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The clinical scenarios in which there is more evidence of the
adverse effects of congestion in terms of mortality and hospi-
tal admissions are acute heart failure (HF) and the critically ill
patient."? However, in nephrology, the scope of this concept
is extended to a wide range of both acute and chronic clin-
ical conditions. The concept of congestion has evolved from
the earliest descriptions by the Egyptians, throught the defini-
tion proposed by Starling to explain oedema formation,* the
understanding of the systemic effects of congestion in differ-
ent organs.* A clear example of the conceptual evolution of
congestion is cardiorenal syndrome type 1 (CRS1) in which
we assumed that acute kidney injury was associated with a
hypoperfusion-related mechanism of damage (by an antero-
grade mechanism). However, more than 60% of patients with
acute HF have congestion without hypoperfusion.” In these
patients, increased central venous pressure is transmitted
through the renal veins (low-resistance vessels), increasing
renal afterload and intrarenal pressure. The increase in pres-
sure reduces Kidney perfusion and intratubular flow. This
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leads to a decrease in glomerular filtration rate and an increase
in sodium and water retention, mediated by activation of the
renin-angiotensin aldosterone system; together with tubular
damage mediated by activation of pro-inflammatory mech-
anisms, among others (congestive nephropathy).® We also
know that patients with congestion have lower survival,
longer hospital stays, and higher readmission rates."’
Adequate diagnosis of congestion is a challenge for the
clinician. Although the presence of classic symptoms and
signs such as dyspnea, orthopnea, jugular ingurgitation,
oedema, and crackles are helpful, their sensitivity is lim-
ited and in many cases complex.® An example of these
limitations is hyponatremia, where assessment of extracel-
lular volume is an immediate therapeutic approach. In this
scenario, Chung et al. correctly identified only 47% of hypo-
volaemic patients and 48% of euvolaemic patients using
classical clinical parameters.’ This limitation is particularly
evident when distinguishing between vascular congestion
and/or tissue congestion, which is key to therapeutic inter-
ventions aimed at enhancing increased natriuresis or fluid
redistribution.’ In the 1990s, changes in portal vein flow
assessed by pulsed Doppler (PD) in HF were described.'
Since then, bedside ultrasound or Point-of-Care UltraSonog-

raphy(PoCUS) has become a useful tool to complement the
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physical examination of the patient with congestion.” PoCUS
answers a specific question non-invasively, in real time and
reproducibly, allowing targeted therapeutic intervention. This
is a different objective from that of a standard radiological or
cardiological assessment.’?

The assessment of congestion in the nephrology patient
using PoCUS has three strategies. Lung UltraSound (LUS),
which provides a rapid and accurate assessment of tissue
congestion. Venus Excess Ultrasound Grading System'(\/ExUS),
which assesses vascular congestion using venous PD to iden-
tify and grade congestion, and the examination of cardiac and
valvular morphology and function using echocardiography or
Focused Cardiac UltraSound'('FoCUS).

Ultrasound assessment of congestion begins with tis-
sue assessment using LUS, noting the presence of B-lines
or pleural cometsin 8 anterior chest projections. Pleural
cometsare vertical, hyperechoic artefacts of the pleura that
translate into interstitial changes associated with the pres-
ence of transudate or exudate.'* The presence of 3 or more
B-lines in2 or more planes is associated with tissue congestion
of the lung parenchyma,'® and this assessment also allows
detection of the presence of pleural effusion.’® LUS has been
shown to be more sensitive than chest radiography and phys-
ical examination in the detecting acute pulmonary oedema in
patients with acute HF and small pleural effusions.'” On the
other hand, although the estimation of left ventricular (LV) fill-
ing pressures are estimated by conventional echocardiography
and require experience, a correlation between the presence
of B lines by LUS and increased LV filling pressures has been
reported.’® Even the presence of B lines in HF patients at hospi-
tal discharge has been associated with increased readmission
and mortality rates.’ In a study conducted by Loutradis et al.
in haemodialysis patients, the systematic use of LUS allowed
a more accurate dry weight adjustment, contributing to a
safe and effective blood pressure lowering.” The LUST study
(Lung water by ultraSound guided treatment to prevent death
and cardiovascular complications in High Risk ESRD patients
with cardiomyopathy Trial, presented at the 58th ERA-EDTA),
demostrated that LUS as an effective strategy to safely guide
ultrafiltration in hemodialysis patients, associated with fewer
recurrences of decompensated HF and fewer episodes of intra-
dialysis hypotension. Furthermore, LUS-guided ultrafiltration
by LUS was associated with an accompanied by an improve-
ment in LV systolic and diastolic function and a reduction in
LV mass growth, although without achieving significant dif-
ferences in the primary outcomes.?>?? Therefore, we consider
LUS to be a useful tool in the assessment of pulmonary conges-
tion, but with the need to complement it with the assessment
of vascular congestion by VExUS. VExUS allows for the identi-
fication and stratification of vascular congestion by examining
the inferior vena cava (IVC), suprahepatic veins (SHV), portal
vein (VP) and intrarenal vessels (IRV).'2?3

