlap

between healthy people and patients with raised right atrial pressure.'> Nath and colleagues
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found an IVC diameter >2.0cm in about 10% of 3,729 patients with risk factors for heart
failure, which is similar to our reported prevalence. Patients with a dilated IVC were at
greater risk of incident heart failure, particularly when the IVC collapsed <50% on inspiration
(equating to a RAP of >10 mmHg). '®!” Many patients with heart failure have an IVC
diameter similar to that of our population with subclinical congestion. Amongst patients with
heart failure, a smaller IVC is associated with fewer signs of congestion and less severe
symptoms that those with a dilated IVC.* However, IVC dilation may not be an early sign of
congestion and may only develop after a substantial expansion of plasma volume and rise in

right atrial pressure has occurred.

US B-lines

Dwyer and colleagues found that 14% of patients with hypertension had >3 B-lines in an 8-
zone scan.'® Similarly, we found that 13% of those with CV risk factors had >14 B-lines in a
28-zone scan and those with raised NP were more likely to have lung B-lines. The
presumption is that lung B-lines represent extra vascular lung water that has developed in
response to raised pulmonary venous pressure.!® Consistent with this, we found that the
number of lung B-lines positively correlated with LAVI. We also found that most patients
with an NT-proBNP <125 ng/L or BNP <35 ng/L had at least one lung B-line. A lung B-line
identifies areas of thickened interlobular tissue, which could be due to fluid or fibrosis.!* The
clinical significance of lung B-lines in patients with CV disease but without heart failure is

uncertain.

JVD ratio

12



JVD ratio was lower (more congestion) amongst patients who had elevated plasma NP
concentrations. The jugular vein (JV) cross sectional area during Valsalva as a percentage of
the area at rest is correlated with invasively measured RAP in patients with structural or

functional cardiac abnormalities 2%?!

and might be a more accurate measure of subclinical
congestion than IVC diameter. However, only 9% of patients in the present study had an

abnormal JVD ratio and JVD ratio did not correlate with other markers of congestion,

including left atrial volume.

The left atrium

Left atrial volume was greater both in patients with raised NPs and those with congestion by
ultrasound compared to those without these features. The left atrium is thin walled and dilates
in response to small increases in left ventricular filling pressure.?? A dilated left atrium may
be the first sign of subclinical congestion detectable by ultrasound. By comparison, increases
in IVC diameter, the presence of lung B-lines and decreases in JVD ratio might only develop
as left ventricular filling pressures are transmitted further upstream to the pulmonary
vasculature and right atrium. An enlarged left atrium detected on imaging is associated with
increased risk of cardiovascular morbidity and mortality, including incident heart failure, in

3

patients with diabetes,?® or ischaemic heart disease.?* A dilated left atrium might be the most

sensitive ultrasound marker to identify patients with subclinical congestion.

Subclinical congestion and heart failure risk

The ALLHAT, HYVET, SHEP and EMPA-REG OUTCOMES studies show that, in people

with risk factors such as hypertension or diabetes, treatment with thiazide diuretic agents or
13



sodium-glucose co-transporter 2 inhibitor reduced the risk of incident heart failure.?>>® We
found that nearly one third of patients with risk factors for heart failure had congestion by
ultrasound. Treatment with agents that alter water and salt balance might treat subclinical

congestion and reduce the chance of patients developing clinically overt heart failure.

Study limitations

Not all patients accepted the invitation for screening, therefore we cannot exclude selection
bias. Whilst our study benefits from the heterogeneity of two different populations, there
were some differences in patient characteristics between sites (supplementary table 1). This
may reflect different recruitment strategies: many patients in Hull were invited for screening
because they had coronary artery bypass grafting in the previous ten years, whereas patients
from Glasgow were recruited from a post-myocardial infarction clinic. Both populations
represent patients “at-risk’ of heart failure due to shared risk factors (diabetes, hypertension
or ischaemic heart disease) and raised plasma concentrations of NP. There are multiple
protocols for performing lung ultrasound,?’ our findings may have been different if we had
used a different method. Our study lacks directly measured haemodynamic measurements at
rest or during exercise and other biomarkers of congestion, such as soluble CD146 and
carbohydrate antigen-125, which might have provided further insights into the prevalence and
severity of congestion in this population. The study was not intended or powered to assess the
relationship of measures of congestion with clinical outcomes, but we included this

information at the reviewers request. >

Conclusions
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Amongst patients at increased risk of heart failure, subclinical evidence of congestion by a
variety of ultrasound measures is common, as are increased plasma concentrations of NP.

