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organ Doppler patterns, using a 3 point severity grad-
ing in the presence of a plethoric IVC, generated a score 
ranging from 0 to 3, and, in a cohort of post-cardiac sur-
gery patients was associated with markedly increased 
risk of acute kidney injury (AKI) [2]. In the years since 
our initial publication, we have been overwhelmed by the 
incredible amount of discussion and research it has gen-
erated. We commend all those who have dedicated time 
and effort towards moving the needle forward on venous 
congestion and expanding the patient populations in 
which VExUS can point to potential organ dysfunction. 
Despite this evolution in our understanding of VExUS, 
we feel that certain misconceptions sometimes emerge 
and warrant clarification.

Methods
In order to determine the important points to address, 
the authors identified a number of recurrent misconcep-
tions noted in the course of clinical teaching, workshops 
and presentations’ question and answer sessions, as well 
as discussion with clinical peers.

Introduction
In 2020 we derived and published a tool using bedside 
ultrasound to quantify the degree of venous congestion 
in critical ill patients. This tool, Venous Excess by Ultra-
Sound (VExUS) is the combination of inferior vena cava 
(IVC) ultrasound, hepatic venous, portal venous and 
intrarenal venous Doppler envelopes, all previously used 
to assess venous congestion in isolation [1]. These solid 
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Abstract
There has been a significant interest in venous congestion in recent years, among which the VExUS score has been 
prominent, both in clinical practice and research efforts. We have noted some recurrent misconceptions among 
clinicians which are also reflected in certain research efforts. Notably, the misguided attempt to correlate VExUS 
to volume status, which is only one of the factors influencing it, as well as attempts to re-interpret VExUS in the 
context of certain pathologies, which reflects a fundamental misunderstanding of its circulatory perspective. In this 
article we review the physiological basis of the VExUS assessment as a measure and marker of venous congestion 
from the organs’ standpoint and its role as part of the emerging concept of fluid tolerance, in hopes to address 
these misconceptions for clinicians and for important further studies.
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VExUS and volume status
VExUS is often referred to as a tool to quantify a patient’s 
volume status. Firstly, we would like to discourage the use 
of the term volume status, which is an exceedingly vague 
concept that is often understood differently by different 
physicians. For example when someone uses the term 
volume status, it is unclear whether they are referring to 
intravascular volume, both intra-and extravascular vol-
ume, stressed or unstressed volume, etc. There has been 
a longtime love affair with the somewhat quixotic quest 
for a “fuel gauge” of intravascular volume which started 
with the central venous pressure (CVP), then the supe-
rior and inferior vena cava (SVC/IVC), and now, in many 
clinicians’ minds, the VExUS score. This exposes a cer-
tain misunderstanding or hopeful attempt to shortcut the 
non-linear relationship that exists between volume and 
pressure. While they are obviously related, in a multi-
compartmented system with varying elastances, it is sim-
ply impossible to use pressure as a measure for volume 
- or vice-versa: it is time for clinicians to let go of this 
dream. All the above failed as simple gauges of “volume 
status”, through no fault of their own, but rather because 
the question asked was an impossible one.

So, what does VExUS truly measure? It reflects the 
ever changing relationship between the upstream venous 
pressure (mean systemic filling pressure (MSFP) and 
right atrial pressure. The MSFP, crucially, depends on two 
distinct factors that interact to determine this pressure. 

Firstly, there is the volume that “stretches” the walls of 
the collective blood vessels leading to elastic recoil cre-
ating pressure (as opposed to unstressed volume which 
is considerable, but does not distend the highly compli-
ant venules), and secondly there is the degree of compli-
ance in the blood vessels. The less compliant the blood 
vessels, the more a stressed volume will generate a pres-
sure. The CVP depends on the magnitude of the MSFP 
and the efficiency of the right ventricle (RV), which when 
working well will keep the CVP low. The venous return 
(VR)--which equals the cardiac output in the steady 
state–depends on the difference between the MSFP and 
the CVP. (Figure 1a and b)

In a patient who is initially normovolemic but infused 
with enough fluids, we will observe a rise in their MSFP 
which in turn will lead to a rise in CVP. If continued, this 
indiscriminate fluid administration will increase pre-
load until the right ventricle is anatomically incapable of 
accommodating further volume expansion, and CVP will 
start to rise sharply [3]. (Fig. 2a) The venous system–hav-
ing a large capacitance–is forgiving to a point. This point 
is the limit of venous compliance, where PMSF will then 
quickly rise, preserving VR at the expense of pathologi-
cally increased capillary hydrostatic pressures. (Fig.  2b) 
This will eventually result in a plethoric IVC and trans-
mission of pressure waves upstream, causing abnormal 
Doppler envelope changes and an elevated VExUS score. 