Under normal conditions there is no pulsatility in the
venous capillaries and venules, but as the veins approach
the heart they acquire pulsatility which is transmitted retro-
gradely by the pressure and volume oscillations of the right
atrium (RA) and right ventricle (RV). Assessment of vascular
congestion begins with examination of the IVC along its lon-
gitudinal axis 2cm from its RA entrance. If the diameter is

less than 2 cm, venous congestion is excluded, whereas if it
is greater than 2 cm, the rest of the venous system needs to
be assessed in order to assess and grade the organic compro-
mise associated with the congestion. It can also be used to
exclude dilatation of the IVC due to non-congestive causes.
The PD of the VSH, branches of the IVC (pulsatile), allows the
identification of the wave. The initial anterograde dwave of
atrial contraction, the retrograde Svave of RV systole, which
is larger than the Dwave of RV diastole (Fig. 1). The changes
in flow will determine the severity of the congestion. In mild-
moderate congestion, the Swave is smaller in magnitude than
the Dvave (S <D) and in severe congestion the Swave changes
to retrograde flow (flow towards the heart).

As mentioned above, the PV and IRV have no pulsatility due
to their distance from the great vessels and under normal con-
ditions the PD shows a continuous flow.?* In mild-moderate
congestion the PV will change from a continuous flow to a
pulsatile flow with a pulsatility index between 30-50% and
in severe congestion the pulsatility will be greater than 50%.
Finally, IRV assessment allows the identification of kidney
involvement. In mild to moderate congestion, a biphasic flow
is observed with the appearance of two systolic «S» and dias-
tolic «D» waves, and in severe congestion, a monophasic flow
will be observed with a single «D» wave during the cardiac
cycle (Fig. 1). The IRV study with PD also allows calculation of
the resistivity index (RI), which in the congestion scenario may
be altered and result in increased intrarenal resistance. How-
ever, other situations such as atherosclerosis, parenchymal
lesions, among others, may alter them.®

The visualization of the size of the IVC and the PD of
the described venous territories are integrated into a con-
gestion severity score (VExXUS score) in which grade 0 has an
IVC<2cm, grade 1 has an IVC>2cm and PD with normal or
mildly altered patterns, grade 2 has IVC>2cm, with at least
one PD severity pattern and grade 3 has IVC > 2 cm, with two
or more PD severity patterns?® (Table 1). VExUS has been val-
idated mainly in SCR1 and critically ill patients such that, in
SCR1, IRV flow study using PD showed a better correlation with
congestion than RI, and correlated with increased RA pres-
sure measured by right catheterization and was associated
with worse outcomes in congested patients compared with
those with mild congestion or no congestion.?* On the other
hand, deplection depletive therapy by VExUS in the critically
ill patient was significantly correlated with kidney recovery in
those patients with acute kidney injury.?