The utility of screening for subclinical congestion, and the optimal combination of NP and
ultrasound measures with which to do so, is an active area of research for the prevention of

heart failure.

Acknowledgements

None except for funding.

Funding

This work was funded by the European Union 7th Framework Programme for Research and
Technological Development grant 305507 (http://www.homage-hf.eu) and analysis supported

by a British Heart Foundation Centre of Research Excellence award RE/18/6/34217

Conflict of interest

None.

15



References

1. Ponikowski P, Voors AA, Anker SD, Bueno H, Cleland JG, Coats AJ, Falk V,
Gonzalez-Juanatey JR, Harjola VP, Jankowska EA, Jessup M, Linde C,
Nihoyannopoulos P, Parissis JT, Pieske B, Riley JP, Rosano GM, Ruilope LM,
Ruschitzka F, Rutten FH, van der Meer P. 2016 ESC Guidelines for the diagnosis and
treatment of acute and chronic heart failure: The Task Force for the diagnosis and
treatment of acute and chronic heart failure of the European Society of Cardiology
(ESC). Developed with the special contribution of the Heart Failure Association
(HFA) of the ESC. Eur J Heart Fail. 2016;18(8):891-975.

2. Zile MR, Bennett TD, St John Sutton M, Cho YK, Adamson PB, Aaron MF, Aranda
IJM Jr, Abraham WT, Smart FW, Stevenson LW, Kueffer FJ, Bourge RC. Transition
from chronic compensated to acute decompensated heart failure: pathophysiological
insights obtained from continuous monitoring of intracardiac pressures. Circulation.
2008;118(14):1433-41.

3. Pellicori P, Platz E, Dauw J, Ter Maaten JM, Martens P, Pivetta E, Cleland JGF,
McMurray JJV, Mullens W, Solomon SD, Zannad F, Gargani L, Girerd N. Ultrasound
imaging of congestion in heart failure: examinations beyond the heart. Eur J Heart
Fail. 2020;10.1002/ejhf.2032

4. Pellicori P, Shah P, Cuthbert J, Urbinati A, Zhang J, Kallvikbacka-Bennett A, Clark
AL, Cleland JGF. Prevalence, pattern and clinical relevance of ultrasound indices of
congestion in outpatients with heart failure. Eur J Heart Fail. 2019;21(7):904-916

5. Abraham WT, Stevenson LW, Bourge RC, Lindenfeld JA, Bauman JG, Adamson PB;

CHAMPION Trial Study Group. Sustained efficacy of pulmonary artery pressure to

16



10.

guide adjustment of chronic heart failure therapy: complete follow-up results from the
CHAMPION randomised trial. Lancet. 2016;387(10017):453-61.

Shoaib A, Waleed M, Khan S, Raza A, Zuhair M, Kassianides X, Djahit A, Goode K,
Wong K, Rigby A, Clark A, Cleland J. Breathlessness at rest is not the dominant
presentation of patients admitted with heart failure. Eur J Heart Fail.
2014;16(12):1283-91.

Mureddu GF, Agabiti N, Rizzello V, Forastiere F, Latini R, Cesaroni G, Masson S,
Cacciatore G, Colivicchi F, Uguccioni M, Perucci CA, Boccanelli A; PREDICTOR
Study Group. Prevalence of preclinical and clinical heart failure in the elderly. A
population-based study in Central Italy. Eur J Heart Fail. 2012;14(7):718-29.

