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Abstract
Background  The use of ultrasound assessment, including the Venous Excess Ultrasound (VEXUS) score, is increasingly 
being utilised as part of fluid status assessment in clinical practice. We aimed to evaluate the ability of the VEXUS score to 
track fluid removal during the course of the dialysis session and explore the relationship between traditional measures of 
fluid status and venous congestion.

Methods  Single-centre, observational study in patients undergoing intermittent haemodialysis, who presented above 
their target dry weight. Patients had serial assessment using VEXUS, lung ultrasound and selected echocardiographic 
measures, before, during and after fluid removal.

Results  Amongst 33 patients analysed, 5 (15%) had an elevated VEXUS score (> 0). There was no difference in starting 
weight, dry weight or amount of fluid removed in patients with a normal VEXUS score and those with an elevated VEXUS 
score. In all patients with elevated VEXUS scores, the degree of venous congestion improved during the course of fluid 
removal. All patients with an elevated VEXUS score had evidence of both right and left ventricular systolic impairment.

Conclusion  In patients with ESRF undergoing haemodialysis, the incidence of venous congestion as measured by 
the VEXUS is low. In patients with elevated VEXUS scores, removal of fluid through haemodialysis improves the venous 
congestion score. The pattern of LV and RV systolic dysfunction suggests that VEXUS may be a reflection of cardiac failure 
rather than venous volume status.

Trial registration  Ethical approval was provided by South Central-Berkshire Research and Ethics Committee and 
registered on clinicaltrials.org (IRAS305720). Trial registration: ISRCTN14351189 – Retrospectively registered on 
30/11/2023.
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Introduction
Fluids are the most commonly administered intrave-
nous therapy in patients on the intensive care unit (ICU); 
indeed, management of fluid status is a fundamental 
aspect of critical care. Whilst research mainly focussing 
on the administration of fluid during the resuscitation 
and optimisation phase continues to expand, manage-
ment strategies to detect fluid overload and guide fluid 
removal remain sparse [1]. A positive fluid balance in 
critically ill patients is associated with poorer outcomes 
in a variety of conditions [2–4].

Available physiological parameters and monitoring 
devices have not evolved beyond weighing patients, doc-
umenting cumulative fluid balance and clinical examina-
tion of oedema [5]. Hence, there is significant variation 
in practice amongst clinicians with regards to the physi-
ological parameters to monitor fluid status and subse-
quently guide management [6].

The role of venous congestion in various organ dys-
function is gaining prominence although the degree to 
which it contributes to the pathophysiology is unclear. 
Part of this knowledge gap can be attributed to the lack of 
validated techniques to accurately diagnose and monitor 
venous congestion, in order to study the condition [7].

Recently, Beaubien-Souligny and colleagues developed 
the Venous Excess Ultrasound Score (VEXUS) which 
involves a structured ultrasound evaluation of venous 
congestion [8]. The scoring system has been shown to 
predict the incidence of acute kidney injury in the post-
cardiac surgery patient population. Despite increas-
ing interest, the incidence of high VEXUS score in the 
general ICU population is low [9] and few studies have 
explored the validity of the score in a wider setting [10]. 
This issue is further compounded by the interchangeable 
use of the various terms used to describe fluid excess e.g. 
fluid overload, congestion, oedema etc. [11].

Patients undergoing intermittent haemodialysis are in 
established kidney failure (ESRF). This group of patients 
is more homogenous compared to patients within inten-
sive care who are undergoing renal replacement therapy. 
Furthermore, these patients are more likely to be fluid 
overloaded (index condition) at the outset of their sched-
uled dialysis session. Optimising fluid balance in such 
patients, though challenging, is potentially beneficial as 
it reduces myocardial stretch and remodelling, improve 
cognition, reduce fatigue etc. [12]. During the treat-
ment period, the majority of these patients will have fluid 
removed through the extra-corporeal circuit; this would 
permit assessment of the ultrasonographic appearances 
in response to this procedure [13].