Fig. 1  1a: Intravascular volume is composed of unstressed volume that does not distend the vascular walls and stressed volume that distends the walls 
resulting in elastic recoil of the walls generating the MSFP. MSFP increases with increased stressed volume (where the walls are further distended) and 
decreased compliance (where the vessels become stiffer and unstressed volume is converted to stressed volume). 1b: The CVP depends on the cardiac 
efficiency and the MSFP. Venous return is driven by the difference in MSFP and the CVP. When CVP = MSFP venous return will be zero. Increases in the 
MSFP or decreases in the cardiac efficiency will increase CVP, but the CVP and cardiac output depends on the operating point where the venous return 
line and Frank-Starling curves intersect. V0= unstressed volume, Ve=stressed volume, Cs=systemic vascular compliance, Vr=resistance to venous return, 
VR= Venous Return
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In such a case, VExUS will correlate to intravascular 
volume.

Now take for example a patient who develops a large 
pulmonary embolism, leading to a acute increase in pul-
monary arterial pressure and marked right ventricular 
failure, the CVP will rise due to the inability of the RV 
to handle its afterload, and, if sufficiently elevated, will 
result in increasing VExUS scores. Without an additional 
rise in intravascular volume. (Fig. 3)

In a third potential scenario, a patient presents with 
septic shock. Here, the vasodilation will lead to a 
decrease in MSFP and thus venous return, with an inevi-
table drop in CVP. This would decrease IVC size and - if 
congestion had been present, VExUS score. No change in 
intravascular volume once again. (Fig.  4) Conversely, as 
this patient improves, resolving vasoplegia will increase 
MSFP and thus venous return and congestive indices may 
appear, also without a change in intravascular volume. 
Septic shock and RV failure can of course co-exist, with 
the resulting VExUS score reflecting a balance between 
the degree of vasodilatation and RV failure.

So, for instance, following the stable outpatient with 
congestive heart failure (CHF) and no other active pro-
cess, a change in VExUS score is likely to reflect a change 
in the intravascular volume and perhaps extracellular 
water. In support of this, Husain-Syed et al. showed a 

correlation between overhydration determined by bio-
impedance analysis and worsening intra-renal venous 
Doppler patterns in a cohort of non-critically ill right 
heart failure patients [4]. 

So can the VExUS score be used to assess intravascular 
volume at all? Yes, but only in the same patient without 
change in vascular compliance or RV-PA coupling (i.e. a 
decrease in RV efficiency). In the critically ill patient? Not 
really. With regard to VExUS, intravascular volume is one 
part of a comprehensive interlinked system.

“Interpreting” VExUS under different clinical 
scenarios
As elucidated by the above examples it is apparent that 
the VExUS score, like its predecessors, cannot be thought 
of as a simple dichotomous tool to identify volume sta-
tus. Rather its findings must be interpreted in the clinical 
context of the patient in whom the exam is being per-
formed. Given this admonition,“how does one interpret 
VExUS findings in the presence of tricuspid regurgitation 
(TR), right ventricular dysfunction, mechanical ventila-
tion, etc…” (or other conditions that alter CVP without 
necessarily increasing volume), the answer is actually 
quite simple and often becomes apparent as the experi-
ence of the operator grows: there should be no change at 
all in the interpretation of the VExUS score.