Mishra RK, Beatty AL, Jaganath R, Regan M, Wu AH, Whooley MA. B-type
natriuretic peptides for the prediction of cardiovascular events in patients with stable
coronary heart disease: the Heart and Soul Study. J Am Heart Assoc. 2014;3(4) pii:
e000907

de Boer RA, Nayor M, deFilippi CR, Enserro D, Bhambhani V, Kizer JR, Blaha MJ,
Brouwers FP, Cushman M, Lima JAC, Bahrami H, van der Harst P, Wang TJ,
Gansevoort RT, Fox CS, Gaggin HK, Kop WJ, Liu K, Vasan RS, Psaty BM, Lee DS,
Hillege HL, Bartz TM, Benjamin EJ, Chan C, Allison M, Gardin JM, Januzzi JL Jr,
Shah SJ, Levy D, Herrington DM, Larson MG, van Gilst WH, Gottdiener JS, Bertoni
AG, Ho JE. Association of Cardiovascular Biomarkers With Incident Heart Failure
With Preserved and Reduced Ejection Fraction. JAMA Cardiol. 2018;3(3):215-224.
Pellicori P, Ferreira JP, Mariottoni B, Brunner-La Rocca HP, Ahmed FZ,
Verdonschot J, Collier T, Cuthbert JJ, Petutschnigg J, Mujaj B, Girerd N, Gonzalez A,
Clark AL, Cosmi F, Staessen JA, Heymans S, Latini R, Rossignol P, Zannad F,

Cleland JGF. Effects of spironolactone on serum markers of fibrosis in people at high

17



11.

12.

13.

14.

15.

16.

17.

risk of developing heart failure: rationale, design and baseline characteristics of a
proof-of-concept, randomised, precision-medicine, prevention trial. The Heart OMics
in AGing (HOMAGE) trial. Eur J Heart Fail. 2020; doi:10.1002/ejhf.1716. Epub
ahead of print. PMID: 31950604.

Kircher BJ, Himelman RB, Schiller NB. Noninvasive estimation of right atrial
pressure from the inspiratory collapse of the inferior vena cava. Am J Cardiol.
1990;66(4):493-6.

Pellicori P, Kallvikbacka-Bennett A, Zhang J, Khaleva O, Warden J, Clark AL,
Cleland JG. Revisiting a classical clinical sign: jugular venous ultrasound. /nt J
Cardiol. 2014;170(3):364-70.

Lichtenstein D, Mézie¢re G, Biderman P, Gepner A, Barré O. The comet-tail artifact.
An ultrasound sign of alveolar-interstitial syndrome. Am J Respir Crit Care Med.
1997;156(5):1640-6.

Omland T, Sabatine MS, Jablonski KA, Rice MM, Hsia J, Wergeland R, Landaas S,
Rouleau JL, Domanski MJ, Hall C, Pfeffer MA, Braunwald E; PEACE Investigators.
Prognostic value of B-Type natriuretic peptides in patients with stable coronary artery
disease: the PEACE Trial. J Am Coll Cardiol. 2007;50(3):205-14

Mintz GS, Kotler MN, Parry WR, Iskandrian AS, Kane SA. Real-time inferior vena
caval ultrasonography: normal and abnormal findings and its use in assessing right-
heart function. Circulation 1981;64:1018-25.

Nath J, Vacek JL, Heidenreich PA. A dilated inferior vena cava is a marker of poor
survival. Am Heart J. 2006;151(3):730-5.

Kircher BJ, Himelman RB, Schiller NB. Noninvasive estimation of right atrial
pressure from the inspiratory collapse of the inferior vena cava. Am J

Cardiol.1990;66(4):493-6.
18



18.

19.

20.

21

22.

23.

24.

Dwyer KH, Merz AA, Lewis EF, Claggett BL, Crousillat DR, Lau ES, Silverman
MB, Peck J, Rivero J, Cheng S, Platz E. Pulmonary Congestion by Lung Ultrasound
in Ambulatory Patients With Heart Failure With Reduced or Preserved Ejection
Fraction and Hypertension. J Card Fail. 2018;24(4):219-226.

Picano E, Frassi F, Agricola E, Gligorova S, Gargani L, Mottola G.J. Ultrasound lung
comets: a clinically useful sign of extravascular lung water. Am Soc Echocardiogr.
2006;19(3):356-63.

Deol GR, Collett N, Ashby A, Schmidt GA. Ultrasound accurately reflects the jugular
venous examination but underestimates central venous pressure. Chest 2011;139:95-

100.

. Simon MA, Kliner DE, Girod JP, Moguillansky D, Villanueva FA, Pacella JJ.

Detection of elevated right atrial pressure using a simple bedside ultrasound measure.
Am Heart J2010;159:421-7.

