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Clinical congestion plays a central role in the development of heart failure (HF)-related 

symptoms and is the cause of the majority of hospitalizations for HF (HHF).1,2 Relieving 

congestion is consequently an important goal of HF management.3 Physical examination in 

patients with HF has limited accuracy for the detection of congestion,4 which supports using 

additional tools in the evaluation of HF patients to improve risk stratification and possibly 

guide patient management. In the latest European Society of Cardiology HF guidelines, 

using ultrasound measurement of inferior vena cava (IVC) diameter for assessment of 

volume status has a IIbC recommendation, whereas the use of thoracic ultrasound is cited in 

the text but does not have a formal recommendation.3

The toolbox of sonographic methods that are relevant to congestion evaluation includes 

pulmonary congestion on lung ultrasound (LUS) (B-lines, pleural effusions), haemodynamic 

congestion on echocardiography (e.g. E/e’ and systolic pulmonary artery pressure) and 

vascular ultrasound [IVC and jugular vein diameter (JVD) measurement]. LUS is a semi-

quantitative, simple, and rapid method to assess pulmonary congestion5; this technique 

produces vertical lines defined as ‘B-lines’ by scanning along the intercostal spaces using 

either a phased array or curvilinear transducer. Pulmonary congestion identified by LUS has 

been shown to be a strong predictor of outcomes following a HHF6–8 and in ambulatory 

patients with HF.8,9 E/e’ and elevated pulmonary artery pressures measured using 

echocardiography have been shown to be associated with increased risk for HHF in patients 

with HF.10,11 In addition, both IVC and JVD measurements have been employed in the 

assessment of haemodynamic congestion in ambulatory patients with HF with 

heterogeneous results with respect to their prognostic utility.12–15 Sonographic JVD 

evaluation can be either based on the evaluation of JVD at rest or the ratio of JVD during the 
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Valsalva manoeuvre and at rest. This sonographic measurement has been shown to be 

associated with adverse clinical outcomes by one research group so far.13 Whether each of 

these sonographic markers individually or combined are associated with important adverse 

events in ambulatory patients with HF had not been previously evaluated in a large cohort.

In this issue of the Journal, Pellicori and colleagues report the association of most available 

sonographic markers of congestion with the composite outcome of death or HHF in 

ambulatory patients with HF, as well as the prevalence of these measures in patients without 

congestion on physical examination.16 The key findings of this study are that: (i) nearly 50% 

of ambulatory patients with HF thought not to be congested based on the traditional 

evaluation of signs and symptoms actually had sonographic evidence of congestion (either 

based on B-lines quantification, JVD ratio or IVC diameter), (ii) these three sonographic 

features of congestion were associated with the aforementioned composite outcome in 

univariable analysis and improved risk prediction [based on net reclassification improvement 

(NRI) and integrated discrimination improvement (IDI)] beyond prognostically important 

clinical variables [namely age, sex, New York Heart Association (NYHA) class, creatinine, 

haemoglobin and left ventricular ejection fraction], and (iii) adding JVD ratio to similarly 

prognostically important clinical variables, including N-terminal pro-B-type natriuretic 

peptide (NT-proBNP), further improved re-classification (by IDI only).

The most striking clinical message of this study is that ultrasound of the lungs, jugular vein 

and IVC identified ‘congestion’ in almost half of those ambulatory HF patients who did not 

have any physical exam findings of congestion. This would suggest that congestion-focused 

ultrasound could detect and quantify subclinical congestion in patients with HF using simple 

techniques and widely available technology.

When comparing these results with previous studies, the most surprising finding of 

Pellicori’s study is the weak association of LUS findings with long-term outcomes in 

multivariable models. This result stands in contrast to three prior observational studies in 

ambulatory patients with HF. Scali et al.17 demonstrated that > 8 B-lines on 28-zone LUS at 

rest is prognostically important for the composite of death or HHF at 12 month as 

demonstrated by an area under the curve of 0.98 [95% confidence interval (CI)0.93–1.0]. 

Similarly, in a cohort of 195 NYHA class II–IV HF patients, three or more B-lines (using an 

8-zone technique) was independently associated with a higher rate of 6-month death or HHF 

(adjusted hazard ratio 4.08, 95% CI 1.95–8.54; P < 0.001).9 Dwyer et al.18 reported similar 

results in low-risk patients with HF. The discrepancy between these former and the current 

study may be related to a higher degree of pulmonary congestion in the HF cohort in the 

current study, differences in LUS technique (e.g. number of zones examined and variable 

LUS clip duration), longer follow-up period, a lower event rate compared to previous reports 

(26% over a 6-month period in the report of Platz et al.9 vs. 18% during a median follow-up 

of 234 days in the current report of Pellicori et al.) or due to adjustment for NT-proBNP.