The primary aim of the study was to evaluate the abil-
ity of the VEXUS score to track fluid removal during the 
course of the dialysis session and explore the relation-
ship between patient’s weight pre-dialysis and venous 

congestion. The secondary objective was to examine the 
influence of right and left ventricular parameters on the 
score.

Methodology
The study was conducted in the renal dialysis unit of 
a tertiary-level hospital in London, United Kingdom 
between May and October 2022. Adult patients with 
end-stage renal failure, on maintenance haemodialysis, 
who presented above their target dry weight and had 
a target fluid removal of 2  L, or more, were included. 
Exclusion criteria were patients with previous echocar-
diographic evidence of right heart dysfunction, previous 
liver resection or liver transplantation, known liver cir-
rhosis and pregnancy. The trial was conducted according 
to principles set out by the Helsinki Declaration and ethi-
cal approval was provided by South Central-Berkshire 
Research and Ethics Committee (IRAS305720); written 
informed consent was obtained from each patient.

Ultrasound assessment
All ultrasound examinations were performed using an 
Affiniti Ultrasound System (Philips, UK). All examina-
tions were performed by clinicians accredited to a mini-
mum of UK focused critical care competencies who had 
been additionally trained in VEXUS through lectures 
and videos. They were not part of the treating team. The 
examinations were performed before the start of fluid 
removal, during, and at the end of their dialysis session.

Cardiac ultrasound examinations were performed 
using a standard phased-array probe (2–5  MHz) to 
obtain the standard parasternal long-axis, short-axis, api-
cal and subcostal windows. The left ventricular outflow 
tract velocity time integral (LVOT VTi) was obtained 
by placing the pulse-wave Doppler gate at the left ven-
tricular outflow tract in the apical 5-chamber view. We 
defined LV systolic impairment as LVOT VTi < 16  cm. 
The RV systolic function was defined according to the tri-
cuspid annular plane systolic excursion (TAPSE) assessed 
using M-mode recordings through the lateral tricuspid 
valve annulus. In addition, tissue doppler analysis was 
performed to measure myocardial velocity change using 
standard pulse-wave Doppler at the junction of the RV 
free wall and tricuspid annulus in the apical 4-chamber 
view.

Lung ultrasound examinations were performed using a 
curvilinear probe (1-5Mhz) using a previously described 
protocol [14]. The probe was placed in the longitudinal 
plane across the rib space in 8 segments. The lung ultra-
sound score was obtained, with each segment scored 
between 0 and 3 based on the primarily the number of 
B-lines. We defined a ‘Wet’ profile if there were bilateral 
segments of lungs which scored 2 or more.
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Assessment of venous congestion was performed using 
Doppler-based techniques as previously described by 
Denault et al. [15] (Fig. 1). Briefly, with the patient in the 
supine position, the diameter of the inferior vena cava 
was measured in the subcostal view at 1 cm from its junc-
tion with the right atrium. The maximum and minimum 
diameters of the inferior vena cava were measured, and 
the percentage of change in diameter was calculated. The 
hepatic venous (HV) flow was recorded from the subcos-
tal window. HV patterns were classified and recorded as: 
continuous, systolic greater than diastolic (S > D, normal), 
systolic less than diastolic (S < D, abnormal) or systolic 
reversal (severely abnormal).

Portal vein pulsatility was assessed by pulsed-wave 
Doppler evaluation of the portal vein (PV) in the liver 
either in the subcostal or lateral position. PV patterns 
include continuous (normal), or pulsatile. Furthermore, 
where possible, the pulsatility index (PI) was calculated: 
([PVmax – Pvmin]/PVmax × 100%).

The measurements were categorised based on the Dop-
pler appearance and used to calculate the VEXUS grade 
(0–3).

A modification of the VEXUS grade in our study 
was the omission of the intrarenal flow profile. We had 
intended to include this parameter but after recruiting 
several patients it became apparent that renal vein flow 
was mostly unrecordable. The rationale for this is the 
presumed alterations of renal perfusion in the context of 
ESRF and hence its unknown impact on the validity/fea-
sibility of the technique [15–17].

Images and videos were de-identified with respect to 
patient, and time point and were analysed offline in a 
blinded fashion by clinicians who did not perform the 
scans.