Dovancescu S, Pellicori P, Mabote T, Torabi A, Clark AL, Cleland JGF. The effects
of short-term omission of daily medication on the pathophysiology of heart failure.
Eur J Heart Fail. 2017;19(5):643-649.

Markman TM, Habibi M, Venkatesh BA, Zareian M, Wu C, Heckbert SR, Bluemke
DA, Lima JAC. Association of left atrial structure and function and incident
cardiovascular disease in patients with diabetes mellitus: results from multi-ethnic
study of atherosclerosis (MESA). Eur Heart J Cardiovasc Imaging.
2017;18(10):1138-1144.

Meris A, Amigoni M, Uno H, Thune JJ, Verma A, Keber L, Bourgoun M, McMurray
JJ, Velazquez EJ, Maggioni AP, Ghali J, Arnold JM, Zelenkofske S, Pfeffer MA,

Solomon SD. Left atrial remodelling in patients with myocardial infarction

19



25.

26.

27.

28.

29.

complicated by heart failure, left ventricular dysfunction, or both: the VALIANT
Echo study. Eur Heart J. 2009;30(1):56-65.

Davis BR, Piller LB, Cutler JA, Furberg C, Dunn K, Franklin S, Goff D, Leenen F,
Mohiuddin S, Papademetriou V, Proschan M, Ellsworth A, Golden J, Colon P, Crow
R; Antihypertensive and Lipid-Lowering Treatment to Prevent Heart Attack Trial
Collaborative Research Group. Role of diuretics in the prevention of heart failure: the
Antihypertensive and Lipid-Lowering Treatment to Prevent Heart Attack Trial.
Circulation. 2006;113(18):2201-10.

Beckett NS, Peters R, Fletcher AE, Staessen JA, Liu L, Dumitrascu D, Stoyanovsky
V, Antikainen RL, Nikitin Y, Anderson C, Belhani A, Forette F, Rajkumar C, Thijs L,
Banya W, Bulpitt CJ; HY VET Study Group. Treatment of hypertension in patients 80
years of age or older. N Engl J Med. 2008;358(18):1887-98.

Kostis JB, Davis BR, Cutler J, Grimm RH Jr, Berge KG, Cohen JD, Lacy CR, Perry
HM Jr, Blaufox MD, Wassertheil-Smoller S, Black HR, Schron E, Berkson DM, Curb
JD, Smith WM, McDonald R, Applegate WB. Prevention of heart failure by
antihypertensive drug treatment in older persons with isolated systolic hypertension.
SHEP Cooperative Research Group. JAMA. 1997:16;278(3):212-6.

Fitchett D, Zinman B, Wanner C, Lachin JM, Hantel S, Salsali A, Johansen OE,
Woerle HJ, Broedl UC, Inzucchi SE; EMPA-REG OUTCOME® trial investigators.
Heart failure outcomes with empagliflozin in patients with type 2 diabetes at high
cardiovascular risk: results of the EMPA-REG OUTCOMER® trial. Eur Heart J.
2016;37(19):1526-34.

Platz E, Jhund PS, Girerd N, Pivetta E, McMurray JJV, Peacock WF, Masip J,
Martin-Sanchez FJ, Mir6 O, Price S, Cullen L, Maisel AS, Vrints C, Cowie MR,

DiSomma S, Bueno H, Mebazaa A, Gualandro DM, Tavares M, Metra M, Coats AJS,
20



30.

Ruschitzka F, Seferovic PM, Mueller C; Study Group on Acute Heart Failure of the
Acute Cardiovascular Care Association and the Heart Failure Association of the
European Society of Cardiology. Expert consensus document: Reporting checklist for
quantification of pulmonary congestion by lung ultrasound in heart failure. . Eur J
Heart Fail. 2019;21(7):844-851

Cleland JGF, Ferreira JP, Mariottoni B, Pellicori P, Cuthbert J, Verdonschot JAJ,
Petutschnigg J, Ahmed FZ, Cosmi F, Brunner La Rocca HP, Mamas MA, Clark AL,
Edelmann F, Pieske B, Khan J, McDonald K, Rouet P, Staessen JA, Mujaj B,
Gonzélez A, Diez J, Hazebroek M, Heymans S, Latini R, Grojean S, Pizard A, Girerd
N, Rossignol P, Collier TJ, Zannad F; HOMAGE Trial Committees and Investigators.
The effect of spironolactone on cardiovascular function and markers of fibrosis in
people at increased risk of developing heart failure: the heart 'OMics' in AGEing

(HOMAGE) randomized clinical trial. Eur Heart J. 2021;42(6):684-696.