The work of Pellicori et al.16 should be applauded as it represents an important step forward 

in our understanding of how ultrasound can aid in the detection of congestion in ambulatory 

patients with HF. Important strengths of this study are its size (342 ambulatory patients with 

HF) and the comprehensive sonographic evaluation of congestion, including LUS, 
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echocardiography, IVC and JVD assessment. However, a few limitations should be 

considered. First, although an experienced reader analysed ultrasound videos off-line, it is 

not clear if this reader was blinded to clinical characteristics and subsequent outcomes. 

Second, the duration of the LUS recordings were based on heart beats (at least five); as 

shorter clip duration is associated with lower B-line counts, this recording strategy could 

have resulted in a lower B-line count in sicker patients with higher heart rates. Finally, 

treating physicians were not blinded to the echocardiogram and the ultrasound of the lungs, 

jugular vein and IVC. Physicians could have altered therapy based on these findings, which 

may have impacted the study findings. The reproducibility of these results using appropriate 

blinding of readers and treating clinicians should be assessed in future investigations.

This study greatly adds to our knowledge regarding the value of sonographic congestion 

measures in ambulatory patients with HF. It paves the way for a more comprehensive 

evaluation of congestion in patients with HF by including both sonographic pulmonary and 

haemodynamic congestion assessment. Congestion-focused ultrasound examinations could 

complement the clinical examination in ambulatory patients with chronic HF and allow for 

early detection of subclinical congestion. In Figure 1, we provide a brief overview of the 

current literature for the three steps of congestion assessment(i.e. clinical, laboratory, and 

imaging evaluation of congestion); we also detail current gaps in evidence and propose 

future research directions in the field.7,8,10–14,16–25

Important gaps in knowledge remain. To our knowledge, a comprehensive sonographic 

congestion assessment including the aforementioned tools has not been evaluated in a 

randomized trial. In addition, there is a lack of evidence regarding how improved congestion 

assessment could better inform HF treatment (e.g. based on which sonographic cut-off 

values specific therapies should be altered). Ultrasound-based congestion parameters could 

potentially become important diagnostic risk stratification measures. Yet, the degree to 

which these sonographic congestion parameters can be modified by therapies and whether 

outcomes can be improved as a result needs to be examined in well-designed clinical trials.

Despite the established use of echocardiography in the assessment of patients with HF and 

availability of ultrasound equipment, comprehensive sonographic congestion assessment 

beyond echocardiography is not routinely performed. Demonstrating that acting on 

subclinical sonographic congestion in the setting of chronic HF does improve patient 

outcome could prompt its wide spread use and support its formal inclusion in HF guidelines.

Conflict of interest:

N.G. is supported by a public grant overseen by the French National Research Agency (ANR) as part of the second 
‘Investissements d’Avenir’ program FIGHT-HF (reference: ANR-15-RHU-0004) and has received board and 
consulting fees for Novartis and consulting/lecture fees for Servier and Boehringer Ingelheim. E.P. is supported by a 
grant from the National Heart Lung and Blood Institute (NHLBI) (grant: K23 HL123533).

References

1. Maggioni AP, Dahlstrom U, Filippatos G, Chioncel O, Leiro MC, Drozdz J, Fruhwald F, Gullestad 
L, Logeart D, Metra M, Parissis J, Persson H, Ponikowski P, Rauchhaus M, Voors A, Nielsen OW, 
Zannad F, Tavazzi L, Heart Failure Association of ESC. EURObservational Research Programme: 

Girerd and Platz Page 3

Eur J Heart Fail. Author manuscript; available in PMC 2020 July 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



the Heart Failure Pilot Survey (ESC-HF Pilot). Eur J Heart Fail 2010;12:1076–1084. [PubMed: 
20805094] 

2. Girerd N, Seronde MF, Coiro S, Chouihed T, Bilbault P, Braun F, Kenizou D, Maillier B, 
Nazeyrollas P, Roul G, Fillieux L, Abraham WT, Januzzi J Jr, Sebbag L, Zannad F, Mebazaa A, 
Rossignol P, INI-CRCT GN a t EF-HFG. Integrative assessment of congestion in heart failure 
throughout the patient journey. JACC Heart Fail 2018;6:273–285. [PubMed: 29226815] 