Fig. 2  2a: A normovolemic person is infused with repeated boluses of crystalloid, thus raising the MSFP. Initially the response is to increase the VR with 
only small increases in the CVP. However, once the limit of RV compliance is reached the CVP and MSFP rapidly rise with little increase in VR. The rise in 
MSFP results in venous congestion of the organs and limits perfusion. 2b: Relationship of venous compliance. Initially, additional stressed volume raises 
the venous pressures minimally until the limits of compliance is reached. At that point the venous pressures rapidly rise with addition of even small 
amounts of volume
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Fig. 4  An acute rise in systemic vascular compliance (without a change in volume) results in a decrease in MSFP, CVP, and VR. Administration of either a 
vasopressor or a crystalloid bolus will shift the MSFP toward normal. However, note that the original drop in MSFP was independent of actual volume, and 
was instead a result of a change in vascular compliance alone

 

Fig. 3  An acute rise in RV afterload due to a pulmonary embolism causes a significant decrease in RV efficiency. The VR drops whilst the CVP rises. Any 
attempt at a volume challenge will most likely result in an increase in the CVP and MSFP without a significant increase in the VR
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What does this mean? That one should not dismiss 
an elevated VExUS score on the basis of the presence of 
one of these factors, e.g. “I don’t have to worry about the 
VExUS 3, it’s just because the patient has severe TR/high 
PEEP/etc…”.

Here is where it is important to realize that the VExUS 
score - as should any measure of venous congestion - is 
a measure of organ afterload first and foremost. VExUS 
looks at the circulation from the organ’s standpoint look-
ing downstream, not from a central cardiac perspective. 
The cause behind the afterload elevation is immaterial 
in the interpretation. Measuring the degree of venous 
congestion represents an alarm system of sorts for tissue 
perfusion and organ function. An abnormal VExUS score 
tells the clinician that there is a problem above but it does 
not tell what the problem is. An abnormal VExUS scan 
can be thought of as a symptom. It behooves the clini-
cian to identify the underlying cause behind these Dop-
pler findings. In the setting of a critically ill patient, this 
typically includes a more thorough bedside echocardio-
graphic exploration in the hopes of identifying the poten-
tial causes of the abnormal VExUS findings.

It is obviously beyond the scope of this - or any single 
- article to address every management strategy of the 
myriad of pathologies that result in an elevated CVP. 
Therefore, the role of the VExUS score is to tell the cli-
nician to grab the ultrasound probe, find the etiology 
and personalize the management. Do not treat a VExUs 
score, treat the patient.

So what DOES VExUS really measure?
It is a measure of the severity of venous congestion, and 
it has been demonstrated that higher levels are associ-
ated with the potential development of organ dysfunc-
tion. Along with other tools, sonographic and otherwise, 
VExUS can help establish the degree of fluid tolerance, 
a concept recently put forward by Kattan et al. [5] Fluid 
tolerance is a concept describing a state where the addi-
tion of additional volume is unlikely to result in harm 
to the system or an organ system. This is quite different 
from fluid responsiveness which is defined by a state 
where the addition of volume to the vascular compart-
ment will result in an increase in the SV or cardiac out-
put (CO). Prior to the proposal of fluid tolerance, the 
primary strategy recommended to combat the harms of 
over-resuscitation was utilizing tools that assist in iden-
tifying patients who are only fluid responsive, without 
regard to fluid tolerance [6]. Although such strategies are 
preferable to indiscriminate administration of IV fluids, 
they do not represent the optimal strategy. Studies sug-
gest the increase in CO in response to a fluid bolus is 
fleeting, lasting somewhere between 30 and 120  min in 
most patients [7]. Such transient increases in CO are of 
questionable clinical relevance.

While fluid responsiveness asks whether a fluid bolus 
will increase a patient’s CO, a surrogate outcome of 
questionable clinical import, fluid tolerance asks a far 
more holistic question. Fluid tolerance asks clinicians 
to calculate the potential harms of fluid administrations 
and the potential benefits and to decide whether a fluid 
bolus is more likely to help or harm the patient in ques-
tion. Rather than VExUS serving as a dichotomous test, 
determining when to administer IV fluids with absolute 
certainty, it should serve as a piece of the greater puzzle. 
Its findings should be interpreted in the context of the 
patient, their comorbidities, their current physiological 
perturbations, the current moment in the ongoing resus-
citation, and the amount of fluid they have received up to 
this point. It is only then the VExUS study can be appro-
priately interpreted.