Additional data collection
Basic demographic data were collected from the patients’ 
records. The target dry weight had been previously 
decided by the patient’s treating nephrologist. Before the 
dialysis session, patients are weighed, and fluid removal 
target decided, so as to achieve their target dry weight. 
Basic parameters such as blood pressure and heart rate 
were recorded.

Fig. 1  Grading of HV, PV and intrarenal vein Doppler patterns. VEXUS Ultrasound Score: Grade 0: IVC < 2 cm = NO Congestion; Grade 1: IVC > 2 cm with any 
combo of Normal or Mildly Abnormal Patterns; Grade 2: IVC > 2 cm and ONE severely Abnormal Pattern; Grade 3: IVC > 2 cm and > 2 Severely Abnormal 
Patterns
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Statistical analysis
Statistical analysis was conducted using Prism v 10.1 
(GraphPad Software, San Diego, CA).

Data on dynamic change in VEXUS parameters is not 
available, precluding a formal power calculation. We 
therefore pragmatically aimed to recruit 30 patients. 
Continuous variables are expressed as the mean ± stan-
dard deviation or the median and interquartile range, 
depending on distribution of the data. Categorical vari-
ables are presented as frequencies and proportions. Dif-
ferences between groups at baseline were analyzed using 
the t-test or Wilcoxon-Mann‒Whitney U test according 
to normality criteria. Fisher’s exact test was applied to 
categorical variables.

Results
60 consecutive patients were screened. The main rea-
sons for exclusion were documented right ventricular 
dysfunction and co-existing liver disease. 45 patients 
were eligible, and 35 patients were recruited (10 patients 
refused consent); two patients were excluded from final 
analysis due to poor ultrasound windows. 33 patients 
were included for final analysis.

Demographics (Table 1)
The mean age of the study group was 63. There were 20 
males and 13 females in the final analysis. The most com-
mon aetiology for the ESRF was hypertension.

The mean delta weight (starting – dry weight) and tar-
get fluid removal were 2.9 kg and 2.4 L respectively.

At baseline, there were 7 patients with left ventricu-
lar systolic impairment (LVOT VTi < 16  cm) and 6 
patients with right ventricular systolic impairment 
(TAPSE < 1.6 cm or RV S’ < 10 cm/s).

Ultrasound assessment
VEXUS grade
5 patients (15%) had a VEXUS grade of > 1 at the start of 
the dialysis session. These were all VEXUS grade 3. 2 fur-
ther patients had abnormal HV and PV Doppler flow pat-
terns but an IVC < 2 cm, leading them to be categorised 
as having a VEXUS score of 0.

When individual components (IVC, HV and PV) of 
the VEXUS score were analysed, the incidence of abnor-
mal measurements were 15% (n = 5), 21% (n = 7) and 21% 
(n = 7) respectively.

There was no difference in either dry weight, delta 
weight or targeted fluid removal between patients who 
had VEXUS grade 0 and those > 1. Patients with VEXUS 
grade > 1 had more fluid removed compared to those 
with VEXUS grade 0.

There was a significant difference in the incidence of 
left and right ventricular systolic impairment between the 
two groups. All patients with VEXUS > 1 had impaired 
RV systolic function (Table 2; Fig. 2).

There were 3 patients (2 in the VEXUS 0 group and 1 
in the VEXUS > 1 group) who had ultrasonographic evi-
dence of pulmonary congestion.

Table 1  Baseline characteristics of cohort. Mean ± Standard Deviation (SD). Median (Interquartile range)
VEXUS 0
(n = 28)