The use of VEXUS is not without confounding factors, as
changes in PD patterns without congestion may be observed,
for example in patients with lower muscle mass index, liver
parenchymal abnormalities, severe tricuspid regurgitation or
advanced chronic kidney disease.?®

Right HF is characterized by the inability of the RV to gen-
erate adequate stroke volume, leading to the development of
venous congestion. This relationship makes the correlation
of venous congestion with cardiac assessment critical. FoCUS
is the strategy that allows for morphological and functional
assessment of the RV in different classical echocardiographic
planes.?”’ By comparing the size of the RV with the LV and
assessing septal motion, changes in RV volume and pressure
canbe described. In the same classic planes, LV and RV systolic
function can be assessed relatively easily by direct visualiza-
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Figure 1 - On the left normal ultrasound pattern using LUS, FoCUS and VExUS. On the right severe congestion pattern.
bdRV: right ventricle basal diameter; TAPSE: Tricuspid Annular Plane Systolic Excursion; IVC: inferior vena cava; RV: right
ventricle; PV: portal vein; IRV: intrarenal vessels, SHV: suprahepatic veins.

Table 1 - Proposed classification for global assessment of congestion according to LUS and VExUS. Morphological and

functional impairments of the RV according to FoCUS.

Absence of congestion Mild-moderate congestion Severe congestion

Lung ultrasound (LUS) Absence of B lines More than 3 B lines More than 3 B lines
VExUS

IvC <2cm >2cm >2cm

SHV Pattern S>D Pattern S<D Reverse S wave

PV Continuous flow Pulsatility 30—49% Pulsatility >50%

IRV Continuous flow Biphasic flow Monophasic flow

SD pattern D pattern

Echocardioscopy (FoCUS) RV dilation: bdRV >41 mm?

RV dysfunction: TAPSE <17 mm?®

Focus: focus cardiac ultrasound; LUS: lung ultrasound; IVC: inferior vena cava; RV: right ventricle; VExUS: venous excess ultrasound grading

system; PV: portal vein; IRV: intrarenal vessels; SHV: suprahepatic veins.
Adapted from: Beaubien-Souligny et al. %

tion or by using tools to estimate it.?®?° An indirect, widely
used and relatively simple method of quantifying RV function
is the M-mode measurement of Tricuspid Annular Plane Sys-
tolic Excursion (TAPSE).”® FoCUS also allows rapid assessment
of the presence of pericardial effusion and valvular abnormal-
ities such as tricuspid regurgitation.'»%°

Most patients with acute or chronic kidney disease have
impaired volume management. PoCUS allows the assessment

of tissular and vascular congestion, the rapid, dynamic and
reproducible personalisation of decongestive therapy in any
clinical scenario and the correlation of these findings with

FoCUS.

Beyond the clinical applicability of PoCUS, more recent
literature has described the correlation between PD parame-
ters and biomarkers of congestion and myocardial damage. A
positive linear correlation has been described between PD con-
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gestion patterns and elevation of novel congestion biomarkers
such as carbohydrate antigen 125 (CA125).>° Another diagnos-
tic tool widely used in nephrology is electrical bioimpedance,
which allows estimation of body composition. The knowl-
edge of extracellular water and the estimation of dry weight
using electrical bioimpedance could help to improve haemo-
dynamic tolerance to haemodialysis.> The combination of
PoCUS results with biomarkers (a concept described as “bio-
sono markers”) and electrical bioimpedance parameters will
allow predictive models that include classical clinical vari-
ables with the aim of improving the ability to predict clinical
outcomes.

The integration of these strategies requires regular train-
ing by the nephrologist and should be considered for inclusion
in the training of nephrology residents in the next decade.'®
The ability to interpret these strategies in a routine and repro-
ducible methodology allows a more accurate approximation
of the congestion scenario, as well as taking into account the
fundamental importance of the right heart. In conclusion, a
path of no return for clinical assessment and personalized
diagnostic guidance is opening up before our eyes, as well as
a door to new avenues of research that represent one of the
most exciting challenges in cardiorenal medicine, a challenge
for nephrology in the coming decade.

REFERENCES

1. Maggioni AP, Dahlstrém U, Filippatos G, Chioncel O, Leiro MC,
Drozdz J, et al. Heart Failure Association of ESC (HFA).
EURObservational Research Programme: the Heart Failure
Pilot Survey (ESC-HF Pilot). Eur ] Heart Fail. 2010;12:1076-84,
http://dx.doi.org/10.1093/eurjhf/hfq154.