Questions for future research and limitations of 
VExUS
We believe that further research intended to demon-
strate VExUS’ as a tool to quantify volume status would 
be generally unhelpful. Rather, it would be of tremendous 
benefit for researchers to perform interventional stud-
ies comparing VExUS to conventional strategies to guide 
fluid resuscitation, treatments for cardiorenal syndromes, 
acute kidney injury, initiation of de-resuscitation efforts, 
to name a few.

Observational, associative and interventional studies 
would also be very useful looking at VExUS and mark-
ers of RV-PA coupling, as a major gap in knowledge is 
the targeted decongestion, particularly in patients with 
severe pulmonary hypertension. Empirically, we have 
seen patients who tolerate decongestion to a VExUS 
score of 0, while others suffer a loss of forward flow with 
worsening renal function and hypotension with a drop in 
portal pulsatility from 100 to 60% - technically remain-
ing at VExUS 3. It would be fascinating to see how this 
relates to RV-PA coupling indices.

False positives for elements of VExUS exist. Portal vein 
pulsatility can be observed in thin young patients with 
hyperdynamic circulation and abnormalities can also 
occur in the context of severe cirrhosis. However, the 
compound nature of the score provides robustness such 
that most non-overlapping false positives will likely not 
result in a falsely elevated score. However, it is worth 
stating that VExUS has not been studied specifically in 
severe cirrhotics and there should be careful clinical 
consideration in its interpretation until this population 
has been further studied. A case of a larger, plethoric-
appearing IVC has been described with a measured CVP 
of around 1mmhg, potentially due to liver parenchymal 
fibrosis resulting in a “fixed” venous anatomy (Argaiz, 
personal communication).
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VExUS does represent a somewhat advanced “POCUS” 
skillset as it requires a basic competence in pulse wave 
Doppler ability. In addition, a physiological understand-
ing of the reasons for the causes of false positives and 
false negatives is necessary to interpret some VExUS 
cases. Because of this VExUS may require additional 
training for the novice–analogous to investigating car-
diac output from pulsed wave Doppler of the left ven-
tricular outflow tract. From an educational standpoint 
beyond the authors’ experience, a VExUS substudy of 
ANDROMEDA-SHOCK 2 is currently underway, and 
investigators (who were already competent at general 
POCUS) performing the exam followed a half-day online 
course including an examination, and their images were 
reviewed by experts with considerable VExUS experi-
ence with excellent correlation, suggesting that it can be 
taught relatively efficiently over a short time, but requires 
some supervision [8]. 

As is the case for any new diagnostic method, more 
work needs to be done in terms of delineating pitfalls 
and establishing learning pathways. One of the keys to 
minimizing the former is to avoid using VExUS in isola-
tion, but rather as part of a comprehensive hemodynamic 
assessment.

Conclusion
It is important for clinicians using VExUS as part of their 
assessments to understand the fundamental principle 
that venous congestion studies assess organ afterload. 
They act as a warning system telling us that the degree 
of congestion is potentially deleterious to tissue-perfu-
sion and organ function. The next step is to identify the 
cause using bedside ultrasound and other imaging tech-
nologies. Only then should personalized optimization be 
undertaken, specific to the underlying cause.

Acknowledgements
Not applicable.

Author contributions
All authors contributed equally to conceptual work and writing of paper.

Funding
None.

Data availability
Not applicable.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
None.

Received: 30 April 2024 / Accepted: 13 October 2024

References
1.	 Beaubien-Souligny W, Eljaiek R, Fortier A, Lamarche Y, Liszkowski M, Bouchard 

J, Denault AY (2018) The Association between Pulsatile Portal Flow and Acute 
kidney Injury after Cardiac surgery: a retrospective cohort study. J Cardiotho-
rac Vasc Anesth 32(4):1780–1787 Epub 2017 Nov 22. PMID: 29277304

2.	 Beaubien-Souligny W, Rola P, Haycock K, Bouchard J, Lamarche Y, Spiegel 
R, Denault AY (2020) Quantifying systemic congestion with Point-Of-Care 
ultrasound: development of the venous excess ultrasound grading system. 
Ultrasound J 12(1):16. https:/​/doi.or​g/10.11​86/s​13089-020-00163-wPMID: 
32270297; PMCID: PMC7142196