VEXUS > 1
(n = 5)

p-value

Age (years) 64 ± 11 60 (15) 0.61
Women, n (%) 12 (42.9) 1 (20) 0.62
Aetiology of end-stage renal failure
Hypertension 17 3
Diabetes mellitus 12 0
Focal segmental glomeruloronephritis 5 0
IgA nephropathy 2 0
Adult polycystic kidney disease 1 1
Tubulointestialnephritis 0 1
Uncertain 1 0
Type of dialysis access
Arteriovenous fistula 19 3 0.99
Tunnelled line 9 2
Dry weight (kg), mean (SD) 77 (14) 88 (22) 0.17
Starting weight (kg), mean (SD) 80 (14) 90 (21) 0.17
Delta weight (Starting weight – dry weight, kg), mean (SD) 2.95 (2.9) 2.78 (1.35) 0.89
Heart rate (bpm), mean (SD) 70 (11) 74 (15) 0.44
Systolic blood pressure (mmHg), median (IQR) 144 (60.7) 134 (31) 0.54
Diastolic blood pressure (mmHg), median (IQR) 75 (30.5) 72 (27.5) 0.53
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Dynamic change in VEXUS score
In the 5 patient who had VEXUS grade > 1, all 5 had 
an improvement in VEXUS grade at the end of dialysis 
session.

In all patients who had any ultrasonographic evidence 
of congestion (HV, PV and lung), the degree of abnormal-
ity improved with fluid removal.

With regards to LV and RV parameters, there was no 
significant difference at the start and end of fluid removal 
except in RV S’ in the VEXUS > 1 group (Fig. 3).

Discussion
In the present study, we report on the use of the VEXUS 
point of care ultrasound tool to both assess intravascular 
volume status against traditional parameters of volume 
status, such as weight and its utility in guiding volume 
removal.

Although limited by the small size of the group with 
elevated VEXUS scores prior to fluid removal, it was 
interesting to observe that patients with an elevated 
VEXUS score did not appear to also manifest features 
traditionally used to mark patients as volume overloaded 
such as the delta between dry and actual weight. If Intra 
vascular or intra venous volume was in equilibrium with 
total body volume status, then one might expect there to 
be a relationship between these factors that was not evi-
dent in the current study. The finding that patients with 
high VEXUS scores were also more likely to have ultra-
sonographic evidence of pulmonary oedema may suggest 

Table 2  Ultrasound parameters at baseline
Ultrasound findings VEXUS 0 VEXUS > 1 p-value
LV systolic function
Normal (n) 26 0 0.0001
Abnormal (n) 2 5
LVOT VTi (cm), mean 17.1 (1.3) 14.4 (0.9) < 0.0001
RV S’ (cm/s), mean (SD) 10.7 (0.8) 8.2 (0.4) < 0.0001
TAPSE (cm), mean (SD) 1.7 (0.1) 1.4 (0.1) 0.0002
RV systolic function
Normal (n) 27 0 0.0001
Abnormal (n) 1 5
Lung ultrasound
Normal (n) (%) 27 (%) 3 0.0001
Abnormal (n) 1 2
VEXUS Grade (n)
0 28 0
1 0 0
2 0 0
3 0 5

Fig. 3  LV and RV parameters at the start and end of haemodialysis session 
in VEXUS 0 and VEXUS > 1 group

 

Fig. 2  Baseline differences in LV and RV parameters in VEXUS 0 and VEXUS > 1 groups. * p < 0.05
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that these objective tools are more helpful in clinically 
delineating significant volume overload than more tradi-
tional parameters.

In the current study, all patients with ultrasonographic 
evidence of congestion demonstrated ultrasonographic 
improvements during the haemodialysis session. This was 
true for both VEXUS and lung ultrasound scores. The use 
of ultrasound, especially lung ultrasound, as an objective, 
repeatable assessment of the efficacy of fluid removal 
in HD patients is gaining popularity [18, 19]. Alexia-
dis et al. demonstrated the utility of lung ultrasound 
over other methods for evaluating dry weight and fluid 
status and helping recognize asymptomatic lung con-
gestion (AUROC 0.81–0.83) [20]. In the present study, 
2 patients had a VEXUS grade of 0 but demonstrated 
ultrasonographic evidence of pulmonary congestion. In 
these 2 patients, again the ultrasonographic appearance 
improved with fluid removal. There is evidence to suggest 
that such subclinical pulmonary oedema is associated 
with poorer outcomes in patients with heart failure [21].

