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Introduction

Signs of venous congestion, such as peripheral oedema, are common in patients with heart failure, [START_REF] Ponikowski | 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[END_REF] but are late manifestations of disease. [START_REF] Zile | Transition from chronic compensated to acute decompensated heart failure: pathophysiological insights obtained from continuous monitoring of intracardiac pressures[END_REF] 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)). [START_REF] Pellicori | Ultrasound imaging of congestion in heart failure: examinations beyond the heart[END_REF] A substantial proportion of patients without symptoms or signs of congestion may still have evidence of congestion on ultrasound (subclinical congestion). [START_REF] Pellicori | Prevalence, pattern and clinical relevance of ultrasound indices of congestion in outpatients with heart failure[END_REF] 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, [START_REF] Abraham | Sustained efficacy of pulmonary artery pressure to guide adjustment of chronic heart failure therapy: complete follow-up results from the CHAMPION randomised trial[END_REF] which is usually caused by congestion. [START_REF] Shoaib | Breathlessness at rest is not the dominant presentation of patients admitted with heart failure[END_REF] 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, [START_REF] Mureddu | Prevalence of preclinical and clinical heart failure in the elderly. A population-based study in Central Italy[END_REF][START_REF] Mishra | B-type natriuretic peptides for the prediction of cardiovascular events in patients with stable coronary heart disease: the Heart and Soul Study[END_REF] which are associated with an increased risk of incident heart failure. [START_REF] De Boer | Association of Cardiovascular Biomarkers With Incident Heart Failure With Preserved and Reduced Ejection Fraction[END_REF] 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), [START_REF] Pellicori | Effects of spironolactone on serum markers of fibrosis in people at high 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[END_REF] 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 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) [START_REF] Ponikowski | 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[END_REF] -"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 off-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. [START_REF] Pellicori | Prevalence, pattern and clinical relevance of ultrasound indices of congestion in outpatients with heart failure[END_REF] 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 ; 2) left ventricular mass index (LVMI) >115 g/m 2 for men and >95 g/m 2 for women; 3) E:A <1; 4) E' mean <0.09 m/s measured with tissue Doppler imaging and 5) E/e' >13. [START_REF] Ponikowski | 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[END_REF] 

Assessment of congestion by ultrasound

Inferior vena cava measurements

Inferior vena cava (IVC) diameter increases with right atrial pressure (RAP). [START_REF] Kircher | Noninvasive estimation of right atrial pressure from the inspiratory collapse of the inferior vena cava[END_REF] 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. [START_REF] Pellicori | Revisiting a classical clinical sign: jugular venous ultrasound[END_REF] With the patient semirecumbent 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 parenchymasuch as fluid within aerated lung. [START_REF] Pellicori | Ultrasound imaging of congestion in heart failure: examinations beyond the heart[END_REF][START_REF] Lichtenstein | The comet-tail artifact. An ultrasound sign of alveolar-interstitial syndrome[END_REF] . 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. [START_REF] Pellicori | Prevalence, pattern and clinical relevance of ultrasound indices of congestion in outpatients with heart failure[END_REF] 

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 2 (but not in those with a BMI >30 kg/m 2 ) and body surface area (BSA), and positively correlated with TR gradient (supplementary table 2). Natriuretic peptides were most strongly correlated with LAVI, 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); χ2 = 19; P<0.001), the presence of one or more markers of ultrasound congestion (HR = 1.04 (1.01 -1.08); χ2 = 6; P=0.02), and the presence of congestion by IVC diameter (HR = 1.09 (1.04 -1.14), χ2 = 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).

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. [START_REF] Omland | Prognostic value of B-Type natriuretic peptides in patients with stable coronary artery disease: the PEACE Trial[END_REF] 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. [START_REF] Mintz | Real-time inferior vena caval ultrasonography: normal and abnormal findings and its use in assessing rightheart function[END_REF] Nath and colleagues 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). [START_REF] Nath | A dilated inferior vena cava is a marker of poor survival[END_REF][START_REF] Kircher | Noninvasive estimation of right atrial pressure from the inspiratory collapse of the inferior vena cava[END_REF] 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. [START_REF] Pellicori | Prevalence, pattern and clinical relevance of ultrasound indices of congestion in outpatients with heart failure[END_REF] 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 8zone scan. [START_REF] Dwyer | Pulmonary Congestion by Lung Ultrasound in Ambulatory Patients With Heart Failure With Reduced or Preserved Ejection Fraction and Hypertension[END_REF] 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. [START_REF] Picano | Ultrasound lung comets: a clinically useful sign of extravascular lung water[END_REF] 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. [START_REF] Lichtenstein | The comet-tail artifact. An ultrasound sign of alveolar-interstitial syndrome[END_REF] The clinical significance of lung B-lines in patients with CV disease but without heart failure is uncertain.

JVD ratio

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 [START_REF] Deol | Ultrasound accurately reflects the jugular venous examination but underestimates central venous pressure[END_REF][START_REF] Simon | Detection of elevated right atrial pressure using a simple bedside ultrasound measure[END_REF] 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. [START_REF] Dovancescu | The effects of short-term omission of daily medication on the pathophysiology of heart failure[END_REF] 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 patients with diabetes, [START_REF] Markman | Association of left atrial structure and function and incident cardiovascular disease in patients with diabetes mellitus: results from multi-ethnic study of atherosclerosis (MESA)[END_REF] or ischaemic heart disease. [START_REF] Meris | Left atrial remodelling in patients with myocardial infarction complicated by heart failure, left ventricular dysfunction, or both: the VALIANT Echo study[END_REF] 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 sodium-glucose co-transporter 2 inhibitor reduced the risk of incident heart failure. [START_REF] Davis | 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[END_REF][START_REF] Beckett | Treatment of hypertension in patients 80 years of age or older[END_REF][START_REF] Kostis | Prevention of heart failure by antihypertensive drug treatment in older persons with isolated systolic hypertension. SHEP Cooperative Research Group[END_REF][START_REF] Fitchett | Heart failure outcomes with empagliflozin in patients with type 2 diabetes at high cardiovascular risk: results of the EMPA-REG OUTCOME® trial[END_REF] 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, 29 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. 30

Conclusions

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. 
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Table 1 -

 1 Demographic and clinical patient characteristics NTproBNP <125 ng/L or BNP <35 ng/L; Group 2: NTproBNP 125-1000 ng/L or BNP 35-280 ng/L † -LAVI >34 ml/m 2 ; ‡ LVMI ->115 g/m 2 for men & >94 g/m 2 for women. ‡There was a two week period during recruitment in Hull during which the high-frequency probe for measuring the jugular vein distensibility ratio was being repaired (N=15). Inferior vena cava diameter assessment was not possible in 10 patients, and assessment of B-lines was not possible in 4 patients.

			All patients			Patients with complete congestion data
			N=238			N=214		
	Variable	Missing	NP Group 1	NP Group 2	P			
						No marker	>1 marker	P
			(Normal)	(Raised)				
						N=150	N=64	
			N=64	N=174				
	NT-proBNP / BNP (n =)	0	58/6	137/37	-	125/25	47/17	-
	NT-proBNP -ng/L	0	81 (56 -98)	219 (168 -349)		169 (103 -254) 182 (112 -336) 0.32
	BNP -ng/L	0	23 (16 -29)	74 (50 -136)	N/A	50 (37 -87)	91 (63 -140)	0.04
	Normalised BNP † -ng/L 0	81 (58 -98)	235 (171 -351)		173 (106 -258) 239 (124 -350) 0.03
	Congestion Data	24	58 (91)	156 (90)	1.00	Complete	Complete	N/A
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