3. 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;18:891–975. [PubMed: 27207191] 

4. Wang CS, FitzGerald JM, Schulzer M, Mak E, Ayas NT. Does this dyspneic patient in the 
emergency department have congestive heart failure? JAMA 2005;294:1944–1956. [PubMed: 
16234501] 

5. Volpicelli G, Elbarbary M, Blaivas M, Lichtenstein DA, Mathis G, Kirkpatrick AW, Melniker L, 
Gargani L, Noble VE, Via G, Dean A, Tsung JW, Soldati G, Copetti R, Bouhemad B, Reissig A, 
Agricola E, Rouby JJ, Arbelot C, Liteplo A, Sargsyan A, Silva F, Hoppmann R, Breitkreutz R, 
Seibel A, Neri L, Storti E, Petrovic T, International Liaison Committee on Lung Ultrasound for 
International Consensus Conference on Lung Ultrasound. International evidence-based 
recommendations for point-of-care lung ultrasound. Intensive Care Med 2012;38:577–591. 
[PubMed: 22392031] 

6. Coiro S, Porot G, Rossignol P, Ambrosio G, Carluccio E, Tritto I, Huttin O, Lemoine S, Sadoul N, 
Donal E, Zannad F, Girerd N. Prognostic value of pulmonary congestion assessed by lung 
ultrasound imaging during heart failure hospitalisation: a two-centre cohort study. Sci Rep 
2016;6:39426. [PubMed: 27995971] 

7. Coiro S, Rossignol P, Ambrosio G, Carluccio E, Alunni G, Murrone A, Tritto I, Zannad F, Girerd N. 
Prognostic value of residual pulmonary congestion at discharge assessed by lung ultrasound 
imaging in heart failure. Eur J Heart Fail 2015;17:1172–1181. [PubMed: 26417699] 

8. Platz E, Merz AA, Jhund PS, Vazir A, Campbell R, McMurray JJ. Dynamic changes and prognostic 
value of pulmonary congestion by lung ultrasound in acute and chronic heart failure: a systematic 
review. Eur J Heart Fail 2017;19:1154–1163. [PubMed: 28557302] 

9. Platz E, Lewis EF, Uno H, Peck J, Pivetta E, Merz AA, Hempel D, Wilson C, Frasure SE, Jhund PS, 
Cheng S, Solomon SD. Detection and prognostic value of pulmonary congestion by lung ultrasound 
in ambulatory heart failure patients. Eur Heart J 2016;37:1244–1251. [PubMed: 26819225] 

10. Carluccio E, Dini FL, Biagioli P, Lauciello R, Simioniuc A, Zuchi C, Alunni G, Reboldi G, 
Marzilli M, Ambrosio G. The ‘Echo Heart Failure Score’: an echocardiographic risk prediction 
score of mortality in systolic heart failure. Eur J Heart Fail 2013;15:868–876. [PubMed: 
23512095] 

11. Thavendiranathan P, Yingchoncharoen T, Grant A, Seicean S, Landers SH, Gorodeski EZ, 
Marwick TH. Prediction of 30-day heart failure-specific readmission risk by echocardiographic 
parameters. Am J Cardiol 2014;113:335–341. [PubMed: 24268036] 

12. Gustafsson M, Alehagen U, Johansson P. Imaging congestion with a pocket ultrasound device: 
prognostic implications in patients with chronic heart failure. J Card Fail 2015;21:548–554. 
[PubMed: 25725475] 

13. Pellicori P, Kallvikbacka-Bennett A, Dierckx R, Zhang J, Putzu P, Cuthbert J, Boyalla V, Shoaib A, 
Clark AL, Cleland JG. Prognostic significance of ultrasound-assessed jugular vein distensibility in 
heart failure. Heart 2015;101:1149–1158. [PubMed: 26006717] 

14. Pellicori P, Carubelli V, Zhang J, Castiello T, Sherwi N, Clark AL, Cleland JG. IVC diameter in 
patients with chronic heart failure: relationships and prognostic significance. JACC Cardiovasc 
Imaging 2013;6:16–28. [PubMed: 23328557] 

15. Pellicori P, Clark AL, Kallvikbacka-Bennett A, Zhang J, Urbinati A, Monzo L, Dierckx R, Anker 
SD, Cleland JG. Non-invasive measurement of right atrial pressure by near-infrared spectroscopy: 

Girerd and Platz Page 4

Eur J Heart Fail. Author manuscript; available in PMC 2020 July 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



preliminary experience. A report from the SICA-HF study. Eur J Heart Fail 2017;19:883–892. 
[PubMed: 28387033] 

16. Pellicori P, Shah P, Cuthbert J, Urbinati A, Zhang J, Kallvikbacka-Bennett A, Clark AL, Cleland 
JG. Prevalence, pattern and clinical relevance of ultrasound indices of congestion in outpatients 
with heart failure. Eur J Heart Fail 2019, in press 10.1002/ejhf.1383.