The use of VEXUS scores to track/monitor fluid 
removal using diuretics and renal replacement therapy 
has only been described in small case series [22]. There 
are no observational or randomised-controlled trials 
evaluating VEXUS performance. The AKIVEX study 
[23] concluded that addition of the VEXUS score in the 
management of critically ill patients with severe AKI 
allowed the identification of patients with venous conges-
tion and provided greater diuretic use in these patients, 
resulting in significantly more RRT-free days in 28 days, 
in patients who reduced the VEXUS score. The authors 
concluded that VEXUS can be used as an indicator for, 
and monitoring during fluid removal. However, the study 
was limited by the fact that it was unblinded, there was 
no standardised approached to treatment post scan and 
the relationship between VEXUS and cardiac function 
was not evaluated. The results of the present study pro-
vides evidence that VEXUS and lung ultrasound may be 
of clinical use in objectively tracking fluid removal.

A key finding of the present study is that all 5 patients 
who had an elevated VEXUS score at inclusion had evi-
dence of both RV and LV systolic dysfunction. Despite 
the obvious limitation of the small numbers in this group 
it raises the possibility that rather than being a measure 
of volume status, abnormal VEXUS score may instead be 
a reflection of ventricular dysfunction. Longino and col-
leagues showed a correlation between VEXUS grade and 
right atrial pressures in their pilot observational study of 
patients undergoing cardiac surgery [24, 25], but did not 
assess if interventions affecting one, is reflected in the 
other.

Interestingly, improvement in venous congestion, as 
evidenced by VEXUS score, was not reflected in improve-
ment in LVOT VTi and TAPSE following fluid removal. 

It therefore raises the question of whether VEXUS grade 
improvement precedes improvement in RV and LV sys-
tolic parameters. An alternative explanation is that the 
improvements in the VEXUS score may not be due to 
the improvements in RV/LV performance from fluid 
removal. To our knowledge, no other study has evalu-
ated the association and temporal relationship between 
VEXUS and cardiac function.

There are a number of limitations to the present 
study. The single centre design and clinical stability of 
the patients may limit the wider generalisability of the 
results. Crucially, despite presenting above their dry/tar-
get weight and having at least 2 L of fluid removed during 
the haemodialysis session, the incidence of an elevated 
VEXUS score, at baseline, was low and this limits the 
ability to draw firm conclusions from the data. We did 
not include the assessment of intrarenal venous Dop-
pler, although this formed part of the initially described 
VEXUS score. There are several reasons for this; previous 
studies have shown that intrarenal venous Doppler was 
limited in the context of CKD (Wiersema and Spiegel), 
it is unknown whether patients with ESRF on IHD have 
alterations in renal blood flow and alterations in PV cor-
relate with intrarenal venous Doppler data [15–17].

Conclusion
In patients with ESRF undergoing haemodialysis and 
fluid removal, the incidence of venous congestion as 
measured by the VEXUS is low. In patients with elevated 
VEXUS scores, removal of fluid through haemodialysis 
improves the venous congestion score.

The use of weight to guide fluid status and hence 
removal does not correspond to the ultrasonographic 
appearance of venous congestion as measured by the 
VEXUS score. The pattern of LV and RV systolic dysfunc-
tion suggests that VEXUS may be a reflection of cardiac 
failure rather than fluid status per se.

The VEXUS score is primarily a quantitative analysis 
of the IVC, HV, PV and intrarenal vein. The impact of 
qualitative analysis of Doppler flow as well as the relative 
contribution/importance of each component requires 
further studies.

The impact of incorporating assessment of venous con-
gestion (such as venous ultrasound) to guide fluid man-
agement in both the critically ill and in those undergoing 
haemodialysis is still unknown and should be evaluated 
in future studies.

Abbreviations
AKI	� Acute Kidney Injury
ESRF	� End stage renal failure
HV	� Hepatic vein
ICU	� Intensive Care Unit
IVC	� Inferior vena cava
LV	� Left ventricle
PV	� Portal vein



Page 7 of 7Wong et al. The Ultrasound Journal           (2024) 16:23 

RV	� Right ventricle
TAPSE	� Tricuspid annular plane systolic excursion
VEXUS	� Venous Excess Ultrasound
VTi	� Velocity time integral

Acknowledgements
The authors would like to acknowledge the contributions of Dr Rory 
MacDonald and Dr Serene Ho for the input and feedback on the manuscript. 
This study was supported by a grant from the European Society of Intensive 
Care Medicine.