2. Garzotto F, Ostermann M, Martin-Langerwerf D,
Sanchez-Sanchez M, Teng J, Robert R, et al. DoReMIFA study
group. The Dose Response Multicentre Investigation on Fluid
Assessment (DoReMIFA) in critically ill patients. Crit Care.
2016;20:196, http://dx.doi.org/10.1186/s13054-016-1355-9.

3. Diskin CJ, Stokes TJ, Dansby LM, Carter TB, Radcliff L, Thomas
SG. Towards an understanding of oedema. BM]J.
1999;318:1610-3, http://dx.doi.org/10.1136/bm;j.318.7198.1610.

4. Prowle JR, Echeverri JE, Ligabo EV, Ronco C, Bellomo R. Fluid
balance and acute kidney injury. Nat Rev Nephrol.
2010;6:107-15, http://dx.doi.org/10.1038/nrneph.2009.213.

5. Chioncel O, Mebazaa A, Harjola VP, Coats AJ, Piepoli MF,
Crespo-Leiro MG, et al. ESC Heart Failure Long-Term Registry
Investigators. Clinical phenotypes and outcome of patients
hospitalized for acute heart failure: the ESC Heart Failure
Long-Term Registry. Eur ] Heart Fail. 2017;19:1242-54,
http://dx.doi.org/10.1002/ejhf.890.

6. Husain-Syed F, Grone HJ, Assmus B, Bauer P, Gall H, Seeger W,
et al. Congestive nephropathy: a neglected entity? Proposal
for diagnostic criteria and future perspectives. ESC Heart Fail.
2021;8:183-203, http://dx.doi.org/10.1002/ehf2.13118.

7. Vaara ST, Korhonen AM, Kaukonen KM, Nisula S, Inkinen O,
Hoppu S, et al. FINNAKI Study Group. Fluid overload is
associated with an increased risk for 90-day mortality in
critically ill patients with renal replacement therapy: data
from the prospective FINNAKI study. Crit Care. 2012;16:R197,
http://dx.doi.org/10.1186/cc11682.

8. Mullens W, Damman K, Harjola VP, Mebazaa A, Brunner-La
Rocca HP, Martens P, et al. The use of diuretics in heart failure
with congestion — a position statement from the Heart

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Failure Association of the European Society of Cardiology. Eur
J Heart Fail. 2019;21:137-55,
http://dx.doi.org/10.1002/ejhf.1369.

. Chung HM, Kluge R, Schrier RW, Anderson RJ. Clinical

assessment of extracellular fluid volume in hyponatremia.
Am ] Med. 1987;83:905-8,
http://dx.doi.org/10.1016/0002-9343(87)90649-8.

Boorsma EM, Ter Maaten JM, Damman K, Dinh W, Gustafsson
F, Goldsmith S, et al. Congestion in heart failure: a
contemporary look at physiology, diagnosis and treatment.
Nat Rev Cardiol. 2020;17:641-55,
http://dx.doi.org/10.1038/s41569-020-0379-7.

Catalano D, Caruso G, DiFazzio S, Carpinteri G, Scalisi N,
Trovato GM. Portal vein pulsatility ratio and heart failure. J
Clin Ultrasound. 1998;26:27-31,
http://dx.doi.org/10.1002/(sici)1097-0096(199801)26:1<27::aid
-jcu6>3.0.co;2-1.

Rola P, Miralles-Aguiar F, Argaiz E, Beaubien-Souligny W,
Haycock K, Karimov T, et al. Clinical applications of the
venous excess ultrasound (VExXUS) score: conceptual review
and case series. Ultrasound J. 2021;13:32,
http://dx.doi.org/10.1186/s13089-021-00232-8.

Moore CL, Copel JA. Point-of-care ultrasonography. N Engl J
Med. 2011;364:749-57,
http://dx.doi.org/10.1056/NEJMra0909487.

Argaiz E, Koratala A, Resinger N. Comprehensive assessment
of fluid status by Point-of-Care ultrasonography. Kidney360.
2021:10, http://dx.doi.org/10.34067/KID.0006482020.

Volpicelli G, Elbarbary M, Blaivas M, Lichtenstein DA, Mathis
G, Kirkpatrick AW, et al. International Liaison Committee on
Lung Ultrasound (ILC-LUS) for International Consensus
Conference on Lung Ultrasound (ICC-LUS). International
evidence-based recommendations for point-of-care lung
ultrasound. Intensive Care Med. 2012;38:577-91,
http://dx.doi.org/10.1007/s00134-012-2513-4.