3.	 Magder S, Slobod D, Assanangkornchai N (2023) Right Ventricular Limitation: 
A Tale of Two Elastances. Am J Respir Crit Care Med. 207(6):678–692. ​h​t​t​​p​s​:​/​​/​d​
o​​i​.​​o​r​g​/​1​0​.​1​1​6​4​/​r​c​c​m​.​2​0​2​1​0​6​-​1​5​6​4​S​O​​​​​. PMID: 36257049

4.	 4, Husain-Syed F, Birk HW, Ronco C, Schörmann T, Tello K, Richter MJ, Wilhelm 
J, Sommer N, Steyerberg E, Bauer P, Walmrath HD, Seeger W, McCullough PA, 
Gall H, Ghofrani HA (2019) Doppler-derived renal venous Stasis Index in the 
prognosis of Right Heart failure. J Am Heart Assoc 8(21):e013584 Epub 2019 
Oct 19. PMID: 31630601; PMCID: PMC6898799

5.	 Kattan E, Castro R, Miralles-Aguiar F, Hernández G, Rola P (2022) The emerging 
concept of fluid tolerance: a position paper. J Crit Care 71:154070. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​​
o​r​g​/​1​0​.​1​0​1​6​/​j​.​j​c​r​c​.​2​0​2​2​.​1​5​4​0​7​0​​​​​E​p​u​b 2022 Jun 2. PMID: 35660844

6.	 Latham HE, Bengtson CD, Satterwhite L, Stites M, Subramaniam DP, Chen GJ, 
Simpson SQ (2017) Stroke volume guided resuscitation in severe sepsis and 
septic shock improves outcomes. J Crit Care 42:42–46. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​​o​r​g​/​1​0​.​1​0​1​
6​/​j​.​j​c​r​c​.​2​0​1​7​.​0​6​.​0​2​8​​​​​E​p​u​b 2017 Jun 28. PMID: 28672146

7.	 Seccombe A, Sapey E (2018) What is the evidence base for fluid resuscitation 
in acute medicine? Clin Med (Lond) 18(3):225–230. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​​o​r​g​/​1​0​.​7​8​6​1​/​c​l​
i​n​m​e​d​i​c​i​n​e​.​1​8​-​3​-​2​2​5​​​​​P​M​I​D​: 29858432; PMCID: PMC6334063

8.	 Prager R, Argaiz E, Pratte M, Rola P, Arntfield R, Beaubien-Souligny W, 
Denault AY, Haycock K, Miralles Aguiar F, Bakker J, Ospina-Tascon G, Orozco 
N, Rochwerg B, Lewis K, Quazi I, Kattan E, Hernandez G, Basmaji J (2023) 
Doppler identified venous congestion in septic shock: protocol for an inter-
national, multi-centre prospective cohort study (Andromeda-VEXUS). BMJ 
Open 13(7):e074843. https:/​/doi.or​g/10.11​36/b​mjopen-2023-074843PMID: 
37487682; PMCID: PMC10373747

Publisher’s note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations.

https://doi.org/10.1186/s13089-020-00163-w
https://doi.org/10.1164/rccm.202106-1564SO
https://doi.org/10.1164/rccm.202106-1564SO
https://doi.org/10.1016/j.jcrc.2022.154070
https://doi.org/10.1016/j.jcrc.2022.154070
https://doi.org/10.1016/j.jcrc.2017.06.028
https://doi.org/10.1016/j.jcrc.2017.06.028
https://doi.org/10.7861/clinmedicine.18-3-225
https://doi.org/10.7861/clinmedicine.18-3-225
https://doi.org/10.1136/bmjopen-2023-074843

	﻿VExUS: common misconceptions, clinical use and future directions
	﻿Abstract
	﻿Introduction
	﻿Methods
	﻿VExUS and volume status
	﻿“Interpreting” VExUS under different clinical scenarios
	﻿So what DOES VExUS really measure?
	﻿Questions for future research and limitations of VExUS
	﻿Conclusion
	﻿References