Author contributions
The idea for the project was conceptualised by AW. AW, SO, JM performed 
the ultrasound examination and interpretation. SH and AW performed the 
statistical analysis. All authors contributed to the manuscript and have seen 
the final version.

Funding
Funding for this study by a research grant from the European Society of 
Intensive Care Medicine (Established Researcher Award: Dr Sam Hutchings).

Data availability
The datasets used and/or analysed during the current study are available from 
the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate
Ethical approval was provided by South Central-Berkshire Research and Ethics 
Committee (IRAS305720) and conducted in accordance with the Declaration 
of Helsinki. Written consent was obtained from all participants. Trial 
registration: ISRCTN14351189 – Retrospectively registered on 30/11/2023.

Consent for publication
All participants have consented to the results being published. All authors 
have viewed the final submitted manuscript for consideration.

Competing interests
The authors declare that they have no competing interests.

Received: 3 December 2023 / Accepted: 21 February 2024

References
1.	 Malbrain ML, Marik PE, Witters I, Cordemans C, Kirkpatrick AW, Roberts DJ 

et al (2014) Fluid overload, de-resuscitation, and outcomes in critically ill or 
injured patients: a systematic review with suggestions for clinical practice. 
Anaesthesiol Intensive Ther 46(5):361–380

2.	 Acheampong A, Vincent JL (2015) A positive fluid balance is an independent 
prognostic factor in patients with sepsis. Crit Care 19(1):251

3.	 National Heart L, Blood Institute P, Early Treatment of Acute Lung Injury 
Clinical, Trials N, Shapiro NI, Douglas IS, Brower RG et al (2023) Early restrictive 
or liberal Fluid Management for Sepsis-Induced Hypotension. N Engl J Med 
388(6):499–510

4.	 Vaara ST, Korhonen AM, Kaukonen KM et al (2012) Fluid overload is associ-
ated with an increased risk for 90-day mortality in critically ill patients with 
renal replacement therapy: data from the prospective FINNAKI study. Crit 
Care. ;16

5.	 Hoste EA, Maitland K, Brudney CS, Mehta R, Vincent JL, Yates D et al (2014) 
Four phases of intravenous fluid therapy: a conceptual model. Br J Anaesth 
113(5):740–747

6.	 Silversides JA, Major E, Ferguson AJ, Mann EE, McAuley DF, Marshall JC et al 
(2017) Conservative fluid management or deresuscitation for patients with 

sepsis or acute respiratory distress syndrome following the resuscitation 
phase of critical illness: a systematic review and meta-analysis. Intensive Care 
Med 43(2):155–170

7.	 Pfortmueller CA, Dabrowski W, Malbrain M (2023) Fluid de-resuscitation in 
critical illness - A journey into uncertain territory. J Crit Care. :154249

8.	 Beaubien-Souligny W, Rola P, Haycock K, Bouchard J, Lamarche Y, Spiegel R 
et al (2020) Quantifying systemic congestion with Point-Of-Care ultrasound: 
development of the venous excess ultrasound grading system. Ultrasound J 
12(1):16

9.	 Andrei S, Bahr PA, Nguyen M, Bouhemad B, Guinot PG (2023) Prevalence of 
systemic venous congestion assessed by venous excess Ultrasound Grading 
System (VExUS) and association with acute kidney injury in a general ICU 
cohort: a prospective multicentric study. Crit Care 27(1):224

10.	 Spiegel R, Teeter W, Sullivan S, Tupchong K, Mohammed N, Sutherland M et 
al (2020) The use of venous doppler to predict adverse kidney events in a 
general ICU cohort. Crit Care 24(1):615

11.	 Malbrain M, Martin G, Ostermann M (2022) Everything you need to know 
about deresuscitation. Intensive Care Med 48(12):1781–1786