Rivera Gorrin M, Sosa Barrios RH, Ruiz-Zorrilla Lépez C,
Fernandez JM, Marrero Robayna S, Ibeas Lopez J, et al. en
representacién del Grupo de Trabajo en Nefrologia
Diagnéstica e Intervencionista (GNDI) de la Sociedad Espanola
de Nefrologia (SEN). Consensus document for ultrasound
training in the specialty of Nephrology. Nefrologia (Engl Ed).
2020;40:623-33, http://dx.doi.org/10.1016/j.nefro.2020.05.008.
Maw AM, Hassanin A, Ho PM, McInnes MDF, Moss A,
Juarez-Colunga E, et al. Diagnostic accuracy of point-of-care
lung ultrasonography and chest radiography in adults with
symptoms suggestive of acute decompensated heart failure:
a systematic review and meta-analysis. JAMA Netw Open.
2019;2:€190703,
http://dx.doi.org/10.1001/jamanetworkopen.2019.0703.
Hubert A, Girerd N, Le Breton H, Galli E, Latar I, Fournet M,

et al. Diagnostic accuracy of lung ultrasound for identification
of elevated left ventricular filling pressure. Int J Cardiol.
2019;281:62-8, http://dx.doi.org/10.1016/j.ijjcard.2019.01.055.
Coiro S, Rossignol P, Ambrosio G, Carluccio E, Alunni G,
Murrone A, et al. Prognostic value of residual pulmonary
congestion at discharge assessed by lung ultrasound imaging
in heart failure. Eur ] Heart Fail. 2015;17:1172-81,
http://dx.doi.org/10.1002/ejhf.344.

Loutradis C, Sarafidis PA, Ekart R, Papadopoulos C,
Sachpekidis V, Alexandrou ME, et al. The effect of dry-weight
reduction guided by lung ultrasound on ambulatory blood
pressure in hemodialysis patients: a randomized controlled
trial. Kidney Int. 2019;95:1505-13,
http://dx.doi.org/10.1016/j.kint.2019.02.018.

Torino C, Tripepi R, Luigi Tripepi G, Mallamaci F, Zoccali C, on
behalf of the LUST Working Group. FC 114 Lung
ultrasound-guided ultrafiltration in haemodialysis patients
reduces the risk of dialysis hypotension. Nephrol Dial


dx.doi.org/10.1093/eurjhf/hfq154
dx.doi.org/10.1186/s13054-016-1355-9
dx.doi.org/10.1136/bmj.318.7198.1610
dx.doi.org/10.1038/nrneph.2009.213
dx.doi.org/10.1002/ejhf.890
dx.doi.org/10.1002/ehf2.13118
dx.doi.org/10.1186/cc11682
dx.doi.org/10.1002/ejhf.1369
dx.doi.org/10.1016/0002-9343(87)90649-8
dx.doi.org/10.1038/s41569-020-0379-7
dx.doi.org/10.1002/(sici)1097-0096(199801)26:1<27::aid-jcu6>3.0.co;2-l
dx.doi.org/10.1002/(sici)1097-0096(199801)26:1<27::aid-jcu6>3.0.co;2-l
dx.doi.org/10.1186/s13089-021-00232-8
dx.doi.org/10.1056/NEJMra0909487
dx.doi.org/10.34067/KID.0006482020
dx.doi.org/10.1007/s00134-012-2513-4
dx.doi.org/10.1016/j.nefro.2020.05.008
dx.doi.org/10.1001/jamanetworkopen.2019.0703
dx.doi.org/10.1016/j.ijcard.2019.01.055
dx.doi.org/10.1002/ejhf.344
dx.doi.org/10.1016/j.kint.2019.02.018

NEFROLOGIA. 2023;42(5):501-505

505

22.

23.

24.

25.

26.

Transplant. 2021;36,
http://dx.doi.org/10.1093/ndt/gfab129.004, gfab129.