21



Figure legends

Figure 1

Title: CONSORT diagram

Legend: Flow diagram of patients recruited for our study and subdivisions into groups based
on plasma concentrations of natriuretic peptides. LVEF — left ventricular ejection fraction;
NTproBNP — N-terminal pro-B-type natriuretic peptide; BNP — brain natriuretic peptide; AF

— atrial fibrillation.

Figure 2

Title: Venn diagram of patients with different ultrasound markers of congestion

Legend: Only patients with complete data on IVC diameter, JVD ratio and lung B-lines were
included in the Venn diagram. Percentages shown are a percentage of total number of
patients with complete congestion data. Value in square brackets is median and quartiles of
normalised NP. “Normal” natriuretic peptide levels were <125 ng/L for NTproBNP and <35
ng/L for BNP. Abbreviations used: JVD — jugular vein distensibility; [IVC — inferior vena

cava; NP — natriuretic peptide; LAVI — left atrial volume index.

Figure 3

Title: Univariate correlation matrix for different markers of congestion.

Legend: T P<0.05; { P<0.01; * P<0.001. Value in the shaded boxes is Pearson’s correlation
co-efficient. Boxes shaded in grey were non-significant (P>0.05). Abbreviations used:
NTproBNP — N-terminal pro-B-type natriuretic peptide; BNP — brain natriuretic peptide;
normBNP — normalised BNP; LVEF — left ventricular ejection fraction; IVCD — inferior vena

cava diameter; JVD — jugular vein distensibility; N — number; LVMI — left ventricular mass
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index; LAVI — left atrial volume index; BMI — body mass index; SBP — systolic blood

pressure.

Figure 4

Title: Kaplan-Meier curve for the composite outcome by the presence or absence of raised

NP concentrations and / or >1 marker of congestion on ultrasound

Legend: Composite outcome of unplanned cardiovascular admission, new prescription of
loop diuretic, new diagnosis of AF, new diagnosis of HF, or death. Abbreviations used: NP —
natriuretic peptide; HR — hazard ratio; CI — confidence interval; AF — atrial fibrillation; HF —

heart failure.

Supplementary Figure 1

Title: Natriuretic peptide concentrations by presence or absence of ultrasound marker of

congestion

Legend: White numbers indicated number of patients in each bar. Abbreviations used: BNP —

b-type natriuretic peptide; NT-proBNP — N-terminal pro-B-type natriuretic peptide.

Supplementary Figure 2

Title: Venn diagram of patients with different ultrasound markers of congestion
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Legend: Only patients with complete data on IVC diameter, JVD ratio and lung B-lines were
included in the Venn diagram. Percentages shown are a percentage of total number of
patients with complete congestion data. Value in square brackets is median and quartiles of
normalised NP. * denotes the number of percentage of patients with a normal NP level and
no marker of congestion. “Normal” natriuretic peptide levels were <125 ng/L for NTproBNP
and <35 ng/L for BNP. Abbreviations used: JVD — jugular vein distensibility; [VC — inferior

vena cava; NP — natriuretic peptide; LAVI — left atrial volume index.

Supplementary Figure 3

Title: Bar chart of median normalised natriuretic peptide concentration by quartiles of

different ultrasound measures

Legend: All patients were included. Abbreviations used: Q — quartile; JVD — jugular vein
distensibility; IVC — inferior vena cava; BNP — B-type natriuretic peptide; LAVI — left atrial

volume index.

Supplementary Figure 4

Title: Kaplan-Meier curves for the composite outcome by the presence of raised NP

concentrations and the presence of >1 marker of congestion on ultrasound

Legend: Composite outcome of unplanned cardiovascular admission, new prescription of
loop diuretic, new diagnosis of AF, new diagnosis of HF, or death. Abbreviations used: NP —
natriuretic peptide; HR — hazard ratio; CI — confidence interval; CV — cardiovascular; AF —

atrial fibrillation; HF — heart failure.
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