17. Scali MC, Cortigiani L, Simionuc A, Gregori D, Marzilli M, Picano E. Exercise-induced B-lines 
identify worse functional and prognostic stage in heart failure patients with depressed left 
ventricular ejection fraction. Eur J Heart Fail 2017;19:1468–1478. [PubMed: 28198075] 

18. 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;24:219–226. [PubMed: 29499322] 

19. Ambrosy AP, Pang PS, Khan S, Konstam MA, Fonarow GC, Traver B, Maggioni AP, Cook T, 
Swedberg K, Burnett JC Jr, Grinfeld L, Udelson JE, Zannad F, Gheorghiade M, EVEREST Trial 
Investigators. Clinical course and predictive value of congestion during hospitalization in patients 
admitted for worsening signs and symptoms of heart failure with reduced ejection fraction: 
findings from the EVEREST trial. Eur Heart J 2013;34:835–843. [PubMed: 23293303] 

20. Rohde LE, Beck-da-Silva L, Goldraich L, Grazziotin TC, Palombini DV, Polanczyk CA, Clausell 
N. Reliability and prognostic value of traditional signs and symptoms in outpatients with 
congestive heart failure. Can J Cardiol 2004;20:697–702. [PubMed: 15197422] 

21. Welsh P, Kou L, Yu C, Anand I, van Veldhuisen DJ, Maggioni AP, Desai AS, Solomon SD, Pfeffer 
MA, Cheng S, Gullestad L, Aukrust P, Ueland T, Swedberg K, Young JB, Kattan MW, Sattar N, 
McMurray JJ. Prognostic importance of emerging cardiac, inflammatory, and renal biomarkers in 
chronic heart failure patients with reduced ejection fraction and anaemia: RED-HF study. Eur J 
Heart Fail 2018;20:268–277. [PubMed: 28960777] 

22. Masson S, Latini R, Anand IS, Barlera S, Angelici L, Vago T, Tognoni G, Cohn JN, Val-He FTI. 
Prognostic value of changes in N-terminal pro-brain natriuretic peptide in Val-HeFT (Valsartan 
Heart Failure Trial). J Am Coll Cardiol 2008;52:997–1003. [PubMed: 18786480] 

23. Duarte K, Monnez JM, Albuisson E, Pitt B, Zannad F, Rossignol P. Prognostic value of estimated 
plasma volume in heart failure. JACC Heart Fail 2015;3: 886–893. [PubMed: 26541787] 

24. Brunner-La Rocca HP, Eurlings L, Richards AM, Januzzi JL, Pfisterer ME, Dahlstrom U, Pinto 
YM, Karlstrom P, Erntell H, Berger R, Persson H, O’Connor CM, Moertl D, Gaggin HK, 
Frampton CM, Nicholls MG, Troughton RW. Which heart failure patients profit from natriuretic 
peptide guided therapy? A meta-analysis from individual patient data of randomized trials. Eur J 
Heart Fail 2015;17:1252–1261. [PubMed: 26419999] 

25. Felker GM, Anstrom KJ, Adams KF, Ezekowitz JA, Fiuzat M, Houston-Miller N, Januzzi JL Jr, 
Mark DB, Pina IL, Passmore G, Whellan DJ, Yang H, Cooper LS, Leifer ES, Desvigne-Nickens P, 
O’Connor CM. Effect of natriuretic peptide-guided therapy on hospitalization or cardiovascular 
mortality in high-risk patients with heart failure and reduced ejection fraction: a randomized 
clinical trial. JAMA 2017;318:713–720. [PubMed: 28829876] 

Girerd and Platz Page 5

Eur J Heart Fail. Author manuscript; available in PMC 2020 July 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 1. 
The three steps of congestion assessment in ambulatory heart failure (HF) patients. HFrEF, 

heart failure with reduced ejection fraction; JVD, jugular vein diameter; IVC, inferior vena 

cava; LUS, lung ultrasound; NT-ProBNP, N-terminal pro-B-type natriuretic peptide.
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