Loutradis C, Papadopoulos C, Sachpekidis V, Ekart R, Krunic B,
Papadopoulou D, et al. MO729 Lung ultrasound guided
dry-weight reduction decreases cardiac chambers
dimensions and improves ventricular diastolic function in
hemodialysis patients: long-term analysis of a LUST
sub-study. Nephrol Dial Transplant. 2021;36,
http://dx.doi.org/10.1093/ndt/gfab097.009, gfab097.009.
Beaubien-Souligny W, Rola P, Haycock K, Bouchard J,
Lamarche Y, Spiegel R, et al. Quantifying systemic congestion
with Point-Of-Care ultrasound: development of the venous
excess ultrasound grading system. Ultrasound J. 2020;12:16,
http://dx.doi.org/10.1186/s13089-020-00163-w.

Iida N, Seo Y, Sai S, Machino-Ohtsuka T, Yamamoto M, Ishizu
T, et al. Clinical implications of intrarenal hemodynamic
evaluation by Doppler ultrasonography in heart failure. JACC
Heart Fail. 2016;4:674-82,
http://dx.doi.org/10.1016/j.jchf.2016.03.016.

Bhardwaj V, Vikneswaran G, Rola P, Raju S, Bhat RS, Jayakumar
A, et al. Combination of inferior vena cava diameter, hepatic
venous flow, and portal vein pulsatility index: Venous Excess
Ultrasound Score (VEXUS Score) in predicting acute kidney
injury in patients with cardiorenal syndrome: a prospective
cohort study. Indian J Crit Care Med. 2020;24:783-9,
http://dx.doi.org/10.5005/jp-journals-10071-23570.

Amsallem M, Mercier O, Kobayashi Y, Moneghetti K, Haddad F.
Forgotten no more: a focused update on the right ventricle in

27.

28.

29.

30.

31.

cardiovascular disease. JACC Heart Fail. 2018;6:891-903,
http://dx.doi.org/10.1016/j.jchf.2018.05.022.

Tabucanon T, Tang WHW. Right heart failure and cardiorenal
syndrome. Cardiol Clin. 2020;38:185-202,
http://dx.doi.org/10.1016/j.ccl.2020.01.004.

Chawla LS, Herzog CA, Costanzo MR, Tumlin J, Kellum JA,
McCullough PA, et al. ADQI XI Workgroup. Proposal for a
functional classification system of heart failure in patients
with end-stage renal disease: proceedings of the acute
dialysis quality initiative (ADQI) XI workgroup. ] Am Coll
Cardiol. 2014;63:1246-52,
http://dx.doi.org/10.1016/j.jacc.2014.01.020.

Hahn RT, Thomas JD, Khalique OK, Cavalcante JL, Praz F,
Zoghbi WA. Imaging assessment of tricuspid regurgitation
severity. JACC Cardiovasc Imaging. 2019;12:469-90,
http://dx.doi.org/10.1016/j.jcmg.2018.07.033.

Nufiez-Marin G, de la Espriella R, Santas E, Lorenzo M,
Minana G, Nunez E, et al. CA125 but not NT-proBNP predicts
the presence of a congestive intrarenal venous flow in
patients with acute heart failure. Eur Heart ] Acute Cardiovasc
Care. 2021:zuab022, http://dx.doi.org/10.1093/ehjacc/zuab022.
Lépez-Gémez JM. Evolution and applications of bioimpedance
in managing chronic kidney disease. Nefrologia.
2011;31:630-4,
http://dx.doi.org/10.3265/Nefrologia.pre2011.0ct.11015.


dx.doi.org/10.1093/ndt/gfab129.004
dx.doi.org/10.1093/ndt/gfab097.009
dx.doi.org/10.1186/s13089-020-00163-w
dx.doi.org/10.1016/j.jchf.2016.03.016
dx.doi.org/10.5005/jp-journals-10071-23570
dx.doi.org/10.1016/j.jchf.2018.05.022
dx.doi.org/10.1016/j.ccl.2020.01.004
dx.doi.org/10.1016/j.jacc.2014.01.020
dx.doi.org/10.1016/j.jcmg.2018.07.033
dx.doi.org/10.1093/ehjacc/zuab022
dx.doi.org/10.3265/Nefrologia.pre2011.Oct.11015

	PoCUS: Congestion and ultrasound two challenges for nephrology in the next decade
	References