12.	 Kalantar-Zadeh K, Lockwood MB, Rhee CM, Tantisattamo E, Andreoli S, 
Balducci A et al (2022) Patient-centred approaches for the management of 
unpleasant symptoms in kidney disease. Nat Rev Nephrol 18(3):185–198

13.	 Koratala A, Reisinger N (2021) POCUS for nephrologists: Basic principles and a 
General Approach. Kidney360 2(10):1660–1668

14.	 Mongodi S, De Luca D, Colombo A, Stella A, Santangelo E, Corradi F et al 
(2021) Quantitative lung Ultrasound: technical aspects and clinical applica-
tions. Anesthesiology 134(6):949–965

15.	 Denault A, Couture EJ, De Medicis E, Shim JK, Mazzeffi M, Henderson RA et 
al (2022) Perioperative Doppler ultrasound assessment of portal vein flow 
pulsatility in high-risk cardiac surgery patients: a multicentre prospective 
cohort study. Br J Anaesth 129(5):659–669

16.	 Guinot PG, Bahr PA, Andrei S, Popescu BA, Caruso V, Mertes PM et al (2022) 
Doppler study of portal vein and renal venous velocity predict the appropri-
ate fluid response to diuretic in ICU: a prospective observational echocardio-
graphic evaluation. Crit Care 26(1):305

17.	 Cheong I, Amador EDO, Gomez RA, Vilarino FMA, Furche MA, Tamagnone FM 
(2023) Evaluating the utility of Portal Vein Pulsatility Index for detecting fluid 
unresponsiveness in the Intensive Care Unit. J Cardiothorac Vasc Anesth

18.	 Koratala A, Reisinger N (2022) Point of Care Ultrasound in Cirrhosis-Associated 
Acute kidney Injury: Beyond Inferior Vena Cava. Kidney360 3(11):1965–1968

19.	 Koratala A, Reisinger N (2022) Venous excess Doppler Ultrasound for the 
nephrologist: pearls and pitfalls. Kidney Med 4(7):100482

20.	 Alexiadis G, Panagoutsos S, Roumeliotis S, Stibiris I, Markos A, Kantartzi K et al 
(2017) Comparison of multiple fluid status assessment methods in patients 
on chronic hemodialysis. Int Urol Nephrol 49(3):525–532

21.	 Rivas-Lasarte M, Maestro A, Fernandez-Martinez J, Lopez-Lopez L, Sole-
Gonzalez E, Vives-Borras M et al (2020) Prevalence and prognostic impact of 
subclinical pulmonary congestion at discharge in patients with acute heart 
failure. ESC Heart Fail 7(5):2621–2628

22.	 Rola P, Miralles-Aguiar F, Argaiz E, Beaubien-Souligny W, Haycock K, Karimov 
T et al (2021) Clinical applications of the venous excess ultrasound (VExUS) 
score: conceptual review and case series. Ultrasound J 13(1):32

23.	 Rihl MF, Pellegrini JAS, Boniatti MM (2023) VExUS score in the management of 
patients with acute kidney Injury in the Intensive Care Unit: AKIVEX Study. J 
Ultrasound Med

24.	 Longino A, Martin K, Leyba K, Siegel G, Gill E, Douglas IS et al (2023) Correla-
tion between the VExUS score and right atrial pressure: a pilot prospective 
observational study. Crit Care 27(1):205

25.	 Longino A, Martin K, Leyba K, Siegel G, Thai TN, Riscinti M et al (2023) Pro-
spective evaluation of venous excess ultrasound (VExUS) for estimation of 
venous congestion. Chest

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


	﻿Utility of the Venous Excess Ultrasound (VEXUS) score to track dynamic change in volume status in patients undergoing fluid removal during haemodialysis – the ACUVEX study
	﻿Abstract
	﻿Introduction
	﻿Methodology
	﻿Ultrasound assessment
	﻿Additional data collection
	﻿Statistical analysis

	﻿Results
	﻿Demographics (Table ﻿1﻿﻿﻿﻿﻿)
	﻿VEXUS grade
	﻿Dynamic change in VEXUS score


	﻿Discussion
	﻿Conclusion
	﻿References


